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Materials and methods 

The current report is an attempt to develop a monitoring framework of the circular economy (CE) in 

water and sewage sector. The studied methodology used in waste management based on the “xRs” 

waste hierarchy was used to present a dedicated model oriented on the circular economy 

implementation in the water and wastewater sector. The presented model corresponds with the 

sector specify by adding methods unique for water and wastewater management.  

Special attention is paid to the management practices of waste generated in the wastewater sector, 

nutrients recovery and removal, water scarcity, resource and energy efficiency.  

In order to identify good practices examples for each model element a desk research was carried out 

using the available open access references published in scientific journals in available databases 

(ScienceDirect, Web of Knowledge, Wiley Online, Google Scholar, MDPI) and available publications of 

governmental bodies (national, regional and European) and non-governmental organizations, 

professional magazines for water and wastewater professionals etc.  

 

 

List of abbreviations 

CE – circular economy 

CH4 – methane gas 

EC – European Commission 

EU – European Union 

GHG – greenhouse gas 

K – potassium 

N – nitrogen 

NOx – nitrous oxide 

P – phosphorus 

RO – reverse osmosis 

UV – ultraviolet 

WWTP – wastewater treatment plant 
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Introduction 

The water and wastewater sector, due to the wide possibilities of obtaining raw materials, energy and 

water, is of key importance in the implementation of strategies related to closing the resources loop 

according to the CE model. One of the key elements in the transformation towards a CE is providing 

more sustainable practices for resources and waste management. Improvement actions focused on 

transformation towards a CE should be targeted at all groups of materials and waste. As water is 

essential for all living creatures and human well-being the actions related to water reuse and 

protection and the recovery of raw materials from wastewater and other water-based waste should 

be taken (Smol et al. 2020). Nutrients are another essential resource that can be recovered from 

wastewater. Especially phosphorus (P) reserves raise a concern about the future of the agricultural 

sector and in turn the food production industry. Due to the essential role of P and its biological 

functions (a component of DNA and RNA, responsible for energy metabolism) P cannot be substituted 

by any other element (Kroiss et al. 2011). The depletion of limited P resources resulted in including P 

and phosphate rock in the critical raw materials list for the European economy by the European 

Commission (EC) (Kabbe 2019; Smol 2019). Some countries such as Germany and Switzerland Have 

even introduced legal requirements for an obligatory P recovery from municipal wastewater (European 

Sustainable Phosphorus Platform 2019). Moreover, municipal effluents are characterized by a high 

share of inorganic P compounds which are especially dangerous to the aquatic environment due to 

their high bioavailability resulting in eutrophication of surface waters (Nakajima et al. 2006; 

Kowalewski et al. 2016). Nitrogen (N) is also a potential resource that can be recovered from 

wastewater. It is not a critical raw material but the CO2 footprint and energy consumption of produced 

ammonia nitrogen (NH4) used in the fertilizer industry by the Haber- Bosch synthesis is very high (Rossi 

et al. 2018). Water and wastewater are characterized by the high potential for energy recovery using 

for example water flow to recover kinetic energy or the anaerobic digestion of sewage sludge to 

recover bioenergy in the form of methane gas for biogas production (Pitas et al. 2010). Different 

possibilities for resources, energy and water extraction from the water and wastewater sector have 

been presented in Figure 1. 
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Figure 1. Resources, energy and water flows that can be extracted from the water and wastewater 

sector 

Nutrients present in wastewater such as N, P and K can be reused by the fertilizer industry (Smol et al. 

2020). Waste materials, including organics, can be recovered by local farmers (Supaporn et al. 2013). 

Moreover, wastewater consists of several trace metals which can be valuable rare earth elements used 

in the electronic and chemical industry. Furthermore, different 3 types of energy can be recovered 

from wastewater (Siraj et al. 2018). Besides kinetic and biothermal energy it is possible to reuse 

thermal energy using the excessive heat from households and industry can be recovered in the sewage 

system by heat pumps (Chae & Kang 2013). Water as the most important resource for the planet Earth 

can be reused as process water in industrial processes, irrigation water in agriculture and urban green 

areas and some specific cases, used water can be recycled by advanced treatment to potable water 

quality (Carey & Migliaccio 2009). 

 

1. Circular economy model framework in the water and 
wastewater sector 

 

In the current approach for the CE implementation within the water and wastewater sector some 

waste management methods have been applied. Common practices such as the 2Rs, 3Rs and 4Rs 

principles have caused rather average benefits and revealed the complexity and great importance of 

this sector in the global CE transition. Based on the results from practical waste management hierarchy 

applications in water treatment stations and wastewater treatment plants (WWTPs) the 5Rs principle 

has been proposed by adding the removal (purification) aspect. The 5Rs principle could be extended 

to 6Rs if a holistic circular approach will be used and a “rethink” method is incorporated in all others 

elements of the model. The list and descriptions of the above-mentioned approaches are presented in 

Table 1. 

Resources

nutrients

waste materials

rare earth
elements

Energy

kinetic

thermal

bio-thermal

Water

process water

irrigation water

drinking water
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Table 1. Principles used in waste management practices and their extension for the water and 

wastewater sector 

Principle Actions included 

2Rs reduction and reuse 

3Rs reduction, reuse and recycling 

4Rs reduction, reuse, recycling and recovery 

5Rs  reduction, removal, reuse, recycling and recovery 

6Rs reduction, removal, reuse, recycling and recovery, rethink 

 

Based on the methods mentioned in Table 1 for waste prevention and processing a CE model was 

proposed for the water and wastewater sector (Figure 2). The model is created in order to allow for 

efficient monitoring of the CE implementation in this critical sector.  

 

 

Figure 2. The CE model framework in the water and wastewater sector (Smol et al. 2020) 

 

The presented model consist of the following elements which combination provides a CE framework 

for the water and wastewater sector:  
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• Reduce – prevention of wastewater generation in the first place by reduction of water usage 

and pollution reduction at source; 

• Removal – application of efficient technologies for the prevention of inclusion of hazardous 

pollutants into wastewater and removal of pollutants from water and wastewater; 

• Reuse – reuse of wastewater as an alternative source of water supply (non-potable usage); 

• Recycling – recovery or reclamation of water from wastewater for potable usage; 

• Recovery – recovery of resources as nutrients and every from water-based waste; 

• Rethink – rethinking how to manage resources to create a sustainable and circular economy, 

which is free of waste and emissions. 

 

1.1. Reduce  

Reduce is the main method used in the hierarchy devoted to waste management in almost every 

sector. Waste prevention in itself is achieved by reducing the generated amount of waste by various 

practices such as awareness-rising campaigns, social projects and legal or economic incentives. In 

terms of water use reduction it is important to highlight that wastewater generation is strictly 

connected to water usage and its pollution. This indicates the need of reducing water intake for all 

needs where drinking water quality is not necessary. One of the most common examples of wasting 

high-quality water, purified to a high extend is toilet flushing with drinking water. According to the 

European Environmental Agency approx. 10% of fresh water is used by households (Figure 3). If we 

considered that about 25% of this water  (Figure 4) is used for toilet flushing we can state that 2,5% of 

water is unnecessarily treated the drinking water quality using posing high financial and environmental 

pressure.  
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Figure 3. Water use by economic sectors in European countries 2017 (European Environment Agency 

2019) 

 

Figure 4. End-uses of water for households indoor use (DeOreo et al. 2016) 

 

In the industry there are many methods to reduce the water amount used for an industrial process 

depending on what type of water quality is needed. Some processes such as cosmetic and 

pharmaceutics production demand very high-quality water and some (e.g. power plants) using water 

as a heat exchange medium do not need to treat water for their needs. 

There are significant benefits resulting from the water use reduction, including the decrease in 

individual household expenses, a decrease in demand for the extension of the water supply systems 

and facilities as well as for costly wastewater treatment plants (WWTPs). Hopefully, there are signs of 

changing the previous attitude to water in the developed countries with high water extraction. More 

10%
3%

11%

18%

58%

Households

Service indutries

Mining and quarrying,
manufacturing and
construction

Electricity, gas, steam and
air conditioning supply

24%

20%

19%

17%

12%

4%

3% 1%

Toilet

Shower

Tap

Laundry

Leaks

Others

Bath

Dishwasher



10 
 

and more often new buildings are designed to reuse gray water or use rainwater for toilet flushing or 

green areas irrigation. A critical role in reducing water use in public buildings is played by the 

procurement system which should include such climate-friendly criteria. The green public 

procurements are often used by much more environmentally aware institutions but it should be 

extended to all newly developed public investments in the nearest future according to the current 

world trends and willingness to demonstrate environmental awareness especially in the European 

Union countries (European Commission 2019). 

 
 

1.2. Remove 

The removal (reclamation/purification) of pollutants is connected with the quality of water distributed 

by the water supply network and on the other hand with the final effluent entering the wastewater 

recipient. The level of pollutant removal is linked with the efficiency of techniques for impurities 

removal in a water treatment plant and a WWTP.  

Water treatment needs to be as effective that it can provide a stable quality final product – drinking 

water, free of pollutants harmful to human organisms such as bacteria, viruses, chemicals etc. In terms 

of industrial water use, other specific parameters of water need to be included in the treatment 

process such as total hardness, pH, or the content of desired minerals.  

Wastewater treatment is a common practice in the developed countries due to the necessity for 

sanitation of the population in urban and rural areas. Without proper wastewater treatment, effluent 

from households and industrial facilities would cause serious water environment pollution causing 

among other water eutrophication caused mainly by the untreated municipal wastewater rich in N and 

P (Sonzogni et al. 1982). In serious cases, water eutrophication can lead to greenhouse gas (GHG) 

emissions in the form of nitrous oxide (NOx) and methane gas (CH4). 

The removal of impurities or pollutants is important due to the possibilities of reusing or recycling 

wastewater which due to the content of dangerous substances, microbial pathogens, particulates, 

nutrients, toxic organic compounds and other unwanted matter cannot be reused.  

The current level of advanced in wastewater treatment allows to apply biological, physical, chemical 

or a combination of those methods for pollutant removal due to the specific properties and origin of 

treated wastewater. In other nomenclature, wastewater can be treated at primary, secondary or 

tertiary level. Primary treatment is related to the initial treatment processes (physical and chemical), 

secondary treatment deals with the biological treatment of wastewater, and in tertiary treatment 

processes, wastewater (treated by in the primary and secondary processes) is converted into good 
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quality water that can be used for different types of purpose—potable (drinking) and non-potable 

(industrial). In the tertiary process, almost 100% of the contaminations are removed and the water is 

converted into a safe quality for specific use (Gupta et al. 2012). With the application of the most 

efficient treatment technology wastewater could replenish water supplies and reduce the water 

availability for irrigation, industrial purposes to potable water supply (Voulvoulis 2018). Moreover, 

according to the global forecast due to a growing demand for food production agricultural activities 

extract more and more water resources and wastewater purification for agricultural needs with the 

already sufficient content of nutrients will probably have a growing importance in the nearest future 

(Edokpayi et al. 2018).  

 

1.3. Reuse 

An important element of the CE model for the water and wastewater sector is water reuse. This 

element of the model refers to the not-potable water reuse which has a high potential of application 

due to low financial expenditures needed to implement reuse processes. By water reuse, it is possible 

to quantitatively improve the status of the environment (alleviating pressure by substituting for 

abstraction) and qualitatively (relieving the pressure of discharges from urban WWTPs to sensitive 

areas) (Marszałek et al. 2016). Compared to alternative sources of water such as desalination or water 

transfer, in many cases water reuse requires lower investment costs and energy (Smol et al. 2020). 

After adjusting water for its reuse by using the previously described CE model method (removal) water 

is ready for reuse in industrial production and agriculture or urban irrigation (Sahinkaya et al. 2019). 

However, water reuse must be in line with the binding legal regulations concerning its quality, e.g. in 

terms of irrigating consumable products such as vegetables and fruits. The limitations can be 

effectively overcame with the application of modern techniques of water purification such as the rivers 

osmosis process and nanofiltration or UV disinfection. There are also industrial processes where water 

can be directly reused or by using a basic pre-treatment processes. Textile industry, pulp and paper or 

other materials production plants such as cans and packages for the food and beverage industry can 

reuse its own wastewater in a closed loop (Gündoğdu et al. 2019). Some processes do not require 

biological treatment and basic chemical and physical treatment is applied to reuse wastewater 

(Espíndola et al. 2020).   

By considering the forecast about the possible water scarcity in many developed countries practices 

such as reusing wastewater in urban areas for irrigation helps to hold water outflow out of the water 

catchment. An example of water recuse in the wastewater sector is the use of greywater that enters 

the drains from showers and sinks in houses for irrigation purposes. The rest of the water (so-called 
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‘black water’) can be applied for irrigation after an application of the wastewater treatment process 

such as filtration or disinfection. The reuse rate can reach 100% so water can be reused in irrigation of 

urban green areas, parks, sports infrastructure etc.   

Urban areas are also characterized by a high share of nonpermeable surfaces such as roads, pavements 

and roofs. Currently, there are many different technical solutions for rainwater collection and reuse 

on-site for toilet flushing, cleaning services or laundry in hotels after basic pretreatment (Preisner 

2015; Burszta-Adamiak & Spychalski 2021).  

 

1.4. Recycle 

Water recycling is the fourth method used in the CE model for the water and wastewater sector. By 

water recycling it is meant to treat wastewater (municipal or industrial) to the drinking water quality. 

This demands advanced treatment methods and should be applied only if it is economically reasonable 

or other methods for water reuse or reduction cannot be applied. In water recycling, high effective 

technologies for the removal of pollutants from wastewater must be applied, as for example 

membrane techniques—nanofiltration, reverse osmosis, or forward osmosis. Membrane technology 

has been used for water recycling from palm oil mill effluent. This technique shows a high potential for 

eliminating the environmental problem, and in addition, this alternative treatment system offers water 

recycling. The treated effluent is characterized by high quality and crystal-clear water that can be used 

as the source of drinking water production or the boiler feed water (Ahmad et al. 2003). Other reasons 

for water recycling to achieve drinking water quality are demands for produced goods, which need the 

highest purification level, e.g. the 

pharmaceutic or high-tech 

industry especially when located 

in regions suffering from water 

scarcity (Figure 5), such as 

Australia or some central states 

such as Arizona and Colorado in 

the United States of America 

(van Beers et al. 2008).  

 

Figure 5. Baseline water stress - global water scarcity (Aqueduct Water Risk Atlas 2014) 
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However, the application of the water recycling process needs to be justified in terms of environmental 

and financial aspects. Therefore, different incentives for water recycling may occur depending on local, 

regional or national climate and terrain conditions. Moreover, the type of effluent used as the water 

source plays an important role, while wastewater from hospitals or the pharmaceutic industry needs 

a different treatment methods than pulp and paper mill effluent.  

1.5. Recover 

Recovery is the fifth method included in the model and it refers mainly to resources and energy 

recovery in WWTPs. Due to the high content of resources in wastewater depending on their origin 

there are currently advanced methods for recovery of nutrients (N, P), organics and drugs, 

biopolymers, cellulose, metals and rare earth elements etc. The aspect of the recovery of nutrients is 

indicated in the first implementing regulation of the CE Action Plan – a proposal laying down rules on 

the making available of CE marked fertilizer products on the market. One of the most important 

elements which can be recovered in the wastewater sector is P due to its critical biological functions. 

P recovery is possible from different waste streams such as municipal and industrial wastewater, 

sewage sludge, sludge dewatering liquors, sewage sludge ash (SSA), municipal and industrial waste, 

pig slurry, meat and bone meal, etc. (Suthar et al. 2015; Egle et al. 2016; Vogel et al. 2017; Rosiek 2020; 

Smol et al. 2020a). It was estimated that the total extraction of primary sources of phosphate rock is 

21.1 million Mg while about 15 - 20% can be replaced by P recovered from wastewater (Tulsidas et al. 

2019).  

While primary extraction of phosphate rock in the EU takes place currently only in Finland (Smol et al. 

2020c), the great majority of P-based raw materials is imported from non-EU countries such as 

Morocco (35.1%), Russia (31.6%), Algeria (12.3%) and Israel (7.5%) and the total amount of phosphate 

rock imported to the EU Member States in 2017 reached 5.5 million Mg which constitutes nearly 90% 

of the EU’s phosphate rock market share (Tulsidas et al. 2019). 

In the previous years due to the announcement of the new European strategy – the European Green 

Deal and the CE Action Plan the vision of WWTPs as traditional plants for pollutants removal was 

changed to the vision of WWTPs a resources and energy recovery facilities (RERF) which will be able to 

become energy neutral by using the on-site produced biogas but also to produce surplus energy and 

be energy positive (Gikas 2017). Moreover, additional cellulose recovery is possible and the production 

of various biomaterials about waste from the water and wastewater sector will surely increase in the 

next years (Kardung et al. 2021).  
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1.6. Rethink 

The last but simply the most critical for the CE model is to rethink (improve) all others methods for 

reduce, remove, reuse, recycle and recover. Rethink is not a specific method for the water and 

wastewater sector, however, it fits well with the previous actions taken to implement CE in water and 

wastewater infrastructure. The improvements are necessary regarding technical, economic but mainly 

many social aspects of this sector. The whole concept of the CE is about rethinking how to use 

resources to create a sustainable economy based on green growth which is free from waste and 

emissions (Smol et al. 2020).  

The EC in the “Zero Waste Programme” has defined the waste-oriented targets to move towards a so-

called “recycling society”. A recycling-oriented society should be based on the transfer of knowledge 

and solutions (technological, organizational, societal and financial) from more advanced regions in 

terms of sustainability (and circularity) in achieving the CE targets in other less advanced and aware 

regions (European Commission 2014).  

In the previous decades many countries have been successful in increasing their levels of waste 

recycling and closing the loop of materials, especially in some specific industrial sectors. This could not 

be achieved without increasing public awareness about sustainability, CE and efficient resource 

management. This is why constant raising awareness actions are needed to promote the CE transition 

in the water and wastewater sector which plays a significant role in the overall CE model 

implementation.  The society should be aware of the value of water and wastewater, possible food 

crisis due to P limited resources or water scarcity. Therefore, new educational and promotional 

activities are conducted to increase the level of public knowledge of the importance of water resources 

protection (Smith et al. 2018). It should bring a change in the behavior of all consumers as a significant 

factor in the passage from a linear to a CE. Transformation towards the CE in the water and wastewater 

sector should take into account an integrated approach to water management by increasing the scope 

and division of responsibilities incumbent on administrations and integration with other fields, 

including energy, transport, navigation, agriculture, forestry, fishing, nature protection in the broad 

sense, tourism, social communication, spatial planning, as well as regional policy (Smol et al. 2020). 

Besides social awareness-raising campaigns, it is also important to improve the policy instruments 

supporting CE transition by the participation of relevant policymakers in CE-oriented projects, research 

and other activities lead by various types of stakeholders from academia, research institutes, firms or 

non-governmental organizations.   
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2. Application of CE model elements in the water and 
wastewater sector 

2.1. Reduce 

The Carlsberg Group – the owner of the Kasztelan brewery in Sierpc, Bosman brewery in Szczecin and 

Okocim brewery in Brzesko,  since 2013 has been introducing a number of solutions aimed at reducing 

water consumption. The company has set itself targets to reduce water consumption by 25% by 2022 

and by 50% by 2030. The water consumption reduction actions are based on the following solutions 

applied in all three mentioned above breweries: 

• In Kasztelan Brewery (in Sierpc) - during the years 2013-2014 the brewery was modernized 

and extended, thanks to which water consumption was reduced at several stages of the 

brewing process. The cooling water is currently transferred to the packing line and is used to 

heat the beer before filling the cans. In turn, the water for rinsing cans is reused to sprinkle 

them after pouring, e.g. to clean cans from foam. 

• In Bosman Brewery (in Szczecin) - in 2017, the operation of the hot water tank in the brewery 

was optimized, which allowed for the reduction of water consumption, energy and the amount 

of produced wastewater. The solutions introduced at the Bosman brewery save 200 m3 of hot 

water per week and corresponding to approx. 6% of energy consumption reduction. 

• In Okocim Brewery (Brzesko) in 2017, the WWTP at the Okocim Brewery was modernized, 

which is also used by the residents of Brzesko. The mechanical and biological technological 

lines based on active sludge technology were modernized to be fully automatic and meet the 

strictest environmental requirements. The 

brewery also recovers water and reuses it to 

their water treatment plant. In 2017, the 

investment process in the boiler room at the 

WWTP began, the aim of which is to switch the 

energy source to 100% energy produced from 

gas and biomass. The investments in Okocim 

brewery (Brzesko) generate savings of  12000 m3 

of water per year. 

Figure 6. WWTP in Brzesko (Okocim brewery) 
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2.2. Remove 

A dedicated treatment system for the hospital effluent will be built in Lappeenranta, Finland to 

decompose drug residues from the hospital's sewage before the water mixes with the municipal sewer 

network.  

The initial experiments results proved that the concentrations of 29 types of the drugs studied were 

detected in hospital wastewater, and plasma treatment is considered to be a highly energy-efficient 

means of reducing the environmental burden of drugs. An added value to the project is that site 

treatment achieves greater benefits at a lower capacity than pipe end treatment at the outlet of a 

municipal WWTP. 

Plasma oxidation (Figure 7) has been found to degrade not only drugs but also their metabolites; the 

beneficial effect of the treatment in degrading drugs is thus always greater than measured, as it is not 

possible to monitor all compounds The installation can 

remove 90-99% of pharmaceuticals coming with 

wastewater which otherwise cannot be handled by a 

conventional WWTPs The discharge of contaminants 

into the sewer and the efficiency of the treatment are 

measured from the process input and output stream. 

Moreover, the system can be installed at any place and 

not only in connection with municipal WWTPs. The 

solution has a high potential for improving the 

biodiversity and protection of aquatic resources. 

Figure 7. Flowrox Plasma Oxidizer 

 

2.3. Reuse 

The L'Oréal factory located in Kanie, near Warsaw, Poland has initiated a water reuse process according 

to a concept of a so-called “dry factory” which aims at using external water source only as an ingredient 

of the final product and to cover the staff consumption needs. All remaining water used in the factory 

must be treated and reused in a closed loop. 

This process demands an increased level of water treatment by using: 

• mechanical filtration 

• physio-chemical pretreatment (adding aluminum salts) and flotation 
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• biological treatment (activated sludge system) 

• membrane ultrafiltration  

• reverse osmosis  

By a combination of the above processes, it was possible to eliminate industrial wastewater 

discharge outside the factory and become a „zero liquid discharge” factory. 

The L’Oréal Warsaw Plant is the only factory on the Polish market that designed a “Water recycling 

station” in the field of cosmetics (Figure 8). The factory near Warsaw is one of the group’s leading 

factories and at the same time the largest L’Oréal facility in the world in terms of production capacity. 

About 380 million cosmetic products are produced there every year.  

 

Figure 8. Scheme of the water reuse technology at L’Oreal 

The main benefits of water reuse are: minimalization of freshwater intake, industrial wastewater 

discharge elimination, CO2 emission reduction (estimated based on water transport carbon footprint). 

Thanks to the water recovery process, the factory reduced water consumption by 43%. The total 

amount of water reused is approx. 5500 m3 per month. Moreover, the L’Oréal Warsaw Plant reduced 

CO2 emission by 38% (Rosołowska 2020).  

 

2.4. Recycling 

Membrane-based technology is worldwide used to recycle water from various types of effluents. In 

Malaysia recycling of water from food industry wastewater (Figure 9) using nanofiltration and reverse 

osmosis combined with cartridge filtration and UV disinfection as a pre-treatment was applied in a 

palm oil mill (Ahmad et al. 2003).  
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Figure 9. Diagram of the pilot plant for palm oil mill effluent (POME) treatment (Ahmad et al. 2003). 

However, membranes combined with biological treatment and ultrafiltration, microfiltration and 

reverse or forward osmosis have been also used for treating municipal wastewater (Smol 2018). The 

application of UV disinfection allows eliminating hazardous pathogens, bacteria and viruses that occur 

in the treated wastewater. If water recycling is designed to become potable water UV disinfection 

needs to be supported with chlorine addition (Zhang et al. 2015). Chlorine dosage ensures water safety 

due to the risk of being secondary polluted in the water pipeline.  

Depending on the raw wastewater parameters additional coagulation and flocculation processes may 

need to be used. Moreover activated carbon is a sufficient water treatment technique because of its 

multifunctional nature and the fact that it adds nothing detrimental to the treated water (Ahmad et 

al. 2003). 

 

2.5. Recover 

Resources and energy recovery are currently applied in numerous WWTPs worldwide. Nutrients 

(mainly P) and energy recovery are used in Växjö-Sundet WWTP in Sweden where a thermal hydrolysis 

process (CambiTHP®) was used to increase the amount of biogas produced from sewage sludge and 

additional food waste (Figure 10). Växjö-Sundet WWTP serves 95 000 PE, with an average daily flow of 

20 000 m3/d. Sundet’s biogas plant treats municipal sewage sludge and a source-sorted organic 

fraction of municipal solid waste from households, restaurants and industries (Växjö Kommun 2019). 

The thermal hydrolysis process (THP) unit consists of pre-dewatering equipment, pulper, reactors, 

flash-tank, heat exchanger, and steam boiler. The steam boiler is fueled with wood pellets. The 

resulting biosolids are used as a REVAQ-certified fertilizer in agriculture. 
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Figure 10. Scheme of substrate flow and THP pre-treatment at the industrial-scale plant after 

installation of the CambiTHP™ technology (Växjö Kommun 2019) 

The results showed an increased biogas production corresponding to 500 kWh/t substrate after the 

installation of thermal hydrolysis, 26% higher gas production compared to the period before the 

installation. Moreover, it is planned that in 2030 the new plant will treat 8 600 metric tons of dry 

matter annually according to existing plans, of which 60% is sludge and 40% is food waste (Växjö 

Kommun 2019). 

Due to the potential of recovering resources and energy many WWTPs are modernized to increase 

their recovery levels. Some so-called “resources and energy recovery facilities” have the ability to 

produce a surplus of energy and power the local business or households or vehicles.  

 

2.6. Rethink 

As the most important method to be implemented within the CE model framework for the water and 

wastewater sector various actions aimed at raising the society awareness have been taken in many 

countries. A worth attention example on how to bring science and technology closer to the people has 

been established in Vilvoorde, Belgium (Figure 11). A specifically designed CE Living Lab “De 

Kruitfabriek“ has become a fancy place for events and concerts, but also a few small businesses 

(Aquafin 2020). 
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Figure 11. De Kruitfabriek Living lab concept (Aquafin 2020) 

Currently, four partners (Matexi, Aquafin, NuReSys and the City of Vilvoorde) are conducting a research 

project to treat wastewater from the Kruitfabriek and to recover raw materials from it on site.  

The “Living lab” is a good example of sharing with the society in an easy and accessible way the 

knowledge about the CE concept at a local level. At De Kruitfabriek greywater is treated in two systems, 

a reed bed and a nanofilter, depending on what it is to be used for afterward. A struvite reactor will 

extract P and partly N from the collected urine (from men urinals) and convert it into struvite which 

will be used on-site as a fertilizer for the local herb garden. All processes are described in order to allow 

the visitors to understand why and how resources and energy is recovered.  

De Kruitfabriek combines a CE good practice in the technical matter by closing the water cycle and 

recovering raw materials and also gives an added value by arising circular awareness of the visitors and 

tourists. 
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3. Summary 

 

The water and wastewater management is an important part of the CE model due to the fact that 

many sectors depend on water supplies and water and wastewater is a carrier of valuable materials 

and energy. The complex approach to the CE in terms of the water or wastewater sector should be 

rethought and improved especially concerning the social aspects and society participation in its 

transition towards CE.  

Wastewater prevention and reduction of pollutants introduced into the water ecosystem is not 

enough to successfully transform this sector. A more advanced approach is needed by using the 

available technology to reduce – remove – reuse – recycle – recover and finally rethink all important 

processes occurring in water and wastewater facilities.  

The above-mentioned methods and directions of water and wastewater management and waste 

derived from this sector are in line with both the CE concept and the strategic direction for EU 

environmental policy in the Environmental Action Programme and in the targets defined in the Europe 

2020 Strategy which plans to turn the EU into a smart, sustainable and inclusive economy delivering 

high levels of employment, productivity and social cohesion. Furthermore, improving CE practices used 

in the water and wastewater sector will contribute to meeting the Sustainable Development Goals by 

2030 which aim at various issues related to water resources, human health and sanitation.  
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