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ABSTRACT

Two advanced biological solutions for sludge minimization in wastewater treatment are
tested. The first solution, particularly suitable for new installations, is based on the applica-
tion of the sequential batch biofilter granular reactor (SBBGR). The second one, mostly
appropriate for existing plants, is the alternate cycles process applied in the sludge line
(ACSL) of conventional activated sludge systems. The results of treating raw municipal
wastewater show that the SBBGR system is able to reduce the quantity of sludge up to 80%.
Furthermore, the produced excess sludge requires no longer stabilization compared with
the usual aerobic/anaerobic one. As regards the ACSL process, the results obtained in the
full scale have shown an observed sludge yield reduction up to 54% with an increase in the
specific oxygen uptake rate up to 20 mgO2/gVSS/h. Finally, applying the ACSL process
low specific consumption of energy is required.

Keywords: Bioreactors; Wastewater treatment; Growth kinetics; Optimization; Sequential
batch biofilter granular reactor; Alternate cycles process in the sludge line

1. Introduction

The treatment and the final disposal of the sludge
produced during municipal wastewater treatment can
be estimated between 350 and 750 Euros per ton of dry
solids and represents up to 60% of total managing cost
of the entire plant [1,2]. In Europe, from 1998 to 2005
an increase of about 40% of sludge production has
been observed reaching a current annual production
higher than 10 million tonnes of dry solids [3]. This

scenario is expected to increase both for the progres-
sive more stringent criteria for the effluent regulation
and for the growing number of wastewater treatment
plants (WWTPs). Therefore, in the near future, reduc-
ing excess sludge production will be one of the most
challenging tasks for the wastewater treatment indus-
try. In the past, different strategies have been applied
to reduce the production of excess sludge from the bio-
logical treatments [4–8]. Most of these strategies
attempt to shift the metabolism of organic pollutants
from an anabolic to a catabolic pathway.

*Corresponding authors.

1944-3994/1944-3986 � 2015 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment 57 (2016) 14414–14423

Julywww.deswater.com

doi: 10.1080/19443994.2015.1066273

mailto:claudio.diiaconi@ba.irsa.cnr.it
mailto:marco.desanctis@ba.irsa.cnr.it
mailto:a.l.eusebi@univpm.it
mailto:p.battistoni@univpm.it
mailto:mininni@irsa.cnr.it
http://dx.doi.org/10.1080/19443994.2015.1066273


Two different innovative biological solutions
exploiting this mechanism have been tested in the
Routes project (“Novel processing routes for effective
sewage sludge management”) co-funded by the Euro-
pean Commission in the framework of the Seventh
Framework Programme.

The first, particularly suitable for new installations,
is based on the application of the sequencing batch
biofilter granular reactor (SBBGR), a new biological
system developed during the last decade by the Water
Research Institute of the National Research Council of
Italy. Thanks to its particular type of biomass growing
(i.e. a mixture of biofilm and granules packed in a fill-
ing material), this system is able to enhance the bio-
mass retention up to 10 times (compared with the
conventional activated sludge systems) leading to a
large reduction in the production of excess sludge.
The net biomass growth rate depends from the bio-
mass concentration and is equal to the difference
between growth due to substrate consumption, con-
sidering the true yield factor, and the decay linked to
endogenous metabolism, death, predation and lysis.
Therefore larger the biomass concentration, smaller
the net biomass growth becomes. The SBBGR technol-
ogy has been applied to treat different types of
wastewaters (municipal primary effluents, tannery
wastewater, municipal landfill leachates and textile
wastewater) obtaining low excess sludge production
[9–12]. In particular, the sludge quantity usually

produced in the biological unit was reduced up to
80% treating municipal primary effluent [9].

The application of the SBBGR technology for treat-
ing raw wastewater could offer interesting possibilities
to maximize the reduction of the sludge production
considering that 60% of the total quantity of sludge
conventionally produced comes from the primary
treatment stage. The potentiality of the SBBGR system
for treating raw domestic sewage is evaluated in the
present paper.

The second solution, particularly appropriate for
existing plants, is based on the application of the alter-
nate cycles process in the sludge line (ACSL) of con-
ventional activated sludge system. The ACSL can be
realized in a dedicated reactor (conditioning tank)
where a fraction of the activated sludge (recycled from
the secondary settler to the main biological basin) is
exposed to cyclic different environmental conditions
mainly for promoting catabolism [13]. The process is
controlled on the basis of the variation of oxidation
reduction potential (ORP) in anoxic/anaerobic envi-
ronments. Sludge cycling between different ORP
conditions has been considered one of the possible
approaches to minimize the sludge growth. In fact,
this mechanism was first tested by Westgarth et al.
[14], who inserted an anaerobic tank in the return
sludge line obtaining a 50% decrease in the sludge
production. The results of the application of ACSL in
a full-scale WWTP are reported in the present paper.

Fig. 1. Sketch (on the left) and operation (on the right) of lab-scale SBBGR.
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2. Materials and methods

2.1. Sequencing batch biofilter granular reactor (SBBGR)

The SBBGR system was realized in single tank
where the wastewater was fed, treated and finally dis-
charged. The study was carried out using the lab-scale
SBBGR system shown in Fig. 1.

The pilot consisted in cylindrical plexiglass reactor
(geometric volume: 30 L) partially filled (fixed bed
volume: 9 L) with biomass supporting material
(wheel-shaped plastic elements; length: 7 mm; diame-
ter: 10 mm; specific surface: 630 m2/m3; density:
0.95 g/cm3, bed porosity: 0.75) packed between two
sieves and aerated by air injection through porous
stones placed close to the upper sieve. The wastewa-
ter recirculation was assured with external pumping
loop through the filling material in order to obtain
homogeneous distribution of substrate and oxygen.
One peristaltic pump and one motorized valve pro-
vided, respectively, the filling and drawing opera-
tions. A pressure meter, set at the bottom of the
reactor, measured on-line the head losses of the biofil-
ter due to the biomass growth and to the captured
suspended solids occurring in the wastewater. When
a fixed set value of head loss was reached, a washing
step was carried out by compressed air until the head
loss was decreased down to a previously defined
value. The water used for washing was collected and
measured in order to calculate the specific sludge pro-
duction (SSP) and to evaluate its stabilization level.
The operation of the system was based on a succes-
sion of treatment cycles each consisting of three con-
secutive phases (see Fig. 1): filling, reaction and
drawing phase. During the filling phase, a fixed vol-
ume of wastewater to be treated was added to the liq-
uid volume retained by the reactor from the previous
treatment cycle. In the reaction phase, the filled
wastewater was continuously aerated (dissolved
oxygen (DO) concentration was kept in the range of
5–7 mg/L) and recycled through the biomass support-
ing material. Finally, the treated wastewater (the same
volume as the influent) was discharged by gravity
from the reactor by means of a motorized valve. The
operative schedule (filling, recirculation, aeration,
drawing, etc.) was completely automated by a pro-
grammable logic controller. During the first four -
months, the experimental activities were aimed at

generating the biomass typical of the SBBGR system
(i.e. a mixture of biofilm and granules packed in the
filling material) by a gradual shift of the attached bio-
mass fraction from the biofilm to granules. In particu-
lar, taking into account the know-how about the
SBBGR gained in previous studies [15,16], the
hydraulic loading to the plant was adjusted in order
to have an applied organic loading in the range
0.2–0.4 gCOD/Lbed d. After the biomass generation,
the hydraulic residence time (HRT) of the plant was
reduced from 1.8 down to 0.9 d by increasing the
influent hydraulic loading in order to assess the treat-
ment capability and the sludge production of the
SBBGR system. The treatment performances of the
SBBGR were evaluated over a period of 400 d by mea-
suring several influent and effluent parameters. In
particular, chemical oxygen demand (COD), total
(TSS) and volatile (VSS) suspended solids, total Kjel-
dahl nitrogen (TKN), ammonia (NH3), nitric (N-NO3)
and nitrous (N-NO�

2 ) nitrogen, and phosphorous were
determined using standard methods [17]. Total
nitrogen (TN) was calculated as the sum of TKN and
oxidized nitrogen.

The SSP was calculated dividing TSS leaving the
system (i.e. TSS discharged with the effluent + TSS
removed during the washing operation) by the
amount of COD removed during the interval between
two washing operations. Head losses at the bottom of
the bed were monitored through a pressure meter.

The biomass concentration in the reactor was
determined with representative microbial samples
from the biological bed. The sampled volume of the
bed was evaluated by counting the carrier elements
(ncarriers) and relating them to the number of carrier
elements per litre of bed (1,023). The sludge present
on the removed carriers was collected in a known vol-
ume of tap water (Vsludge), TSS and VSS were mea-
sured. The sludge concentration in the reactor bed
could be calculated according to Eq. (1).

Biomass concentration gTSS=Lbed

� �

¼ TSS ½g=L� � Vsludge ½L�
ncarriers
1; 023

(1)

The sludge age (θc) was calculated using the following
Eq. (2.

hc ¼ Biomass concentration ðgTSS=LbedÞ � bed volume ðLbedÞ
SSP ðgTSS=gCODremovedÞ � hydraulic loading ðL=dÞ � CODremoved ðgCODremoved=LÞ

ð2Þ
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2.2. Alternate cycles process in sludge line (ACSL)

The ACSL takes place in a dedicated reactor (condi-
tioning tank) which receives a fraction of the activated
sludge recycled from the secondary settler to the main
biological basin. The tank is equipped with probes
used for registering the DO and ORP. The probes per-
mit the automatic control of the process. Furthermore,
air supply system and mixing devices are installed to
perform the aerobic and anaerobic phases. Two main
ranges of the ORP are set, below −150 mV, and from
−150 to +50 mV, for selecting facultative anaerobic bio-
mass and facultative aerobic biomass, respectively. In
the reactor, the oxygen supply is alternated with
anaerobic phases: the ORP value increases until the
aeration is stopped (average DO 1.2 ± 0.2 mg/L) then
it decreases. A pair of these two phases constitutes one
cycle. An automatic control system for local and
remote control allows the duration of the cycle in each
range to be set as percentage of the ORP (ORP%). The
ACSL process was implemented at a full-scale plant of
27,500 PE (population equivalent) characterized by an
activated sludge process with two aerobic sludge stabi-
lization basins. One of these basins (with a volume of
629 m3) was converted in the conditioning reactor,
whereas the other was maintained in its original con-
figuration (see Fig. 2). In order to enhance nitrogen
removal, the activated sludge basin of the biological
stage of the plant was converted to a continuous aero-
bic/anoxic process (AC) according to Eusebi et al. [18].
The experimentation was carried out for nine months,
of which the first three months were required to start-
up the process and to achieve steady-state conditions.

The hydraulic retention time of the ACSL reactor was
regulated at 4 d. Overall, the biomass in the ACSL
reactor was maintained for 45% of the time at ORP val-
ues lower than −150 mV and for 55% of the time at
ORP values between −150 and +50 mV. The number of
daily cycles carried out in the ACSL reactor was from
10 to 30 no cycles/d, indicating the rate of the change
of the two ORP ranges. This rate was the consequence
of the respirometric characteristics of the influent
sludge, of the HRT and of the environmental percent-
ages imposed. The application of the oxic/anoxic pro-
cess in the activated sludge reactor of the plant for
enhancing the nitrogen removal also led to a variation
in ORP in the main biological basin of the plant. In
particular, the ORP values in the main basin were
higher than +50 mV during the aerobic phases drop-
ping to the range of −150 and +50 mV during the
anoxic phase. Average influent and effluent samples
and grab sludge samples were collected from the dif-
ferent reactors (biological, ACSL and stabilization unit)
and characterized in terms of the main parameters
according to standard methods [17]. The heterotrophic
growth yield Yh (kgVSS/kgCOD) was calculated once
a week in both ACSL and activated sludge reactor
according to the procedure proposed in Marais and
Ekama [19]. Specific oxygen uptake rate, SOUR
(mgO2/gVSS h), was tested dividing each Yh profile by
the biomass concentration (in terms of mixed liquor
volatile suspended solids; MLVSS). In particular, the
maximum value of SOUR (maximum value during
the sodium acetate respiration) was used to compare
the exogenous behaviour of the biomass over time. The

Fig. 2. Sketch of the WWTP upgraded with AC and ACSL.

C. Di Iaconi et al. / Desalination and Water Treatment 57 (2016) 14414–14423 14417



sludge production was evaluated on monthly basis, in
terms of the amount of both dewatered volatile solids
produced per person and per year (Px—kgVSS/PE y)
and volatile solids produced per amount of COD
removed (Yobs—kgVSS/kgCOD). The Yobs was deter-
mined in the actual and in the expected conditions.
The actual Yobs was compared with the expected one,
estimated on the basis of the effective SRT (sludge
retention time equal of 12 ± 3 d), the endogenous
decay rate (kd equal to 0.04 ± 0.01 1/d) and the amount
of substrate removed.

3. Results and discussion

3.1. SBBGR performance

The typical biomass of the SBBGR was obtained
towards the end the fourth month. After biomass
generation, the HRT of the plant was reduced step-
wise (from 1.8 down to 0.9 d) by increasing the
hydraulic loading applied to the plant in order to
evaluate the effectiveness of the SBBGR on organic
load removal. The plant performances recorded at the
minimum investigated HRT (i.e. 0.9 d) are summa-
rized in Table 1, in terms of average values ± standard
deviation and value range.

The COD removal efficiency was always higher
than 83.8% (on average 90.5%) with a residual concen-
tration in the effluent lower than 72 mg/L (on average
41 mg/L) independently from the influent COD value,
which ranged from 260 up to 979 mg/L, and from the
organic loading rate applied (OLR) to the plant, which
was always higher than 2.67 gCOD/Lbed d. This result
can be ascribed to the great operational flexibility and
stability of the SBBGR system in response to changes
in wastewater composition. The data of the total sus-
pended solids show that the concentration in the efflu-
ent was constantly lower than 25 mg/L (on average,
10 mg/L) with average removal efficiencies higher
than 95% independently from the influent TSS values
from 83 to 586 mg/L.

Referring to TKN and ammonia, the results show
that the plant was able to remove, respectively, on an
average 96.3 and 98.0% of TKN and ammonia content
with residual concentrations in the effluent of
2.3 mgTKN/L and 1.0 mgNH4-N/L thus indicating a
stable nitrification process despite the large variation
of OLR value applied to the plant (i.e. from 0.71 to
2.67 gCOD/Lbed d). The nitrification process was not
greatly affected by the OLR applied. This result has to
be considered of great relevance if compared with
data of the conventional biological treatment systems

Table 1
SBBGR treatment performance (in terms of average values ± standard deviation and value range) recorded at HRT of
0.9 d

Parameter Mean value (±st. dev.) Value range

OLR (gCOD/Lbed d) 1.35 (±0.61) 0.71–2.67
Influent COD/N 8.8 (±5.5) 3.3–27.3
COD Influent (mg/L) 495 (±224) 260–979

Effluent (mg/L) 41 (±12) 23–72
Removal efficiency (%) 90.5 (±3.8) 83.8–96.9

TSS Influent (mg/L) 292 (±139) 83–586
Effluent (mg/L) 10 (±6) 3–25
Removal efficiency (%) 95.5 (±3.4) 85.8–99.4

VSS Influent (mg/L) 253 (±133) 65–580
Effluent (mg/L) 6 (±4) 2–18
Removal efficiency (%) 96.5 (±2.8) 86.7–99.5

TKN Influent (mg/L) 66.0 (±19.6) 35.9–124.1
Effluent (mg/L) 2.3 (±1.5) 0.4–7.5
Removal efficiency (%) 96.3 (±2.1) 90.7–99.4

NHþ
4 Influent (mgN/L) 42.4 (±17.9) 21.0–89.6

Effluent (mgN/L) 1.0 (±1.7) 0–6.4
Removal efficiency (%) 98.0 (±3.5) 88.0–100

TN Influent (mg/L) 66.3 (±19.6) 35.9–124.4
Effluent (mg/L) 9.8 (±4.4) 1.7–17.5
Removal efficiency (%) 85.3 (±6.1) 72.8–95.4

Ptot Influent (mg/L) 2.5 (±1.5) 0.2–4.2
Effluent (mg/L) 2.3 (±0.8) 1.4–3.9
Removal efficiency (%) 12.7 (±16.2) 0–40.1
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based on activated sludge processes where a strong
competition for DO exists between autotrophic and
heterotrophic bacteria [17].

Furthermore, the data in Table 1 seem to indicate
that no significant correlation there is between TKN
removal efficiency and carbon to nitrogen (COD/N)
ratio in the influent wastewater of the plant from 3.3
up to 27.3. In fact, high COD/N values in wastewater
lead to an overgrowth of heterotrophic micro-organ-
isms with consequent nitrification inhibition [20,21]. In
fact, Carrera et al. [22] observed that nitrification rates
decreased up to 79% when the influent COD/N
increased from 0.71 to 3.4 during the treatment of
industrial wastewater with high-strength ammonium
applying the modified Ludzack–Ettinger pilot plant
configuration. Therefore, the results obtained in the
present study (i.e. no impact on nitrification efficiency
for temporary influent COD/N values even higher
than 20) should be considered as particularly interest-
ing, all the more so, since they were obtained using a
real raw wastewater (i.e. without any pretreatment).

Regarding nitrogen removal, TN data highlight also
the presence of denitrification process with average
removal efficiencies of 85.3% (with peaks up to 95.4%)
and residual effluent concentrations of 9.8 mg/L. The
process was somewhat stable despite the influent
COD/N ratio which was sometimes lower than 6
(down to 3.3). The major contribution to denitrification
has to be ascribed to the produced carbonaceous sub-
strate by biomass decay because of the high biomass
age and concentration makes.

The sludge production, as reported in the material
and methods, was calculated dividing TSS leaving the
system by the amount of COD removed during the
interval between two washing operations. In the
SBBGR system, washing operations regulate the sludge
age (they play the same role as the sludge wasting flow
rate in conventional activated sludge systems) which is
the main factor allowing the excess sludge production
to be reduced in this system. The obtained values
defined an average SSP of 0.150 kgTSS/kgCOD.

This value is much lower (up to 80% lower) than
those reported in the literature for municipal WWTPs)
[3,23]. Acceptable level of stabilization of excess
sludge was also obtained (VSS/TSS ratio of about
0.55) not determining further or longer stabilization
process. This result is particularly relevant for small
WWTPs where the sludge produced is sometimes
transported to a larger treatment plant where the
facilities for sludge treatment are available.

The low sludge production value can be related to
the high sludge age (a value of 253 d was calculated
by Eq. (2)). Therefore the micro-organisms spend

much time in the endogenous metabolism phase
where the biomass decay rate is high and the biomass
production rate is low [9].

Sludge concentration in the reactor was on average
of 46.0 gTSS/Lbed. However, a stratified distribution
was observed with the higher concentration at the bot-
tom (52 gTSS/Lbed) and the lower at the top (41 gTSS/
Lbed). This result is the consequence of the operation
of the reactor in the upflow configuration because the
bacteria growth is the highest at the filter inlet where
the organic loading is the most elevated. The contents
of nitrogen and phosphorous of the biomass were,
respectively, 0.021 gN/gTSS and 0.007 gP/gTSS.

According to the low obtained production of the
sludge, the plant showed low phosphorus removal
efficiencies (on average 12.7%—Table 1). The highest
values of the recorded removal efficiency (i.e. 40.1%)
could be related to the filtering capability of SBBGR
system against suspended solid particles containing
phosphorus.

On the basis of the exposed results, at full scale is
expected a significant reduction (i.e. about 80%) of the
cost due to sludge treatment and disposal which
accounts for about 50% of the total costs of the entire
WWTP. Furthermore, considering that the specific
electric energy consumption of SBBGR treatment is
only 10–15% higher than that of conventional acti-
vated sludge systems, a total saving of about 25–35%
should be expected by using SBBGR technology.

3.2. Alternate cycles process in sludge line (ACSL)

The ACSL process was implemented in one full
scale municipal WWTP with a design capacity of
27,500 PE. This plant is characterized by long periods
of overloading conditions due to the seasonal tourist
activities. In particular, Fig. 3 shows during the experi-
mental period the profile of the population equivalent
and the organic loading rate (F/M) specific for bio-
mass. The average values of the actual population
equivalent (calculated on the basis of the COD values)
and of the F/M were, respectively, 33,668 ± 11,479 PE
and 0.28 ± 0.10 kgCOD/kgMLVSS d. Despite the over-
loading conditions of the plant, the removal efficien-
cies of 95, 98 and 84% were recorded for COD, TSS
and TN, respectively, during ACSL application, with
residual concentrations in the final effluent much
lower than the discharge limits.

The evaluation of the activation of catabolism
promotion and anabolism demotion during the ACSL
process was an important experimental objective of the
study, since alternating bacterial growth conditions
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have been found to improve metabolic uncoupling [24].
In this sense, in the anoxic/anaerobic ACSL reactor the
bacteria are focused on the maintenance of the metabo-
lism considering the low production of adenosine
triphosphate for the absence both of substrate and of
efficient electron acceptors (e.g. oxygen). The sludge
reduction occurs when the biomass is returned to the
biological basin. In fact, in the main reactor the bacteria
replenish, preferentially, the stored energy instead of
synthesis of new cells. In this direction, the specific
respirometric study of the heterotrophic coefficients
(Yh) in the biological (oxic/anoxic phases) and in the
ACSL reactors (anoxic/anaerobic phases) was per-
formed at 20˚C and at the same F/M (acetate feed/
MLVSS). The results obtained (Fig. 4(a)) show that the
two reactors have the same Yh trend with values rang-
ing from 0.433 to 0.719 kgVSS/kgCOD, for the biologi-
cal reactor, and from 0.339 to 0.783 kgVSS/kgCOD, for
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the ACSL reactor. Moreover, the continuous increase in
the heterotrophic growth yield seems not to be linked
to the ORP% in the ACSL reactor maintained for 55%
of the time at ORP values lower than −150 mV
(Fig. 4(a)). On the contrary, the daily cycle number car-
ried out in ACSL reactor greatly affects the Yh data. In
fact, Fig. 4(b) clearly indicates a decrease in the hetero-
trophic growth coefficient in correspondence to the
increase in the number of the variations in environmen-
tal conditions (i.e. of the increase in the number of
cycles carried out per day). This result is in agreement
with the ones obtained from Jung and Tanji [25] who
found that the sludge quantity was greatly reduced
when aerobic and anaerobic conditions were alternated
in short intervals. In order to evaluate the metabolic
uncoupling mechanism, the specific oxygen uptake rate
in the biological reactor was also determined. In fact,
the feasting/fasting conditions between the ACSL reac-
tor and the main water line induce a sharp increase in
the SOUR [26]. This aspect indicates the high levels of
substrate oxidation stimulated by the fasting condition
in the ACSL reactor. Moreover, in the biological unit
the main AC process determines additional ORP varia-
tions, which, clearly, are strictly related to the influent
load of nitrogen and carbon instead of the result of any
action to reduce sludge. The enhancing of anoxic condi-
tions in the biological reactor (−150 mV < ORP%
< +50 mV) coupled with the ACSL anoxic/anaerobic
fasting environments determines the increase in the
SOUR values. In fact, the obtained results (see Fig. 4(c))
show the growth of the maximum SOUR values from 9
to 18.7 mgO2/gVSS h which seems to be directly
related to the enhancement of the anoxic ORP%

(−150 mV < ORP < +50 mV) in the main biological
reactor (from 35 to 80%). Finally, for an explicative per-
iod, respirometric tests of both the biological and the
ACSL reactors were compared with the solids mass bal-
ance values expressed as real Yobs. Synchronous trends
were found between the three parameters (Fig. 4(d)).
The data shown in this figure indicate that the Yh is an
important and faster marker of the variations of the
actual Yobs in the plant permitting the prediction of the
general growth behaviour of the biomass without
requiring the long waiting period needed to obtain data
for the solids mass balance.

The mass balances and the SSP were calculated for
each experimental month. The expected and actual
Yobs values with their percentages of relative reduction
are shown in Fig. 5(a). Average actual and expected
Yobs values of 0.183 ± 0.040 and 0.307 ± 0.079 kgVSS/
kgCOD, respectively, were calculated. Therefore
(Fig. 5(a)) the reduction percentage varied in the range
from 36 to 54%. Fig. 5(b) shows the expected and
actual Px values with the relative reduction percentage
calculated for each experimental month. The actual
SSP values (actual Px) show the same trend of the
actual Yobs. The average value of 7.3 ± 1.7 kgVSS/PE y
is calculated for the actual Px; this value is about 40%
lower than the expected one (i.e. 12.1 ± 3.5 kgVSS/
PE y). Furthermore, the sludge production is further
reduced when the anoxic ORP% (i.e. −150 mV < ORP
% < +50 mV) in the biological AC reactor increased.

Finally, the evaluation of the specific consumption
of the electric energy related to the ACSL reactor (for
the management of the air supply and of the electrome-
chanical device) defined a value of 0.007 kW h/PE d.
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Fig. 5. Actual and expected Yobs and Px values for each experimental month for the ACSL process (a) actual and expected
Yobs and relative reduction percentage; (b) actual and expected Px and relative reduction percentage.
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This cost is only the 5% of the energy consumption of
the entire WWTP. Considering the energetic operative
costs evaluated also in other full-scale plants [13] the
net saving is equal about to 96€ for ton of not produced
sludge.

4. Conclusions

The present paper was aimed to the evaluation of
the effectiveness of two advanced biological solutions
for reducing the sludge production from the wastewa-
ter treatment.

Regarding the first solution, based on an innova-
tive biological system (SBBGR-sequencing batch biofil-
ter granular reactor), the results obtained during the
treatment of raw domestic sewage have shown that
the proposed system is able to perform in a single
stage the entire wastewater treatment train (i.e. pri-
mary and secondary treatment) carried out in conven-
tional plants and to assure removal efficiencies higher
than 90% for the COD, total suspended solids and
nitrogen. Furthermore, the SBBGR has been able to
reduce up to 80% the quantity of sludge produced
usually in the conventional WWTPs. In addition to the
low amount of the excess biomass, the sludge pro-
duced requires aerobic/anaerobic stabilization no
longer than the traditional one.

For the second solution (based on the application
of the alternate cycles process in the sludge line,
ACSL, of the conventional activated sludge systems),
the results obtained in the full scale have shown that
the proposed process is able to reduce the observed
sludge yield up to 54%. Furthermore, an increase in
the specific oxygen uptake rate in the biological reac-
tor was recorded (up to 20 mgO2/gVSS h) confirming
that the application of ACSL process enhancing the
substrate utilization rate. Finally, a low energy
demand is required by ACSL process (i.e. 5% of the
energetic consumption of the entire WWTP).
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