
Vol:.(1234567890)

Journal of Material Cycles and Waste Management (2020) 22:682–697
https://doi.org/10.1007/s10163-019-00960-z

1 3

ORIGINAL ARTICLE

Circular economy model framework in the European water 
and wastewater sector

Marzena Smol1,3 · Christian Adam2 · Michał Preisner3

Received: 22 August 2019 / Accepted: 10 December 2019 / Published online: 16 January 2020 
© The Author(s) 2020

Abstract
One of the key elements in the transformation towards a circular economy (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 human survival and well-being and plays a significant role in sus-
tainable development (SD), the actions related to the reuse of water and the recovery of raw materials from wastewater and 
other water-based waste should be taken. The paper presents a proposition for a new CE model framework in the water and 
wastewater sector, which includes the six following actions: reduction—prevent wastewater generation in the first place by the 
reduction of water usage and pollution reduction at source; reclamation (removal)—an application of effective technologies 
for the removal of pollutants from water and wastewater; reuse—reuse of wastewater as an alternative source of water sup-
ply (non-potable usage), recycling—recovery of water from wastewater for potable usage; recovery—recovery of resources 
such as nutrients and energy from water-based waste, and rethink—rethinking how to use resources to create a sustainable 
economy, which is `free` of waste and emissions. The novelty of the proposed CE model framework is that it presents pos-
sible ways of implementing CE principles in the water and wastewater sector, with a strong emphasis not only technological 
but also organisational and societal changes. Application of the proposed model may help to further transform the European 
economy to the CE model. Moreover, the indicated model can be significant tool supporting an assessment of local or regional 
progress towards CE in the water and wastewater sector and further environmental management and planning.

Keywords Circular economy (CE) · Zero waste · Waste management · Wastewater · European Union (EU)

Introduction

Transformation towards a circular economy (CE) has 
become a popular and important issue in environmental 
management in recent years [1]. The CE concept is a global 
strategy which was introduced first into China in 2002 [2, 
3] as the key strategy for the national development plan 
[4, 5]. In the European economy [6], the CE concept was 

adopted in 2014 in the first communication concerning the 
CE ‘Towards a circular economy: a zero waste programme 
for Europe’ [7]. The European Commission (EC) defined the 
CE as a ‘system which keeps the added value in products for 
as long as possible and eliminates waste’. In 2015, in the sec-
ond communication ‘Closing the loop—An EU action plan 
for the Circular Economy’ [8] an extended definition was 
provided: ‘CE is a system where the value of products, mate-
rials and resources is maintained in the economy for as long 
as possible, and the generation of waste is minimised’. In the 
given definitions, two important aspects play a key role—
more rationale use of resources and waste management. It 
should be noted that the improvement actions should be tar-
geted at all groups of resources and waste, in every branch 
of industry. In this context, more rationale usage of water 
resources (which are under pressure) and more sustainable 
practices of wastewater are expected, as a way towards the 
CE in the water and wastewater sector.
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Water and wastewater management is one of the biggest 
challenges for the CE as many kinds of industries depend 
on water [9] and a limited access to clean water resources 
can limit both production capacity and profits. Moreover, 
a disposal of wastewater, which can cause environmental 
damage, is an inherent element of water management [10] 
as more than half of the global freshwater (2212  km3 per 
year) is released into the environment as wastewater in the 
form of municipal and industrial effluent and agricultural 
drainage water. The remaining 44% of global freshwater 
(1716  km3 per year) is mainly consumed by agriculture 
through evaporation in irrigated cropland [11]. To prevent 
contamination of the environment by insufficiently treated 
wastewater introduced into natural receivers, the European 
Union (EU) introduces systematic changes in the structure 
of water-based waste disposal practices, which are impor-
tant elements of the water management. On the European 
level, the EC is working on common principles to coordinate 
Member States’ efforts to improve the protection of Euro-
pean waters in terms of quantity and quality, to promote 
more sustainable water usage, to protect aquatic ecosystems 
and terrestrial ecosystems and wetlands directly depending 
on them, to contribute to the control of transboundary water 
problems and to safeguard and develop the potential uses 
of Community waters [12]. The CE assumptions adopted 
by the EC could strengthen actions recommended in water 
and wastewater directives to protect water resources and 
environment in Europe, but this requires a new approach to 
water and wastewater management, and development and 
implementation of innovation, however not only in technolo-
gies but also in organisation, policies, society and finance 
structures [8]. In recent decades, water scarcity which is a 
consequence of increased urbanization or climatic variability 
has forced people to take action to reduce pressure on water 
resources mainly through the reduction of water demand. 
Anyway, this practice alone is not sufficient to maintain the 
quality of life that high-quality water services are necessary. 
Therefore, further efforts should be sought that will make 
it possible to lessen the pressure on water resources, while 
limiting the occurrence of wastewater, and if it arises—to 
use the most efficient methods of its treatment to protect the 
health and life of people, and the environment. Moreover, 
water and wastewater disposal is a significant part of the 
path to a CE model due to water being a carrier of materi-
als (e.g. nutrients as phosphorus and nitrogen) and energy. 
Integrated initiatives should be proposed to intensify the 
implementation of the CE principles in water and wastewater 
sector. In many cases, the sustainable management of water 
resources is not sufficient, because the production, service 
and domestic activities still generate large amounts of waste-
water that must be managed. Therefore, special attention 
should be paid to the wastewater disposal practices, as it is 
a part of waste management. In practice, a number of waste 

prevention methods are available, and they are summarized 
as the so-called 2Rs: reduction—prevent wastewater genera-
tion in the first place by the reduction of water usage and 
pollution reduction at source and reuse—reuse of wastewater 
as an alternative source of water supply [13], 3Rs: reduction, 
reuse and recycling—recovery or reclamation of water from 
wastewater for potable or non-potable usage [14-17], and 
4Rs: reduction, reuse, recycling and recovery—recovery of 
resources as nutrients and energy from water-based waste 
[18, 19]. In the current paper, a circular economy model 
framework for the water and wastewater sector is proposed, 
based on the mentioned waste prevention rules: reduc-
tion, reuse, recycling and recovery, and also two additional 
aspects: reclamation (removal)—focused on highly effec-
tive removal of pollutants (widely used in water and sewage 
management), and rethink—which is the basis for introduc-
ing systematic changes in the whole value chain. The overall 
goal of this paper is to develop a model framework covering 
the possibilities of applying circular economy principles in 
the water and wastewater sector. The structure of the current 
work is as follows:

presentation of the main aspects of the CE model in the 
EU’s water and wastewater sector,
methods used in this paper,
clarifying the importance of management of resources 
and waste in the CE model,
clarifying the CE approach in the water and sewage sec-
tor,
characteristics of the proposed CE model framework for 
the water and wastewater sector,
conclusions.

Methods and scope

The current study is divided into two parts. The first part is 
a summary of the state of knowledge in the research area 
showing the importance of implementing the CE approach 
in the water and wastewater sector. Special attention is paid 
to the management practices of waste generated in the waste-
water sector. There is a wide spectrum of possible actions in 
a closed cycle, through better management of both water and 
further raw materials (e.g. phosphorus) which are present 
in the wastewater environment. In the second part of the 
research, the circular economy model framework in water 
and wastewater sector has been developed. It was proposed 
based on the identification of the role of integration of all 
possible actions such as a reduction of wastewater genera-
tion, wastewater reuse and recycling, removal of hazardous 
pollutants and recovery of valuable materials from waste-
water. The presented CE model framework includes the fol-
lowing elements: reduction, reclamation (removal), reuse, 
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recycling, recovery and rethink, an integration of these solu-
tions is proposed as a path towards CE in the water and 
wastewater sector.

The proposed model is recommended based on a com-
prehensive review of world literature. The selection of pri-
mary literature was based on full-text databases (Elsevier 
Scopus, Elsevier ScienceDirect, Web of Knowledge, Wiley 
Online, Google Scholar, EUR-lex, Eurostat) and available 
publications. The choice of literature was associated with 
the use of a few keywords: ‘waste management’, ‘water’, 
‘wastewater’, ‘sewage’, ‘circular economy’, ‘CE’, ‘reuse’, 
‘recycling’, ‘removal’, ‘reclamation’, ‘recovery’, which have 
been selected by the team of four experts—one technologi-
cal scientist, an economist, a production-line manager, and 
a representative from an environmental organization. The 
amount of used reviewed articles reached 63 documents. 
There are also EU official documents as Communications, 
EU Directives and regulations (18 documents), international 
reports (13 documents), and statistic reports (3 documents) 
used in the review. An important source of data comes from 
the Waste Framework Directive (Fig. 1), EU statistics report 
(Fig. 2), the Report (Water and Circular Economy White 
Paper 2018) of the Ellen MacArthur Foundation (Table 1). 
The proposed model was developed based on the articles 
reviewed and the research carried out by the authors of this 
publication (Fig. 3).

The importance of waste management 
in the CE model

Waste management is one of the most significant priori-
ties in the EU [20, 21]. The general framework for waste 
management is provided by Council Directive 2008/98/

EC on waste (Waste Framework Directive 2008/98/EC) 
[22], which established the waste hierarchy, set out the 
basic waste management definitions including defining 
when a by-product is not waste and end-of-waste sta-
tus is reached. It forced EU countries to take necessary 
measures to recover, reuse and recycle waste and created 
a European recycling society, controlled hazardous waste 
through a ban on the mixing of hazardous waste with the 
exception of household waste, and established principles 
such as extended producer responsibility (EPR) and the 
`polluter pays` principle [23]. The EC underlined that 
the most important objective of the EU waste policy is to 
minimise the negative effects of the generation and man-
agement of waste on human health and the environment. 
Moreover, the waste policy is also designed to reduce the 
use of resources, and favour the practical application of 
the waste hierarchy [24]. The adopted scheme for a waste 
management hierarchy [22], with an indication of water 
and wastewater aspects is presented in Fig. 1. It estab-
lishes a priority order for prevention, preparation for reuse, 
recycling and energy recovery through to disposal, such as 
landfilling [25, 26]. The main goal of the EU in realising 
the hierarchy presented is to achieve sustainable develop-
ment in waste management [27], leading to a reduction 
of its generation and the safe recovery of waste [22]. It is 
in line with the CE model and a ‘zero waste’ strategy [7] 
which is one of the most visionary concepts for solving 
waste problems by striving for:

• Zero waste of resources: energy, materials, human,
• Zero emissions: water, air, soil,
• Zero waste in activities: production, administration,
• Zero waste in product life: transportation, use, end of life,
• Zero use of toxic materials: processes and products [28].

Fig. 1  Water and wastewater aspects in the waste management hierarchy [own diagram based on the Waste Framework Directive 2008/98/EC]
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Fig. 2  The renewable freshwater resources in EU countries in 2017 (Eustostat 2018)

Table 1  Relationship between CE principles and water systems management (White Paper, Ellen MacArthur Foundation 2018)

CE principles Water systems management

No Name

1 Designing of waste externalities Optimisation of the amount of energy, minerals, and chemicals use in the operation of water systems in 
concert with other systems

Optimisation of consumption of water within a sub-basin in relation to adjacent sub-basins (e.g. use in 
agriculture or evaporative cooling)

Use of measures or solutions which deliver the same outcome without using water
2 Keeping resources in use Optimisation of resource yields (water use and reuse, energy, minerals, and chemicals) within water 

systems
Optimisation of energy or resource extraction from the water system and maximise their reuse
Optimisation of value generated in the interfaces of water systems with other systems

3 Regeneration of natural capital Maximisation of environmental flows by reducing consumption and non-consuming use of water
Preservation and enhancing of the natural capital (e.g. river restoration, pollution prevention, quality of 

effluent, etc.)
Ensuring minimum disruption to natural water systems from human interactions and use
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It has to be pointed out that even in a highly circular 
model some elements of linearity will remain due to the 
fact that virgin resources are required, and residual waste is 
disposed of [7].

The EC is working on documents, which have set the con-
text for many of the policy instruments to be implemented 
[29] and could, therefore, be considered the most significant 
drivers in the changes seen in the waste management sector 
[30, 31]. One of the most important documents in relation 
to the transition to the CE model in the waste sector (next 
to the Waste Directive) is the CE Package [8], which estab-
lishes a concrete and ambitious programme of action for 
the whole cycle (production, consumption, waste manage-
ment, marketing of secondary raw materials) and a revised 
legislative proposal on waste, which sets clear targets for the 
reduction of waste and establishes a credible long-term path 
for waste management and recycling. In the CE Action Plan, 
the EC declared to revise provisions to promote greater use 
of economic instruments, develop and improve the general 
requirements for EPR schemes, simplify and harmonise the 
definitions and calculation methods, and step up its work 
with all Member States to improve waste management on 
the ground, including avoiding overcapacity in residual 
waste treatment. Moreover, the EC also declared to assist 

EU countries and regions in ensuring that Cohesion Policy 
investments in the waste sector contribute to supporting the 
targets of EU waste legislation and are guided by the Euro-
pean waste hierarchy [8].

In 2018, the EC proposed the monitoring framework for 
measuring the transformation towards the CE in European 
countries [32]. Since the economy is a very wide-ranging 
concept (e.g. it applies to all branches of industry) there 
is no indicator that can be a single measurement for the 
CE. However, several existing indicators could be helpful 
in measuring performance in selected areas that directly or 
indirectly contribute to the development of a CE [33]. The 
EC proposed to group those indicators into the four follow-
ing categories:

1. production and consumption,
2. waste management,
3. secondary raw materials,
4. competitiveness and innovation.

The data regarding the CE indicators were adopted in the 
official European statistics and are available in the Eurostat 
databases. In the waste management group two indicators 
were proposed:

Fig. 3  Total freshwater abstraction by public water supply in the selected EU Member States, 1990–2015 (million  m3) [41]
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1. overall recycling rates—the recycling rate of municipal 
waste and all waste apart from major mineral waste,

2. the recycling rates for specific waste streams—the recy-
cling rate for overall packaging waste, plastic packaging, 
wood packaging, waste electrical and electronic equip-
ment, recycled biowaste per capita and the recovery rate 
of construction and demolition waste [32].

The first results of the adopted CE Action Plan in the 
waste sector indicate that waste management generally 
shows positive developments (inter alia EU recycling rates 
for municipal waste increased from 37% in 2008 to 46% in 
2016), yet with significant room for improvement and dif-
ferences between Member States and across waste streams. 
These indicators will be regularly monitored by the Com-
mission in the years to identify key trends and patterns by 
monitoring [32]. This is the key element in understanding 
how the various elements of the CE are developing over time 
to help to identify the success factors in the individual EU 
countries and to assess whether sufficient action has been 
taken. The results of monitoring the waste management sys-
tems should form the basis for setting new priorities towards 
the long-term objective of a CE in the waste sector [34].

Circular economy approach in the water 
and wastewater sector

Water is essential for human survival and well-being and 
plays a significant role in sustainable development and cir-
cular economy [35]. It is a renewable resource since the 
amount on Earth always remains the same as water con-
tinuously works its way through the water cycle. Water is a 
key element not only in the life of the planet’s inhabitants, 
but it plays a very important role in many sectors of the 
economy, as agriculture, production, heating and cooling, 
tourism and other service sectors. As it is an extremely valu-
able source, it must be used in a sustainable way. However, 
as a consequence of human activity and economic develop-
ment, water resources are under pressure [36]. Therefore, 
the protection of water resources has become an important 
topic of many environmental debates and is indicated in 
numerous documents and strategies for development at the 
regional, national, European and even global levels. Many 
aspects of water issues were incorporated in the Sustain-
able Development Goals (SDGs) adopted in 2015 [37], as 
SGD2—zero hunger (end hunger, achieve food security 
and improved nutrition and promote sustainable agricul-
ture), SDG6—clean water and sanitation (ensure availabil-
ity and sustainable management of water and sanitation for 
all), SGD7—affordable and clean energy (ensure access to 
affordable, reliable, sustainable and modern energy for all), 
SGD 14—life below water (conserve and sustainably use the 

oceans, seas and marine resources for sustainable develop-
ment), and other. The inclusion of water issues in SDGs was 
made possible thanks to the long-term hard work of various 
stakeholders involved in the implementation of sustainable 
development principles as policy makers, non-governmental 
organisations (NGOs), individual companies, academia and 
research centres, and society [38].

On the European level, water management has changed 
over the past 30 years. The EU Member States have made 
significant progress in improving water quality in European 
freshwater reservoirs, adopting EU legislation, in particular, 
the Water Framework Directive [12], the Urban Waste Water 
Treatment Directive [39] and the Drinking Water Directive 
[40]. These key legal acts form the basis of the EU’s com-
mitment to improving water status in Europe. One of the 
achievements is the significant improvement of water qual-
ity in the European freshwater and coastal bathing in the 
last four decades. In 2017, over 21,500 bathing areas were 
inspected across the 13 EU countries, 85% of them met the 
most stringent standards confirming the excellent state of 
water. Thanks to the provisions laid down in EU legisla-
tion concerning the quality of bathing and wastewater, EU 
Member States have managed to solve the problem of bath-
ing water pollution through the discharge of wastewater or 
water from agricultural land, which posed a threat to human 
health and aquatic ecosystems. However, despite the pro-
gress made, the overall state of many European water bodies 
is still uncertain. Currently, renewable freshwater resources 
in the EU (calculated as the sum of internal flow and exter-
nal inflow) are equal to 2,112,679.2 million  m3 per year and 
they differ between the Member States. The freshwater avail-
ability in a given country depends on climate conditions and 
transboundary water flows (external flows). As can be seen 
from Fig. 2, the greatest quantities of freshwater resources 
(annual average available water—LTAA) are noted in the 
developed countries such as Sweden, Germany, France and 
United Kingdom (UK), while in the European Free Trade 
Association (EFTA) and candidate countries higher long-
term averages were recorded for Norway. On the European 
level, there is also interesting phenomena related to the 
development of freshwater abstraction by public water sup-
ply. It is shown in Fig. 3 that for selected EU Member States 
that between 1990 and 2015 there was a marked decrease in 
water abstraction in countries that joined the EU in 2004 or 
2007 (e.g. Bulgaria, Poland). This fact is affected by various 
factors in different countries, as:

• reduction of water losses by improved maintenance of 
the networks,

• implementation of water-saving household equipment,
• increasing level of awareness about the importance of 

water and its cost and the environmental consequences 
of wasting this valuable resource.
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Anyway, the abstraction rates were relatively stable in 
countries as Belgium and the Netherlands, which are the 
majority of the remaining Member States [41].

According to the latest European Environmental Agency 
(EEA) Water Europe report [42] the vast majority of lakes, 
rivers, river estuaries and coastal waters in Europe have 
problems with achieving the EU target of a minimum of 
good ecological status of the EU set in the EU framework 
water directive. The objective of EU policy is to significantly 
reduce the negative effects of pollution, excessive water 
abstraction and other factors exerting pressure on water 
and to ensure a sufficient amount of good water quality for 
both people and the environment. The improvement actions 
focused also on the management of wastewater. In recent 
years, wastewater treatment and the reduction of the use of 
nitrogen (N) and phosphorus (P) in agriculture have led in 
particular to a significant improvement in water quality.

It should be pointed that the EC seeks to harmonize the 
situation at European level so that there are no such differ-
ences in individual countries and even regions. For exam-
ple, in Poland, in the financial perspective for 2014–2020 
(in which applications are still being submitted) there are 
a number of possibilities for financing investments in the 
water and sewage sector. In addition, an increased support 
was allocated to less developed regions, such as eastern 
Poland (mainly rural communities), which should make it 
possible to adapt the situation in this region in the field of 
water and wastewater management to other, more developed 
regions of the country, and other European countries.

The EC emphasis the importance of sustainable man-
agement of water and wastewater as one of the elements in 
the transition towards the circular economy. The first EC 
communication on the CE is strongly connected with waste 
management as it focuses on the ‘zero waste’ strategy. The 
main circular approaches in waste management have been 
proposed. In this document, it was indicated that the sus-
tainable resource management includes interactions within 
waste, water, energy and raw materials. In this context, inte-
gration of activities in terms of both water—as a resource 
and waste—as a source of raw materials and energy should 
be developed and implemented. In general, improvement 
actions in the water management should be proposed, but 
also—in the management of water-based waste to recover 
raw materials and energy occurring in it. The EC also 
pointed out that waste generated in the water and wastewater 
sector as wastewater, sewage sludge or sewage sludge ash 
is an important source of biogenic raw materials [7]. One 
of the most important biogenic raw material is phosphorus 
[43], which is a limited source [44]. For the European econ-
omy, it is indicated as a critical raw material (CRM) due to 
its high economic and strategic importance associated with 
a high supply risk [45]. Europe has very limited primary 
resources of P [46] and is dependent on outside providers 

(88% for phosphate rock and 100% for phosphorus) [45]. 
Therefore, the EC considers developing a policy framework 
on phosphorus to enhance its recycling, foster innovation, 
improve market conditions and mainstream its sustainable 
use in EU legislation on fertilizer, food, water and waste. 
Moreover, the EC indicated other specific waste challenges 
for the water and wastewater sector, e.g. full implementa-
tion of the measures in the revised EU waste legislation 
package (13% by 2020 and 27% by 2030) could positively 
affect marine waters quality. Setting a dedicated reduction 
target for 2020 would give a clear signal to European coun-
tries currently developing measures to achieve ‘good envi-
ronmental status’ for marine waters by the 2020 deadline 
under the Marine Strategy Framework Directive [47], and 
would provide an impetus for the development of marine 
litter action plans within the four Regional Sea Conventions. 
The EC indicated some key aspects of water and wastewater 
management from the point of view of zero waste strategy. 
Anyway, no more recommendations have been proposed in 
first European CE communication [7].

In the second CE communication (2015), the EC pro-
posed 54 actions, including initiatives related to the water 
and wastewater sector. Due to water scarcity has worsened 
in some parts of the EU in previous decades, with damaging 
effects on the European environment and economy, boosting 
the market for secondary raw materials and water reuse is 
proposed. Next to the water-efficiency measures, the reuse 
of treated wastewater in safe and cost-effective conditions 
is recommended. It is a valuable however under-used means 
of increasing water supply and alleviating pressure on over-
exploited water resources in Europe. The importance of 
water reuse in agriculture was underlined due to it contrib-
utes to nutrients recycling by substitution of solid fertilizers. 
Therefore, the EC proposed many actions to promote the 
reuse of treated wastewater, including legislation on mini-
mum requirements for reused water. The following water-
related proposals have been presented in this communica-
tion, in the area of the market for secondary raw materials:

• 2017: proposed legislation setting minimum require-
ments for reused water for irrigation and groundwater 
recharge,

• 2016–2017: promotion of safe and cost-effective water 
reuse, including guidance on the integration of water 
reuse in water planning and management, inclusion of 
best practices in relevant Best available techniques Ref-
erence document (BREFs), and support to innovation 
(through the European Innovation Partnership and Hori-
zon 2020) and investments [8].

Both initiatives have been included in the European Com-
mission’s Work Programmes from 2017. They should con-
tribute to the political priorities set by the EC to promote a 
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more circular economy. Other key legislative proposals on 
fertilizers are also pointed. In this case, the recycled nutri-
ents are indicated, with strong emphasis on the phosphorus 
recovery from water-based waste. In 2016, the ‘’Proposal 
laying down rules on the making available on the market of 
CE marked fertilizing products’’ has been published [48], 
and in 2019 the ‘’Regulation laying down rules on the mak-
ing available on the market of EU fertilizing products’’ has 
been adopted [49]. Fertilizers produced from waste [50] 
meeting quality, safety and labelling requirements and lim-
its of organic, microbiological and physical contaminants 
will be able to be traded freely within the EU and receive 
the CE marking [49].

In the previous mentioned communication on monitoring 
framework for measuring the transformation towards the CE 
in the EU, which has been published in January 2018, the 
CE indicators have been proposed only for selected groups 
of waste. Among these groups, no aspects were considered 
that are related to the measurement of circularity in the water 
and wastewater sector, which is one of the most important 
considerations for health and social life. In future, the list 
of CE indicators should be extended to issues related to the 
reuse of water and the recovery of raw materials and energy 
from wastewater, sewage sludge and sewage sludge ash and 
other water-based waste [32].

In May 2018, the EC presented new rules to stimulate 
and facilitate water reuse in the EU for agricultural irriga-
tion. The general objective is to ‘contribute to alleviating 
water scarcity across the EU, in the context of adaptation to 
climate change, notably by increasing the uptake of water 
reuse, in particular for agricultural irrigation wherever this 
is relevant and cost-effective while ensuring the maintenance 
of a high level of public health and environmental protec-
tion’. In general, reuse of treated wastewater shows lower 
environmental impact than for example water transfers or 
desalination. Moreover, it offers a range of economic, envi-
ronmental and social benefits, and it extends the water life 
cycle, thereby helping to preserve water resources, which 
is in full compliance with the CE objectives. The proposed 
Regulation in combination with other non-regulatory actions 
as outlined in the CE Action Plan is a proportionate response 
to the specific objective of fostering the development of safe 
reuse of treated wastewater. The treated wastewater could be 
used for a wide variety of purposes, by many industries e.g. 
in agriculture. In 2015, agricultural irrigation was mentioned 
as the main potential source of demand for reused water due 
to the high potential in terms of its higher uptake, scarcity 
alleviation and European relevance [51].

In the report on the implementation of the CE Action 
Plan, which has been published in March 2019, the EC 
underlined that water management is an important part of 
the transformation towards CE [34]. The proposed in 2015 
circular actions seek to boost the market for reused water, 

to tackle water scarcity across Europe. Therefore, in 2018, 
the dedicated legislation setting minimum requirements for 
reused water for agricultural irrigation was proposed [51]. 
It should be also pointed that practices on water reuse are 
integrated into water planning and management [52] or in 
the review of the relevant Best Available Techniques Refer-
ence Documents (BREFs) [34].

Summarizing all presented information, it can be stated 
that water plays a critical role in the world’s transition from 
the linear consumption of resources towards their circular 
use. Water issues are incorporated into the CE model due to 
water being a carrier of materials and energy. Therefore, it 
is important to develop and implement technologies focused 
on water reuse or recovery of resources and energy in water 
and sewage management in accordance with the ‘nutrients-
energy-water’ paradigm (‘NEW’).

Moreover, the relationship between CE principles and 
water systems management needs to be identified and dis-
seminated among individuals, organisations and companies 
to integrate their efforts in this area. The water—circular 
economy relationship was presented in the White Paper 
developed by the Ellen MacArthur Foundation in 2018 
[53]. This foundation is one of the most important actor 
in the transition process to the CE in Europe. It published 
a lot of reports and documents on CE presenting the main 
CE approaches, CE models and White Papers dedicated to 
specific sectors or areas. The most important assumptions of 
the Water and Circular Economy White Paper are presented 
in Table 1. They include:

• design of waste externalities, with the strong focus on 
optimization of water and energy, minerals, and chemi-
cals usage,

• keeping the resources in use, with focus on the optimiza-
tion of resource yields and energy or resource extraction 
from the water system,

• regeneration of natural capital by the reduction of con-
sumption and non-consuming use of water.

The White Paper focuses on the presentation of main CE 
principles and their connections to the sustainable water 
management, including key intersection topics as indica-
tion of water as a carrier of chemicals, particles and droplets 
(dissolved and suspended state) which could be treated as a 
potential resource or pollutant. As it was mentioned before, 
water is a carrier of biogenic raw materials [53]. Therefore, 
there is high potential for recovery of nitrogen [54, 55] and 
phosphorus [56-58] from wastewater and produce the ferti-
lizers [59, 60]. The White Paper also underlines the impor-
tance of water in the economic systems, including enter-
prises, created value and its impact. An application of CE 
assumptions in water and wastewater sector can bring new 
business models development, improvement of functional 
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performance and impact, and greater value and commercial 
opportunity [53].

Currently, the issues of transformation water and waste-
water sector to the CE model are also one of the key works 
of the International Water Association (IWA). In 2016, the 
IWA proposed the framework that may support the water 
utility leaders in the identification of opportunities that can 
boost their progress along the pathway to the CE. The fol-
lowing approaches have been identified:

• integrated urban resource management, connecting to 
stakeholders beyond traditional boundaries (urban and 
basin),

• leadership innovation,
• new business models.

The general idea assumes that water cycle needs to be 
managed from catchment to consumer, back to catchment, 
and the transition to the CE model needs to consider both 
the consumption and production of resources across this 
entire value chain. It also must create both connections and 
synergies within the water cycle for more efficient water 
management and connections outside the sector [61]. Such 
an integrated approach takes into account not only water 
management but also a water-based waste as sewage, sewage 
sludge, sewage sludge ash and other. It should be also noted 
that water-based waste management (via reuse or recycling) 
may face numerous barriers such as public perception to 
pricing and technological, regulatory and safety challenges 
[36]. However, more sustainable management of all the 
above water-based resources is necessary for the achieve-
ment of the environmental, social and economic objectives 
indicated in the CE Action Plan [8].

Circular economy model framework 
in the water and sewage sector

To transform the European economy to the CE model it is 
necessary to provide more sustainable practices of resources 
and waste management [32]. This also applies to the water 
and wastewater sector, and its basic elements—water, waste-
water, sewage sludge, sewage sludge ash and other residues. 
As it was mentioned, in practice, some prevention methods 
are already used in waste management, as.

• 2Rs: reduction and reuse,
• 3Rs: reduction, reuse and recycling,
• 4Rs: reduction, reuse, recycling and recovery.

As far as the implementation of the CE principles in the 
water and wastewater sector is concerned, an extension of 
the existing xRs techniques cited above is proposed. The 

proposed CE model framework includes two additional 
aspects:

• reclamation (removal)—focused on highly effective 
removal of pollutants (characteristic for a water and 
wastewater sector), and

• rethink—which is the basis for introducing systematic 
changes in the whole value chain for water (key element 
of the transformation toward CE in all branches of the 
economy).

All the above elements must be in the line not only with 
the CE assumptions but also with the waste management 
hierarchy. Therefore, in the proposed model, CE actions are 
ordered from the most desirable solution to the least rec-
ommended. The exception is rethink, which is applied to 
all other elements of the model. The concept of CE model 
framework in the water and wastewater sector is presented 
in Fig. 3.

Reduce

Reduce is the first option in the presented concept and the 
best way to save the quality of the environment. It indicates 
that the first element in preventing wastewater generation 
should involve considering the reduction of water usage 
and pollution reduction at source through better planning 
and design. Currently, human activities use over half of all 
accessible water runoff. Approx. 90% of total water use is 
for industrial purposes and less than 10% is for domestic 
purposes. Households are the smallest consumers of water, 
however, they have a large potential impact as they can 
experiment with strategies to develop water-saving habits 
which can be implemented outside of the home. Household 
water use is the largest growing sector (by upwards of 80% 
over the next 25 years) and it is a testing ground for develop-
ing the strategies and social behavior needed to reduce water 
use in agriculture and industry. There are several benefits 
arising from the reduction of water consumption, such as 
a decrease in individual expenses and time spent acquiring 
water, a decrease in demand for the extension of water sup-
ply systems and facilities as well as for costly wastewater 
treatment plant (WWTP) facilities, and the improvement of 
the availability of water for other uses and purposes [62]. It 
should be pointed out that the environmental attitudes and 
environmental behavior of people at home should be trans-
ferred to workplaces. However, the deep literature review 
shows that attitude change is not necessarily a pre-requisite 
for behavior change in the workplace [63, 64]. This requires 
further raising people’s awareness of the importance of mak-
ing changes in every aspect of life, both in households and 
in the workplace. The society is becoming more and more 
environmentally aware and it could be assumed that they 
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will try to adopt some changes in their households and work-
places in the nearest future, as a consequence of ‘zero waste’ 
initiatives and fashion [27]. The behavior transfer creates a 
great opportunity to introduce the methods to reduce water 
consumption in companies, which is particularly important 
in the industrial plants that depend on water consumption 
(Fig. 4).

Reclamation (removal)

Reclamation is associated with highly effective techniques 
for the removal of pollutants [65, 66] from wastewater and it 
is the second option in the presented hierarchy. Wastewater 
is treated due to the necessity for sanitation in the maximum 
possible number of cities, towns and villages [67], and the 
consequent need for safe disposal of the wastewater collected 
into the environment after treatment [68], complying at the 
same time with the disposal regulations [69, 70]. Accord-
ing to the EU regulations and national laws, treatment of 
wastewater is obligatory [39, 40] due to the discharge of 
untreated effluent in water bodies leading to eutrophication, 
human health risks and Greenhouse Gas (GHG) emissions 
in the form of nitrous oxide and methane. Moreover, treated 
wastewater should be reused whenever appropriate [71]. To 
reuse the treated wastewater, it is necessary to decompose 

or remove dangerous substances and impurities [72] such 
as microbial pathogens, particulates, nutrients [73], toxic 
organic compounds [74, 75] and other matter. There are 
several treatment options which differ from each other due 
to the different types of wastewater (industrial, municipal) 
which require various treatment methods [76]. Biological, 
physical, chemical and a combination of those methods are 
applied in WWTPs to meet specific water quality objectives 
[77]. Currently, unit wastewater treatment operations and 
processes are combined together to provide primary, second-
ary and tertiary treatment [78]. In the European WWTPs, 
3.1% of the load is treated at primary level, 28.5% at sec-
ondary level and 68.4% at tertiary level [79]. Primary treat-
ment is related to the initial treatment processes (physical 
and chemical), secondary treatment deals with the biologi-
cal treatment of wastewater, and in tertiary treatment pro-
cesses, wastewater (treated by in the primary and second-
ary processes) is converted into good 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 the safe quality for a specific use [78]. Treated 
wastewater provides an alternative source of water, which is 
extremely important in areas where water is scarce. Moreo-
ver, from irrigation to industrial purposes to potable supply, 

Fig. 4  The CE model framework in the water and wastewater sector
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wastewater treated to the required quality could replenish 
water supplies and reduce the availability/demand gap [36].

Reuse

Reuse is the third option in the proposed model framework. 
Water can be non-potable reused as an alternative fresh 
water supply, in particular for agricultural irrigation, urban 
landscape irrigation and other urban uses, and industrial 
practices [80]. Reuse of treated wastewater as an alternative 
source of water supply has been well recognised and embed-
ded within international, EU and national strategies [36]. 
The United Nations (UN) Sustainable Development Goal 
on Water (SDG 6) specifically targets a substantial increase 
in safe reuse globally by 2030 [37]. Moreover, water reuse 
is a priority area in the Strategic Implementation Plan of the 
European Innovation Partnership on Water, and maximisa-
tion of water reuse is a specific objective in the Commu-
nication ‘Blueprint to safeguard Europe’s water resources’ 
[81]. It has been indicated that reuse of treated wastewater 
could bring important environmental, economic and social 
benefits [82]. 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) [83]. Compared to alternative sources of water such 
as desalination or water transfer, in many cases water reuse 
requires lower investment costs and energy. Treated waste-
water can also be reused in agriculture, in particular provid-
ing a reliable continuity of water supply during the irrigation 
period. It can reduce the risk of crop failure and income loss. 
Another important aspect is the use of treated wastewater 
with a controlled level of nutrients which can also reduce 
the use of additional fertilizers, thus bringing further ben-
efits in the form of savings for farmers and the environment 
and reducing the need for wastewater treatment. According 
to information provided by the EC, water reuse contributes 
to the broader water sector, which has been indicated as a 
key component of the European eco-industrial landscape. 
The global water market has been growing rapidly in recent 
years, and it is estimated that it will reach 1 trillion Euros 
by 2020. Taking into account the above forecast, water reuse 
provides a significant potential in terms of the creation of 
new green jobs in water-related industry (it is estimated 
that a 1% rise in the rate of growth of the water industry in 
the EU could create up to 20 thousand new jobs) [84]. An 
example of water recuse in the wastewater sector is the use 
of water (grey water) that enters the drains from showers 
and sinks in houses for irrigation purposes. The rest of the 
water (so-called ‘black water’) can be applied for irrigation 
after going through a conventional primary or secondary 
wastewater treatment process (e.g. filtration or disinfection). 
Wastewater treated in this way is 100% recycled and can be 

used to irrigate golf courses, cemeteries, parks, and other 
landscaping. Another example of water recycling is the use 
of rainwater that is collected or harvested from stormwater 
drainage systems. In urban areas, this includes rainwater run-
off from buildings, roads and open land, which is usually 
evacuated by drains [85].

Recycling

Recycling is the fourth option in the proposed CE model. 
Water recycling is related to the recovery or reclamation of 
water from wastewater for potable (drinking) usage, which 
can be supplied back to the water system either directly or 
indirectly [85]. Although recycling does help to conserve 
resources and reduce waste, it should be noted that there 
are high economic and environmental costs associated with 
wastewater collection and recycling [86]. Therefore, recy-
cling should only be considered for wastewater which can-
not be reduced or reused [87]. In the water recycling, high 
effective technologies for the removal of pollutants from 
wastewater must be applied, as for example membrane 
techniques—nanofiltration (NF), reverse osmosis (RO), or 
forward osmosis (FO). Membrane technology has been used 
for the water recycling from palm oil mill effluent (POME). 
This technique shows high potential for eliminating the envi-
ronmental problem, and in addition, this alternative treat-
ment 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 [88].

Recovery

The recovery of materials is the fifth option in the proposed 
model. Wastewater has considerable potential to support 
circular approaches due to the wealth of potentially recov-
erable resources in wastewater—including inorganic nutri-
ents such as nitrogen and phosphorus, organic fertilizers, 
biogas, biopolymers, heat, cellulose, heavy metals, pharma-
ceutical products, and water. 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 [48]. One of the most important elements which 
can be recovered in the wastewater sector is phosphorus. 
P-recovery potential appears in several places in WWTPs, 
such as wastewater outflow from the treatment plant, sedi-
mentary liquid (leachate), dehydrated sewage sludge and 
sewage sludge ash [89]. In each of the subsequent processes 
of wastewater treatment and sewage sludge processing, a 
smaller volume of the substrate used for the recycling of P 
is obtained, however, the concentration of P per unit volume 
increases and reaches up to 64 g P/kg dry matter (d.m.). One 
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of the most promising methods is the recovery of P in the 
form of struvite from the liquid phase of wastewater. Struvite 
precipitation can bring several benefits—it can improve the 
operation of treatment processes and helps to reduce the 
environmental impacts of effluent discharge on receiving 
water bodies. Moreover, it can secure a renewable supply of 
P which is a critical raw material for the European economy 
due to there being no significant P mines existing in the EU 
[90]. Phosphorus is imported from outside providers, some 
of which are considered politically risky, such as Morocco 
and Russia. Due to one of the main fertilizer constituents 
being phosphate rock and taking account of Europe’s need to 
import more than 90% of its requirements, domestic P-rich 
waste could potentially cover about 20–30% of the EU’s 
demand for phosphate fertilizers. The EU has indicated that 
there is currently a largely unexploited investment potential 
remaining in relation to this. A rise in recycling rates and a 
decrease in import dependency for P are considered essential 
to European agriculture and are mentioned as one of the key 
objectives in coming years, following the revision of the EU 
Fertilizer Regulation, to extend its scope to nutrients from 
secondary sources and organic sources [91]. Other possibil-
ity of recovery of nutrients from sewage sludge is compost-
ing of it. It could be used, for example, in urban agriculture 
and organic farming, but also in gardens, landscaping or hor-
ticulture. Anyway, it should be mentioned that the composi-
tion of the sewage sludge could be complicated due to this 
waste stream is rich in micro- and macroelements, but also 
it could contain toxic compounds and pathogenic organisms. 
Therefore, the sewage sludge treatment methods should be 
adopted in specific WWTPs. Moreover, the amount of sew-
age sludge that can be used as fertilizers is subject to limits 
provided in the European and national regulations [48, 49].

Rethink

Rethink is the last option in the adopted CE model, but the 
most important from the perspective of transformation pro-
cess towards CE, which requires the holistic changes in all 
value chain of water and wastewater, i.e. in all previously 
mentioned xR rules. Therefore, rethink should be applied to 
all previously described elements of the CE model frame-
work. The whole concept of the CE is about rethinking how 
to use resources to create a sustainable economy, which 
is free from waste and emissions. It requires systematic 
change from the current linear model of ‘take, make, waste’ 
to the CE model economy where the ‘reduce, reuse, recy-
cle, recover → rethink’ process is put into practice. In the 
‘zero waste programme’ the EC defined the waste targets 
for a move to a recycling society. A recycling-oriented soci-
ety should be built based on the transfer of knowledge and 
solutions (technological, organisational, societal and finan-
cial) from more advanced regions in the realisation of CE 

targets [7]. Currently, Europe has made substantial progress 
in turning waste into a resource and promoting sustainable 
ways of waste management such as recycling. However, 
performance varies considerably between European coun-
tries and regions. Some of them have already effectively 
imposed legal restrictions and installed technologies for 
nutrient recovery in WWTPs (as in Switzerland and Ger-
many) [92]. In others, no research is conducted in this area. 
Due to the transition to the CE model in Europe, public 
awareness is one of the major driving forces [93] and more 
and more attention is paid to actions focused on change in 
society’s way of thinking. Therefore, new educational and 
promotional activities are conducted to increase the level 
of public knowledge of the importance of water protection 
[94]. It should bring a change in behavior of all consumers 
as a significant factor in the passage from a linear to a cir-
cular economy. Transformation towards the CE in the water 
and sewage 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.

The novelty of the presented circular economy model 
framework is that it presents possible ways of implement-
ing CE principles in the water and wastewater sector, includ-
ing the importance not only technological but also organi-
sational and societal changes. Its application may help the 
European economy further transform into the CE model. It 
is extremely important for water-addicted companies and 
wastewater operators, due to their ecologically aware deci-
sions regarding the implementation of sustainable and cir-
cular solutions in water and wastewater sector can speed 
up the process of transformation toward CE. It should be 
clearly underlined that the circular economy is now an irre-
versible global trend on a large scale. The European Com-
mission strongly indicates that efforts need to be intensified 
at national, EU and global levels to fully close the loop and 
take advantage of the competitive advantage that the circular 
economy provides for EU businesses.

All mentioned water protection, conservation, reuse and 
recycling methods, next to materials recovery solutions pro-
duce substantial environmental benefits, arising from reduc-
tions in water diversions, and reductions in the impacts of 
wastewater discharges on environmental water quality [95]. 
These directions of waste and wastewater management are 
in line with both CE concept and the strategic direction for 
EU environmental policy outlined by the 7th Environmental 
Action Programme (EAP, adopted in 2013) and in the targets 
defined in the Europe 2020 Strategy which plans to turn the 
EU into a smart, sustainable and inclusive economy deliv-
ering high levels of employment, productivity and social 
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cohesion [96]. In setting the vision for 2050, it refers to ‘the 
CE where nothing is wasted and where natural resources 
are managed sustainably’ [23]. The transition to the CE will 
also help to meet the objectives of the 2030 Agenda for Sus-
tainable Development due to it encourages a more efficient 
use of water and water-based waster. In this context, the CE 
perspective may bring water and wastewater innovation [97] 
that supports the implementation of the proposed CE model 
framework for the water and wastewater sector. Moreover, 
the indicated model can be a significant tool supporting an 
assessment of local or regional progress towards CE in the 
water and wastewater sector and further environmental man-
agement and planning.

Conclusions

Management of water and wastewater is an important part of 
the CE model due to many industries depends on water and 
it is a carrier of materials and energy. The EC underlines the 
importance of water and wastewater disposal practices in the 
CE documents, which indicates that the CE objectives can be 
achieved in water and wastewater sector through:

• more sustainable management of water resources,
• more rational disposal and processing of wastewater and 

other water-based waste.

In some cases, the sustainable management of water 
resources is not enough to reach CE objectives due to the 
production, service and domestic activities still generate 
large amounts of wastewater that must be disposed. There-
fore, special attention is paid to wastewater disposal, which 
is an integral part of waste management. In this paper, the 
circular economy model framework for water-based waste 
management is proposed. It includes six following actions 
(ways) helpful in the implementation of CE principles in the 
water and wastewater sector:

• Reduction—prevent wastewater generation in the first 
place by the reduction of water usage and pollution 
reduction at source,

• Reclamation (removal) application of effective technolo-
gies for the removal of pollutants from water and sewage,

• Reuse—reuse of treated wastewater as an alternative 
source of water supply for non-potable usage,

• Recycling—recovery of water from wastewater for pota-
ble usage,

• Recovery—recovery of resources as nutrients and energy 
from water-based waste,

• Rethink—rethinking how to use resources to create a sus-
tainable economy which is free of waste and emissions.

The novelty of the presented CE model framework con-
cerns the integration of all possible ways of implementa-
tion of CE principles in the water and wastewater sector, 
including technological, organisational and societal changes. 
Application of the proposed model may help the European 
economy to make further transformations towards the CE 
model.
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