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SUMMARY 
Water resources preservation related issues are more important today since 
water shortage and extended contamination is being experienced around the 
world. That is why a competitive technology for water treatment is needed and 
that the wastewater treatment industry has put a lot of effort into developing 
new technologies and systems that fulfill those criteria. 
The disc filtration is not exactly a new developed technology; nevertheless it is 
being polished day after day to give exceptional results. Nowadays is used for 
water treatment in both industrial and municipal environments. Both 
experiences and studies show high performance in suspended solids and total 
phosphorus removal (up to 95 %); furthermore experiences show that it is 
possible to achieve nutrient and/or energy recovery from its by-products 
(i.e. wash water).  
The project behind this master thesis was developed in cooperation with 
Nordic Water, Växjö Municipality and the Department of Land and Water 
Resources Engineering at the Royal Institute of Technology. The effectiveness 
of the disc filter technology was evaluated and studied under three months in 
Växjö Municipality’s wastewater treatment plant, where a side stream full of 
micro-flocs is constantly recirculated from the backwash of the sand filters 
deteriorating the sedimentation properties within the plant. The project aimed 
to identify the need for flocculation aids and their optimal concentrations, as 
well as the efficiency of the disc filter in terms of reduction of suspended solids, 
total phosphorus, and energy consumption.  
Through a common jar-test it was possible to identify two organic polymers 
that showed the best results as flocculation aid according to the flow 
characteristics. Their efficiencies were also tested in the pilot filter in order to 
have a better understanding of their behaviour in bigger scale. Further on, 
results from the effluent water from disc filter indicated that both suspended 
solids and total phosphorus were reduced with more than 80 % (with final 
values of ca. 15.25 mg/l and 0.26 mg/l respectively) and a relatively low energy 
demand, which evidences the high efficiency of this filtration technology. 
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SUMMARY IN SWEDISH 
Frågor relaterade till bevarande av vattenresurser är viktiga idag då problem 
med vattenbrist och alltmer förorenade vatten upplevs runt om i världen. Det 
är därför som en konkurrenskraftig teknik för vattenrening behövs och 
avloppsvattenindustrin har lagt ner mycket arbete på att utveckla nya tekniker 
och system. 
Skivfiltrering är nog inte en nyutvecklad teknik, dock poleras den dag efter dag 
för att ge makalösa resultat. Nuförtiden används den till vattenrening i både 
industriella och kommunala anläggningar. Både erfarenheter och studier visar 
hög prestanda i avskiljning av suspenderade partiklar (SS) och total fosfor (upp 
till 95 %); dessutom visar erfarenheter att det är möjligt att uppnå 
näringsämnes- och/eller energiåtervinning från biprodukterna. 
Projektet bakom denna avhandling gjordes i samarbete med Nordic Water, 
Växjö kommun och institutionen för Mark-och Vattenteknik vid KTH. I det 
studerades skivfilterteknikens effektivitet under en 3-månaders period i Växjö 
kommuns reningsverk med hjälp av ett pilotskivfilter. Vid anläggningen 
återcirkuleras ett subflöde som är anrikat med mikroflock från sandfilter-
spolvatten till försedimentering, vilket försämrar sedimenteringen. Projektet 
syftade till att identifiera specifika behov av flockningshjälpmedel och dess 
optimala koncentration samt skivfiltrets effektivitet i form av avskiljning av 
suspenderade ämnen och totalfosforminskning, samt energiförbrukning. 
Genom ett vanlig jar-test var det möjligt att identifiera två organiska polymerer 
som enligt flödesegenskaperna visade de bästa resultaten som 
flockningshjälpmedel. Deras effektivitet testades även i pilotfiltret för att få en 
bättre förståelse för deras beteende i större skala. Det utgående vattnet från 
skivfiltret visade att både SS och totalfosfor minskade med mer än 80 % 
(värden låg på ca. 15.25 mg/l och 0.26 mg/l respektive) och med en relativt lågt 
energibehov, vilket visar en högt effektivitet för denna filtrerings teknik. 
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ABSTRACT 
The purpose of this study is to evaluate the convenience and effectiveness of 
using a disc filter to treat washing water from the sand filters at Sundet 
wastewater treatment plant. The disc filter is used aiming for the reduction of 
suspended solids and phosphorus. The study was divided in two main 
experimental stages. During the first stage laboratory jar-tests were performed 
in order to identify which flocculation aid was more suitable, this was further 
on used to improve the water treatment. Based on the laboratory trials results, 
two different polymers (1 and 2) were chosen to be tested at pilot scale.  The 
second stage involved the pilot filter operation itself; this period was as well 
divided in two sub-stages where filter cloths with two different pore openings 
were tested. During the first sub-stage the pilot operated with an 18 µm pore 
opening filters cloth and both polymers. At the end of the first half polymer 1 
showed to be more efficient and so it was further used throughout the second 
sub-stage in combination with a 10µm pore opening filter cloth. As from 
theoretical knowledge the phosphorus and suspended solid removal were 
expected to be between 75% and 90%, results which were achieved during both 
laboratory trials and pilot filter. The best results were observed with the 10µm 
pore opening filter cloth and polymer 1. Also, additional results from pilot trials 
performed at Sundet after the study period are presented. 

Key words: Disc filter, Jar-test, Organic polymer, Phosphorus removal, Sand filter wash water

INTRODUCTION 
In every aspect of industrial and social live, an 
imminent pressure for introducing more 
environmentally friendly technologies with 
exceptional performance is faced every day. 
Additionally, water preservation related issues 
are more regular now that water shortage and 
extended contamination is being experienced 
around the world. That is why a competitive 
technology for water treatment ought to provide 
small footprint, robustness, cost effectiveness, 
exceptional performance and last but not least 
extra benefits or possible reuses of all its by-
products. The wastewater treatment industry has 
put a lot of effort into discover new technologies 
and systems that fulfill all those criteria. 
The disc filtration is a technology that has been 
around for quite some time and it is constantly 
being polished day after day to give exceptional 
results. One of its applications is in municipal 
environments. 
Sundet Wastewater Treatment plant (SWWTP) 
was built in 1994 in Växjö municipality. It is a 
middle sized wastewater treatment plant 
(WWTP) with a total capacity of 95 000 pe, 
nowadays it serves nearly 62 000 pe. It has six 
parallel treatment lines, with mechanical, 
chemical and biological steps. The first 
treatment line (further on referred to as line 1) is 
equipped and designed so that it can be used for 

different experimental trials, to test new 
technologies (Växjö Kommun, 2009). 
Even from the begi SIS.nning of its operation 
SWWTP has faced problems with 
sludge/particle settling properties especially in 
the post (or secondary) sedimentation. This is 
thought to be caused in great part by the side 
stream correspondent to the re-circulated water 
from the backwash of the sand filters which is 
rich in micro-flocs. This side stream corresponds 
to almost 15% of the total incoming flow, which 
is introduced to the primary sedimentation, 
hence affecting the characteristics of the 
incoming water (especially the suspended solids 
–SS- concentration and particle size) and so the 
sedimentation properties. For dealing with this 
difficulty, arose the idea of installing some cost 
and space effective technology in order to treat 
this flow so that the treated wash-water could be 
discharged directly to the recipient along with 
the rest of the plant effluent instead of 
recirculating it. SWWTP has during the years 
worked in cooperation with Nordic Water 
(NW). NW is a Swedish company that provides 
equipment and systems for water and wastewater 
treatment, and in this opportunity a new chance 
for cooperation raised. NW has conducted some 
attempts to separately handle water with similar 
characteristics and small sized particles, with the 
aid of a disk filter; in cases the removal of SS can 
reach 70% without the aid of polymers and 95% 
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with polymer additions (Table 1). For this study 
trials with a disc filter pilot were made thus 
hoping for an improvement in the post-
sedimentation process. In addition to the disc-
filter, organic polymers were tested to enhance 
the flocculation and posterior removal of the 
very fine sized particles.  

THESIS SCOPE 
The general goal of this study was to evaluate 
the convenience of installing a disc filter for 
treating the wash-water from the sand filters in 
WWTPs.  
The aspects to be evaluated were: 
• The reduction of suspended solids and total 

phosphorus.  
• The efficiency of the filter in terms of energy 

consumption 
• Need for flocculation aids and its optimal 

concentration 
• Study of the wash water, from back-wash of 

the disc filter, to have a better understanding 
of its properties and so decide the most 
efficient way to dispose it. 

To reach the goals of the project laboratory 
flocculation experiments were performed to 
decide which polymer and filter cloth were the 
most suitable for full-scale use.  
Pilot experiments were performed at SWWTP 
with aims to evaluate the process efficiency and 
performance at a more realistic scale.  

BACKGROUND 
Waste-water treatment is the process of 
removing physical, chemical and biological 
contaminants from the sewage and runoff water 
(from both household and industrial uses), in 
order to produce an environmentally safe liquid 
out-stream. Nowadays the treatment is also 
aiming for nutrient recovery and recycle as well 

as energy production from the solid waste 
(sludge) produced along the treatment. The 
conventional treatment consist of four different 
stages: pre-treatment (mechanical pre-treatment), 
primary treatment (with chemical precipitation 
aids), secondary treatment (biological treatment) 
and a tertiary treatment (normally a refining 
stage with filtration). 
Sand filtration is one of the most common 
techniques used for refining water in the last 
step of the treatment track. Sand filtration has 
many advantages in the outcome of the filtration 
process; thanks to the continuous contact 
filtration it can accept high concentrations and 
flows, moreover it achieves phosphorus, BOD, 
COD as well as Nitrogen removal. Another 
advantage is that normally these filters have low 
energy consumption and small footprints as well 
as they require low supervision and maintenance. 
The backwashing of the filter is relatively easy 
and is generally triggered automatically. The 
wash water composition changes depending on 
the composition of the incoming water to plant, 
the treatment track and its efficiency, before the 
water reach the sand filter; however it can be 
said that generally it presents a high content of 
SS and more likely a high tot-P content. Its 
treatment is simple and there are normally two 
paths to choose from.  
The first one is the recirculation of the wash 
water to the presedimentation stage so that this 
flow will be integrated along the incoming flow 
in the treatment track. The second one is a 
separate treatment.  
The first way to deal with the sand filter wash 
water is widely used but has normally attached 
the problem hindering the sedimentation along 
the plant. This is due to the high content of 
extremely small particles that the wash water 
from sand filters content. The second way is 
much specific and effective solution. Normally 
ground infiltration ponds, micro-screens or even 

Table 1. Previous Nordic Water trials 

   

SS tot-P 

 

Project Condition In 
[mg/l] 

Out 
[mg/l] Removal In 

[mg/l] 
Out 

[mg/l] Removal 

Pilot A Primary treatment municipal 248 51 79% 2.15 1.45 33% 

Pilot B Tertiary treatment municipal 904 4.7 99% 4,8 0.21 96% 

Pilot C Other municipal 74 10 86% 3 0.19 94% 

Pilot D Other municipal 154 14 91% 
 

0.11 - 

Pilot E Pre-treatment industrial* 750 250 67% 26 7.6 71% 

Pilot F Tertiary treatment industrial* 100 4.5 96% 1.4 0.15 89% 

* Full scale flow 
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lamella separation are used for the treatment of 
this stream of water.  
Furthermore, can be usual that in drinking water 
treatment facilities where sand filters are used 
mainly for groundwater treatment, or other good 
quality water treatment, micro screening or 
ultrafiltration are used to treat the wash water 
flow and so turning this waste water into 
drinking water. For example NV Nuts-bedrijf 
Regio Eindhoven, Netherlands (NVNRE), 
where drinking water is produced from ground 
water, has always used the very latest techniques 
for treating the sand filters wash water to 
produce drinking water with outstanding results 
in terms of efficiency and quality. (Vos et. al., 
1997; Dotremont et. al., 1999). 
In this thesis work, the disc filtration technology 
will be evaluated for the treatment of wash water 
from sand filters. This is quite a new application 
for the usage of disc filtration which is normally 
used for different purposes and at different 
stages in a WWTP. 

Disc filter technology: 
The disc-filtration technology has been growing 
in popularity during the last years due to the 
higher demands for improved quality in the 
effluent, lower backwash necessity, better cost-
performance relation and on top has a smaller 
footprint. 
With nearly thirty years of exclusive irrigation 
use, today's applications of disc filters include 

the realms of municipal wastewater treatment, 
on-site domestic waste treatment, industrial 
waste treatment, food processing, textile 
manufacturing, steel mills, cooling towers, and 
many other manufacturing and processing 
industries (Allhands and Prochaska, 1996). In 
the 1960s an Israeli company obtained the 
patent for the disc filter, its first applications 
were to protect irrigation equipment, since then 
many changes have made this technology very 
adaptable for industrial and municipal uses. 
This technology is part of the so called surface 
filtration which involves mechanical sieving for 
removing the suspended material. Such filtration 
type is normally used to remove the residual 
suspended solids from secondary effluents and 
from stabilization pond effluents (Metcalf et.al, 
2003). Disc filters use filter cloths made of fabric 
membranes or stainless steel, instead of granular 
media to filter the effluent (Hathaway, 2009; 
Metcalf and Eddy, 2003). Depending on the 
model, a disc filter can have from one to twenty 
discs; each of them formed by eight to ten 
cassettes or filter panels. The discs are normally 
submerged to approximately 65% of the disc 
total height. The flow rates are up to 770 m3/h. 
In disc-filters manufactured by NW, each disc 
has eight or ten cassettes, and so the effective 
filter area can be up to 154 m2 per filter. The 
cassettes are made of polyester filter cloths with 
pore opening apertures between 10 µm and 
100 µm (Fig. 1). 

Figure 1. To the left, a scheme shows the disposition of the cassettes in each of the discs. Each 
disc consists of 8 to 10 cassettes. To the right, two installed disc filters. (Nordic Water, 2007) 
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The water to be treated flows by gravity from 
the central rotor drum into the discs by openings 
in the drum and solids are separated and caught 
on the inner side of the filter panels (Nordic 
Water, 2007). The design of the filter requires 
minimal head to drive the process and is ideal 
for retrofit applications into other filter basins or 
flow streams with limited hydraulic head 
available (WestTech, 2012). As solids are 
captured on the filter panels, the flow of water 
through the filter cloth is resisted thus the 
headloss increases. Once the headloss reaches a 
certain predetermined level, the backwash cycle 
is triggered. The backwash can also be 
automatically triggered following a specific time 
interval, or by a combination of timing interval 
and differential pressure (Allhands and 
Prochaska, 1996). The high pressure backwash 
spray is performed by using filtrate and removes 
the accumulated suspended solids into the reject 
flume inside the filter. The suspended solids are 
collected and then discharged via the reject pipe 
or backwash water trough (Fig. 2). As the 
backwash cycle is progressive, the filtration 
process is never interrupted. Typically the 
backwash requires 1% to 2% of the total flow; 
this implies lower backwash rates than 
conventional filtration and reduced footprint. 
In order to perform experimental trials, pilot 
filters with the same design as full-scale filters 
are available as freestanding units with one disc 
contained in a stainless steel tank. (Nordic 
Water, 2007). The used filter type is partially 
submerged filter. This type of filtration is used in 
both, municipal and industrial waste water 
treatment, with a great effectiveness of particle 
removal at a relatively low cost. It has been 
experienced that in order to obtain better 

separation results the best place to position the 
filter is at the beginning of the treatment track 
where the particles are much bigger so a greater 
removal percentage can be achieved. In general 
when the filter is located at early stages of the 
treatment, as primary filtration after the 
screening, the sludge originated from the filter 
backwash can be easily incinerated for gas 
production thanks its high dry solids percentage.  
The costs of the treatment in general can be also 
reduced (due to the reduce necessity for 
chemicals) while the sludge production along the 
WW treatment -which is richer in water content- 
can be diminished (Gómez et al, 2010). 
Disc filters designs vary from manufacturer to 
manufacturer as well as according to the 
characteristics of the flow to be treated and the 
desired results. In table 2 typical design 
information for disc filter can be found.  

 Previous experiences with disc filter 
applications 

Disc filtration has been used in industries such 
as food, pulp and paper, mining, textile, 
chemical, pharmaceutical, electronic, refinery, 
power generation, municipal wastewater and 
aquaculture.   
In systems using water softeners, ion exchange 
or membrane technologies, disc pre-filtration 
reduces the load of large particles from the final 
water conditioning giving longer life to the 
system. Since disc filtration uniquely manages to 
separate both solid and organic particles from 
the fluid stream, often it can replace two existing 
systems in an industrial process (Allhands and 
Prochaska, 1996). 
Several interesting researches and studies about 
disc filter application, use and efficiency have 

Table 2. Typical values for disc filter design.  ( Metcalf and Eddy, 2003).  

  
Typical value Remarks 

Size of opening in 
screen material µm 20 - 35 Stainless steel or polyester screen cloths. Sizes 

range from 10 to 60 µm 
Hydraulic loading 

rate m³/m²·min 0.25 - 0.83 Depends on characteristics of SS that must be 
removed 

Headloss though 
screen mm 75 - 150 Based on submerged surface area of drum 

Drum submergence 
% height 70 - 75 Bypass should be provided when headloss 

exceeds 200 mm % area 60 - 70 

Drum diameter m 0.75 - 1.50 
Varies depending on screen design; 3 m is 

commonly used; smaller sizes increase 
backwash requirements 

Drum speed m/min 
4.5 at 50 mm headloss Maximum rotational speed is limited 

30 - 40 at 150 mm headloss 
 

Backwash 
requirements % throughput 

2 at 350 kPa 
 

5 at 100 kPa 
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been performed for municipal as well as for 
industrial use. 

Municipal use: 
• In 2005 Karlsson performed a study with 

aims to the optimization of a disc filter in 
Hammarby Sjöstad WWTP in Stockholm. 
The study’s main goal was to optimize the 
separation of SS and phosphorus reduction at 
the entrance of the WWTP, as replacement 
of the pre-sedimentation. Results showed a 
SS reduction around 50% and phosphorus 
reduction around 30% without addition of 
flocculation aids and in full scale operation. 
The study showed also a linear reduction 
which could lead to a 90% or higher 
reduction of both tot-P and SS if flocculants 
or precipitation chemicals are used (Karlsson, 
2005).  

• In 2005 Gryaab AB, the municipal 
corporation responsible of WW treatment in 
the Gothenburg region reported the primary 
trials and calculations for the design of a disk 
filter unit to reduce phosphorus levels in the 
treated water from the Ryaverket WWTP. 

The report exhibits a relation between the 
particle size and the separation degree, the 
bigger the particles the better the separation. 
Likewise suggest that the particle separation 
and reduction of SS and tot-P occur more 
effectively in early stages of the treatment 
where the particles are bigger.  
If the filter is to be used in after 
sedimentation steps a filter cloth of 10 µm is 
suggested. The SS were kept under 5 mg/l 
and the tot-P under 0.3 mg/l. (Mattson, 
2005). 

Industrial and agricultural uses: 
• In Mexico, the Coca-Cola Company is 

currently engaged in water reuse projects. In 
order to reuse biologically treated water the 
disc filter technology was selected as the first 
stage in the tertiary treatment. The objective 
with this is to reduce the turbidity of the 
incoming water by using a 10 µm pore 
opening cloth. The reduction of turbidity and 
SS reached a 95%-99% with a capacity of 
950 m3/day. (Veolia Water Solutions and 
technologies, 2011) 

• Eikebrokk and Ulgenes made a 
characterization of effluents from land-based 
fish farms, where comparative tests of disc 
and drum filters were made. The study 
showed that filters equipped with 60 mm 
pore opening clothes gave mean removal 
efficiencies of 70% for SS, 44% for chemical 
oxygen demand (COD), 57% for tot-P and 
37% for tot-N. (Eikebrokk and Ulgenes, 
1993). 

Organic polymers: 
In order to improve the settling characteristics 
and performance of other filtration technologies 
and processes within the wastewater treatment 
plant, the particle size can be increased by the 
addition of coagulation/flocculation aids 
(Ebeling, et al., 2004). The most standard 
flocculation aids are alum and ferric chloride. 
However most recently, and thanks to their clear 
advantages, organic polymers (especially long-
chained with high molecular weight) have been 
used as replacement to alum and ferric chloride.  
Polymers have shown to require lower dosages, 
easier storage and mixing, improved capability to 
bridge smaller particles as well as enhanced floc 
resistance, and no pH adjustment is strictly 
required. Another remarkable benefit is that 
both the molecular weight and charge densities 
can be optimized creating “designer” flocculant 
aids. (Ebeling et.al, 2005) 

Figure 2. Disc filter operation, 
schematic drawing. (Nordic Water, 
2007) 
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Organic flocculants (as they might also be called) 
are known to have molecular weights between 
3 000 000 and 20 000 000 which is helpful to 
agglomerate the destabilized particles by 
increasing their size thus accelerating the liquid-
solid separation. As any other chemical 
substance they have active groups, in other 
words are charged positively, negatively or have 
no charge (non-ionic polymers). Anionic 
polymers are negatively charged thus bring 
negative charges into the medium while cationic 
polymers (positively charged) bring positive 
charges into the medium. The intensity of the 
charge depends upon the degree of ionization of 
the functional groups, the degree of 
copolymerization and/or the amount of 
substituted groups in the polymer structure 
(Wakeman and Tarleton, 1999), this charge 
ranges from 0% to 100% anionicity or 
cationicity. 
Their performance will be affected by the raw 
water characteristics in the effluent to be treated 
(i.e. particle size, concentration, temperature, 
hardness, pH); also depending on whether the 
polymer is more or less ionic the interaction with 
the particles happens in different ways, ionic 
bonds or hydrogen bonds (for non-ionic 
polymers). Regarding the form of polarization, 
several commercial forms for polymers exist: 
powders, breads, emulsions, liquids and 
dispersions. (SNF Floerger, 2002). 
The polymers in general should be fully 
dissolved before used, but have however low 
diffusion rates and high viscosities, thus it is 
necessary to mechanically disperse the polymer 
into the water (Ebeling, et.al, 2005). The 
dissolution form varies depending on their 
physical form, but in general a vigorous mixing, 
being careful of not degrading the polymer, is 
needed to accomplish good results (velocity 
gradients (G) between 600 s-1 and 1500 s-1).  
Likewise depending on whether the polymer is 
anionic or cationic (as well as based on the raw 
water characteristics) different concentrations of 
the active material might be used. The 
recommended concentrations are 1 g/l for the 
anionic flocculants and 3 g/l for the cationic 
flocculants (SNF Floerger, 2002) and sometimes 

even a post-dilution is recommended, just to 
facilitate the mixing of the flocculants in the 
solution. However there is no specific general 
concentration that can or should be used in all 
cases, because the chemistry of the wastewater 
has a significant effect on the performance of a 
polymer. That is why always jar-tests should be 
performed in order to select the best type and 
concentration of the polymer to treat the 
targeted stream.  
Normally if too much polymer is used different 
effects can occur, most normally if too much 
polymer is used a charge reversal can occur and 
the particles will again become dispersed, but 
with a different charge than they had at the 
beginning (Ebeling et, al, 2005). Another effect 
is the “hair-ball effect”, which is caused when 
the particles create a crust with polymer so that 
no sites are available to “bridge” with other 
particles; in general relatively large, loosely 
packed flocs and fragile flocs are produced 
(Wakeman and Tarleton, 1999).  

MATERIALS AND METHODS 
The trials were conducted in SWWTP, Växjö’s 
WWTP, under a four month period (May 2012 
to September 2012); though data from a longer 
posterior period was provided. This initial period 
was divided into two main experimental stages. 
The first one consists of 100% laboratory work. 
In this one different polymers were tested 
though conventional jar-tests. The second 
experimental stage involved the pilot tests with 
different filter cloths (with two distinct pore 
openings) and using two different polymers. 

Sundet Wastewater Treatment Plant: 
SWWTP has six main stages of treatment. The 
first stage is a mechanical pre-treatment with 
screens and sand traps. Primary precipitation 
followed by the biological treatment for organic 
nitrogen and phosphorus removal. After comes 
the post sedimentation, from where part of the 
sludge is returned to the aeration basin as an aid 
to the biological treatment. The final step is the 
final filtration with sand filters (DynaSand from 
Nordic Water) where most of the remaining 
phosphorus in the water is removed. 
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The wash water from DynaSand filters is then 
returned to the pre-sedimentation which 
contributes with almost 15% to 20% of the total 
inflow (Fig. 3). As this wash water is loaded with 
a high concentration of SS, especially fine 
particles, makes the sedimentation difficult 
resulting in a continuous circulation of the 
particles throughout the plant.  

Water samples: 
Water samples from the influent and effluent to 
and from the disc-filter were sampled. Likewise 
samples correspondent to the water refused 
from the backwash of the disc filter were used. 
Different analysis and tests were performed to 
all flows in order to measure the effectiveness of 
the filtration process. 

Jar-Test: 
This laboratory test is a well-known and very 
valuable tool that aims to help determining the 
most optimal concentration of a polymer or 
coagulant to be added to the water that will be 
treated in order to have the best separation 
results. This is done by varying the dosage of 
coagulant in a series of glasses under the most 
identically possible conditions (Aragonés-Beltrán 
et. al, 2009; NMRWA, 2011). 
To perform the test, a jar-tester with individual 
jars and mixers was used. Normally just two or 
three of the six jars were used simultaneously 
with three different concentrations of each 
polymer (Fig 4).  
During this procedure polymer dosages are 
inyected to each of the jars, it is mixed by a flash 
(high speed) mix during thirty seconds so that 
the coagulation aid gets completely mixed with 
the water. This is followed by a one minute slow 
mix letting the flocs to grow and being careful 
that they do not break. 

During a jar-test normally the water sample is let 
to settle to observe the floc behaviour. In this 
case, the sample was not let to settle but filtered 
directly through a small filter cloth similar to the 
ones installed in the pilot filter  (with both 
20 µm and 10 µm cloth oppening) aiming to 
recreate the conditions in the filter (To the left in 
figure 4). 

Polymers: 
During the initial experimental stage twelve 
different cationic polymers (polyacrylamides) in 
powder, bread and emulsion form were prepared 
and tested. 
Even though all polymers were cationic, their 
charge (cationicity) was in the range of 10% to 
80% and their molecular weight was either 
medium or medium high. 

Figure 4. Jar-test arrangement. 

Figure 3. Sundet wastewater treatment plant simplified layout. 

AnitaMox 
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At first, behaviour of all polymers was observed 
by means of a conventional jar-test in order to 
have a reasonable idea about the polymers 
performance in correspondence to the water 
characteristics. As the jar test aims to reproduce 
as accurate as possible the full scale operation, it 
was easy to identify those polymers which would 
work best to later on continue with the pilot 
scale trials. 
It was expected that the ones with a higher 
cationicity and higher molecular weight were to 
have a better result as aids in the filtration 
process. Another factor that might influence the 
filtration process performance is the type of 
polymer. In communications with Tore 
Holmqvist from BTC Chemical Distribution 
A/S, was stated that the ones with less molecular 
weight tend to clog the filter much less than 
ones with higher molecular weight; on the other 
hand breads have a better capacity to drain water 
than powders so the flocs will at the end have a 
higher solid content making the filtration 
process more efficient. Also it is known that 
higher charge density in a polymer tends to 
generate a higher fouling index, which means 
will clog the filter further more (Chuang et. al., 
2007). 

Laboratory Analysis: 
In order to ensure that the quality at the effluent 
from the DynaDisc meets the Swedish standards 
for discharges of treated waste water from 
WWTPs, as well as to measure the effectiveness 
of the treatment through the filter, some 
regulatory tests and analysis were performed. In 
those: 
• pH measurements were performed on daily 

basis, i.e. five days per week. In accordance 
to SS-EN ISO 10523:2012 (SIS, 2012). 

• Alkalinity, according to the European 
standards (in Swedish version) for 
determination of carbonate alkalinity: SS-
EN ISO 9963-2:1995 (SIS, 2002). Performed 
five days per week. 

• SS in accordance to the European standards 
(in Swedish version) for determination of 
suspended solids: SS-EN 872:2005 (SIS, 
2005a). A regular SS analysis was performed 
on daily basis to both the incoming and 
outgoing water from the DynaDisc. In 
addition total suspended (TS) and volatile 
suspended (VS) solids analyses were 
performed three times per week to the wash 
water from DynaDisc. 

• Tot-P according to the Swedish standard for 
determination of phosphorus – ammonium 
molybdate spectrophotometric method: SS-
EN ISO 6878:2005 (SIS, 2005b). Five days 
per week; to the influent, effluent and wash 
water from DynaDisc.  

• NO4, according to the European standard 
SS-EN ISO 11732:2005 by Flow Injection 
Analysis (FIA) and spectrometric detection. 
Performed three times a week (SIS, 2005c). 

• NO3, NO2, determined according to the 
Swedish standard SS-EN ISO 13395 (SIS, 
1997). Performed three times a week. 

• Tot-N and BOD-7 were also performed in 
conformity to the Swedish Standards 
Institute. They were performed once a week. 

DynaDisc 
A pilot disc filter (Fig. 5) equipped with one disc, 
with a total filter area of 1 m2 was used. Initially 
the pilot was equipped with 18 μm pore opening 
filter cloth, as for suggestion of NW. Thereafter, 
a 10 μm pore opening filter cloth was also 
tested, with aims to look at the efficiency and 
compare the results with both filter apertures. 
Besides the separation efficiency, the hydraulic 
capacity and energy demands of the filter are 
important parameters of to evaluate while 
determining its applicability. The hydraulic 
capacity of the filter depends on the solids load 
(g SS/m2 h), which is dependent on the influent 
SS solids concentration and the filter cloth 
aperture (Persson et al, 2006). 
To identify if and how the removal of suspended 
solids and phosphorus improves when the 
flocculation aids are used, the filter operated 
without polymer before starting the second 
experimental stage. Afterwards, the selected 
polymers were used in the pilot filter along a 
two-month experimental period. During the first 
half of the second sub-stage when the 18 µm 
pore opening filter cloths were installed the filter 
operated with both the selected polymers. Once 
one polymer showed to have better results, it 
was further utilized in combination with the 
10 µm pore opening filter cloths. 

RESULTS  
First experimental stage (Jar-tests) 
After performing the first round of jar tests 
where all twelve polymers were tested, five were 
selected as to have the best results in terms of SS 
and tot-P removal. Those five were further on 
tested to define two that showed to have the 
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best performance and to define which would be 
the most optimal concentration according to the 
better removal results. 
Two polymers, called from now on as polymer 1 
and 2, showed the better results thus were later 
on used on the pilot filter (Fig. 6 and 7as well as 
tables 3 and 4). Polymer 1 is a medium 
molecular weight powder polymer with a 
medium cationicity (50% of cationicity per 
mole). This polymer has an advantage in terms 
of accessibility and economy for SWWTP, due 
to the fact that it is currently used in the 
centrifuge as aid in the sludge dewatering 
process. On its side, polymer 2 is a high cationic 
(with cationicity between 55% and 70%) 
medium molecular weight bread polymer. 
As can be appreciated, both polymers showed to 
have the best SS removal at 0.8 ppm while the 
tot-P removal was better with a concentration of 
0.6 ppm for polymer 1 (Fig. 6 and 7). It was 
however expected that the concentration 
required in the filter would be higher so it 
started its operation with polymer 1 at 0.8 ppm. 
Right before starting the second experimental 
stage the filter operated without polymer to 
appreciate the effect on the water cleansing. It 
was very easily noticed that the removal of both 
SS and tot-P was rather poor. The SS removal 
was in average 67.3% and the tot-P removal 
46.5%. In addition to the deficient removal, the 
filter clogging happened more often hence the 
backwash frequency was increased as well as the 

energy consumption. On account of those 
observations the statement of the need of a 
flocculation aid in the filtration process was 
reinforced.  
Second experimental stage (Pilot trials) 
Once the two polymers were selected after the 
laboratory trials they were tested in the pilot disc 
filter. The following results will be presented in 
terms of SS and tot-P removal. Further on 
distinctions in terms of polymer and filter cloth 
opening will be made. 

Table 3. SS removal percentage in jar-test 
trials. 
 0.2 ppm 0.6 ppm 0.8 ppm 

Polymer 1 95.04 90.41 92.90 

Polymer 2 90.45 91.49 91.91 

Polymer 3 87.78 88.47 91.81 

Polymer 4 86.67 87.14 86.67 

Polymer 5 86.67 85.71 86.66 

Table 4. Total phosphorus removal 
percentage in jar-test trials. 

0.2 ppm 0.6 ppm 0.8 ppm 

Polymer 1 83.11 82.54 82.41 

Polymer 2 75.71 78.27 82.76 

Polymer 3 76.21 77.47 78.91 

Polymer 4 75.29 73.65 70.93 

Polymer 5 73.84 71.77 75.02 

Figure 5.  DynaDisc. 
Pilot disc filter 
arrangement installed 
in SWWTP. 
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First sub-stage: 
This first half of the pilot trials was the period 
between 21st of June to the 7th of August. 
During this period the filter operated with an 
18 μm pore opening filter cloth and the two 
previously selected polymers.  
From the general overall raw results 
(Appendix 1) can be stated that: the average SS 
removal value (including results with the two 
different polymers) was 71.8%. It met its highest 
value at a 94% just in one occasion, and its 
lowest at 27%. On its side the tot-P removal 
average was 66%.  
During this time many technical and operational 
problems with the filter and with the plant 
operation itself were faced, which lead to 
irregular flows, no flows at all, abnormally high 
or low concentrations of incoming SS and tot-P 
concentrations, in-between other oddities. This 
operation time was very fluctuant, and the most 
important observation is that many of the 
obtained removal rates results were significantly 

lower from the expected ones inferred from 
previous experiences (Table 1). 
In order to have a more accurate and detailed 
evaluation and due to the high number of 
oddities, results from days with operational 
problems and other technical anomalies were 
obviated (Appendix 2). After doing that, the 
average influent SS concentration was 86 mg/l 
with a removal rate of 79.5%. The higher 
removal rate was 86.5% and the minimum 
75.5%. On its side, tot-P removal showed an 
average value of 73% with higher value in 83% 
and lower 67% (Fig. 8).  
 These last values correspond to a harsh average 
including the usage of both polymers in 
combination with the 18 µm filter cloth. 

Results in respect to specific polymer: 
As one of the aims was to choose the best 
flocculation aid, the removal values for polymers 
1 and 2 are presented in table 5. The data shows 
that polymer 1 has higher removal efficiency 

Figure 6. Jar-tests results 
for SS removal percentage. 

Figure 7. Jar-tests results for 
total phosphorus removal 
percentage. 
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than polymer 2 regarding SS. During the time 
when the filer operated with polymer 1 the 
average SS removal rate was 83.9%; and during 
the operational time with polymer 2 the SS 
removal rate was 73% in average. In respect to 
tot-P removal polymer 2 showed a slightly 
higher efficiency (only 3% difference).  
Due to the higher SS removal and ignoring the 
non-significant differences in tot-P removal, 
polymer 1 was chosen to be used in the second 
sub-stage of trials.  
Each of the polymers was tested in different 
dosage concentrations with the purpose of 
finding the most effective concentration. From 
the jar-tests was determined that the optimal 
concentration was 0.8 ppm. However, once the 
pilot trials were performed that concentration 
changed and polymer 1 and 2 showed to have 
their optimal dosage concentration between 
0.85 ppm and 0.9 ppm (Table 6). 

Second sub-stage: 
The second sub-stage was the period between 
the 8th of August and the 21st of September. 
During this period the pilot was operated with 
the 10 μm pore opening filter cloth and polymer 
1, as from results from the first sub-stage. In this 
second half of pilot trials the removal of SS was 
expected to be higher, due to the smaller 
openings in the filter cloths. The usage of 
polymer (in terms of dosage concentration) was 
expected to decrease, but it did not happen due 
to the water characteristics. The reduction of 
tot-P concentration was generally improved. 

As well as during the first sub-stage, during this 
second period some technical problems 
emerged, however there was a general tendency 
to more stable flows and loads. The loads were, 
in comparison to the loads of the first sub-stage, 
greater and thus considerably more similar to 
values registered in the year 2010, leading to a 
more stable and efficient filter operation as well 
as better and more significant results (Table 7). 
As can be appreciated in table 7, the average SS 
concentration in the influent to the pilot during 
this sub-stage (correspondent to the data 
obviating technical issues) was 122.5 mg/l, 30% 
more than the average for the first sub-stage. 
Despite the fact that there was a significant 
increase in the incoming load this value 
represents less than half of the expected SS 
concentration as from samples from year 2010. 
Even though the average influent of SS 
concentration was much higher than in the first 
sub-stage, the effluent concentrations were very 
similar 17.1 mg/l and 15.8 mg/l in the first and 
second sub-stages respectively (after obviating 
the days with operational issues) this means that 

Table 5. Average SS and tot-P removal 
percentages in relation to each polymer. 

  
 

Average 
SS 

Removal 

Average 
tot-P 

Removal 

1st sub-stage 
General 79.5% 73.0% 

Polymer 1 83.92% 71.45% 
Polymer 2 73.36% 74.24% 

2nd sub-stage Polymer 1 83.80% 86.33% 

Figure 8. SS and tot-P removal percentages throughout the study time. 
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the average SS reduction was higher in this 
second period (83.8%). 
The incoming tot-P concentration during this 
period also increased to more than double as it 
was during the first sub-stage. What is more 
interesting is that it was also higher than the 
average value registered in 2010 (Table 7). 
Finally, the tot-P removal was 86.3%. 
As mentioned before, during this period 
polymer 1 was the one used, and the most 
suitable and efficient dosage concentration was 
0.9 ppm.  

Pause-operation time: 
During both the first and second sub-stages the 
operation-pause time was measured. This with 
aims to determine the energy demands of the 
filter. By theory it was expected to have a ratio 
of 60% to 40% pause-operation time. In practice 
that ratio was maintained almost all the time, 
with certain variations especially when the 
incoming flow rate into the filter changed. 
As can be observed in appendix 3 during the 
first sub-stage the filter was able to stand a 
higher inflow discharge, 3 m3/h, without 
increasing the operation (backwashing) time; 
thus maintaining the average operation time to 
42%, which is very close to the expected values. 
It was expected that during the second sub-stage 
the amount of water treated per hour would 
decrease due to the filter cloths conversion to 
ones with smaller pore openings. In an initial 
phase the filter operated with the 10 µm filter 
cloths and 3 m3/h to appreciate the operational 
behaviour, this resulted in a shorter filling time 
(pause). In this case the ratio pause-operation 
was 42% to 58%, thing that not only discerns 
from the expectations but that also results in 
higher energy consumption. In order to make 
the operation more stable and to strive for 

minimal energy consumption the flow was 
reduced to 1 m3/h. As a result the pause-
operation time improved to a ratio of 55% to 
45% (Fig. 9).  

Wash water from disc filter: 
As mentioned before, the reject water from the 
disc filter was analysed to identify its 
characteristics and so determine if it is suitable 
to be used in further incineration. 
Table 8 shows the results from the laboratory 
analysis performed to the wash water. The most 
important parameters to be considered are tot-P 
and Total Dry Solids (TDS).  

Table 6. Polymer dosages in ppm and 
corresponding removal percentages. 

  

Removal 
Percentage (%) 

  

SS tot-P 

Polymer concentration in 
ppm 

0.8 81.08 72.62 

0.85 86.44 82.8 

0.9 77.67 68 

1.0 77.13 67.25 

1.2 75.6 78.72 

1.5 78.7 68.53 

Table 7.  DynaSand (sand filters) wash 
water characteristics in Växjö. The values 
represent the characteristics of the influent 
to DynaDisc. 

 
Period 

tot-P 
[mg/l] 

SS 
[mg/l] 

2010 
23 June - 4 August 1.4 61 

8 October - 19 November 2.4 278 

2012 
21 June - 7 August 1.12 84.9 

8 August - 21 September 3.48 122.6 

Figure 9. Flow rate 
and pause time in 
DynaDisc. 
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These two parameters have a direct relation, as 
one increase the other one too. The average 
phosphorus concentration in the wash water was 
20.4 mg/l and the TDS 0.18%. 
During the first sub-stage the average values of 
both parameters, tot-P and TDS, tended to be 
lower than in the second sub-stage. 

 Results from pilot trials in SWWTP after 
the study period: 

In SWWTP continued pilot trials are currently 
being performed in order to have a better 
understanding of both the filter and the polymer 
performances. During this last period the filter 
has been tested with the 20 µm pore opening 
filter cloth, higher flows and increased polymer 
dosages. 
The results presented in Appendix 4 were 
collected during the 27th September to the 25th 

October. During this time the incoming 
concentrations of SS and tot-P were 91.08 mg/l 
and 1.69 mg/l respectively. In general the 
removal rates for SS and tot-P were very similar, 
82.1% and 80.5%. The final concentrations were 
15.25 mg/l and 0.26 mg/l respectively, values 
are very similar to the ones obtained during the 
second stage of pilot trials (Table 9). 
The polymer concentrations used along this 
period were much higher than 0.9 ppm, which 
was the concentration defined to be as the 
optimal during the first sub-stage and then used 
along the second sub-stage. Is worth noticing 
that towards the end of this experimental time 
i.e. 21th to 25th of October when the incoming 
loads were much lower but still the polymer 
concentrations were high the removal rates 
worsened.  
As mentioned before in the pause-operation 
time section, the 20 µm pore opening filter cloth 
is in general more flexible and likely to put up 
with higher flows at the same time as it has 
relatively low energy consumptions i.e. longer 
pause periods. For this reason the influent flow 
to the filter was increased. Some repetitions were 
made with the filter operating with a flow of 
6 m3/h, but it resulted in much extended 
backwashing periods. Once the flow was 
reduced to 5 m3/h the backwashing times were 
reduced and the ratio pause-operation resulted in 
somewhat 50/50. 
 The wash water characteristics were also very 
similar to the ones obtained during the second 
experimental stage (Table 10). 
DISCUSSION 
Tot-P and SS relation: 
Normally the tot-P and SS concentrations have a 
direct relationship, meaning that as the 
concentration of SS increases the concentration 
of tot-P will increase as well. This can be 
observed in the average influent values where, as 
the SS concentration increases from one period 
to the other, the tot-P concentration increases as 
well (Fig. 10). 
However, it was observed that the daily 
concentrations do not follow this specific trend 
because variations are very drastic. This is mainly 
due to internal operational variations in the 
WWTP. As line 1 is a trial line, many changes 
were made along the treatment in order to test 
different procedures directed to improve other 
sides of the treatment, such as organic Nitrogen 
removal and recovery. 

Table 8. DynaDisc wash water 
characteristics. 

 tot-P TDS% VS % of 
TS 

20µm JULY 

23 10 
  

27 3.8 
  

31 15 0.11 40.5 

3 4.4   

6 11 0.91 91.1 

7 9.8 0.08 25.9 

10µm 
AUGUST 

16 14 0.085 32.65 

20 9.3 
  

21 31 0.19 47.6 

22 11.5 0.1 36.8 

23 6.2 
  

27 12 0.1 35.9 

29 11 
  

30 9.8 0.09 32.5 

SEPTEMBER 12 41 0.21 52.3 

20µm OCTOBER 1 22 0.3 46.6 

Table 9. Final SS and tot-P concentrations 
in the effluent from DynaDisc. 

 
SS [mg/l] tot-P [mg/l] 

First sub-stage 17.55 0.26 

Second sub-stage 15.76 0.38 

Trials at SS after the 
study time 15.25 0.26 
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In general, to notice a relation is better to 
consider long trend values instead of daily ones; 
those last ones represent more immediate 
variations therefore more severe fluctuations. 
That changeability is originated not only by 
operational alterations, but also to 
environmental and seasonal changes. A clear 
example can be appreciated in table 7; during the 
period between the 8th of October and 19th of 
November, 2010, the tot-P concentration in 
SWWTP increased due to natural seasonal 
increased runoff and more organic available 
material (such as falling foliage). 

Polymer dosage, SS and tot-P reduction: 
During the study time the results showed that an 
increased polymer dosage will not necessarily 
improve the removal rate of neither solids nor 
tot-P, and that it has a relation with the 
contaminant loads in the water to be treated. 
As by the performed tests during this period of 
time and disregarding the filter cloth pore 
opening, it can be observed that once a polymer 
with a higher concentration than the optimal (in 
this case 0.85 ppm – 0.9 ppm) is dosed the 
removal capacity decreases. This behaviour can 
be easily observed in table 11. The optimal 
polymer concentration dosage results in the 

higher removal efficiency; a lower polymer 
concentration has a low efficiency as well as at 
higher polymer concentrations the removal 
percentage results to lower removal percentages. 
An important discovery was made when 
observing at the results of the trials done in 
SWWTP after the 27st of September where the 
polymer concentration was highly increased. 
Several times during the experimental time 
between June and September 21st 2012 the SS 
influent concentrations were relatively low so 
when polymer concentrations over 1 ppm were 
dosed, the effluent showed high SS and tot-P 
concentrations. As the polymers that were being 
used at the moment were polymers with medium 
to high molecular weights, the over dosage of 
polymer caused that the flocs that were coated 
with polymer could not bind to each other 
breaking easily so some flocs were spotted in the 
effluent (Fig. 11). On the other hand , as can be 
noticed from the results after the 27st September, 
when the incoming SS concentration was much 
higher, the effluent quality is particularly good 
even though the polymer dosage (2.5 ppm – 
3.6 ppm) is more than double the one supposed 
as optimal. This means that depending on the 
influent water characteristics an increase in the 
polymer dosage will have different impacts on 
the effluent quality; also a direct relation on the 
solids concentration and the polymer 
concentration and performance is obvious. 
During the period from September 27th and 
October 25th, some days with very low 
contaminant loads were recorded (Table 8, days 
between 21st to 25th October). During these days 
the effluent quality worsened, which reaffirms 
that when lower incoming concentrations are 

Table 10. Wash water characteristics from 
DynaDisc. 

 
Tot-P 
mg/l 

TS 
(%) 

VS 
(GR) 

% 

Second experimental stage 15.46 0.196 42.77 

Trials at SS after the study 
time 17.28 0.14 38.45 

Figure 10. Influent tot-P and SS concentrations. 
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presented a decrease in the polymer dose is 
imperative in order to maintain a god quality 
effluent.  
Another side effect of the polymer dosage is that 
it changes the characteristics of wash water. It 
was observed that an increase in the polymer 
concentration tends to increase the tot-P 
concentration in the wash water; this because 
with higher doses bigger and more abundant 
flocs were produced. 

Wash water from disc filter: 
In general, as the incoming tot-P concentration 
increases, the total concentration in the wash 
water also tends to increase. A noticeable feature 
is that the increase of tot-P concentration in the 
wash water is much related to the dosed 
polymer, so when a high incoming tot-P 
concentration in the influent is presented and in 
combination with a higher polymer 
concentration the concentration in the wash 
water will be higher.  

In respect to the TDS concentration can be 
mentioned that it is still quite low so that the 
reject water is not suitable to be sent for 
digestion and incineration. Depending on the 
type of incineration technology used, thus the 
combustion mechanism, the requirement of 
TDS content in the sludge to be incinerated 
varies (Werther and Ogada, 1999). However a 
value of 35% - 40% TDS is never recommended 
because it decreases the efficiency and increases 
the necessity of additional fuel or energy to carry 
though the incineration. As until this point the 
TDS in the wash water from DynaDisc is not 
higher than 3% of the optimal required TDS 
content, alternatives for thickening, dewatering 
and drying the sludge should be applied so that 
the energy recovery from incineration can be 
possible.  
Although it is hard to say from the current data, 
larger flows used in larger scales might increase 
the production of wash water and could 
eventually improve its properties. However in 
talks with Mikael Lundfelt from NW it seems 
that 1% of TDS is the maximum solid content 
that can be expected from this type of sludge.  
The disc filter application evaluated in this study 
is new and not broadly tested. The pilot filter 
was used at latter stages of the treatment process 
where the suspended particles are very fine and 
yet had a great efficiency. Generally this type 
filter could be and is used at early stages of the 
water treatment track in similar facilities (as pre-
treatment or after the primary screens) where the 
particle size is bigger and so having an increased 
separation efficiency. This strategic positioning 
helps to simplify the process, reduce the amount 
of chemicals used along, as well as it has the 
advantage of energy production thanks to the 
recovered sludge from the back wash which has 
high content of organic material and higher dry 
solid material percentage, thus increased biogas 
production potential. 
  

Table 11. SS and tot-P reduction percentage depending on the polymer dosage. 

  
Polymer Concentration [ppm] 

 
Polymer 0.80 0.85 0.90 1.00 1.20 1.50 

SS 
1 83.63% 87.39% 77.68% 78.97% - 81.26% 

2 65.75% 84.52% - 74.37% 75.60% 65.56% 

tot-P 
1 73.95% 82.16% 68.00% 61.68% - 53.10% 

2 64.64% 84.64% - 75.60% 78.72% 66.30% 

Figure 11. Evidence of flocs in the effluent 
from DynaDisc. 
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CONCLUSIONS 
• The laboratory jar tests showed to be of very 

great aid in the process of classification and 
selection of polymer. Whereas the total 
removal percentages in the laboratory tests 
were not completely exact to the results 
obtained in the pilot filter, the simulation of 
the flocculation characteristics were 
successfully simulated. Therefore, on account 
of the laboratory jar-tests it was easy to 
identify the two polymers that were finally 
used in the pilot trials.  

• The imperative difference that made the 
removal percentages (in the laboratory tests 
and in the pilot trials) not totally accurate is 
that the laboratory work is always much more 
controlled and man manipulated than the 
pilot trials; is for that reason that pilot 
assessments are so important and significant. 

• Pilot tests under the study time, showed that 
for this special case a medium molecular 
weight and medium charged powder polymer 
in combination with a 10 µm pore opening 
filter cloth showed to be the best 
arrangement for improve the water cleansing. 
However, the trials performed after the study 
time showed that the 18 µm pore opening 
filter cloth in combination with high polymer 
concentrations can have better results; both 
concerning removal efficiencies but also in 
capacity of taking higher flows. Therefore 
with increased incoming loads the polymer 
dosage should increase so that bigger pore 
opening cloths can be used with improved 
efficiency. 

• The energy consumption is yet to be 
evaluated as it depends mainly on the 
incoming flow and the size of the filter. 
When bigger filters are used they generally 
have less need for backwashing so the energy 
consumption is optimized.  

• Alternatives for thickening, dewatering and 
drying the sludge (wash water) from the disc 
filter should be considered in order to 
improve its recuperation and further usage in 
energy production. A good idea of dealing 
with this can be to thicken and dewater it 
which can increase the solid content to 
around 35%, and so it will be more suitable 
to be sent to the incineration chamber. Of 
course a thermal drying could be 
contemplated so that the TDS increase 
enough (60% - 90%) that the energy recovery 
from incineration is significant.   

• In general, the usage of the disc filter showed 
to be very effective in terms of SS and tot-P 
reduction as a reduction of around 80% to 
90% in both SS and tot-P was achieved. It is 
however recommended to use a flocculation 
aid in order to improve the material 
elimination. 

• The experimental trials should be continued 
to consider the disc filter usage in larger full 
scale applications. A three month period 
showed the advantages of the technology, 
but is still very short in order to take a  final 
decision in whether to install it or not; 
especially if the flows and loads are not stable 
during the whole experimental phase as in 
this case. 
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APPENDIX 1.  RAW DATA. SS AND TOT-P CONCENTRATIONS IN AND OUT 
FROM DYNADISC PILOT FILTER. 

SS concentrations. The grey color represents the period when the filter operated with 
polymer 2. 

FIRST SUB-STAGE 
18 µm pore opening   

SECOND SUB-STAGE 
10 µm pore oppening  

  SS [mg/lt] Polymer 
[ppm] 

    SS [mg/lt] Polymer 
[ppm] 

 

  Ink Utg % red     Ink Utg % red  

JU
N

E 

21 66,000 14,000 78,8% 1,00   

A
U

G
U

S
T 

8 121,310 25,000 79,4% 0,85  
25 150,000 35,960 76,0% 0,80 a)  9 129,510 21,400 83,5% 1,20  
26 111,800 23,500 79,0% 0,80   17 131,430 28,000 78,7% 1,20  
27 148,000 21,430 85,5% 0,80   20 80,000 34,000 57,5% 0,90 a) 

28 94,000 17,140 81,8% 0,80   21 151,667 120,000 20,9% 0,90 c) 

29 94,120 21,000 77,7% 0,90   22 119,355 30,000 74,9% 0,90  

JU
LY 

3 38,900 13,000 66,6% 0,67   23 118,000 29,000 75,4% 1,00  
4 88,750 11,000 87,6% 1,00   24 120,000 22,000 81,7% 1,20  
6 75,000 52,500 30,0% 1,00 b)  28 115,714 17,000 85,3% 0,90  
9 83,330 5,000 94,0% 1,50   29 130,000 19,000 85,4% 1,00  
10 77,640 8,000 89,7% 1,50   30 128,000 20,000 84,4% 0,90  
11 95,000 28,000 70,5% 1,00   31 128,333 17,881 86,1% 0,90  
12 86,000 32,000 62,8% 1,50   

S
EP

TEM
BE

R
 

7 150,000 4,700 96,9%    
16 77,780 12,000 84,6% 0,80   9 140,000 6,000 95,7%    
17 79,000 6,250 92,1% 0,85   11 140,000 6,000 95,7%    
18 46,250 8,000 82,7% 0,85   13 130,000 5,200 96,0%    
19 100,000 12,730 87,3% 0,80   16 78,000 4,800 93,8%    
20 104,290 16,980 83,7% 0,80   19 130,000 6,800 94,8%    
23 62,350 31,000 50,3% 0,80 a)  21 88,000 5,200 94,1%    
24 93,440 32,000 65,8% 0,80      

   
 

25 86,667 30,000 65,4% 1,00      
   

 
26 90,000 31,000 65,6% 1,50      

   
 

27 82,000 50,000 39,0% 1,00 b)     
   

 
30 77,000 31,000 59,7% 1,00 a)     

   
 

31 72,131 12,000 83,4% 1,00      
   

 

A
U

G
U

S
T 

1 84,000 13,000 84,5% 0,85      
   

 
2 73,770 18,000 75,6% 1,20      

   
 

3 68,750 22,667 67,0% 1,20 b)     
   

 
6 55,000 40,000 27,3% 0,90 a)     

   
 

7 86,667 35,000 59,6% 1,00 c)     
   

 

 

          
   

 
a),b): Days when the machine was out of polymer (especially Mondays and Fridays)  
c) Technical difficulties. One or more of the filter cloths got unstuck.  
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Tot-P concentrations. The grey color represents the period when the filter 
operated with polymer 2.  

FIRST SUB-STAGE 
18 µm pore opening   

SECOND SUB-STAGE 
10 µm pore oppening  

  
tot-P [mg/lt] Polymer 

[ppm] 
 

   
tot-P [mg/lt] Polymer 

[ppm] 
 

  
Ink Utg % red  

   
Ink Utg % red 

 

JU
N

E 

21 1,600 0,706 55,9% 1,00  
 

A
U

G
U

S
T 

8 3,533 0,593 83,2% 0,85 
 

25 1,412 0,513 63,7% 0,80 a) 
 

9 3,280 0,455 86,1% 1,20 
 

26 1,110 0,416 62,5% 0,80  
 

13 3,183 0,985 69,1% - 
 

27 1,224 0,320 73,9% 0,80  
 

17 3,227 0,549 83,0% 1,20 
 

28 0,807 0,319 60,5% 0,80  
 

20 2,533 0,491 80,6% 0,90 a) 

29 0,671 0,243 63,8% 0,90  
 

21 3,310 2,707 18,2% 1,00 c) 

JU
LY 

3 0,325 0,167 48,5% 0,67  
 

22 3,497 0,704 79,9% 0,90 
 

4 0,534 0,168 68,5% 1,00  
 

23 3,750 0,781 79,2% 1,00 
 

6 0,330 0,216 34,7% 1,00 b) 
 

24 4,014 0,668 83,4% 1,20 
 

9 0,215 0,046 78,5% 1,50  
 

28 3,451 0,469 86,4% 0,90 
 

10 0,166 0,065 60,8% 1,50  
 

29 3,625 0,431 88,1% 1,00 
 

11 0,166 0,065 60,7% 1,00  
 

30 3,983 0,465 88,3% 0,90 
 

12 0,170 0,136 20,0% 1,50  
 

S
EP

TEM
BE

R
 

7 4,200 0,100 97,6%   
 

16 0,249 0,025 90,0% 0,80  
 

9 4,300 0,170 96,0%   
 

17 0,459 0,051 89,0% 0,85  
 

11 4,100 0,150 96,3%   
 

18 0,446 0,110 75,3% 0,85  
 

13 3,400 0,140 95,9%   
 

19 0,889 0,164 81,5% 0,80  
 

16 2,100 0,140 93,3%   
 

20 1,165 0,288 75,3% 0,80  
 

19 4,100 0,170 95,9%   
 

23 1,332 0,482 63,8% 0,80 a) 
 

21 2,600 0,120 95,4%   
 

24 1,371 0,485 64,6% 0,80  
       

 
25 1,490 0,518 65,3% 1,00  

       
 

26 1,468 0,494 66,3% 1,50  
       

 
27 1,474 0,855 42,0% 1,00 b) 

       
 

30 1,573 0,545 65,4% 1,00 a) 
       

 
31 1,673 0,236 85,9% 1,00  

       
 

A
U

G
U

S
T 

1 1,764 0,271 84,6% 0,85  
       

 
2 1,652 0,351 78,7% 1,20  

       
 

3 1,769 0,511 71,1% 1,20 b) 
       

 
6 2,990 0,957 68,0% 0,90 a) 

       
 

7 3,112 0,899 71,1% 1,00 c) 
       

 

 

      
        

a),b): Days when the machine was out of polymer (especially Mondays and Fridays)  
c) Technical difficulties. One or more of the filter cloths got unstuck.  
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APPENDIX 2. FINAL DATA. SS AND TOT-P CONCENTRATIONS IN AND 
OUT FROM DYNADISC PILOT FILTER. TABLES AND FIGURES. 

SS concentrations. The grey color represents the period when the filter operated 
with polymer 2. 

FIRST SUB-STAGE 
18 µm pore opening  

SECOND SUB-STAGE 
10 µm pore oppening 

 
 SS [mg/lt] Polymer 

[ppm] 
   SS [mg/lt] Polymer 

[ppm] 

 
 Ink Utg % red    Ink Utg % red 

JU
N

E 

21 66,00 14,00 78,8% 1,00  

A
U

G
U

S
T 

8 121,31 25,00 79,4% 0,85 

26 111,80 23,50 79,0% 0,80  9 129,51 21,40 83,5% 1,20 

27 148,00 21,43 85,5% 0,80  17 131,43 28,00 78,7% 1,20 

28 94,00 17,14 81,8% 0,80  22 119,35 30,00 74,9% 0,90 

29 94,12 21,00 77,7% 0,90  23 118,00 29,00 75,4% 1,00 

JU
LY

 

3 38,90 13,00 66,6% 0,67  24 120,00 22,00 81,7% 1,20 

4 88,75 11,00 87,6% 1,00  28 115,71 17,00 85,3% 0,90 

9 83,33 5,00 94,0% 1,50  29 130,00 19,00 85,4% 1,00 

10 77,64 8,00 89,7% 1,50  30 128,00 20,00 84,4% 0,90 

11 95,00 28,00 70,5% 1,00  31 128,33 17,88 86,1% 0,90 

12 86,00 32,00 62,8% 1,50  

S
EP

TE
M

BE
R

 

7 150,00 4,70 96,9%   

16 77,78 12,00 84,6% 0,80  9 140,00 6,00 95,7%   

17 79,00 6,25 92,1% 0,85  11 140,00 6,00 95,7%   

18 46,25 8,00 82,7% 0,85  13 130,00 5,20 96,0%   

19 100,00 12,73 87,3% 0,80  16 78,00 4,80 93,8%   

20 104,29 16,98 83,7% 0,80  19 130,00 6,80 94,8%   

24 93,44 32,00 65,8% 0,80  21 88,00 5,20 94,1%   

25 86,67 30,00 65,4% 1,00  
      26 90,00 31,00 65,6% 1,50   

     31 72,13 12,00 83,4% 1,00     
   

A
U

G
 1 84,00 13,00 84,5% 0,85     

   2 73,77 18,00 75,6% 1,20     
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Tot-P concentrations. The grey color represents the period when the filter 
operated with polymer 2. 

FIRST SUB-STAGE 
18 µm pore opening  

SECOND SUB-STAGE 
10 µm pore oppening 

  
tot-P [mg/lt] Polymer 

[ppm] 
 

  
tot-P [mg/lt] Polymer 

[ppm] 

  
Ink Utg % red  

  
Ink Utg % red 

JU
N

E 

21 1,60 0,71 55,9% 1,00  

A
U

G
U

S
T 

8 3,53 0,59 83,2% 0,85 

26 1,11 0,42 62,5% 0,80  9 3,28 0,46 86,1% 1,20 

27 1,22 0,32 73,9% 0,80  13 3,18 0,99 69,1% - 

28 0,81 0,32 60,5% 0,80  17 3,23 0,55 83,0% 1,20 

29 0,67 0,24 63,8% 0,90  22 3,50 0,70 79,9% 0,90 

JU
LY

 

3 0,32 0,17 48,5% 0,67  23 3,75 0,78 79,2% 1,00 

4 0,53 0,17 68,5% 1,00  24 4,01 0,67 83,4% 1,20 

9 0,22 0,05 78,5% 1,50  28 3,45 0,47 86,4% 0,90 

10 0,17 0,07 60,8% 1,50  29 3,63 0,43 88,1% 1,00 

11 0,17 0,07 60,7% 1,00  30 3,98 0,47 88,3% 0,90 

12 0,17 0,14 20,0% 1,50  
S

EP
TE

M
BE

R
 

7 4,20 0,10 97,6%   

16 0,25 0,02 90,0% 0,80  9 4,30 0,17 96,0%   

17 0,46 0,05 89,0% 0,85  11 4,10 0,15 96,3%   

18 0,45 0,11 75,3% 0,85  13 3,40 0,14 95,9%   

19 0,89 0,16 81,5% 0,80  16 2,10 0,14 93,3%   

20 1,16 0,29 75,3% 0,80  19 4,10 0,17 95,9%   

24 1,37 0,48 64,6% 0,80  21 2,60 0,12 95,4%   

25 1,49 0,52 65,3% 1,00  
      26 1,47 0,49 66,3% 1,50  
      31 1,67 0,24 85,9% 1,00  
      

A
U

G
 1 1,76 0,27 84,6% 0,85  

      2 1,65 0,35 78,7% 1,20  
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APPENDIX 3. PAUSE-OPERATION TIME. 
The time percentages are based in measures made during one hour of operation. The grey color represent 
the days that the filter operated with polymer 2. 

 
  

Pause 
[%] 

Operation 
[%] 

Flow 
[m³/h] 

 
 

JU
N

E 

21 62,9% 37,1% 4,0 

 
 

25 57,7% 42,3% 4,0 

 
 

26 59,4% 40,6% 3,0 

 
 

27 65,2% 34,8% 4,0 

 
 

28 51,5% 48,5% 4,0 

 
 

29 64,5% 35,5% 5,0 
 

 

JU
LY

 

3 68,7% 31,3% 5,0 

 
 

4 69,7% 30,3% 3,0 

 
 

9 69,7% 30,3% 3,0 

 
 

11 61,4% 38,6% 3,0 

 
 

12 50,4% 49,6% 3,0 

 
 

16 52,8% 47,2% 3,0 

 
 

17 78,5% 22,4% 3,0 

 
 

18 67,5% 32,5% 3,0 

 
 

19 58,2% 42,0% 3,0 

 
 

20 61,6% 38,4% 3,0 

 
 

23 43,9% 56,1% 3,0 

 
 

24 51,4% 48,6% 3,0 

 
 

25 46,0% 54,0% 3,0 

 
 

26 50,7% 49,3% 3,0 

 
 

30 62,1% 37,9% 3,0 

 
 

31 71,8% 28,2% 3,0 
 

 

A
U

G
U

ST
 

1 57,9% 42,1% 3,0 

 
 

2 46,2% 53,8% 3,0 

 
 

3 62,5% 37,5% 3,0 

 
 

6 17,4% 82,6% 3,0 

 
 

7 51,9% 44,9% 3,0 

 
 

8 61,8% 38,2% 3,0 

 
 

9 52,3% 47,7% 3,0 

 
 

10 52,5% 47,5% 3,0 

 
 

13 31,0% 69,0% 2,0 

 
 

20 27,5% 72,5% 2,0 

 
 

22 41,8% 58,2% 3,0 

 
 

23 33,3% 66,7% 3,0 
 

 
24 66,0% 34,0% 1,0 

 
 

28 61,5% 38,5% 1,0 

 
 

29 53,4% 46,6% 1,0 

 
 

30 48,0% 52,0% 1,0 

 
 

31 44,0% 56,0% 1,0 
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APPENDIX 4. RESULTS FROM PILOT TRIALS IN SWWTP AFTER THE 
STUDY PERIOD. 

 SS 
  

tot-P 

  
Influent Effluent % red Polymer 

[ppm] Flow 
 

 
 

Influent Effluent % red Polymer 
[ppm] 

 
 

Flow 

September 27 78,00 8,40 89,23% 3,48 5,0 
 

September 27 1,50 0,14 90,67% 3,48  5,0 

October 

1 64,00 8,40 86,88% 3,48 5,0 
 

October 

1 1,20 0,16 86,67% 3,48  5,0 

3 120,00 8,40 93,00% 3,92 5,0 
 

3 2,40 0,16 93,33% 3,92  5,0 

4 110,00 16,00 85,45% 2,40 5,0 
 

4 2,70 0,33 87,78% 2,40  5,0 

8 110,00 13,00 88,18% 2,40 5,0 
 

8 1,80 0,26 85,56% 2,40  5,0 

9 110,00 10,00 90,91% 2,20 5,0 
 

9 1,80 0,23 87,22% 2,20  5,0 

12 92,00 44,00 52,17% 2,30 5,0 
 

12 2,60 0,20 92,31% 2,30  5,0 

14 110,00 9,00 91,82% 2,30 5,0 
 

14 2,70 0,19 92,96% 2,30  5,0 

16 110,00 18,00 83,64% 2,50 5,0 
 

16 1,30 0,24 81,54% 2,50  5,0 

18 88,00 21,00 76,14% 2,60 5,0 
 

18 1,00 0,39 61,00% 2,60  5,0 

21 56,00 19,00 66,07% 3,77 5,0 
 

21 0,79 0,34 56,96% 3,77  5,0 

24 64,00 21,00 67,19% 3,63 5,0 
 

24 1,10 0,41 62,73% 3,63  5,0 

25 72,00 2,00 97,22% 3,34 5,0 
 

25 1,10 0,35 68,18% 3,34  5,0 
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