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SEEDS
The reuse of water from wastewater treatment plants

1. Introduction

We are now facing many resources supply and waste assimilation challenges. To cope with that, the
European political discourse addresses the application of the circular economy and calls for a focus
on innovation in relation to business and especially industry. Wastewater treatment plants (WWTP)
can be an important part of circular sustainability due to integration of energy production and
resource recovery during clean water production. In the near future WWTPs are to become
“ecologically sustainable” technological systems. Lately, many initiatives and start-ups related to the
Circular Economy have increased considerably.

In this module we address one of the main challenges in the field of wastewater: converting
wastewater into different resources through initiatives that promote the circular economy.

The purpose of this module is to present the application of new concepts and technologies to
improve the long-term sustainability of wastewater management. Innovative experiences of applying
the circular economy to the wastewater area are presented to improve the knowledge of
entrepreneurs and start-ups and inspire them for their application.

In this module we present common approaches between Circular Economy Initiatives and
Wastewater, explore areas of common opportunity and how applying circular economy ideas can
generate greater value. We also identify projects, approaches, and goals that are aligned to both
Sustainable Water Management and Circular Economy.

By the end of this module, you will learn:

e The principles of Circular economy and Wastewater treatment plants

e The main wastewater treatment processes

e The application of Circular economy in a WWTP: Challenges and barriers

e At the end of the module, we have included 3 case studies that are analysed in deeper detail.

For a complete understanding of this module, we recommend having some prior knowledge on the
subject.
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2. Circular economy and Wastewater Treatment Plants

The ‘Agenda: 2030’ of the United Nations has defined universal access to clean water as one of the
Sustainable Development Goals and encourages governments to establish wastewater treatment
plants (WWTPs) to improve the quality of water and ensure access to drinking water for people
facing severe water-related issues. Water resources across the globe are getting increasingly polluted
due to the lack of strict regulations on industries for waste disposal. Industries and factories that
dispose industrial waste, heavy metals, dye, organic matter, bacteria, and toxic material into water
resources are further polluting the water.

Principles of circular economy

To consider any initiative related to the circular economy, it is necessary to point out the correlation
between circular economy and wastewater treatment. To help entrepreneurs focus on transitioning
to a circular economy and develop solutions with water systems experts, there must be a common
understanding of key concepts.

Circular economy consists of activities that preserve value in the form of energy, labor, and materials.
Circular economy mainly emerges through three main “actions”, i.e. the so called 3R's Principles:
Reduction, Reuse, and Recycle.

1) The Reduction principle aims to minimize the input of primary energy, raw materials,
and waste by improving efficiency in production (so called eco-efficiency) and
consumption processes e.g. introducing better technologies in WWTP.

2) The Reuse principle refers to “any operation by which products or components are used
again for the same purpose for which they were conceived”. For example, water
shortages in arid and semi-arid regions have led to the reuse of water as an alternative
water supply in some parts of the world.

3) The Recycle principle refers to “any recovery operation by which waste materials are
reprocessed into products, materials or substances whether for the original or other
purposes. For example, recycling WWTP sludge offers the opportunity to benefit from
still usable resources and reduce the amount of waste that needs to be treated and/or
disposed of, thus also reducing the related environmental impact.

Within the WWTP framework, three additional principles developed by the Ellen MacArthur
Foundation [1] can be added to the 3R principles:

1) The Proper Design highlights the importance of the design stage in finding solutions to avoid
waste and contamination. This principle is applied in WWTPs optimizing the amount of
energy, minerals and chemicals used in the operating systems.

2) Keeping resources in use means optimising the performance of resources of the WWTPs
(use and reuse of water, energy, recovery of nutrients and chemicals). For instance:

. Energy or resource extraction optimisation from the water system,

. Maximisation of its reuse. According to current national legislations around the world,
the reuse purposes are varied — ranging from agricultural, industrial, urban, recreational,
environmental, to even human consumption. At present, approximately 80% of
wastewater is discharged into the world’s waterways without any kind of treatment.

. Optimisation of the value generated in the interfaces of water system (valorisation of
sewage sludge) with other systems as agriculture and other uses,
. Recovery of nutrients from wastewater and their use as fertilizers.
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3) Regeneration of natural capital - This principle is based on the fact that we not only have to
protect, but actively improve the environment. What we need to do is to:

. Preserve and enhance the natural capital (e.g. pollution prevention, quality of effluent,
etc.), and
. Ensure minimum disruption to natural water systems from human interactions and use.

WASTE WATER AND CIRCULAR ECONOMY
Waster resouce @
Wastewater recovery facility
-
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Source: Own illustration




2.1 Which are the main wastewater treatment processes?

Wastewater treatment is the procedure whereby water is processed in a manner so that it can be
directly reused or discharged into the water cycle with minimal negative impact on the environment.
Wastewater is full of contaminants including bacteria, chemicals, and other toxins. Its treatment aims
at reducing the contaminants to acceptable levels to make the water safe for discharge back into the
environment. The processes for wastewater treatment are as follows:

Physical/Chemical Treatment Processes

Physical processes remove solids from wastewater as it flows through screens (or filter media), or
solids are removed by gravity settling or air flotation. Particles are then entrapped to the surface and
can be removed. Chemicals can also be used in wastewater treatment to create changes in the
pollutants that increase the ability to remove them. Changes may lead to substances forming floc or
a heavier particle mass to make the removal by physical processes easier. The sludge - the solid
waste that settles at the surface of the tanks - is removed by large scrappers and pushed to the
centre of the cylindrical tanks, and later pumped out of the tanks for further treatment. The
remaining water is then pumped for secondary treatment (also called biological process).

Biological Treatment Processes

Biological treatment processes (also known as the activated sludge process) are systems that use
microorganisms to degrade organic contaminants from wastewater. Air is pumped into aeration
tanks that mix the wastewater with the microorganism, causing bacteria and other microbes to
spread and consume the remaining organic matter. The microorganisms metabolise nutrients,
colloids, and dissolved organic matter, which results in treated wastewater. Excess microbes are
removed from the treated wastewater by physical processes. This process leads to the production of
large particles that settle down at the bottom of the tanks (biological sludge).

Bio-solids handling

The solid matter that settles out after the primary and secondary treatment stages is directed to
digesters. The digesters are heated at room temperature. The solid wastes are then treated where
they undergo anaerobic digestion. During this process, methane gases are produced and there is a
formation of nutrient-rich bio-solids that are recycled and de-watered into local firms. The methane
gas, a by-product of the bio-solids handling, is usually used as a source of energy at the treatment
plants. It can be used to produce electricity in engines or to simply drive plant equipment. This gas
can also be used in boilers to generate heat for digesters.

Tertiary treatment

The tertiary treatment stage has the ability to remove up to 99 percent of the impurities from the
wastewater. Treatment depends on the end use of the water (drinking, agriculture, industry, etc.).
This produces effluent water that almost has the quality of drinking water. Unfortunately, this
process tends to be a bit expensive as it requires special equipment, chemicals, steady energy
supply, and well trained and highly skilled equipment operators.

Disinfection

After the physical/chemical and biological processes, there are still microorganisms in the remaining
treated wastewater. To eliminate them, the wastewater must be disinfected in tanks that contain a
mixture of chlorine and sodium hypochlorite. The effluent (treated wastewater) is later released into
the environment through the local waterways. This water may now be used in industries, for
irrigation, and other purposes.

SEEDS
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Source: https://pixabay.com/images/search/wastewater%20treatment%20plant/
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3. Innovation and circular economy in Wastewater Treatment Plants:
Challenges and Barriers.

The water system is a part of environmental, agricultural, industrial, and municipal systems. Knowing
how these systems are connected to each other is critical for the identification of circular economy
opportunities that exist within the water system and other associated systems as well.

The wastewater treatment plants (WWTPs) can be an important part of circular sustainability due to
integration of energy production and resource recovery during clean water production [2, 3]. In the
near future, WWTPs will become “ecologically sustainable” technological systems. Currently, global
nutrient needs and recovery of water and energy from wastewater dictate the development of the
wastewater industry [4-6]. This Figure from Cerahelix.com shows the water cycle in a circular
economy model:

Wastewater

Enabling

Technology

Clean Energy

Source: https://www.cerahelix.com/news/treat-reuse-extract-create-and-repeat-the-circular-
economy-explained-using-the-water-cycle-as-an-example/

To meet the challenge of reducing wastewater pollution ahead of population growth, changes in
industrial processes, and technological developments, the US Environmental Protection Agency (US
EPA) created a document to make information on recent advances and innovative techniques
available for everyone [7]. The goal of the document is straightforward: to provide a guide for
individuals seeking information on innovative and emerging wastewater treatment technologies.
The guide lists new technologies, assesses their merits and costs, and provides sources for further
technological investigation. This document should serve as a guideline for wastewater facility
owners/utilities, operators, planners, and consultants.

In the next sections, we present the most important resources that can be obtained from WWTPs
and the possibilities for entrepreneurs, whilst we show the strengths and weaknesses of these
processes.

‘
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3.1 Land application of biosolids

Biosolids (sewage sludge) are made of compounds valuable for agricultural use (organic matter,
nitrogen, phosphorous, potassium and micro-nutrients such as calcium, sulphur and magnesium),
and pollutants that include heavy metals, organic compounds, and pathogens. While they can be a
valuable resource, they need to be used with caution. They often contain microorganisms that can
carry diseases, chemical contaminants, or other unstable substance.

Biosolids can enrich the soil and supplement or replace commercial fertilizers. Biosolids land
application occurs at various sites including agricultural lands, forests, mine reclamation sites, and
other lands, parks, and golf courses. Land application of biosolids has significantly positive effects on
soil fertility ensuring their use in a more sustainable manner. In addition to high nutritional value,
biosolids improve the properties of the soil (soil conditioning) by increasing soil organic matter, soil
particle aggregation, soil structure and porosity, and decreasing bulk density.

Land application of sewage sludge is widely practiced in Europe and other countries [8]. The risk
associated with land application of biosolids depends on the origin of the pollution loads that enter
the wastewater treatment plants (municipal versus industrial loads). The main problems associated
with such biosolids disposal are the health and safety issues, odour, nuisance, and other public
concerns. In addition, excessive rates of land application can negatively impact groundwater quality
because of nutrient leaching. For that reason, US EPA has developed a guide for land appliers based
on the federal standards for the use or disposal of sewage sludge. The intent of this federal
programme is to ensure that sewage sludge is used or disposed of in a way that protects both
human health and the environment. Part 503, Standards for the Use or Disposal of Sewage Sludge
establishes the general requirements, pollutant limits, operational standards, and management
practices, as well as frequency of monitoring, recordkeeping, and reporting requirements, for sewage
sludge that is land applied, placed on a surface disposal site, or fired in a sewage sludge incinerator

[9].
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Treatments required before Land application of biosolids

To comply with the rules proposed by the legislation, sewage sludge has to be treated at the WWTPs
(dewatered and stabilized) before land application either in terms of soil fertilization or land
reclamation. The biosolids treatment processes before their application to the soil are anaerobic or
aerobic digestion, composting, drying and chemical treatment (mostly alkaline treatment).

e Anaerobic digestion (in general) is a naturally occurring biological process in which large
numbers of anaerobic bacteria convert organic matter into methane and carbon dioxide (a
mixture called biogas). This process stabilizes the organic matter in wastewater solids,
reduces pathogens, and odours, and reduces the total solids/sludge quantity by converting
parts of the volatile solids (VS) fraction to biogas.

e Anaerobic digestion. The process can be divided into three separate steps, each of which is
performed by a different group of microorganisms:

1) Hydrolysis, during which the proteins, cellulose, lipids, and other complex organics
are broken down into smaller molecules and become soluble by utilising water to
split the chemical bonds of the substances

2) Volatile acid fermentation, during which the products of hydrolysis are converted
into organic acids through the biochemical processes of acidogenesis (where
monomers are converted to fatty acids) and acetogenesis (the fatty acids are
converted to acetic acid, carbon dioxide, and hydrogen)

3) Methane formation, during which the organic acids produced during the
fermentation are converted to methane and carbon dioxide.

e Composting. Composting wastewater residue is a bio-thermal aerobic process that
decomposes the organic portion of residue by approximately 25 percent. Before composting,
it is necessary to dewater the residue. Dewatering not only reduces the volume of the
surplus but also decreases the amount of moisture that will evaporate during the heat
generated by the decomposition of the organic portion of the residue, it also stabilises it and
transforms the excess into usable biosolids. The problem with composting raw residuals is
the more intense odour of the residuals with higher percentage of organic material. Various
methods can be used to control the odour. In general, the odour is controlled by adding
quick lime (Ca0O) to change the pH of the residuals. If odour continues to be a problem, the
simple procedure of drawing air through the compost piles and discharging the air to a bio-
filter can further reduce the odour.

e Drying. The type and population of microorganisms varies during the composting process.
Therefore, it is critical to control the composting environment so that the microorganisms
can thrive. The composting environment parameters include the compost pile temperature,
moisture content of the compost, oxygen and carbon dioxide levels in the compost pile, and
the availability of nutrients including carbon, nitrogen, phosphorus, and potassium for the
microorganisms. These parameters must be monitored as they affect the vitality of the
microorganisms. Oxygen is supplied to the compost pile by the introduction of air. The rate
of air supplied depends on the moisture content of the compost pile. The higher the
moisture content the higher rate of air is required. A minimum oxygen level must be
maintained while carbon dioxide levels must not be allowed to exceed a maximum level.
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Source: https://pixabay.com/images/search/sewage%20sludge%20composting/
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3.2 Nutrient Recovery

Nutrient recovery is the practice of recovering nutrients such as nitrogen and phosphorus from used
water streams that would otherwise be discarded and converting them into an environmentally
friendly fertilizer for ecological and agricultural purposes. This process helps clean the effluent by
removing these nutrients and ultimately transforming them into an efficient, reusable feedstock.
With these objectives in mind, different processes have been developed in the wastewater industry
to optimally recover these nutrients.

The recovery process of nutrients offers municipalities an opportunity to generate revenue while
providing agricultural businesses with refined, usable phosphorus - an increasingly scarce natural
resource. Moreover, it enables wastewater entities to serve as more than just treatment facilities but
ultimately as resource recovery agents, transforming the perception of traditional wastewater
treatment. Thus, nutrient recycling from WWTPs has positive impact on environment by reducing the
demand of conventional fossil-based fertilizers and consequently, reducing the consumption of water
and energy.

Recovery of nutrients from wastewater can be done from raw wastewater, semi-treated
wastewater streams, and sewage sludge (biosolids) [10].

Currently, phosphorus (P) is recycled at WWTPs mainly by chemical methods like the struvite
crystallisation process e.g., Pearl, NuReSys, and AirPrex technologies, which have been implemented
at full-scale [11]. At present, in Europe more than 2000 Mg P/year are technically recovered [12]. The
main problems associated with struvite crystallisation are the high chemical costs and unintentional
struvite formation which blocks the valves, pipes, pumps etc. Even though the high operation costs
limit the economic feasibility of nutrient recovery, the system could generate a wide range of other
benefits. For example, the nutrient recovery from wastewater could substantially reduce the
production of sludge and undesired precipitates, so the disposal costs related to the unexpected
substances may be better controlled or even lowered. Also, the nutrient recovery from wastewater
could improve dewatering treated sludge and decrease the scaling speed rate, both of which result
in the improvement of wastewater management [14]. Evidently, nutrient recovery could also reduce
the concentration of ammonium and phosphate in the discharge generated by a wastewater
treatment plant, which prevents eutrophication in aquatic environments. However, both
environmental benefits and government regulations would not serve to trigger nutrient recovery if
there are insufficient economic incentives.

11
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New technologies in Nutrient Recovery

In addition to the chemical method to recover P from WWTPs (explained in the previous section)
there are new technologies that can be also used to recover nutrients in wastewater treatment and
their mechanisms, including biological technologies, membrane systems and advanced membrane
systems. They have been recently summarized by Ye et al [15].

The same authors also presented an economic analysis of these nutrient recovery systems comparing
them in terms of positive and negative aspects. They found that membrane-based technologies for
nutrient recovery are economically and technically feasible. Osmotic membrane bioreactors
(OMBR) and bioelectrochemical (BES) systems are particularly favoured, because of their low
membrane fouling potential and low energy consumption. In comparison to aerobic OMBR-based
hybrid systems, anaerobic OMBR (AnOMBR) also show low membrane fouling and energy
consumption. However, these findings are based on few studies of AnNOMBR-based systems; more
research on nutrient recovery through AnNOMBR hybrid systems needs to be done before fully
confirming its benefits.

Ye et al. 2020 pointed out that Microbial fuel cells (MFC), as an advanced technology for nutrient
recovery, could generate electricity and offer high pH zone for chemical precipitation [15]. The
technology is quite promising for recovering nutrients. Thus, the MFC and its modifications should be
widely explored to recover nutrients in wastewater treatment.

In this scenario, forward osmosis (FO), membrane distillation (MD) and electrodialysis (ED)
processes are the three main membrane technologies employed for the nutrients recovery. MD and
ED process are compatible with MFCs while applying MFCs to recover nutrients from diluted
wastewater. Such integration could undoubtedly increase the quality and quantity of recovered
nutrients and is viable in the future. Another important aspect is to increase the anaerobic release of
phosphate in the existing tanks in sufficient amounts [16]. In addition, feed solution's property can
determine the performance of membrane bioreactor by exerting direct impact on sludge properties,
membrane fouling and permeate flux [17]. However, the role of feed solution in OMBR systems has
not been analysed enough. It is necessary to conduct further studies to evaluate the feasibility of
different wastewater sources with reference to the nutrient recovery and propose the appropriate
pre-treatment for feed solution if necessary. In this case, the technical feasibility of the nutrient
recovery system as well as its performance can be enhanced.

In the future, it can be expected that new research leads to further development of economical
wastewater treatment systems, and osmotic membrane bioreactors (OMBR) and
bioelectrochemical systems (BES) based hybrid systems in particular.

This can create new opportunities for entrepreneurs and start-ups.

12
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3.3 Reclaimed water

Why reuse treated wastewater?

Only 2.5% of the water available on the planet is fresh water. With the rapid increase in the world
population, the acceleration of urbanization and global warming, this resource is becoming scarce.
Water over-abstraction is a major cause of water scarcity. Main pressures from water consumption
are concentrated on irrigation and domestic demand, including tourism. Using treated wastewater
reuse as an alternative source of water supply is now well acknowledged by international,
European and national sustainability strategies. UN Sustainable Development Goal on Water (SDG
6) specifically targets substantial increase in recycling and safe global reuse by 2030. Water reuse is a
top priority in the Strategic Implementation Plan of the European Innovation Partnership on
Water, and maximisation of water reuse is a specific objective set in the Communication "Blueprint
to safeguard Europe's water resources". Reuse of treated wastewater can provide significant
environmental, social, and economic benefits. According to the Blueprint, water reuse can improve
the status of the environment both quantitatively and qualitatively, alleviating pressure by
substituting abstraction. Compared to alternative sources of water supply such as desalination or
water transfer, water reuse often requires lower investment costs and energy, reducing
greenhouse gas emissions.

Water reuse benefits the broader water sector which is a key component of EU eco-industrial
landscape. Water reuse has significant potential in terms of the creation of green jobs in the water-
related industry, and it is estimated that a 1% increase of the growth rate in the EU water industry
could create up to 20.000 new jobs [18]. Currently, the amount of treated urban wastewater reused
annually accounts for approximately 2.4% of the treated urban wastewater effluents and less than
0.5% of annual EU freshwater withdrawals. But the EU potential is much higher, estimated in six
times the current volume. Both southern Member States such as Spain, Italy, Greece, Malta, and
Cyprus and northern Member States like Belgium, Germany already have in place numerous
initiatives regarding water reuse for irrigation, industrial uses, and aquifer recharge. Cyprus and
Malta already reuse more than 90% and 60% of their wastewater respectively, while Greece, Italy,
and Spain reuse between 5 to 12% of their effluents, which clearly indicates a potential for further
uptake.

The reuse of treated wastewater from WWTPs for agriculture and land irrigation, industrial purposes,
toilet flushing, and groundwater replenishing is key element of currently implemented strategy
focused on releasing freshwater for domestic use, improvement the WWTPs effluent quality and
consequently higher quality of river waters used for abstraction of drinking water [19]. The use of
treated wastewater for irrigation in agriculture has been known for many years and can provide
water supply to replace of the agriculture demand and reduction of local water stress. In addition,
nutrients contained in the wastewater reduce the need for application of commercial fertilizers. It is
recommended to use effluent from secondary treatment to irrigation of non-food crops while
effluent from tertiary treatment for irrigation of food crops.

Urban wastewater reuse may be planned (direct or indirect) or unplanned which is mostly connected
with non-potable uses, however there are cases of unplanned potable reuse. Urban water reuse
concerns mainly residential irrigation and commercial use for fire protection, car wash, toilet
flushing, etc. The main problems associated with urban reuse are: risks to human health and high
cost of dual systems for the reclaimed water delivery [20]. In indirect potable reuse high quality
WWTP effluent is discharged directly into groundwater or surface water sources with the intent of
augmenting drinking water supplies. Another solution can be direct potable reuse (pipe to pipe) by
directly introduction of treated wastewater into a water distribution system [21].

13
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However, direct potable reuse strongly increases operational cost due to very high effluent quality
requirements. The lack of social acceptance is also important.

Source: https://pixabay.com/images/search/water%20garden/?pagi=2
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Reclaimed water for industrial processes

Depending on water quality requirements, space constraints, and budgetary considerations, various

methods for recycling or reusing industrial water are available. Benefits can include the reduction of
freshwater costs, wastewater flows, and the size of the water footprint. Operational efficiency and
sustainability can also be increased along with the improved production capacity due to the increase

in available clean water.

Technologies

From the perspective of wastewater treatment, microfiltration (MF), ultrafiltration (UF),
nanofiltration (NF), and reverse osmosis (RO) are the most common membrane separation
techniques applied in the industries. Forward osmosis (FO) has also been recently introduced as an
advanced membrane technique for wastewater treatment. A range of other advanced water
purification technologies, including activated carbon, ion exchange, deionisation, electro-
deionisation, UV (ultra-violet), ozone disinfection, and chemical dosing are used for industrial
application.

In wastewater treatment, membrane technology has been recognized as the key technology for the
separation of contaminants from polluted sources [22]. Membranes are selective barriers that
separate two different phases, allowing the passage of certain components and the retention of
others. The agent that initiates membrane processes can be a pressure gradient and chemical or
electrical potential across the membrane. Membrane processes depend on a physical separation,
usually with no phase change and chemicals addition in the feed stream, thus stand out as an
alternative wastewater treatment technique to conventional processes (i.e., distillation,
precipitation, coagulation/flocculation, adsorption by active carbon, ion exchange, biological
treatment, etc.) [22, 23]. The low energy consumption, reduction in number of processing steps,
greater separation efficiency, and higher final product quality are the main advantages of these
processes [22—24]. However, limited chemical, mechanical, and thermal resistance of the
membranes restricts their application. Great efforts have been implemented to improve both flux
and selectivity of the membranes. Furthermore, some researchers have focused on controlling
membrane fouling, which is the most important problem in application of membranes in wastewater
treatment. As a result, the performance has significantly increased, and commercial markets of
membranes have been expanding during the past years.

The success of membrane operations in wastewater treatment is attributed to compatibility between
different operations in integrated systems. The wastewater treatment by integrated systems
nowadays suggests reducing environmentally harmful effects, decreasing groundwater and energy
consumption, and recovering valuable compounds as a by-product. Membrane bioreactor (MBR),
combining membrane filtration with biologic treatment, is recognised as one of the most
successful hybrid membrane systems in wastewater treatment.

Pressure-driven membrane operations, MBRs, as well as a combination of membrane operations in
hybrid systems in the treatment of wastewater are used in various industries.

15



Reclaimed water for irrigation

Agriculture is by far the largest global water consumer. Irrigation of agricultural lands accounted for
70% of the water used worldwide. In several developing countries, irrigation makes up to 95% of all
water uses, and plays a major role in food production and food security. Future agricultural
development strategies of most of these countries depend on the possibility to maintain, improve,
and expand irrigated agriculture.

Water reuse is commonly and successfully practiced in several EU Member States, as well as in, for
example, Israel, California, Australia, and Singapore. However, this practice is so far deployed below
its potential in the EU. Limited awareness of potential benefits among stakeholders and the general
public, and a lack of a supportive and coherent framework for water reuse were identified as two
major barriers preventing a wider spreading of this practice in the EU. For these reasons, the
Commission proposed in 2018 a regulation to boost water reuse when it is cost-efficient and safe for
health and the environment.

The new Regulation on minimum requirements for water reuse for agricultural irrigation has
recently entered into force and is expected to stimulate and facilitate water reuse in the EU [25]. The
Commission has prepared also different key documents that can be found at ec.Europa.eu [18].

Potential pathogens have to be removed from wastewater. When pathogenic organisms are not
specifically processed during treatment, the use of treated wastewater should be carefully evaluated.
Different parameters affect the efficient removal of pathogenic and indicator microorganisms [26].
The evaluation of technologies for pathogen removal is mostly based on faecal contamination
indicators, such as total coliforms, thermo-tolerant coliforms or Escherichia coli. Chlorine, ultra-
violet (UV), ozone, maturation ponds, CW, membrane filtration, deep bed filtration, and
electrochemical methods are techniques being used for disinfection [26]. When it comes to using
oxidants for disinfection, sodium hypochlorite (NaClO), and ozone, several example practices can be
found in literature related to reclamation systems for irrigation. Ultraviolet treatment is
recommended by several guidelines as the best available technology for disinfection of reclaimed
water that is not associated with excessive costs, in particular for high to medium contact reuse
applications [26]. Regarding biological treatment, maturation ponds are considered to be the best
practice of several guidelines, including WHO, [27]. This method has some advantages and
disadvantages. More information can be found at TheWaterTreatments.com [28]

As an alternative to bed filtration and chemical treatment, membrane filtration is a technology often
considered effective for removing pathogens from wastewater used in irrigation. The results indicate
that a complete reduction of viruses is possible with an Ultra Filtration (UF) membrane, meaning
that a chemical disinfection process could be omitted [27].

Endocrine-disrupting chemicals (EDCs) have been receiving increased attention in recent years due
to their harmful effects on humans and animals. The presence of EDCs in irrigation water and
agricultural soils can cause contamination of agricultural products, posing a risk to human health.
New technologies for removing EDCs from wastewater entail new opportunities for entrepreneurs
and start-ups.

16
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Source: https.//pixabay.com/images/search/agriculture%20water/?pagi=2
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3.4 Energy Recovery

Energy recovery at wastewater treatment plants represents an important policy lever for
sustainability since it can significantly decrease the carbon footprint of wastewater treatment.
Wastewater treatment requires significant energy consumption. An analysis of the chemical and
heat energy contained in wastewater reveals that there is up to 14 times more energy than what is
required for treatment. Although much of this is low-grade heat, it should still be theoretically
possible to achieve energy positivity in treatment plants.

In WWTPs, energy recovery can be done through [29-30]:

e Biogas production. In a digester via anaerobic digestion (AD) biogas is created, which is the
main energy source in WWTP. The biogas can be used for heating and/or electricity
generation. Enhancement of AD efficiency is a common practice to increase the energy self-
sufficiency of WWTPs.

e Heat pumps in treatment plant effluents, and

e Energy recovery from various high temperature streams by heat exchanger

The optimisations of AD include different pre-treatment methods of sewage sludge aiming at higher
biodegradability of sludge. Currently the most common technologies available on the market are
mechanical and thermal pre-treatments. Thermal hydrolysis (THP) technologies like Cambi,
Biothelys, Exelys are the most common technologies used to improve anaerobic digestion in WWTPs.
The first WWTP in North America (Washington, DC, USA) that used Cambi technology saw a 50%
increase in biogas production. Co-digestion of sewage sludge with other biodegradable waste is
another option, which provides a range of economic and environmental benefits. Co-digestion of
organic waste in combination with sewage sludge does not only allow WWTPs to be energy-neutral
but also reduce the cost of municipal and industrial organic waste management. For example, co-
digestion of sewage sludge with six different co-substrates has been implemented in Mossberg
(Germany) for 10 years. The heat and energy production at Mossberg WWTP is significantly higher
than the internal demand of WWTP. Excess energy is fed into the grid, while excess heat is used to
dry dewatered sludge from other WWTPs.

Technologies used the most by existing self-sufficient WWTPs are “Combined Heat and Power
(CHP)” technologies, which generate both electricity and heat from biogas at the same time. Reliable
and economical sources of heat for use in heat pumps (HP) are the effluents from municipal WWTPs
plants [31]. The heat from HPs can be used for heating and cooling of residential, social, and
administrative buildings of the plant and/or neighbouring infrastructure.

In the Danish city of Odense, a treatment plant supplies heat and electrical energy for a population of
almost 400,000 and has achieved 150 percent energy positivity, thus generating electricity and heat
for the local grid. The transformation was made possible by a careful analysis of historical operational
data which identified a series of energy optimization options, many of which were implemented with
modifications in operational strategies rather than significant equipment upgrades. Since making the
initial changes, a number of facility improvements were implemented that so that 200% energy
positivity has been achieved. The technical interventions were grounded on the adoption of a very
clear ‘carbon neutrality’ mindset across the organisation, which in turn led to the development and
commitment to a very aggressive corporate environmental target [32].
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4. Case Studies

We present here 3 case studies of entrepreneurs and start-ups. The case studies presented here
have been selected based on their innovativeness and technology they use, circularity, replicability,
degree of impact, and coverage. In each case study, we highlight the main challenges and possible
solutions.

20




SEEDS

Case study no.l: From waste water to agricultural water - an innovative
technology for combining treatment and reuse in agriculture

Challenge

As we mentioned above, agriculture is by far the largest consumer of water. The use of treated
wastewater for irrigation in agriculture can replace agricultural demand and reduce local water
stress. On the other hand, the future agricultural development strategies of most developing
countries depend on the possibility of maintaining, improving, and expanding irrigated agriculture.

In RichWater project, a group of small start-up companies put together their knowledge to create an
integrated approach to combining treatment and irrigation in a single system that can take
maximum advantage of nutrients. Their ambition is to develop an up-scaled commercial prototype in
South Spain to reuse local community wastewater for irrigation purposes. The aim is to create a win-
win situation for two sectors (the wastewater treatment and the agricultural sector) by turning public
wastewater into a valuable end-product.

The integrated system consists of a low-cost and energy-efficient MBR (membrane bioreactor) that
produces pathogen-free and nutrient rich irrigation water.

The treatment system is connected to:

¢ The mixing module (for tailor-made mixing with freshwater and additional fertilizers)

e The fertigation unit

¢ A monitoring/control module including soil sensors to guarantee demand-driven
and case sensitive fertigation.

By combining these modules, a complete and turnkey system for safe wastewater reuse in
agriculture is available.

Results

e Production of treated wastewater (i.e. reclaimed water),

e Low energy consumption

e lIrrigation of 3 target crops at experimental field: tomato, mango and avocado,

¢ Treated water supplying 50% of main macronutrients (N,P,K) to the target crops,

e Agronomic studies to compare crops irrigated with wastewater and conventional
water.

e Cost benefit analysis and feasibility study,

e  Market strategy.

Lessons learned

The use of the principles of circular economy have demonstrated that reclaimed water can be used
for irrigation supplying. At the same time can provide with 50% of main macronutrients (N, P, K) to
the target crops. Although the initial investments are high, energy consumption is low and still results
in net economic benefit.
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Source: https://richwater.eu/gallery/
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Case study no.2: An advanced wastewater treatment technology for the removal
of hazardous organic contaminants

Challenge

Endocrine disruptors can be found in birth-control pills, cosmetics, washing powder and many other
products normally used in households. Discharging endocrine disruptors into the nature and
subsequently into wastewater makes fish, roaches, and snails intersex. The feminisation of fish has
been lately noted in Denmark and other places. To prevent the discharge of such Endocrine
disruptors from WWTPs outlets to the nature, a cost-efficient method is needed. A group of small
companies worked together to develop a system that would make able to eliminate pathogenic
microorganisms and endocrine disruptors from wastewater.

The basic idea is to introduce advanced photo oxidation processes at wastewater treatment plants
by using ultraviolet lamps. The light from ultraviolet lamps is able to destroy bacteria and remove
chemical substances from wastewater with use of oxidants, e.g. ozone or chloride dioxide.

That way, WTTPs would be able to produce non-hazardous effluent. Characteristics of the method
are:

¢ Simple system for disinfection of wastewater,

e Simple system for removal of endocrine disruptors and other hazardous
compounds,

¢ Flexible system,

e Easytoinstall,

e Advanced process control technology,

e UV-lamps with high energy intensity,

¢ Low capital cost

¢ Low operational cost,

e Environment and health,

e Excellent bathing quality,

¢ Norisks for recipient water fauna and eco-systems,

Results

¢ Disinfection: This system has demonstrated that it is possible to ensure that effluent
from wastewater treatment plants is free of pathogenic microorganisms, guarantee
the quality of, and comply with the EC Directive for bathing water.

¢ Removal of Endocrine Disruptors: The system is useful for removal of endocrine
disruptors and other hazardous compounds from treated wastewater (removal rate
of 99.8%).

Lessons learned

The technical solution proposed has demonstrated that with a low capital it is possible to meet the
requirements of the EU Bathing Water Directive and ensure levels of endocrine disruptors with
estrogenic activity in wastewater are low. This experience creates opportunities for entrepreneurs
and start-ups to implement other technical solutions based on the end use of water to eliminate
water pollutants.
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Case study no.3: Water Saving Processes for textile Production

Challenge

Water is an important resource in manufacturing processes, including the textile sector. The textile
industry is dependent on water in practically all steps of manufacturing. Dyes, speciality and finishing
chemicals used to produce clothing are all applied to fabrics in water baths. This means that huge
amounts of water are used to dye, finish, and wash clothes. Reducing water consumption by
establishing sustainable production processes can therefore be an advantage for companies as well
as the communities in which they operate. In response to water usage and pollution by the textile
industry, many corporations have begun investigating alternative solutions.

Here we present a case study of the water conservation measures in dyeing equipment in a textile
factory in Croatia. Young entrepreneurs analysed all the processes and selected the best actions to
reduce water consumption in the company. They focused on the washing and rinsing processes, as
both processes are important in the textile industries to reduce impurities in the fabric to
predetermined levels. To decrease the consumption of water in these processes, successful batch
and continuous water reduction methods were found. The equipment used in a water conservation
programme is relatively inexpensive; in most cases, some valves, pipes, small pumps, and tanks will
suffice. The operating costs of these systems are generally very low. Routine maintenance and, in
some cases, electricity for the pumps, could be more expensive. Water conservation measures lead

to [33]:
e Reduction in processing cost,
e Reduction in wastewater treatment cost,
e Reduction in thermal energy consumption,
e Reduction in electrical energy consumption,
e Reduction in pollutants load.

Results

The application of these measures allowed significant savings in the water itself (90% of the water),
as well as the costs associated with its discharge and the inlet water.

These integrative techniques can be implemented in other textile industries. The payback period for
a water conservation system will vary with the quantity of water saved, sewer fees, and costs for raw
water and wastewater treatment.

Lessons learned

Water conservation and reuse is a necessity for textile industry. It is possible to reduce the quantity
of water used in the textile factories. It lowers the cost of finished textile products by lowering
charges for fresh water and sewer discharge. The quantity of water required for textile processing
varies from factory to factory and depends on fabric produce, process, equipment type, and dyestuff.
That creates many opportunities for entrepreneurs and start-ups adapt their water consumption to
their own textile businesses.
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Source: https://www.euronews.com/next/2017/03/20/dyed-without-waste-developing-a-process-to-
save-water-in-the-textile-industry
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5. Quiz
1. Select from the list below the word that does not represent a characteristic of Circular economy 3R
Principles:

a. Reduction

b. Reuse

c. Recycle

d. Redirect

2. Industries and factories pollute water with:

a0 oo

Heavy metals
Dyes

Organic matter
All of the above

3. Which of the following list is a WWTP process?

Qo0 oTo

Physical/chemical treatment
Biological treatment
Tertiary treatment

All of the above

4. Why reuse treated wastewater?

a.

Because with rapid increase in the world population, the acceleration of urbanization and
global warming, this resource is becoming scarce.

Because desalination requires lower investment costs and energy, reducing greenhouse gas
emissions

Because the reuse of wastewater does not require any treatment

All of the above

5. Which of the following sentences is not true?

a.

Because biosolids contain very beneficial substances for agriculture, they can be used
without control.

The EU has initiated regulatory actions towards the application of biosolids in the soil.
Biosolids improve the properties of the soil by increasing soil organic matter soil particle
aggregation, soil structure and porosity, and decreasing bulk density.

The main problems associated with biosolids disposal are the health and safety issues, odour,
nuisance, and other public concerns

6. Can Recovery of nutrients from wastewater be done from raw wastewater, semi-treated
wastewater streams and sewage sludge?

a.
b.

Yes
No
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7. For nutrient recovery, the membrane-based technologies present high technical and economic

feasibility. Which of the following processes is not employed for the nutrients recovery?

Forward osmosis
Membrane distillation
Electrodialysis
Crystallisation process

a0 oo

8. Which methods can be used to remove pathogens from wastewater?

Raw wastewater
Ultra-violet (uv) lamps
Purified water

Sewage sludge

Qo0 T o

9. In WWTPs, energy recovery can be done by different methods. Select the answer that is false from
the list below.

a. Biogas production

b. Filters of sand and anthracite

c. Heat pumps in treatment plant effluents

d. Energy recovery from various high temperature streams by heat exchanger

10. Which of the following wastewater treatments not used as a water purification technology for
application in industry?

Microfiltration
Reverse osmosis
lon exchange
All of the above

oo oo
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