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Abstract

Particulate Chemical Oxygen Demand (COD) removal is one of the first and foremost steps in a wastewater treatment
plant (WWTP). It is a highly essential step that supports subsequent biological steps to achieve discharge limits. How-
ever, the energy demand for subsequent biological steps is significant due to the requirement of physical processes
such as aeration. As a part of the project: WWTP of the future, it was expected that by coupling primary sedimenta-
tion tank (PST) and microscreen (MS) as advanced primary treatment (APT), around 60 to 70% removal of total COD
and more than 90% of total suspended solids could be achieved which can replace such energy-intensive steps. To
achieve this, a pilot plant set up including two different types of rotatory drum sieves (8 and 20 um) was coupled
with a PST in the WWTP Bisnau, Stuttgart, Germany, and the efficiency of APT was undergone for deeper investiga-
tions. The results showed that applying APT processes is an innovative and robust approach for removing more solids
in municipal WWTPs so that retrofitting treatment plants comes true with a marginal footprint. However, the long-
term performance of the APT system demonstrated that the system’s ability to remove solids is highly limited by MS
capacity and strength of produced flocs/filter-cakes inside the MS against shear forces, which makes it easier for flocs

to be detained by MS. Therefore, additional auxiliary steps like flocculation are recommended to be synchronized
with APT system to enhance its efficiency. Additionally, applying a middle mesh size sieve, for instance, a 15 pm,
along with changing the backwashing regime, could be considered the next alternative.
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1 Introduction

Technologies like conventional activated sludge (CAS)
have mainly been applied to treat municipal wastewa-
ter. Nevertheless, this process is costly because of the
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extensive operations and maintenance costs, for instance,
running the aeration and sludge disposal facilities. In
addition, leaving a large carbon footprint is unavoid-
able in this process. Therefore, wastewater treatment in
energy-efficient ways is getting more attention due to
costs and the carbon footprint of water resources and
recovery facilities [1]. Remy et al. [2] proved that raw
sewage’s energy potential is five times bigger than the
expected power for its treatment. Their calculations
revealed that developing an energy-positive wastewater

©The Author(s) 2023, corrected publication 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42834-023-00186-7&domain=pdf
http://orcid.org/0000-0001-9044-063X

Lasaki et al. Sustainable Environment Research (2023) 33:25

treatment plant (WWTP) should be feasible. Indeed,
a WWTP for which energy recovery is higher than its
energy consumption. Mainly, WWTPs were designed
to partially remove organic matter (only a portion of
Chemical Oxygen Demand (COD), not dissolved COD)
through sedimentation tanks. Because of population
growth and stricter discharge criteria, several WWTPs
will deal with the challenges of upgrading. So far, the
common practice has been constructing more tanks
for such an upgrade. However, for this purpose, vast
land is not always available. In addition, in most cases,
it is impossible to extend WWTP to an adjacent area
because of restrictions. Therefore, it has been an extend-
ing interest in upgrading WWTPs by establishing fine
mesh sieves for primary treatment. And then employing
the prevailing sedimentation tanks for diverse uses [3].
Microscreens (MS) are gravity-driven and self-cleaning
systems constructed to realize high-performance solid
separation with a minimum footprint and low energy
consumption. MSs are delivered as either disc or drum
filters [4]. It was not a long time ago when microfiltra-
tion was introduced for wastewater treatment for the
first time, according to the literature review. Diaper and
Glover [5] worked on the design, operation, and evalu-
ation of microstraining, followed by tertiary treatment
steps, of a combined sewer overflow in the US. The
applied MS was a stainless-steel drum sieve (DS) with a
1.5 m diameter by 0.9 m long. In their study, two different
screens were tested, namely 35 and 23 um. They meas-
ured the removal efficiency of MS for Suspended Solids
(SS), ranging from 13 to 98% depending on the adjusted
rotational speed of the DS. Cheung et al. [6] studied the
SS removal efficiency of an MS compared with that of the
conventional primary sedimentation tank (PST). They
found that the MS was very efficient in eliminating SS
compared to the conventional PST in dry weather. Later
on, MS was applied as an advanced treatment in WW TPs
to meet new set discharge limits. For instance, in Ger-
many, Grau et al. [7]. tested different drum sizes varying
the mesh sizes to 10, 20, and 40 pm after the secondary
sedimentation tank. They recorded a SS retention of 75
to 85%. In addition, Wilen et al. [8] applied disc filters
to deepen the knowledge of the potential of eliminating
different wastewater components to fulfill stricter efflu-
ent discharge limits of total phosphorus removal. Razafi-
manantsoa et al. [9] discovered that high solids removal
during primary treatment by application of MS has no
considerable consequence on the downstream denitrifi-
cation process. Recently, researchers [10-15] focused on
combining chemical dosing (coagulation-flocculation)
with microfiltration as an enhanced primary treatment
(EPT). Reviewing the literature reveals that nobody came
across to think about extracting as much organic matter

Page 2 of 12

as possible and reducing the carbon load for the subse-
quent stages of treatment through a low-energy EPT
by coupling PST and MS. Therefore, this study aimed
to have a deeper understanding of this subject. For this
purpose, in WWTP Biisnau, Stuttgart, Germany, the raw
sewage, after mechanical pre-treatment, grit removal,
and settling by PST, was subjected to the filtration pro-
cess by two different DSs, 8 and 20 pm mesh to separate
the particulate organic matter (POM) efficiently and the
formed filter cakes. The configuration is called advanced
primary treatment (APT); however, without any chemi-
cal addition.

2 Materials and methods

2.1 Materials

Half-scale tests were conducted at WWTP Biisnau
(10.000 Population Equivalent), Stuttgart, Germany,
using only drum MS with different mesh sizes from two
manufacturers. An 8 pum DS from the company Veolia
Water Technologies AB Hydrotech (Paris, France) (MS-
TS1) and a 20 pm DS from the company Huber Tech-
nology (Bayern, Germany) (MS-TS2) were tested in situ
after the PST unit. It is worth mentioning that the pilot
plants have been under inspection for many months, and
only the results presented in this study when there were
no major technical problems.

2.1.1 Mesh size selection

Various fine mesh sieves, including rotating drums,
discs, and belt sieves, can be found on the market. Prin-
cipally, the filtering efficiency is influenced by the size
of the MS. The study by Askari Lasaki et al. [16] proved
that the mesh size of MS should be selected between 4
and 20 pm for the maximum extraction of particulate
organic carbon if an MS is coupled with a PST in munici-
pal WWTPs. Therefore, in this study, two different mesh
sizes, which align with mentioned criteria, were used, fol-
lowing a finer (MS-TS1) with a mesh size of 8 pm and a
course (MS-TS2) with a mesh size of 20 pm.

2.1.2 MS-TS1

After passing the grit and grease chamber and being set-
tled by a rectangular PST, raw municipal wastewater was
entered into the MS unit, and finally permeate of MS was
collected in an equalization tank. The drum filter was
equipped with stainless-steel media with a sieve pore size
of 8 um (filter area 3744 cm?). The flow rate was adjusted
by a pump from Netztch Gruppe, type: NM031BY (Selb,
Germany), and controlled by an electromagnetic flowme-
ter from Endress+ Hauser (Reinach, Switzerland). Tech-
nical water (200 to 600 kPa) was used for backwashing
(BW). Figure 1 displays the pilot plant with all applied
units for running MS-TS1.
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Fig. 1 Pilot plant for running MS test, MS-TS1 (8 um)

2.1.3 MS-TS2
Since the trial with the 8 um sieve was not highly satisfac-
tory, the 20 pm sieve was chosen for further investigation.
Due to the weather, running other tests in situ was not easy.
Therefore, it was decided to conduct experiments for the
20 pm sieve in a test hall. Likewise, raw municipal waste-
water which passed the grit and grease chamber was used.
Raw sewage was collected in an equalization tank with
intense mixing and pumped through a pump from Netztch
Gruppe, type: NMO031BY (Selb, Germany), to the PST, a
cone shape with a capacity of 2 m>. Afterward, pre-treated
wastewater was entered by gravity into the MS unit and
finally collected in an equalization tank (volume: 1 m®). The
DS was equipped with stainless-steel media with a pore
size of 20 pm (filter area: 7065 cm?). An electromagnetic
flowmeter from Endress+Hauser (Reinach, Switzerland)
controlled the flow rate. Technical water (max. 500 kPa)
was applied for the BW. Figure 2 shows all the units used
for the new configuration of the pilot plant for MS-TS2.
Remark: The main difference between the function of
MS-TS1 and MS-TS2 was that MS-TS1 was equipped
with hydrostatic pressure (BW sensor) and rotational
speed change facilities.

@

Pump

Equali-
zation tank

2.1.4 Sampling

Grab samples were considered for the analytical analy-
ses because the flow rates in WW TP Biisnau were not
constant; therefore, composite sampling based on flow
would not be representative. Moreover, the Total Sus-
pended Solids (TSS) concentrations, organic matter,
and turbidity varied during the days, so capturing every
fluctuation in wastewater concentration would have
been nearly impossible. However, some 1-h compos-
ited samples were collected by hand on an equal vol-
ume basis only to evaluate the shear forces’ effect on the
effluent quality of MS.

2.2 Methods

To evaluate the removal efficiency of used MSs after
coupling with PST, grab and mixed samples were taken
from the inflow and outflow of PST and MS during dif-
ferent time intervals. After taking the samples, they
were subjected to multiple analytical analyses, includ-
ing turbidity, TSS, Total Solids (TS), COD, and Total
Organic Carbon (TOC). The measurements were con-
ducted according to German standard DIN and are as

written in Table 1.
Service
water
MS out | (Permeate)
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Fig. 2 Pilot plant for running MS test, MS-TS2 (20 pm)
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Table 1 Standard used for conducting analytical analysis

Parameter TSS coD TOC TS

Standard DIN 38409-2  DIN 38409-41 DINEN 1485  DIN 38409-1

Turbidity: by turbidity meter from the company Endress+Hausern (Reinach,
Switzerland)

2.3 Interpretation of data
The removal rate (R, %) of each term, for instance, TSS, was
determined according to Eq. (1).

Cout

in

Ci —
R(%) = in

* 100 (1)
where Cj,(mg L™!) represents the inflow concentration,
and C,y, (mg L™1) represents the outflow concentration.

For measuring the total removal efficiency (R1) of APT,
Eq. (2) was applied.

Ry (%) = Rpst + Rus 2)

where Rps7(%), and Ryss(%) are the removal rate of PST,
and MS, respectively.

To determine the effects of implementing different flux
(g L h™* cm™?) on the efficiency of the MS system, Eq. (3)
was used.

q(L hilcmfz) = f?;; (3)

Where Q;, (L h™!) shows the inflow rate to the MS and
Aeﬁ(cmz) reflects the effective area of filtration inside MS.,
It should be noted that the whole area of MS (Ar) should
not be considered as a basis for the calculation because in
DSs only the effective area (Agg) contributes into the filtra-
tion process. Indeed, Aeﬁris the area where when fully sub-
merged with water, BW is started. A.gis defined based on
At by Eq. (4) as follows:

Ao (sz) =f*Ar (4)

Coefficient fis defined as follows:

hp
=5
Where /g represents the height of the point at which BW
is started, and D is the diameter of MS.
For load calculations, Eq. (5) was used.

Load (kga,’_1 org min_l) = Qi *x C; (5)
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Where C,(mg L™! or g m™?) presents the concentration
for the time interval of t.

3 Results and discussion

3.1 Flux and frequency effect

The TSS removal efficiency is the most critical standard
to be met by the MS. Distinct factors affecting the TSS
removal efficiency are hydraulic capacity/flux (m?® m2h™)
and rotational speed of drum/frequency of MS. To adjust
fluctuating hydraulic conditions; the MS-TS1 has an
operated automatic control system that maintains a rela-
tively constant head loss across the MS by regulating the
frequency. Holding the rotational speed of the drum (fre-
quency) based on revolution per minute was only adjust-
able in MS-TS1. The results (Fig. 3a) showed that MS is
susceptible to frequency change, and the system cannot
be run with an arbitrary frequency value. To a certain
extent, the increasing frequency positively affected the
performance of MS. However, after this point, adverse
effects appeared as redundant BW and mixing part of
inflow with retentate. This argument is in line with the
work done by Bliss [17]. To evaluate the effect of flux on
the performance of two selected MS, they were investi-
gated across various hydraulic loadings of 1.0 to 6.0 m
h? (Fig. 3b), corresponding to solids loadings of 200 to
1200 g TSS m™ h. The performance assessment high-
lighted that a maximum hydraulic load of 3 and 5 m h'! is
suitable for running MS-TS1 and MS-TS2, respectively.
Below these values, the systems showed BW limitations
within the applied hydraulic loadings. Indeed, BW would
happen so often that, in the end, there was not a rational
balance between treated water by MS and water used for
BW. So, in this case, the redundancy of BW is a decisive
factor and plays a vital role in MS’s efficient running. In
agreement with the negative effect of high flux on the
performance of MS, Rusten and Odegaard [18] proved
that rotating belt sieves with 350 pum mesh size should
be run under enough produced filter mat and specific
hydraulic load (25 m?® m™ h). In addition, Ljunggren
[19] proposed some standards for running 20-25 pm MS
efficiently in his literature review. The optimum hydraulic
loadings proposed in his study were 12—25 m h™! based
on the submerged drum filter area.

3.2 TSS, TS, COD, and TOC removal

Reductions of TSS, COD, and TOC in the samples after
primary treating and microsieving are illustrated in
Figs. 4, 5 and 6, respectively.

3.2.1 TSSand TS removal
Figure 4 shows the SS removals for PST and MS-TS 1
and 2. TSS removals for the study period ranged from
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20 to 60% for PST, 30 to 70% for MS-TS1, and 10 to
50% for MS-TS2. Other researchers have also reported
the same range for TSS removal by PST [20-22]. Due
to significant leakage and BW problems on MS-TS1,
only data on the days were analyzed when there was
little or no leakage problem. By evaluating the fre-
quency distribution of TSS removal for MS-TS1 and
MS-TS2, it is revealed that approx. 30% and 20% can
be achieved as extra TSS removal efficiency when
PST is coupled with MS-TS1 and MS-TS2 in the given
order. However, when operational considerations are
considered, it is concluded that it is not worth using
finer meshes only to get a bit more removal efficiency.
Therefore, for future reference, selecting the size of
meshes is recommended to be considered based on
convenient operation rather than achieving higher
removal efficiency. Like the results, Hey [23] analyzed
the results of the DSs and found that as the sieve pore
size decreased (from 100 to 40 and down to 30 um),
the SS removal increased. In contrast, he did not men-
tion the technical problems faced by running finer
sieves.

Remark: Several tests were conducted for TS meas-
urement as well. However, since TS measurements also
consider minerals like salts, it would make a rational
interpretation of the results difficult. Thus, this meas-
ure was not considered for further evaluation.

3.2.2 COD removal

Statistical analysis (Fig. 5a) showed that PST has a
noticeable impact on the reduction of concentrations
of COD (approx. 25 to 30%). Contrarily, microsiev-
ing offered to have the minimum effect on Total COD
(TCOD) removal. However, results demonstrated that
the APT system could reduce TCOD to approximately
50%. The reduction is much higher than reported val-
ues [24] for APT without chemical treatment, such as
flocculation-coagulation. And even the results were
relatively close to the removal efficiency of some
chemically EPT methods [25].

A deeper look at the results presented in Fig. 5b for
soluble COD (SCOD) revealed a different interpreta-
tion. There was no significant difference in means for
percentage reductions in SCOD of PST. However, by
microsieving, a remarkable difference was observed in
this perspective. And the finer the sieve, the more this
reduction was. The reason is the absorption effect of
filter cake produced inside MS, which can remove dis-
solved organic matter besides particulate ones. In con-
trast, previous studies like Vaananen [26] claimed that
MSs could remove only particulate COD, and nothing
was reported about SCOD removal through filter cake.
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It is worth mentioning that the finer sieve used in his
research study was 30 pm.

3.2.3 TOC removal

Figure 6 shows the TOC analyses from grab samples dur-
ing the trials, and the data displayed a good correlation
with TCOD values. The TOC results suggest a 20-25%
reduction during average conditions for PST. However,
for MS-TS1, it was discovered that the decline is in the
range of 15 to 20%. The previous sections showed that
MS-TS2 could eliminate only POM,; therefore, this reduc-
tion is in an acceptable range, and a linear correlation can
be drawn between particulate COD and TOC removal in
MS applications with coarser meshes. Generally, by con-
sidering the application of the finer sieve (MS-TS1), APT
can remove approx. 50% of TOC.

3.3 Achievable retentate

As achieving a high quantity of MS sludge (retentate) was
very important in this study for further applications, so a
proper determination of the amount produced was fun-
damental. Therefore, a precise mass balance (Fig. 7) was
calculated for a short interval (during two consecutive
BWs, 6 min) using composited samples for the MS-TS2.
For this purpose, the flow rate was measured multiple
times during two consecutive BWs. Then, the volume of
filtered water (permeate) and water detained inside MS
were mathematically estimated. It is noteworthy due
to the high fluctuation in the permeate flow rate; it was
divided into two distinct parts; after BW (laminar con-
dition) and during BW (turbulent state). The calcula-
tions revealed that out of approx. 0.72 g min~! catchable
retentate, only 0.12 g min~! ended up in the retentate
tank. The rest amount found its way to the effluent of MS
right immediately after BW because of high shear forces
produced inside DS. When BW begins, the DS starts to
rotate quickly, leading to shear forces and breakage of
produced flocs. Finally, these shredded flocs find their
way through free and cleaned pores and reach themselves
into the effluent of MS. Therefore, the removal efficiency
of MS was reduced immensely. This problem might be
solved by applying gentle BW by reducing the drum’s
rotational speed or making it adjustable.

3.4 Operational observations
Since APT is a combination of PST plus MS, and PST is
an established method, the focus of this part would be
only on technical problems faced by the core of the APT
system (i.e., MS). The followings are some operational
problems observed during the running of MS-T1, and
MS-T2, respectively.

Due to frequent fouling problems, a high-pressure water
jet (power: 12—-20 MPa) was required for surface cleaning



Lasaki et al. Sustainable Environment Research (2023) 33:25

Page 8 of 12

i
|V, =48L } ‘
| Q= (48 L)/ (6 min) =8 L min"!

I TSS;, =130 mg L!

Viusw = 39 - 4 (from BW) =35 L

Outflow Qoupw = (35L) /(6 min) = 5.8 L min"!

Sl

| - | ) MS TSSoul.BW =130 mg L!
; Lmin.in Qin = Tssi“ : Lmin.oul.BW = Qoul.BW . TSSoul.BW
| |
| Ligingin = 1.04 g min’! ! g Loinout, gw = 0-75 g min-!
b ] g

g

& [ After BW |

VouLaf.BW= 9 L
V.=2L Qousw = (9 L) / (6 min) = 1.5 L min"!

Q;,= (2 L) /(6 min) = 0.33 L min"!
TSS, =370 mg L*!
Lmin.r = Qr * Tssr
Line = 0.12 g min!

Mass balance:

/
|
|
: Lmin,in - Lmin.out.BW
|
|
\

Fig. 7 Mass balance for MS-TS2 (20 um) during two consecutive BWs

of DS occasionally. Since clogging of the pores happened
quickly, there was a need for service water for BW, so
there was no rational balance between treated water and
water used for BW. In addition, The MS could not toler-
ate inflows over 600 L h™!, and it was almost impossible
to get concentrated retentate. Furthermore, leakage from
the edge of the drum was one of the dominant problems.
Nevertheless, some solutions were also applied to tackle
the MS-TS1 problems, like reducing the distance between
the waterjet and the filtration surface to improve BW
and using a high-pressure cleaner to clean clogged pores.
However, they did not show an efficient effect.

Regarding MS-TS2, the handling was much easier; how-
ever, some problems were observed during the running
period, as the blockage of pores happened after two days
and six weeks for an inflow of 0.5 m®* h™'and 1 m® h™},
respectively. A high fluctuation was detected in hourly/
daily TSS removal because of variations in weather condi-
tions, also for TSS concentration, in a way that the higher
the TSS concentration, the lower the removal was. BW
duration varied from 4 to 45 min according to the TSS
concentration. Small pieces of the filter cake (filter mat)
were detected in the outflow of MS after BW due to the
shear forces effect. The MS could not tolerate inflows over
1000 L h™! (limited flux) for a long duration. In addition,
cleaning MS with a 12-20 MPa high-pressure machine
was necessary after the blockage of pores.

Since fouling of pores and particle breakage due to
shear forces were dominant problems observed by

+L
1.04 g min! = (0.12 + 0.75 + 0.15) g min"!
1.00 g min! = 1.00 g min’!
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running two MSs and reported by many researchers, two
following subsections were allocated to understand these
issues deeply.

3.4.1 Fouling problem

To understand how fast the pores are getting blocked,
several tests were done to determine the changes in the
flow rate during two consecutive BWs (Fig. 8), which
indicates the fouling of the pores. It is seen that the fil-
tration capacity immensely reduced after 3 min from
approx. 7 L h™! to less than 1 L h™!. This quick foul-
ing can stem from the lipid-containing particles which
stick to the pores and reduce their size or even block
them. This situation continues until no free pores are
available and the water level inside MS has reached the
leveled sensor for BW. Here, BW will start, and this
cycle will be continued to a specific extent. It should
be noted that in every BW cycle, some pores can only
be cleaned partially. That is why the capacity of MS is
reduced somewhat per cycle, and finally, in cycle N, a
complete blockage of pores happens, and the system
will not be in operation anymore. In this case, the sys-
tem should be immediately cleaned, either chemically
or physically. In this study, cleaning with a high-pres-
sure jet machine was applied because of its easy han-
dling. Because of the frequent MS fouling problem,
washing with a high-pressure jet machine (12-20 MPa)
had to be employed occasionally. Soon was figured out
that a high-pressure jet (approx. 20 MPa) could slightly
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Fig. 8 Permeate flow rate for MS-TS2 (20 um)

change the arrangements of MS fabrics and increase
the initial size of the mesh. So, lower water pressures,
for instance, maximum till 12 MPa, were employed for
further trials.

3.4.2 Particle/flocs breakage

A few researchers have reported particle/flocs break-
age due to shear forces; however, the breakage mecha-
nisms should be meticulously figured out. Therefore,
for a deep understanding of this phenomenon, several
composited samples were taken instead of grab samples
into consideration. During one hour of sampling, one

Time (min)

liter of wastewater was collected every 10 min for the
inflow and outflow of MS, and finally, they were mixed
and homogenized. Notably, the MS outflow samples were
divided into two types; right after BW (turbulent state)
and between two BWs (laminar condition). The volume
of water treated (permeate), water trapped inside MS
(Fig. 9), TSS content, and turbidity of different samples
were measured. It is estimated that flocs breakage hap-
pened in two distinct phases. First, during BW, water
pressure will shred the flocs to smaller pieces, and since
the retentate hopper cannot detain all the flocs, the rest
will go through free pores and end up in the outflow of
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Fig. 9 Permeate and detained water volume by MS-TS2 (20 um)
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MS. Secondly, the high rotational speed of the DS, which
starts by BW may lead to shear forces. It could also be
due to the DS’s centrifuging nature, which introduces
unwanted inertial shear forces to the flocs. The solutions
could be either dropping down the rotational speed of
the DS during BW or applying different art of MSs like
disc filters. A driving force to introduce the shredded
flocs in the effluent of MS could be generated hydrostatic
pressure by a high amount of water trapped inside MS.
So, this amount of water which contains destabilized or
shredded flocs, is released exactly right after BW. It will
increase the amount of TSS and turbidity in the efflu-
ent of MS. This was also confirmed by turbidity and TSS
measurements in this study.

3.5 Sustainability of APT system
With the implementation of MS, the subsequent bio-
logical treatment steps can be reimagined to optimize
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energy and cost efficiency. The implied alternative
involves completely substituting the CAS tank with
a configuration comprising zeolite columns (ZC)
for ammonium removal and a trickling filter (TF) to
remove carbon and excess ammonium. This approach
is promising as it provides a cost-effective and energy-
saving solution. This substitution can lead to sub-
stantial energy savings due to the reduced reliance on
aeration. For justification, the following assumptions
are valid:

According to Fig. 10, based on work done by Baumann
et al. [27], the energy consumption of the CAS process
(ECAS) equals 37 kWh cap™!yr~1.

For the proposed system, the MS requires an average of
0.1 kWh cap™! yr™!, the TF requires 15 kWh cap™* yr™*
and the ZC requires 0.1 kWh cap™ ! yr~'.

According to Fig. 11, the energy consumption of the
proposed system (EPS) equals 43 kWh cap™ ! yr~ 1.

Energy demand (kWh [cap.a]?!)

Aeration of the CAS tank
Spatial filters

Circulation digester

Aeration sand trap

Automatic sludge thickening
Clearance of secondary clarifier
Clearance of primary clarifier

Phosphate precipitation

Sum= 43 kWh [cap.a]!

01234

567 8 9101112131415161718

Fig. 10 Mean consumption values of individual power consumption point for WWTP Bisnau, Stuttgart, according to work done by Baumann et al. [27]

Energy demand (kWh [cap.a]?)

Running of TF system

Inlet lift

Return sludge transport

Automatic sludge thickening =
Clearance of secondary clarifier :x=

Running of ZC system 1

Clearance of primary clarifier

oo

Phosphate precipitation

i

Sum= 32 kWh [cap.a]!

01234

567 8 9101112131415161718

Fig. 11 Projected mean consumption values of individual power consumption point for Biorefinery Buisnau, Stuttgart, according to work done

by Baumann et al. [27]
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Therefore, the energy savings per capita=ECAS -
EPS= (43-32) kWh cap™ ' yr~! = 11 kWh cap~ ' yr~.

A reduction of 11 kWh cap™! yr~! shows a substan-
tial effort to promote energy efficiency and reduce over-
all energy usage. Such savings can remarkably impact
energy consumption and contribute to environmental
sustainability when scaled to a larger population. While
the exact significance of this reduction may vary depend-
ing on the size of the population; however, achieving a
26% decrease in energy consumption per capita can
be significant and shows a commitment to sustainable
practices.

4 Conclusions

This study introduced a new concept for APT based on
the increased separation of organic matter from raw
wastewater by coupling a PST and an MS. The feasibility
of the APT concept is principally possible. However, many
technical problems should be overcome. A 20 um sieve is
not solely efficient to be used after PST because of particle
breakage due to inertial shear forces produced inside the
DS. Flocculants and intermittent BW are recommended
to overcome this problem and strengthen the flocs against
shear forces. Another solution could be using a finer sieve,
also tested in this study. It can enhance solids and COD
removal; however, immediate fouling of pores, frequent
BW, and not getting concentrated retentate made this
option for a long operation difficult. It is expected that by
the combination of the flocculation process and a 20 pm
in APT system, TSS, COD, and turbidity can be remark-
ably reduced due to producing much starker flocs which
can quickly be detained by MS and are more resistant
against shear forces. However, potential problems like fre-
quent BW, observing destabilized flocs in the effluent of
MS, and the need for chemical cleaning after prolonged
usage are still there. Part of the problems might be solved
using larger mesh sizes such as 63 or 100 pm; however,
the mesh size should be critically checked and strictly
matched with the size of produced flocs during the floc-
culation process. On the other hand, manufacturers can
implement some adjustments on coarser sieves to tackle
the shear forces problem: having two rows of waterjets
providing a higher surface cleaning area during BW or
even using smaller diameter waterjets to render sharp
percolation by increased water velocity. The next option
could be gentle running of the DS during BW (rotational
speed control based). These two improvements might
solve the shear forces problem and make it more feasible
to have DSs like 20 um in operation in the APT system.
In addition, modifying the BW regime (from hydrostatic
pressure-dependent BW to timely adjusted BW) and
using an intermediate mesh size sieve, like a 15 m, could
be an extra alternative.

Page 11 of 12

Acknowledgements

First, the authors would like to express their sincerest thanks to the Baden-
Wirttemberg Ministry for the Environment, Climate and Energy Management
and the European Union (EU) for funding the project KoalAplan (01. April 2022,
https//www.iswa.uni-stuttgart.de/aktuelles/news/Start-fuer-Bioraffinerie-Proje
kt-zur-Gewinnung-von-Rohstoffen-aus-Abwasser/). In addition, special thanks
go to the workers, the colleagues of LFL lab, WWTP Biisnau operated by the
University of Stuttgart, and the project partners for their constant support. A
particular expression of gratitude is reserved for Huber SE (Berching, Germany)
for providing the microsieve (MS-TS2).

Authors’ contributions

Behnam Askari Lasaki and Peter Maurer collaborated in the conception of
the research. Behnam Askari Lasaki conducted the material preparation, data
collection, and analysis. Behnam Askari Lasaki took the initiative in composing
the first draft of the manuscript, while Peter Maurer and Harald Schonberger
provided feedback on previous versions. All authors have reviewed and
authorized the final version of the manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. This publication
was funded by the German Research Foundation (DFG) grant “Open Access
Publication Funding / 2023-2024 / University of Stuttgart”(512689491).

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author at reasonable request.

Declarations

Competing interests

The authors state that they have no known competing financial interests or
personal ties that would appear to have influenced the work disclosed in this
study.

Received: 6 May 2023 Accepted: 8 August 2023
Published online: 21 August 2023

References

1. Jimenez JA, Bethke L, Rattier M, Hu S, Santoro D, Sarathy S, et al. Devel-
opment of a mainstream anaerobic treatment process using a hybrid
UASB-micro sieve system. In: WEFTEC 2016-89th Water Environment
Federation Annual Technical Exhibition and Conference. New Orleans.
2016;14:24-28.

2. Remy C, Boulestreau M, Lesjean B. Proof of concept for a new energy-pos-
itive wastewater treatment scheme. Water Sci Technol. 2014;70:1709-16.

3. Paulsrud B, Rusten B, Aas B. Increasing the sludge energy potential of
wastewater treatment plants by introducing fine mesh sieves for primary
treatment. Water Sci Technol. 2014;69:560-5.

4. Nacher CP, Olsson P, Kangsepp P. POWERSTEP Project: Carbon Extraction
for Energy Recovery - Optimized Design of Microscreen and Periphery for
Primary Filtration. Brussels: European Union; 2015. https://cordis.europa.
eu/project/id/641661/reporting (Accessed 31 Jul 2023).

5. Diaper EWJ, Glover GE. Microstraining of combined sewer overflows.
Water Pollut Con F. 1971;43:2101-13.

6. Cheung PS, Krauth K, Roth M. Investigation to replace the conventional
sedimentation tank by a microstrainer in the rotating disc system. Water
Res. 1980;14:67-75.

7. Grau A, Haeusler M, Schmitt W. Micro-straining as advanced treatment
of wastewater applied to the main wastewater treatment plant in Wies-
baden. Water Sci Technol. 1994;29:237-45.

8. Wilen B-M, Johansen A, Mattsson A. Assessment of sludge particle
removal from wastewater by disc filtration. Water Pract Technol.
2012;7:.wpt2012037.

9. Razafimanantsoa VA, Ydstebo L, Bilstad T, Sahu AK, Rusten B. Effect of
selective organic fractions on denitrification rates using Salsnes Filter as
primary treatment. Water Sci Technol. 2014;69:1942-8.


https://www.iswa.uni-stuttgart.de/aktuelles/news/Start-fuer-Bioraffinerie-Projekt-zur-Gewinnung-von-Rohstoffen-aus-Abwasser/
https://www.iswa.uni-stuttgart.de/aktuelles/news/Start-fuer-Bioraffinerie-Projekt-zur-Gewinnung-von-Rohstoffen-aus-Abwasser/
https://cordis.europa.eu/project/id/641661/reporting
https://cordis.europa.eu/project/id/641661/reporting

Lasaki et al. Sustainable Environment Research

20.

21

22.

23.

24.

25.

26.

27.

(2023) 33:25

Franchi A, Santoro D. Current status of the rotating belt filtration (RBF)
technology for municipal wastewater treatment. Water Pract Technol.
2015;10:319-27.

. Vaananen J, Cimbritz M, la Cour Jansen J. Microsieving in primary treat-

ment: effect of chemical dosing. Water Sci Technol. 2016;74:438-47.
Hey T, Vaananen J, Heinen N, la Cour Jansen J, Jonsson K. Potential

of combining mechanical and physicochemical municipal wastewa-
ter pre-treatment with direct membrane filtration. Environ Technol.
2017,38:108-15.

Vaananen J, Memet S, Gunther T, Lilja M, Cimbritz M, la Cour Jansen J.
Automatic control of the effluent turbidity from a chemically enhanced

primary treatment with microsieving. Water Sci Technol. 2017,76:1770-80.

Khan FA, Chowdhury P, Giaccherini F, Straatman AG, Santoro D. Detailed
modeling of solids separation by microsieving in a rotating belt filter:
Explicit effect of particle size, mesh size, and polymer dose. Sep Purif
Technol. 2021;269:118777.

Gidstedt S, Betsholtz A, Falas P, Cimbritz M, Davidsson A, Micolucci F, et al.
A comparison of adsorption of organic micropollutants onto activated
carbon following chemically enhanced primary treatment with micro-
sieving, direct membrane filtration and tertiary treatment of municipal
wastewater. Sci Total Environ. 2022;811:152225.

Askari Lasaki B, Maurer P, Schénberger H. A Fundamental study on the
extraction of particulate organic carbon from municipal wastewater
treatment plants. Water. 2023;15:1861.

Bliss FR. Papermill Wastewater Treatment by Microstraining (EPA/600/2—
76/252). Washington, DC: United States Environmental Protection
Agency; 1976.

Rusten B, Odegaard H. Evaluation and testing of fine mesh sieve
technologies for primary treatment of municipal wastewater. Water Sci
Technol. 2006;54:31-8.

Ljunggren M. Micro screening in wastewater treatment — an overview.
VATTEN. 2006;62:171-8.

Falco S, Brunetti G, Grossi G, Maiolo M, Turco M, Piro P. Solids removal effi-
ciency of a sedimentation tank in a peri-urban catchment. Sustainability.
2020;12:7196.

Jover-Smet M, Martin-Pascual J, Trapote A. Model of suspended solids
removal in the primary sedimentation tanks for the treatment of urban
wastewater. Water. 2017,9:448.

Nemerow NL. Chapter 5 - Removal of Suspended Solids. In: Industrial
Waste Treatment. Oxford: Butterworth-Heinemann; 2007.

Hey T. Municipal Wastewater Treatment by Microsieving, Microfiltration
and Forward Osmosis: Concepts and Potentials [Ph.D. Dissertation].
Lund: Lund University. 2016. https://portal.research.lu.se/en/publicatio
ns/municipal-wastewater-treatment-by-microsieving-microfiltration-an.
Accessed 11 Nov 2016.

Jahn L, Haslinger J, Krampe J, Walder C, Prosl A, Lahnsteiner J. Microsiev-
ing as an innovative technology for the energetic use of sewage. OWAV.
2017,69:369-77 [in German]. https://link.springer.com/article/10.1007/
500506-017-0408-x (Accessed 14 Jul 2023).

Parker DS, Barnard J, Daigger GT, Tekippe RJ, Wahlberg EJ. The future

of chemically enhanced primary treatment: evolution not revolution.
Water21. 2001;June:49-56. https://www.semanticscholar.org/paper/The-
Future-of-Chemically-Enhanced-Primary-Evolution-Parker-Barnard/add1d
b24745fc7f567b4b714ee22ad7f232301bc. Accessed 18 Jul 2023.
Vaananen J. Microsieving in Municipal Wastewater Treatment: Chemically
Enhanced Primary and Tertiary Treatment [Ph.D. Dissertation]. Lund: Lund
University. 2017. https.//portal research.lu.se/en/publications/microsieving-in-
municipal-wastewater-treatment-chemically-enhance. Accessed 2 Feb 2017.
Baumann P, Maurer P, Roth M. Significant Reduction of Electricity
Consumption in Wastewater Treatment Plants: Systematic Approach to
Increase Energy Efficiency by Utilizing Potential Savings. 3rd ed. Heidel-
berg: German Association for Water, Wastewater and Waste; 2014 [in Ger-
manl]. https://www.dwa-bw.de/files/_media/content/PDFs/LV_Baden-
Wuerttemberg/Homepage/BW-Dokumente/Homepage%202013/Publi
kationen/Inhaltsverzeichnis/Inhaltsverzeichnis_Stromleitfaden%20Hom
epage.pdf. (Accessed 18 Jul 2023)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://portal.research.lu.se/en/publications/municipal-wastewater-treatment-by-microsieving-microfiltration-an
https://portal.research.lu.se/en/publications/municipal-wastewater-treatment-by-microsieving-microfiltration-an
https://link.springer.com/article/10.1007/s00506-017-0408-x
https://link.springer.com/article/10.1007/s00506-017-0408-x
https://www.semanticscholar.org/paper/The-Future-of-Chemically-Enhanced-Primary-Evolution-Parker-Barnard/add1db24745fc7f567b4b714ee22ad7f232301bc
https://www.semanticscholar.org/paper/The-Future-of-Chemically-Enhanced-Primary-Evolution-Parker-Barnard/add1db24745fc7f567b4b714ee22ad7f232301bc
https://www.semanticscholar.org/paper/The-Future-of-Chemically-Enhanced-Primary-Evolution-Parker-Barnard/add1db24745fc7f567b4b714ee22ad7f232301bc
https://portal.research.lu.se/en/publications/microsieving-in-municipal-wastewater-treatment-chemically-enhance
https://portal.research.lu.se/en/publications/microsieving-in-municipal-wastewater-treatment-chemically-enhance
https://www.dwa-bw.de/files/_media/content/PDFs/LV_Baden-Wuerttemberg/Homepage/BW-Dokumente/Homepage%202013/Publikationen/Inhaltsverzeichnis/Inhaltsverzeichnis_Stromleitfaden%20Homepage.pdf
https://www.dwa-bw.de/files/_media/content/PDFs/LV_Baden-Wuerttemberg/Homepage/BW-Dokumente/Homepage%202013/Publikationen/Inhaltsverzeichnis/Inhaltsverzeichnis_Stromleitfaden%20Homepage.pdf
https://www.dwa-bw.de/files/_media/content/PDFs/LV_Baden-Wuerttemberg/Homepage/BW-Dokumente/Homepage%202013/Publikationen/Inhaltsverzeichnis/Inhaltsverzeichnis_Stromleitfaden%20Homepage.pdf
https://www.dwa-bw.de/files/_media/content/PDFs/LV_Baden-Wuerttemberg/Homepage/BW-Dokumente/Homepage%202013/Publikationen/Inhaltsverzeichnis/Inhaltsverzeichnis_Stromleitfaden%20Homepage.pdf

	Effect of coupling primary sedimentation tank (PST) and microscreen (MS) to remove particulate organic carbon (POC): a study to mitigate energy demand in municipal wastewater treatment plants
	Abstract 
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.1.1 Mesh size selection
	2.1.2 MS-TS1
	2.1.3 MS-TS2
	2.1.4 Sampling

	2.2 Methods
	2.3 Interpretation of data

	3 Results and discussion
	3.1 Flux and frequency effect
	3.2 TSS, TS, COD, and TOC removal
	3.2.1 TSS and TS removal
	3.2.2 COD removal
	3.2.3 TOC removal

	3.3 Achievable retentate
	3.4 Operational observations
	3.4.1 Fouling problem
	3.4.2 Particleflocs breakage

	3.5 Sustainability of APT system

	4 Conclusions
	Acknowledgements
	References


