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Abstract: Although Greece has accomplished wastewater infrastructure construction to a large
extent, as 91% of the country’s population is already connected to urban wastewater treatment plants
(WWTPs), many problems still need to be faced. These include the limited reuse of treated wastewater
and of the surplus sludge (biosolids) produced, the relative higher energy consumption in the existing
rather aged WWTPs infrastructure, and the proper management of failing or inadequately designed
septic tank/soil absorption systems, still in use in several (mostly rural) areas, lacking sewerage
systems. Moreover, the wastewater treatment sector should be examined in the general framework of
sustainable environmental development; therefore, Greece’s future challenges in this sector ought to
be reconsidered. Thus, the review of Greece’s urban wastewater history, even from the ancient times,
up to current developments and trends, will be shortly addressed. This study also notes that the
remaining challenges should be analyzed in respect to the country’s specific needs (e.g., interaction
with the extensive tourism sector), as well as to the European Union’s relevant framework policies
and to the respective international technological trends, aiming to consider the WWTPs not only as
sites for the treatment/removal of pollutants to prevent environmental pollution, but also as industrial
places where energy is efficiently used (or even produced), resources’ content can be potentially
recovered and reused (e.g., nutrients, treated water, biosolids), and environmental sustainability is
being practiced overall.

Keywords: Greece; wastewater treatment plant (WWTP); history; policy; technology trends
and applications

1. Introduction

Greece is located in the southern end of the Balkan Peninsula, bordering the Ionian, Aegean, and
the Mediterranean Seas. The country has a total area of 131,940 km? with a population of (around)
11 million, according to the last official census of 2011. Greece consists of a large mainland and extensive
archipelagos of around 3000 islands, has almost 18,000 km of coastline and is 80% mountainous with
the highest peak of 2919 m in Olympus [1].

The climate in Greece is predominantly classical Mediterranean (mild, wet winters and hot, dry
summers). However, due to the country’s geography, a range of micro-climates and local variations
can be found [2]. Annual rainfall ranges from 300 to 500 mm in southeastern Greece and from 800 to
1200 mm in the northwestern parts of the mainland, but may exceed 2000 mm in some mountainous
areas. Greece is expected to have an 18% precipitation decrease by midcentury, and 22% by the
end of the century. Considering an expected modest population decline, Greece’s per capita water
resources are also expected to decline by midcentury [3,4]. These perspectives are likely to necessitate
the implication of appropriate changes to Greece’s water resources management and, consequently,
changes to the respective ways urban wastewater management is commonly practiced.
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Even though Greece is among the very few ancient civilizations, where hygienic technologies
and wastewater management were practiced as early as 400 BC [5], the wastewater management
history of the country has followed similar development paths as to other nations in Europe, namely
Britain, France, and Germany, i.e., for centuries wastewater management was not given much, if any,
attention [6]. Although in some ancient cities there were existing sewerage systems, wastewaters
were usually disposed of in the streets and near the city centers, creating serious impacts on public
health and the environment. The industrialization and urbanization during the second half of the 19th
century shifted interest towards better wastewater management practices, while the development of
the wastewater management in Greece began around the early 1980s, when the country entered the
European Union (EU) and as a member state had to comply with the respective EU policies for proper
urban wastewater treatment and thus, created its first urban wastewater treatment plants (WWTPs) [7].

Today, Greece’s urban wastewater sector presents significant achievements, but also failures,
as well as numerous future challenges. Even though the understanding of the various wastewater
treatment processes is important, it is not within this paper’s intentions to provide here the in-depth
explanations, which can be found elsewhere. This mini-review intends to highlight the major aspects
of Greece’s urban wastewater treatment history, its recent developments, and present situation, as
well as to identify the remaining challenges, in respect to the country’s specifications, regarding the
European Union’s policies and the international technological trends, so as WWTPs to be seen not
only as sites for the treatment/removal of pollutants, but also as “industrial” places, where energy can
be efficiently used (and produced), and new products (recovery of resources’ content) and business
opportunities would be created.

We believe the readership of the Journal’s Special Issue would be interested in this mini-review,
as it highlights not only municipal wastewater management of a particular country, but addresses
a country’s own wastewater management path in respect to the global thinking of sustainable
environmental development.

2. The Past of Urban Wastewater Treatment in Greece

2.1. Historical Development

Historical findings in palaces and cities on the island of Crete, as well as in other Aegean Islands,
declare the presence of quite sophisticated sewage systems since the early Minoan civilization, which
is considered as Europe’s first advanced civilization, flourishing from 2700 to 1450 BC [5]. Sewage
systems were found also in residencies in Delos Island (as early as 400 BC) and later, around 300 BC, in
the ancient Pella, a city located in northern Greece, best known as the historical capital of the ancient
Macedonian kingdom. However, during the same ancient times, open combined sewerage networks
of wastewater and storm waters run-off were found also in several other ancient cities, causing quite
frequent dispersion of serious water-borne diseases, such as cholera, plague, etc. [8].

This practice has continued for almost the next 15 centuries, before being replaced by the use of
absorbing septic tanks. After saturation of the septic tank, either a new tank was built nearby, or the
waste was collected and discharged untreated into open streams or into the sea. Athens, the present
capital of Greece, was first declared the capital of the newly established Greek State on September 18,
1834. Six years later, the first combined flow sewerage system for the collection of both wastewaters
and storm waters run-off was constructed for the first time in the modern history of Greece, noting,
however, that Athens at that time was a small city with only 7000 residents.

During the years 1834-1980, the sewerage infrastructure was progressively enlarged in scale. Already
in 1950, the preliminary design of the Athens Sewerage System began covering an area of around 200,000
hectares. This design was used as the basis for the development of the city’s networks during the 1960s
and 1970s. During the same period, similar infrastructures were built also in other large cities of Greece,
e.g., in Thessaloniki (the 2nd largest city of Greece), where the first combined sewer overflow pipe was
built in 1938, while the basis for the present sewerage system network was set up in 1977 [9].
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Entering into the 1980s, the situation started to improve, as Greece joined the EU in 1981. The issue
of the treatment of the collected sewage that up to this point was discharged without any treatment to
nearby streams, rivers, or to the sea, started to gain particular attention.

2.2. Development over the Past 40 Years

As a member state of the EU, Greece had to comply with the respective EU policies for wastewater
treatment. The development of urban WWTPs followed the developments of the relevant EU directives,
as well as the available funding from various EU framework programs. Thus, the first modern WWTPs
in Greece started their operation around the beginning of 1990s, as a consequence of the respective EU
Directive 91/271/EEC [10] “on urban wastewater treatment and disposal” and its amendments, defined
by the subsequent Directive 98/15/EEC [11].

The wastewater treatment plant of Thessaloniki started to fully operate in 1992. This plant
is situated 7 km southwest of the city, currently serving about 1 million residents of the greater
Metropolitan area, by treating daily around 160,000 m® with the schedule future capacity (after
extension) to be able to treat around 300,000 m®/day. The treatment process includes screening, grid
removal, primary sedimentation (without use of chemical coagulants), conventional activated sludge
treatment with nitrogen removal, and effluent disinfection using chlorine gas (Cl;). The treated
effluent is mainly discharged to the nearby Thermaikos gulf, which is characterized as a sensitive area.
However, some efforts of effluent reuse in irrigation were started for the first time in Greece in 1993.
Approximately 2225 m3/year of WWTP effluent is being regularly reused, after mixing with freshwater
from the nearby Axios River at 1:5 ratio irrigating approximately 2500 ha of spring crops in the nearby
Halastra-Kalohori agricultural area [12]. Sewage sludge (i.e., the primary plus the excess activated) is
anaerobically digested, thickened, and dewatered and dried (succeeding substantial volume reduction).
The greatest amount of this sludge was deposited in an urban landfill, until few years ago when
this practice was prohibited, and currently, this is being commonly used as soil amendment after the
appropriate control [7].

In 1994, the Psyttalia wastewater treatment plant started its operation. This unit is situated
at the uninhabited island of Psyttalia, in the Saronic gulf, between the island of Salamis and the
commercial port of Piraeus, approximately 13 km south west of Greece’s capital city center (Athens) and
serves approximately 4 million of population. At its current state, the wastewater treatment includes
pretreatment, primary treatment, and advanced secondary biological treatment, using activated sludge
processes with nitrogen removal, thermal sludge drying unit, and co-generation of electricity and heat.
The sludge produced is treated anaerobically, resulting in the production of biogas. The produced
biogas can cover most of the energy needs of the wastewater treatment facilities. This is one of the
largest WWTPs in Europe (and internationally), with a population equivalent (p.e.) coverage of
5,600,000 p.e. The average flowrate of incoming sewage is about 1,000,000 m>/day. An aerial view of
Phyttalia WWTP is presented in Figure 1 [13].

Figure 1. Phyttalia wastewater treatment plant.
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The developments of wastewater treatment in the rest of Greece had to follow the requirements
and time restrictions as set by the EU Directives 91/271/EEC and 98/15/EEC. According to these, the
urban wastewater entering collecting systems should have been subjected to secondary treatment or
an equivalent treatment with the following timeline schedule:

1. At the latest by 31 December 1998 for urban agglomerations of more than 10,000 p.e., discharging
into receiving waters, which are considered as “sensitive areas”, e.g., natural freshwaters bodies; in
these cases the relevant WWTPs must be complimentary designed for nitrogen and/or phosphorus
removal in order to avoid eutrophication problems of the receiving water bodies.

2. At the latest by 31 December 2000 for all discharges from urban agglomerations of more than
15,000 p.e.

3. At the latest by 31 December 2005 for all discharges from agglomerations of between 10,000 and
15,000 p.e.

4. At the latest by 31 December 2005 for discharges to fresh-water and estuaries water bodies from
agglomerations (settlements) between 2000 and 10,000 p.e.

The term “agglomeration” was defined in the Directives as the area where the population and/or
economic activities are sufficiently concentrated for urban wastewater to be collected and conducted to
a WWTP, or to a final discharge point.

The construction of sewerage networks is currently not legally enforced for agglomerations of less
than 2000 p.e., unless the wastewater is discharged to sensitive water bodies. This flexibility in the
application of appropriate treatment technologies shifted interest towards the operation of alternative
technologies for small communities, but to a limited extent. Sequencing Batch Reactors (SBR) exist in
Greece, but are not widely operated. Natural treatment systems, such Waste Stabilization Ponds (WSP)
are also quite limited. The first WSP was constructed in 1982 in Sitochori village in the prefecture of
Serres in northern Greece, serving a community of 1000 p.e., consisting of a primary facultative pond,
followed by two maturation ponds [14]. There was a shift in preference towards the use of constructed
wetlands (CWs) in the 1990s, after the operation of the first vertical flow constructed wetland (VFCW)
in Nea Madytos community (3000 p.e.) of the Thessaloniki Region in north Greece, back in 1993 [15].

However, the operation of alternative technologies for the wastewater treatment of small
communities has not been widely accepted as the feasible alternative to the conventional wastewater
treatment systems in Greece. This can be devoted mainly because their application has not being
accompanied with a parallel effort to gain wider community acceptance over the conventional
wastewater treatment systems, which were already widely applied, broadly tested, and considered as
more reliable solutions. Thus, out of 147 WWTPs of small communities in the year 2000, 110 were
served by convenient extended aeration systems [16,17].

Figure 2 summarizes the growth of WWTDPs in Greece during 1980-2015 [18], while Table 1 shows the
information of some milestone WWTPs in the development history of Greece’s urban wastewater sector.

100 7~
90 17
& |
S 80 M Collected without
g 70 v treatment
a ) -
S 60 7 ! Primary
< —
s S50 7
© y M Secondary
£ 40 7
8 /
5 307 .
= __mTertiary
20 7

10 77
S —

0 ¥ . . . . . . . 4 ¢
1980 1990 1995 20m 2005 2010 2012 2014 2015

Figure 2. Growth of urban wastewater treatment plants (WWTPs) in Greece during 1980-2015.
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Table 1. Milestones of WWTPs development in Greece during 1980-2015.

Year of Operation WWTP Capacity (p.e.) Milestone
1982 Sitochori village (Serres 1000 The first WSP, serving a village community [15]
prefecture)
1992 Thessaloniki 1,400,000 The first modern large-scale WWTP in Greece [7]
Nea Madytos . . .
1993 (Thessaloniki Prefecture) 3000 The first VFCW serving an urbanity [16]
1992 Thessaloniki 1,400,000 The first WWTP applymg reclaimed wastewater
reuse projects [12]
1994 Psyttalia 5,600,000 The largest WWTP.m Greece and among the
largest in Europe [13]

. Operation of the first large-scale biogas unit in
2003 Psyttalia 5,600,000 WWTP [14]

. The first WWTP operating sludge thermal drying
2007 Psyttalia 5,600,000 treatment. (Evaporation capacity 34.4 tn/h) [14]
2014 DEYA I({Fei;aiﬁ;o)n Crete 200,000 The first WWTP applying MBR process [19]

WSP, Waste Stabilization Ponds; VFCW, vertical flow constructed wetland; MBR, Membrane Biological Reactors.

As consequence to the county’s alignment with the European Union’s Directives and its
economic support, Greece presented higher value of percentage of population connected to tertiary
wastewater treatment in the year 2015, 88% as compared to 80.1% of mean value for central European
countries (Austria, Belgium, Denmark, Netherlands, Germany, Switzerland, Luxembourg, and United
Kingdom) [18], which are considered more technologically advanced in the field of wastewater
treatment and economically stronger than Greece (countries economic status is a key aspect closely
related to wastewater treatment status [20]). Meanwhile, the international mean value of percentage of
population connected to tertiary wastewater treatment in the year 2015 was 59% (calculated mean of
data from 27 countries) [21].

With respect to Greece’s milestones, presented in Table 1, Greece presented a delay between
applying the appropriate technology and the technology’s first application elsewhere, justified by the
social-political-economic constraints that needed to be overcome, institutional arrangements, research
and development, and technical and economic co-operation that needed to be established first. In North
America, natural treatment systems, treating municipal wastewater, started at the end of the 1960s and
beginning of the 1970s [22]. In Sweden, biogas has been produced at municipal wastewater treatment
plants since the 1960s [23]. Tertiary treatment of municipal wastewater was first introduced in 1962 in
the USA by Lutdzack and Ettinger [24]. In the late 1980s, manufacturers who had successfully applied
sludge thermal drying technologies in chemical and food industries, transferred existing technologies
to sewage sludge [25]. The first such applications are reported in Avonmouth and Countess Wear in
England [26], while by 1993 Membrane Biological Reactors (MBR) systems had been reported for use
in sanitary application in Europe [27].

3. Recent Developments and Current Situation

Today, Greece has a population of approximately 11 million inhabitants, according to the last
official census of 2011. The main management model for water and wastewater services in Greece is
delegated public management, although more recently some public-private management schemes have
been also started to be implemented. In the two biggest cities of Greece (Athens and Thessaloniki), the
Greek state delegated two public companies (by a majority) named E.YD.A.P for Athens and E.Y.A.TH.
for Thessaloniki. These companies have been listed also in the Greek stock market already for more
than 15 years and the Greek state is the main shareholder and, therefore, the President of the Board of
Directors and the CEO of both companies are appointed by the government. For cities with more than
10,000 inhabitants, the national law regulating the role and the foundation of Municipal Water and
Sewerage Companies was published in 1980. Currently, there are 130 municipality-owned companies,
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named D.E.Y.A. In cities with fewer than 10,000 inhabitants, the management model is usually the
direct urbanity public management [28].

According to article 17 of the Urban Wastewater Treatment Directive 91/271/EEC [10], each
member state has to prepare every two years the respective Implementation Report, describing the
collection, treatment, and disposal of the relevant wastewater data. Based on the most recent report
of 2017, which refers to the year 2014, 91% of the country’s population is connected to 254 urban
wastewater treatment plants, treating almost 1.74 X 10° m3/day. These plants provide secondary
biological treatment, with 83% providing biological nitrogen removal, 57% providing (additionally)
biological phosphorus removal, and 93% providing (tertiary) wastewater disinfection [29].

In 2012, a National Database was created by the Specific Secretariat for Water (SSW) of the Greek
Ministry of Environment and Energy, with the initiative and the support of the European Commission
Directorate-General for Regional and Urban Policy. This Database has been upgraded and enriched
ever since, presenting all the relevant information content in an advanced Geographical Information
System (GIS), easily accessed by everyone interested via the respective webpage (“SSW—Wastewater
Treatment Plants”) [30]. Within the Database, specific information regarding the location, capacity,
performance, means of disposal, or reuse of wastewater and of sludge, as well as the Environmental
Terms of each WWTP are stored and are easily publicly accessible. Figure 3 represents the map of
Greece’s WWTPs, as presented on SSW webpage, with the respective locations. In this figure there
are WWTPs in compliance with the requirements of the Directive 91/271/EEC, as indicated by blue
dots (which are representing the majority, i.e., 168 out of 254). The figure presents the WWTPs that
are not still compliant with the Directive, either because they do not collect a sufficient number of
samples per year, or because the effluent is outside of the respective limits as set by the Directive,
which are indicated by red in color dots. Each dot size is logarithmically related to the capacity of each
WWTP [31].

Figure 3. Map of Greece’s WWTPs.

Despite the aforementioned developments, EU Commission has brought Greece several times
to the EU Court of Justice for violating Directive 91/271/EEC requirements, regarding specific cases.
The first condemn took place in 2004 [32], and the Court ruled that Greece was violating EU law
by not adequately collecting and treating wastewater discharged into the Gulf of Elefsis, which is
characterized as a sensitive area. Twelve years later, the judges ruled that Greece continued to be
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in violation of the previous 2004 ruling, by not taking the “measures necessary for the installation
of a collecting system for the urban wastewaters from the Thriasio Plain, in western Attica and not
subjecting the urban wastewater from that area to more stringent treatment than the secondary one,
before discharged into the sensitive area of the Gulf of Elefsis”, imposing a fine of EUR 5 million,
with an additional penalty of EUR 3.28 million for every six months the government fails to meet the
required wastewater treatment regulations [33].

In 2007, the Court found that Greece had failed to fulfil its obligations on the grounds that 23
urban agglomerations of over 15,000 p.e. were still not equipped with the appropriate systems for
collecting and/or treating the urban wastewaters [34]. In 2014, the court found that Greece had still not
complied with the previous 2007 judgment in 6 out of the 23 agglomerations, imposing a fixed sum of
EUR 10 million and a sliding-scale periodic fine of EUR 20,000 €/day [35]. For the aforementioned fines
Greece had to pay EUR 10,558,145 in the year 2019.

Regarding the urban agglomerations between 2000 and 10,000 p.e., the main issues that Greece
has to phase is that of the 385 agglomerations belonging in this category, as there are only 123 in
full compliance with the requirements of the Directive 91/271/EEC. Another 162 have included or
are in the current projects of the National Strategic Reference Framework (NSRF). If these projects
are implemented and functioning properly (noting that neither of them is obvious), then in few
years the coverage rate will rise to 74% from today’s 32%. The rest of these settlements have some
infrastructure missing, have several operational problems, or have incomplete measurements taken and,
therefore, they are not shown to meet the rather strict Directive requirements. In order to promote the
respective wastewater infrastructures of this category, Greece, with the encouragement of the European
Commission, set up in 2018 a committee to design and implement a united national wastewater
infrastructure master plan, consisting of 13 regional plans, one for each first-level administrative region
of the country. Results of this initiative will soon be published [36].

Agglomerations of less than 2000 inhabitants are accounting for almost 2.5 million p.e. in Greece;
in these cases, neither sewage networks nor wastewater treatment are legally enforced [37]. However,
there are several natural systems in operation for the treatment of wastewater from small communities,
although there is no formal registry of these systems and a detailed reference is quite difficult to
be provided, as the relevant references are mainly based on literature review. Waste Stabilization
Ponds (WSP) are not so popular in Greece. It is estimated that approximately 20 such systems have
been constructed in Greece, serving either single small communities, or two to three neighboring
communities being in the range of 600-3000 p.e. The majority of these systems exist in two Prefectures
of North Greece (Kavala and Serres). All these systems consist of a primary facultative pond, followed
by one to three maturation ponds. Nevertheless, most of these ponds present several operation and
maintenance problems, such as odors, rooted plants, etc. [15].

Not more than 20 are the literature-referenced CWs that are currently in operation in Greece, with
a capacity between 8-1300 p.e. The majority of these systems consist of one to three vertical subsurface
flow (VSSF) beds for primary treatment, one to two VSSF beds for secondary treatment, and one to two
beds of horizontal subsurface flow (HSSF) for tertiary treatment; disinfection is performed either by
means of UV or chlorination. However, CWs systems that use only free water surface systems (FWS)
or HSSF in their configuration are also in operation [38,39].

For the majority of wastewaters that originate from small villages, as well as from the lots
of decentralized holiday residences in Greece, septic tanks/soil absorption systems remain as the
predominant option for sewage treatment. However, the exact number of these systems is still
unknown, since they are seldom formally registered.
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4. Outlook

4.1. Remaining Gaps and Future Challenges

Greece’s wastewater sector has achieved undoubtable progress in terms of infrastructure,
technology, and policy implementation, providing a solid ground for its future development. However,
in order to be sustainable in this future, providing that wastewater quantity will continue to increase
further and that water shortages will become more common [40], specific focus should be provided to
the following main objectives:

e  Treated wastewater reuse

e  Sludge disposal

e Energy efficiency

e  Reducing greenhouse emissions

e Management of wastewaters from small settlements that still use quite extensively the septic
tanks option

4.1.1. Treated Wastewater Reuse

In a 2018 report, the EU Joint Research Center (JRC) projected an increased pressure on water
resources of 20% or more by 2050, as compared to 2010 in Greece [40]. As all southern European
countries are expected to face decreasing water availability, the EU initiated the development of a
proposal for the regulation of minimum quality requirements for (treated) wastewater reuse, mainly
for agricultural irrigation and/or in the industrial sector. The regulation that is expected to be published
in the Official Journal of the EU during 2020 will enter into force on the 20th day after its publication
and shall apply to the member states three years after the date of its entry into force. According to
estimations, the proposed regulation could lead to a substantial increase of water reuse in agricultural
irrigation up to 6.6 billion m3/year across EU member states, as compared to estimated current 1.7
billion m3/year in the absence of any EU legal framework [41].

This regulation proposes less strict microbial standards in terms of E. coli, than the maximum
value of 200 cfu/100 mL that is currently legally enforced in Greece for unrestricted irrigation (i.e.,
applicable to all kind of crops, independent from the irrigation method, where public access may also
be allowed). The regulation has no provisions for the maximum permissible concentrations of selected
heavy metals and metalloids, as well as for certain agronomic characteristics of the reclaimed water for
agricultural irrigation, provided by the Greek relevant regulations [42,43]. In that sense, it might set a
new perspective on the issue of reclaimed water reuse in the country.

However, it lacks to address other issues that concern Greece’s reclaimed water reuse, such as
transportation expenses, due to the fact that most WWTPs are located quite far away from arable
agricultural land, which poses another economical challenge for the reclaimed wastewater management
in Greece [44]. This explains why the reclaimed water reuse for agricultural irrigation is practiced in
only 13% of the existing WWTPs in Greece. The main WWTP of Athens, for instance, located on the
Psytalia island, reuses onsite part of its effluent that undergoes filtration (through sand-filters) and
disinfection (by means of UV devices), so as to be reused as process water for the treatment facilities [14].
Meanwhile, it is estimated that almost 18,000 ha are being irrigated by the several agricultural water
reuse projects in Greece, whereas almost 60,000 more ha are irrigated via the indirect wastewater reuse.
As Greece’s irrigated land sums up to almost 103,860,000 ha/year [45], there is a huge potential for
turning to reclaimed wastewater, rather than using freshwater to cover the needs of the agricultural
land, providing that all the necessary concerns regarding human health and environmental protection
are met.
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4.1.2. Sludge Disposal

Based on the most recent published data, the disposal situation of wastewater sludge from Greece’s
WWTPs is presented in Figure 4 [46]. In 2016, the sludge production was at the level of 119,770 tones,
with the majority of it (53%) ending up in landfills, 33% used in agriculture, and only 18% used for
composting or other specific applications, such as alternative fuel in cement industries.

Agricultural

Landfilling HSE SN

53%

Compost

and other

applications
14%

Figure 4. Disposal situation of wastewater sludge from Greece’s WWTPs in 2016.

Even though Directive 86/278/EEC, the so-called Sewage Sludge Directive [47], was adopted in
Greek legislation back in 1986, aiming to encourage the application of sewage sludge in agriculture and
to regulate appropriately its use, attempting to prevent any harmful environmental and human effects,
nevertheless the current use of WWTPs sludge for land application is rather limited. This is mainly due
to the fact that sludge produced through successive anaerobic digestion/stabilization, dewatering, and
thermal drying in the megacities (Athens, Thessaloniki) has a fairly higher heavy metal content [48],
than the thresholds of the Ministerial Decision 80568/4225/91 [49], which set supplementary national
thresholds for the chromium species Cr(IlI) (500 mg kg_l) and Cr(VI) (10 mg kg_l), apart from the
limits of other metal contents as stipulated by Directive 86/278/EEC [50]. For this reason, the dried
sludge from the bigger treatment plants is potentially used as a fuel substitute in the cement industry,
but also (partly) as soil conditioner.

According to the National Plan on Waste Management (CMA 49/15.12.2015/GG174A) [51] and in
accordance to the Directive 2008/98 on waste [43]), the sludge disposal to landfill should be minimized
to 5% by 2020, while the recovery should be 95% (energy recovery and agricultural use). In this
context, few WWTPs have invested also in Bio-augmentation technology projects that may reduce
substantially the sludge, produced in the treatment facilities, by 50%—-80% [52]. As such projects are
quite limited, there is still scope in Greece for further alignment in order to achieve a sustainable sludge
disposal strategy.

4.1.3. Energy Efficiency

Energy is a key factor in achieving sustainability in the WWTPs sector, and a shift from the
negative energy balance (i.e., when energy demand is being covered by external sources) to the energy
neutral, or even to energy positive, wastewater treatment has been postulated worldwide [53].

Biogas produced at Psyttalia WWTP is being utilized onsite as the fuel in two Combined Heat
and Power (CHP) plants, of 11.4 MW power capacity. The CHP plant system provides a considerable
part of the heat needs of Psyttalia WWTP (especially for sludge digestion and drying), as well as for
the electric power needs (e.g., for aeration in biological treatment step), whereas the surplus power is
being sold to the National Power Grid Manager [14]. Meanwhile, the plant continues to participate
in innovative projects that would further enhance its energy efficiency. The SMARTech4b pilot scale
system (part of the ongoing SMART-Plant project, funded under European Union’s Horizon 2020
research and innovation program) will be tested and validated at the WWTP of Psyttalia, aiming to
enable the integration of enhanced biogas recovery (by preliminary thermal hydrolysis) of sewage
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sludge with side-stream, energy-efficient, and compact nitrogen removal and phosphorus recovery,
avoiding the problematic struvite formation [54].

Meanwhile, other research programs are ongoing at smaller WWTPs in Greece. e.g., the LIFE
B2E4 sustainable-WWTP project (funded by the European Commission under the LIFE Framework
Programme) [55] aims to improve the performance of overloaded extended aeration wastewater
treatment plants, by using a novel process for removing solids prior to aeration. For this purpose, a
micro-screening system for the removal of oversized solids will be installed at DEYA’s WWTP, serving
the Rethymno area of Crete Island (located in the southern part of Greece). The plant, which applies
an extended aeration activated sludge process, has an average daily flow of 13,000 to 15,000 m3. Its
peak flow capacity is about 17,000 m?/day. In addition, the project will demonstrate the valorization of
produced biosolids for the production of electric energy (mainly through gasification), thus reducing
further the net energy consumption of the WWTP. The produced electric energy will be sufficient
for energy self-sustainable operation for wastewater treatment. According to theoretical estimations,
waste heat from the plant itself can provide energy to 10% of the buildings that deliver wastewater to
the WWTP [56].

Even though there is no specific national or EU legislation to be followed for improving the overall
energy performance of WWTPs, with the majority of plants built more than 20 years ago in Greece,
the opportunity of promoting the energy efficient wastewater resource recovery concept—through
technological improvements within the existing plants to transform the wastewater treatment plants
into real power producers (i.e., prosumers, instead of consumers) and to eventually prompt the
development of new products and business opportunities—is another challenge for the wastewater
treatment sector that Greece cannot overlook.

4.1.4. Reducing Greenhouse Emissions

Improving energy efficiency in urban wastewater facilities can help reduce Green House Gas
(GHG) emissions from the WWTPs, where GHG are largely in the form of carbon dioxide (CO5),
methane (CHy), and nitrous oxide (N,O). CO; is mainly produced during the applied wastewater
and sludge treatment processes, as well as through the consumption of energy during WWTPs’
operation [57]. CHy is mostly emitted during the sludge treatment works (e.g., sludge anaerobic
digestion, sludge disposal to landfills), while it can also leak from the biogas plants (due to poor design
or maintenance), and N,O can be emitted during the biological processes, aiming toward nitrogen
removal [58]. CO; is not accounted as GHG from WWTPs’ operation, due to its biogenic origin,
whereas the main focus is directed to CHy and N,O gases, which present a global warming potential
28 and 265 times higher, respectively, than the CO,, considering a 100-year period [59].

Greece, as an EU member state, has committed to a 40% GHG emissions’ reduction by 2030,
as compared to 1990 levels. Because GHG emissions from the urban wastewater treatment (0.458
million tons of the specific CO, equivalent (CO,e) in 2017, according to Eurostat data, [60]) account
for approximately one-fifth of the emissions from the overall waste sector, it remains important to
carefully manage CH, and N,O gases and to accomplish the overall GHG emissions targets.

The quantification of GHG emissions from WWTPs in Greece is rather a difficult task, due to
unavailable formal registered data and quantifying the models” approach complexity. A recent study
reported that the two major WWTPs of Greece (Athens and Thessaloniki) contribute to 67.1% of the
total emitted GHG, as expressed in tones/day of COe. The contribution of WWTPs with capacity
ranging between 10,000 and 100,000 inhabitants accounts for 20.6%, while the contribution of the other
groups of WWTPs is less than 10%, either due to their small number, or due to the lower volumes of
wastewaters, which are treated daily [61].

However, as reported in the literature, GHG emissions depend mainly on the wastewater
composition and the applicable treatment technologies and, hence, they are not always linked to the
respective treatment plants’ capacity (actual loads) [54]. Thus, the focus is devoted to the minimization
and prevention rather than the treatment of GHG emissions in WWTPs, as up to now most of the
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technologies available for the treatment of GHG are quite expensive, or even not suitable/effective
enough to treat the gaseous streams of WWTPs [62].

Thus, when choosing the configuration of new WWTPs and deciding on how to upgrade the
existing (aged) ones, the proper evaluation of the treatment processes should be performed, attempting
to lower the contribution towards global warming, being as little as possible. The application of certain
models, estimating GHG emissions, could be adopted by the National Database of the SSW (Specific
Secretariat for Water) of the Greek Ministry of Environment and Energy, so as to help the operators
of treatment systems to reduce GHG emissions from the existing WWTPs. Finally, to enhance this
target, a limit value of COze emission/m?> of treated wastewater, eg., <2kg CO,e/m?, as recommended
by Koutsou et al. [61] (compared to 2.2 kg CO,e/m3 of currently estimated for Greece [47] and to
0.8-1 kg COye/m? of currently estimated for anaerobic/anoxic/oxic treatment processes for urban
WWTPs [62]), could be adopted in the national legislation. Note also that the limit value does not have
to remain constant over time, but it should be regularly updated in respect to the observed global
trends, regarding the GHG emissions from the WWTP sector.

4.1.5. Management of Wastewater from Small Urban Settlements that Still Use Septic Tanks

In Greece, there are many agglomerations with less than 2000 inhabitants, which account for
almost 2.5 million p.e., where sewerage networks are not legally enforced and where the septic tank/soil
absorption systems are the common norm [37].

The Special Secretariat for Water of the Greek Ministry of Environment published in 2012 specific
guidelines regarding the wastewater management from small settlements (SSW) [37]. This text provided
directions for the onsite wastewater treatment alternatives to the septic tank/soil absorption systems,
by codifying the international experience of the existing till then technology making the appropriate
adaptations to the country’s particularities. Since then, the alternative onsite wastewater treatment
technologies and the relevant research have evolved in Greece, e.g., regarding the use of CWs [38],
Sequencing Batch Reactors (SBR) [63], or even the Membrane Biological Reactors (MBR systems) [64],
and other combinations of treatment techniques, such as MBR-RO (Reverse Osmosis) [65], following the
respective international trends on adapting these technologies for the onsite wastewater management
and reuse in small settlements [66], as well as for the tourist-based communities [67]. However, neither
the existing guidelines of SSW have been revised, nor have the alternative technologies of wastewater
management, penetrated in any large extend to solve the problem of not-sewerage areas of Greece,
leaving the respective situation practically unchanged.

There is always a concern with respect to the adverse environmental impacts and local public
health risks of failing, or inadequately designed septic tank/soil absorption systems, used in the
not-sewerage areas of Greece [68]. As such, systems receive an increased load during the holiday
seasons (particular in summer, where the population in several small settlements is doubled or even
more) and due to the rapid growth of short-term holiday rentals of such type of possible remote
residences, especially over the last years [69], and also due to an increasing number of refugees and
migrants (especially for certain Aegean islands) [70,71]. The systems may then face water shortage
problems [72,73], and where the number of the hosted migrants may raise the native population
by one-third or even more [70]. There is an urge that management of wastewater from the small
settlements should not be left out of policies, regarding wastewater treatment and wastewater reuse in
general, especially in the water-scarce areas of the country. In fact, the public acceptance of reused
wastewater as a resource may be gained, if specific attention is driven first to the proper management
and reuse of wastewater, produced at such small scale.

A policy reform towards this direction could include: (a) a mandatory registry of each type of
wastewater system that is not connected to centralized sewage treatment plants, aiming this registry
to serve as a dynamic tool for the authorities for providing directions, instructions, and support,
regarding the proper wastewater treatment and reuse, thus upgrading the role of SSW’s guidelines; (b)
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support funding for the efficient (residential and small business, e.g., hotels) decentralized wastewater
management and reuse projects.

As currently the EU is searching effective ways to emerge from the COVID-19 crisis by injecting
the economy with funds [74], the ecological part and the greening of the economy, regarding the onsite
decentralized treatment level of wastewaters, should not be overlooked. In fact, a promising area of
the ongoing research on COVID-19 involves using sewage to monitor virus circulation in communities
and to detect possible outbreaks, even before clinical cases have been identified [75]. In that sense,
as novel enveloped viruses are expected to emerge, when leaving homes or staying at decentralized
hotels, where proper onsite wastewater management and reuse is applied, this approach could help
tackle, at the local scale, and avoid larger-scale virus outbreaks in the future.

The tools and experience gained by e.g., the relevant Greek-EU co-funded “Saving Energy at
Home” Programme, a grant and loan program that recently run again in Greece [76], could also help
in planning of a relevant program that would ease owners to select and implement the adequate
wastewater treatment and reuse technology, without being discouraged by the amount of work, the
administrative complexity, and certain technical challenges.

5. Conclusions

When reviewing the development history of Greece’s wastewater sector, there are both
achievements and failures. Even though the country has accomplished its wastewater infrastructure
construction to a large extent, many problems are still existing. These include the reuse of treated
wastewater and the disposal of produced excess sludge, the remaining high energy consumption of
the existing rather aged WWTDPs, and the environmental impacts and local public health risks of failing
or inadequately designed septic tank/soil absorption systems, still used in the not-sewerage areas of
Greece (small settlements, located in mountainous areas or islands), with agglomerations of less than
2000 inhabitants, where sewage networks are not legally enforced.

Looking forward, there will be more challenges in the future, due to the multiple pressures of
environment protection, water shortage, economic development (e.g., tourism), or economic crisis.
To address these challenges, specific care should be directed to the country’s own characteristics and
needs, as well as to including global environmental thinking and international technological trends
in the development of new policies and the operation of WWTPs, in ways that would promote both
resource recovery and environmental sustainability.
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