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ABSTRACT

Conventional wastewater treatment is an energy-intensive process, requiring electric energy
of about 1.1–2.4MJ/m3, being higher in plants with relatively small hydraulic capacity
(<5,000m3/d). Solar energy can be used to supply electric energy, particularly for the Greek
islands; however, the huge energy demand of the wastewater treatment is a drawback for
the use of photovoltaic energy, due to the additional capital cost and electricity storage
requirements during the night. Here, a novel approach for wastewater treatment is pro-
posed, based on enhanced primary solids removal, by the use of advanced sieving and fil-
tration processes, utilizing a proprietary rotary fabric belt microscreen followed by a
proprietary continuous backwash upflow media filter. Raw municipal wastewater treated
with the above process results in about 80–90% reduction in TSS and 60–70% reduction in
BOD5. The overall electrical power requirements for a novel configuration plant with
hydraulic capacity of 1,000m3/d (typical capacity for small settlements in the Aegean
islands) have been calculated to about 10 kW, as compared to over 25 kW for a conventional
activated sludge system with the same capacity.
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1. Introduction

Energy cost becomes year by year a hard, difficult
issue for the municipalities putting major economic
barriers to their sustainability and to supply quality
services to their citizens. It has been estimated that
over 20% of the total energy spent by the municipali-
ties is for the operation of the wastewater treatment
plants [1]. Apart from the high energy cost, the utiliza-
tion of electric energy for wastewater treatment has a
noteworthy impact on the emission of Greenhouse

Gases, as electric energy is primarily produced from
fossil fuels, especially in off-grid insular systems.

Activated sludge treatment is the most common
process in municipal wastewater. It has been esti-
mated that the energy requirements for wastewater
treatment using conventional activated sludge process
is between 1.1 and 2.4MJ/m3 [2]. The problem
becomes stronger in small islands, because usually
they constitute sensitive ecosystems with unique attri-
butes of a natural and cultural heritage that impose a
limitation on the development of energy generation
plants [3].

Especially for wastewater treatment plants with
small hydraulic capacities (less than 50,000m3/d), the*Corresponding author.
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energy requirements are significantly higher (Fig. 1).
The electrical load profile of conventional activated
sludge process indicates that more than 55% of energy
is consumed in the aeration tank (Fig. 2); also, about
10% is also consumed in primary clarification and
10% in biosolids processing and plumbing. Lately,
efforts have been made to reduce the energy demand
of wastewater treatment, focusing in processes fine
tuning, so to reduce energy consumption or in install-
ing more efficient electrical apparatuses [4]. Such prac-
tices, definitely contribute to the reduction of electric

energy consumption, up to a point, beyond which fur-
ther reduction is not feasible. For example, an orga-
nized effort in Switzerland’s wastewater treatment
plants, 10 years ago, resulted to about only 12% reduc-
tion in energy consumption [5]. On the other hand,
the chemical energy content of wastewater has been
calculated as being well higher than the energy
demand for wastewater treatment [6,7]. Thus, utiliza-
tion of treatment byproducts for the power generation
has been practiced and is still under investigation.
Anaerobic digestion, combustion, and, recently, gasifi-
cation have been employed [8] for energy production.
However, it is under discussion if the utilization of
the chemical energy content of activated sludge waste-
water treatment plants can lead to zero energy
requirement facilities [9–11]. Biosolids gasification is a
promising process, if combined with low-energy
requirements wastewater treatment plants [12,13]. On
the other hand, electrical power from renewable
energy resources, such as solar and wind power can
be employed to replace partially or even totally, the
electrical energy bought from the grid. Some wastewa-
ter treatment facilities have already installed solar or
wind power generators, but in most of those facilities
the power produced is used to partially substitute
energy bought from the grid [14–16], while no essen-
tial reduction in energy requirements has been
achieved. The use of renewable energy for wastewater
treatment is a sustainable option, and for relatively
small wastewater treatment plants, like the ones
installed at the Greek islands, can be beneficial. It is
wise though, to use novel approaches in wastewater
treatment processes to reduce the energy requirements
per volume of treated wastewater rather than employ-
ing the conventional activated sludge process.

It is obvious that conventional activated sludge
wastewater treatment plants require relatively large
amounts of energy, thus it is difficult to achieve self-
sustainability with respect to energy. Alternative sys-
tems which will reduce meaningfully their power
demand, but which will not compromise in treatment
efficiency, should be explored. An obvious alternative
is the use of constructed wetlands. The later require
significantly lower energy [19], however, constructed
wetlands require large areas to be installed, and are
not suitable for the Greek islands, where land is
expensive and availability is limited. Thus, an ideal
wastewater treatment system should have low-energy
requirements, low footprint, and ideally low capital
and operational cost.

The aim of the present article is to propose a novel
wastewater treatment process, with reduced energy
requirements, reduced footprint, and reduced capital
and operational cost, which will be ideally combined

Fig. 1. Electrical energy usage for different types of waste-
water treatment processes, as a function of daily flowrate
[17].

Fig. 2. Energy distribution in a typical activated sludge
wastewater treatment process [18].
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with the use of photovoltaic systems as electric energy
providers. The wastewater treatment system should
be suitable to be used at the Greek islands.

2. Wastewater production pattern vs. solar radiation
potential

Seasonal wastewater production at the Greek
islands follows a unique pattern, due to the high sum-
mer demand [2]. Thus, high wastewater flows are
encountered during the hot months (from May to
September), while a significant reduction is observed
during the rest of the year (Fig. 3(a)). A quite similar
pattern has been measured for the solar energy radia-
tion (Fig. 3(b)). Apart from the seasonal variation, sim-
ilar patterns have been monitored also for the hourly
inlet wastewater flowrate and for the hourly solar
energy potential (Fig. 4). Both rates exhibit a peak dur-
ing noon. Obviously there is no solar radiation before
sunrise and after dusk, but at the same time reduced
flowrates are entering the wastewater treatment plant.

The above unique patterns show that photovoltaic sys-
tems are advantageous in supplying wastewater treat-
ment plants with electrical energy, as compared with
other renewable sources, such as wind power. How-
ever, even if the wastewater treatment plant is
equipped with photovoltaic panels capable to supply
the system with electrical energy during daytime,
energy storage will be required for the system after
the dusk hours. The problem can be softened, if an
equalization tank is used to store the night wastewater
flows (which in any case are reduced (Fig. 4)), which
can be pumped and processed during daytime. As
wastewater treatment processes consume high amounts
of energy, it is wise to redesign the wastewater
treatment plants by replacing the energy consuming
processes with energy efficient ones.

Alternatively, the waste treatment plant could
operate with the use of photovoltaic as a near zero
energy system (Fig. 5), minimizing the peak load in
the grid during the day time and be fed by the grid
during the night time.

Fig. 3. (a) Wastewater flow to a wastewater treatment plant (Oia, Santorini Island) (Personal communication with waste-
water treatment plant manager) and (b) solar energy potential (Rhodes Island) [20]. Solar radiation has a similar pattern
to wastewater flowrate on a monthly basis.
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3. Novel low-energy requirements wastewater
treatment system

3.1. Overview

As aeration process is by far the greatest energy
consuming process in conventional activated sludge
wastewater treatment, our aim is to replace part of the
biological process with physical and physicochemical
processes. The later processes typically require less
energy and are much faster (thus, they require smaller
footprint). Primary treatment will also be altered by
replacing primary clarification by micro-sieving (a low

energy cost requiring minimal space). Finally, the
energy requirements for biosolids management will be
also reduced, as the dewatering process will be
altered. The process is graphically outlined in Fig. 6,
while the proprietary processes are described in detail
below. The proposed process consists of three distinct
parts: (a) Solids removal (which consists of micro-
sieving followed by sand filtration); (b) Removal of
soluble BOD (which consists of a biofilter with option
for liquid recirculation and clarifier); and (c) Polishing
(sand filter). Disinfection is by UV radiation, but
sodium hypochlorite or ozone may be used instead. It
is worth mentioning that the wastewater exiting the
primary sand filter is almost devoted of suspended
solids. A flocculent, such as PAC may be used to
enhance sand filtration.

3.2. Micro-sieving

The M2 Renewables, Inc., USA, MicroScreen™ uti-
lizes a proprietary continuous belt screen filter that
separates solids from the raw wastewater (Fig. 7).
Wastewater is pumped right downstream from the
headworks (i.e. bar screen and grit chamber) to the
MicroScreen, where it is filtered through a rotary belt
screen made of polyester material. Solids are captured
and accumulated on the screen and deposited into a
separate collection trough. An auger screw in the
trough moves the solids to a compression and de-
watering section to produce a 30–45% dry solid cake
(depending on fibre content of the solids) [22]. The
belt screen can be installed with different size open-
ings depending on the specifications and individual
requirements for each installation. Typically, belts
with mesh sizes between 100 and 300 μm are used for
municipal wastewater applications. The speed of the
belt is regulated by a control system based on the
level of water in the influent side of the belt. The auto-
mation has been designed to speed up the belt as the
level of water increases. MicroScreens operate at low
pressure gradients (below 4 kPa), as compared to MF
or UF (which operate between 40 and 60 kPa).
Depending on wastewater characteristics, belt mesh
size, and belt rotation speed, the MicroScreen can
achieve TSS removal between 30 and 70% [22,23].

3.3. Continuous backwash upflow media filter

The continuous backwash upflow media filter
(CBUMF) (Fig. 8) uses sand as the filtration media. Fil-
tration efficiency is enhanced by the controlled injec-
tion of coagulant—typically, polyaluminum chloride
(PAC). The coagulant addition effectively creates a

Fig. 5. Schematic presentation of a waste water plant using
photovoltaics for self-consumption (power generation data
are from a photovoltaic plant in a typical May day,
Chania).

Fig. 4. Diurnal curves of typical wastewater flowrates into
a treatment plant and solar radiation for an Aegean Island
(adapted from [3] and [21]). Solar radiation has a quite
similar pattern to wastewater flowrate during the daylight
hours.
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“coagulant-rich” layer within the sand media. As
water flows upwards through the coagulant layer and
into the sand, suspended solids and BOD associated
with organic particulate matter are destabilized and
coagulated. Destabilized solids and sand are removed
from the bottom part of the filtration vessel by the
action of an air lift. Compressed air moves the dirty
media from the bottom of the filter up to the media
washer at the top of the filter, where the sand is
scoured and cleaned. The clean sand is deposited from
the media washer downward on top of the filter bed.
The rate of air flow for media washing is adjusted to
allow for solids build-up at the bottom of the filter, as
this solids layer aids in contaminant removal;

however, the latter automation feature was not
enabled during the present trials. The rate at which
sand is recycled varies with influent flow and

Fig. 6. Flow diagram of the wastewater treatment process proposed for the Greek Islands.

Fig. 7. Photo of rotary fabric belt MicroScreenTM, with
open housing, to reveal the fabric belt.

Fig. 8. Photo of two continuous backwash upflow media
filters (CBUMF), for advanced solids removal (right) and
for wastewater polishing (left).

3332 P. Gikas and T. Tsoutsos / Desalination and Water Treatment 53 (2015) 3328–3334



turbidity to maintain a headloss set point within the
filter. All filter media are washed and recycled within
6–8 h. The M2 Renewables, Inc., USA, CBUMF uses
headloss differential and flowrate measurements to
automatically control the sand movement; however,
the present trials were carried out at manual mode
(without the patented solids loading control) [23].

Raw municipal wastewater treated with the above
process (MicroScreening followed by CBUMF), results
to about 80–90% reduction in TSS and 60–70% reduc-
tion in BOD5. Moreover, the vast fraction of BOD left
is in soluble form and thus readily biodegradable. An
attached growth biofilter with natural draft aeration is
used to remove the remaining BOD (mostly dissolved
BOD), with parallel ammonia nitrification. All bioso-
lids are conveyed to the MicroScreen, where they are
removed and dewatered collectively with primary sol-
ids (to about 40% solids), using an auger screw. There
are several options available for biosolids manage-
ment, such as: (a) anaerobic digestion for the produc-
tion of biogas, (b) gasification for the production of
synthesis gas, (c) combustion, and (d) sanitization and
disposal. Promising experiments have been carried out
to exploit the energy of this type of biosolids using
gasification [24,25]. However, the management of bios-
olids is beyond the scope of the present article.

3.4. Energy wise analysis

As can be seen from Fig. 6, almost all the settable
and suspended solids are removed by the microscreen
CBUMF system; thus, the wastewater entering the bio-
filter contains almost exclusively dissolved BOD. The
later can be easily assimilated by micro-organisms,
with minimal aeration requirements. The microscreen
requires a motor to rotate the cloth filter, while the
CBUMF requires an air compressor to move the sand
bed. A pump may also be required, if the CBUMF is
elevated, with respect to microscreen outlet point. The
biofilter requires a centrifugal pump for the recircula-
tion of the wastewater and an air blower, for aeration.
Alternatively, naturally ventilated biofilters may be
used if intense aeration is not needed. The polishing
CBMFU, if required, demands also a compressor for
the movement of the sand bed. Finally, electric energy
will be needed for the UV radiator. The size of the
motors and exact power requirements are a function
of wastewater quality and flowrate.

Energy consumption data for conventional acti-
vated sludge wastewater treatment plants have been
collected from the plants of Patras and Volos, in
Greece. Both wastewater treatment plants utilize the
activated sludge process with nutrients removal. The
hydraulic flow in each plant is about 12–14Mm3/y,

and the electrical power between 610 and 640 kW. The
electric energy requirement for complete treatment has
been calculated between 1.4 and 1.7MJ/m3 (personal
communication with the plants managers). For smaller
conventional wastewater treatment plants, it is likely
that the above energy requirement may be higher
even by a factor of 2 [6]. On the other hand, it has
been calculated that the electrical power requirements
for a novel-type wastewater treatment plant with the
same hydraulic capacity (about 1.5MJ/m3), as
described above, is about 250 kW. Thus, for wastewa-
ter flowrate of 1,000m3/d, the energy requirements
for conventional treatment are about 25MJ/m3, while
they are reduced to about 10MJ/m3, for the novel sys-
tem that has been proposed. As a result, the energy
requirements of the novel wastewater treatment
approach are about 40% of a conventional activated
sludge process.

4. Conclusions

The solar radiation pattern in the Greek islands is
ideal for the usage of photovoltaic electrical energy to
supply wastewater treatment plants. As conventional
wastewater treatment plants utilize a significant
amount of electrical energy, a novel wastewater treat-
ment system with low-energy requirements and low
carbon footprint has been proposed. The system pri-
marily utilizes physical and physicochemical process
in place of extended aeration. Biological treatment is
used only for the removal of soluble BOD and ammo-
nia nitrification. It has been calculated that the opera-
tion of the novel plant will require about 40% of the
energy required by conventional activated sludge
wastewater treatment plants; thus, it is ideal to be
used in the Greek Islands.
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