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Abstract  

The research aimed at implementing biogas-refinery from livestock effluents, by defining inno-
vative/adapted technologies and processes for Nitrogen (N) control, which could be easy to 
apply in the alpine context and directly manageable by farmers. Both pilot and lab-scale ex-
periments were carried out, in order to identify the best condition for the studied process line. 
An innovative system was tested: Solid-Liquid (S/L) separation by means of drainage bags, 
after induced flocculation with specific polyelectrolytes. The choice of materials concerned ge-
otextile tissues in polypropylene for dehydration/dewatering applications. The polyelectrolytes 
used for the tests are emulsifiers, cationic polyacrylamide (CPAM). The optimal concentration 
of additives and the identification of the correct diameter of the pores were determined through 
preliminary lab tests of filtration, followed by field tests, by means of hanging drainage bags. 
The process achieved S/L separation efficiency from 60 to 70% in 13 days, respectively for 
slurry and for digestate; 60% of TKN and 85-90% of TS concentrated in 30-35% of the initial 
material. Norg concentrated into the SF (97%), which can be transported and used outside the 
farm, while 60% of N-NH4 concentrates in the LF, which can be further treated (i.e. with strip-
ping or biological processes) or/and can be used for irrigation.  
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1. Introduction 

The Province of Bolzano (Italy) has no “vulnerable” zones-NVZ (Directive 91/676/EEC) identi-
fied (Peratoner and Stimpfl, 2012; Bottarin and Tappeiner, 2010). However, proportionally to 
area and available UAA, the South Tyrol cattle density and the N-load have the same order of 
magnitude as the neighboring territories, which actually have NVZ defined. Nutrient-treatment 
technologies can play a role in the management of livestock manure by providing a more flex-
ible approach to land spreading and by resolving specific problems such as malodors or Am-
monia emissions. The conventional treatment applied to animal manures is the anaerobic di-
gestion process, which permits the recovery of biodegradable organic matter in the form of 
Methane in the biogas, whereas the nutrients remain in the stabilized digestate, except volati-
lized Ammonia (N-NH4) (Holm-Nielsen et al., 2009; Frear et al., 2011).  
A simple technology that has the potential to reduce nutrient loads in dairy effluents is Solid–
Liquid separation (S/L) (Garsia et al., 2009). The solid fraction (SF), rich in nutrients, especially 
N and P, can be used for compost production and energy generation. SF can be easily trans-
ported and/or sold to other farms, for agricultural use as fertilizer. The remaining separated 
clarified fraction (LF) can be used for fertigation in coverage. This fraction can also be used in 
recirculation systems for cleaning housing structures, in this way reducing water consumption 
and, consequently, the total volume of effluent to be treated. Usually, S/L separation efficien-
cies of manure separators range between 20 and 68% (Burton and Turner, 2003; Chastain et 
al., 2001). S/L does not involve an actual reduction of total N (TKN), but only a different allo-
cation of nutrients in SF and LF. However, some experiences showed that separation might 
result in a loss of total N-NH4, greater than from the simple storage of effluents (Provolo, 2012). 
Therefore, separation techniques are normally integrated and placed upstream of true N-load 
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abatement treatments. In particular, an effective S/L separation is a necessary step before 
biological or chemical technologies, applicable for N-removal or recovery from digestate (e.g. 
Ammonia stripping or Anammox process). If a better S/L separation is desired, coagulation–
flocculation is a suitable way to obtain this goal. Polymer flocculants are macromolecules of 
varying molecular weights that can have positive, negative or neutral charges. Addition of 
those additives allow binding together the small particles of solids into larger clumps. Most 
suspended particles in effluents with a pH greater than 4 have a negative charge, thus the 
electrolytes used are inorganic salts of multivalent cations such as Fe3+, Al3+ and CaO. Cationic 
polyacrylamides (CPAM) with moderate charge density are more effective than polymers with 
higher charge density for solids and nutrients removal (Hjorth et al., 2008). S/L separation 
combined with flocculation using polyacrylamide (PAM) polymer has been found to separate 
85–88% of organic N from the liquid phase (Vanotti et al., 2002, 2005). 

In our study, we tested CPAM as biodegradable flocculants, to enhance S/L separation from 
dairy cattle manure. An innovative system was tested: S/L separation by means of drainage 
bags, after induced flocculation with specific polyelectrolytes (lab and pilot scale). The choice 
of materials for the S/L separation tests concerned geotextile tissues in polypropylene for de-
hydration/dewatering applications. CPMA, the polyelectrolytes used for the tests, are emulsifi-
ers, cationic polyacrylamide, formed from acrylonitrile + acid acetic. CPAM is biodegradable, 
nontoxic, poly-cationic polymer with multiple applications in food, agricultural, pharmaceutical, 
and chemical industries. Polyelectrolytes are normally used in wastewater treatment facilities, 
but not for livestock effluents treatment. 
Our objective was the implementation of local biogas-refinery from livestock effluents, by de-
fining innovative/adapted technologies and processes for the N-control, which could be easy 
to be applied in the alpine context and directly manageable by farmers; in this way, resolving 
or at least reducing the environmental problems of N-excesses.Those processes should be 
practical, feasible, easy, efficient and inexpensive. The interest of our system is linked, on the 
one hand to the possibility of relocating the spreading of SF (transportable), and of earmarking 
such fraction to further treatment as composting and/or gasification. On the other hand to the 
possibility of directly use LF, which can be pumped for irrigation. 

2. Materials and methods  

In order to define the best condition for the tested process, we firstly identify interesting types 
of effluents, geotextile tissues for the S/L separation and fitting polyelectrolytes for the samples 
treating. Chemical characterization of samples and execution of lab-flocculation tests were 
performed at first. In this phase, we characterized SF and LF, and we assessed the perfor-
mance of the entire separation process, based on liquid volume reduction and on separation 
yields of total solids (TS% in SF) and of total Nitrogen (TKN% in SF) for different type of tissues, 
polyelectrolytes and samples. The lab tests were followed by field tests, using cattle slurry and 
digestate as samples. As results of this second part of the experiments, we characterized SF 
and LF, and we assessed liquid volume reduction, TKN and N-NH4 separation yields for differ-
ent treatment configurations. Different fresh effluents and digestate samples have been col-
lected in four different farms (Tab.1), in plastic containers (15L each), and brought to laboratory 
refrigerator the night before starting the lab tests. All samples were subjected to S/L process 
within a maximum of 5 days after collection. From each thesis and each separated fraction, a 
small portion was collected for analysing TS, VS (volatile solids or organic fraction) and ash 
(calculated) after stay in the oven (150 °C) and after staying in a muffle furnace (550 °C). TKN 
and N-NH4 were analysed by mean of dilution procedure and spectrophotometric analysis. All 
the chemical analyses and the tests were done in triplicate. The reported results are the mean 
of the three replicates with standard deviation (mean ± SD). A maximum deviation of 3% was 
allowed between the three results and the mean. The probability levels used for statistical 
significance were P<0.05 for the tests. Statistical analysis of the data was carried out with the 
STRATGRAPHICS Centurion (XV version) software program. We applied a two-sample com-
parison (2SC), respectively between digestate, slurry, treated, non-treated samples, and type 
of filter (F/G). In the lab, we used for weighting an analytical balance (instrument’s error: 0.1 
mg); in the field, we used a simple bathroom scale (instrument error: 0.20 g) for weighting the 
samples, and an analytical balance for weighting the polyelectrolyte. Tab.2 shows the results 
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of the samples characterization. The following values have been used as reference test: 1.32 
(TS%); 0.37 (VS%); 27 (VS%(TS)); 1300 (N-NH4 mg L-1), 1520 (TKN mg L-1). They regard a 
separated liquid digestate obtained from a biogas plant of 1 MW in Farm 1, through the follow-
ing treatments: separation with S/L separator by helical compression (FAN); addition of poly-
electrolytes to the clarified fraction with coagulation of the organic substance; passage through 
belt-press and separation of SF and LF. 

2.1 Materials: geotextile tissues and polyelectrolytes - CPAM  

One of the methods for increasing the concentration of containing water materials is the so-
called “dewatering with pipes” made of geotextile material. This treatment can be carried out 
in situ, this means near to the location, in which the material to be treated is produced. Thanks 
to the particular opening of the pores of the geotextile material used for the tube, the solid part 
of the sludge remains within the tube and the water flows. After water content reduction and 
considerable decrease of total volume, the tube may be stored or buried, or even opened: the 
dried material can be handled and treated as expected. For the separation test with digestate, 
geotextile tissues by Huesker Srl with different characteristics were chosen: HaTe ® C 50,002, 
pores’ filtration diameter, 200 µm ± 60 µm (fine mesh). HaTe ® PP 105/105 HDW, pores’ 
filtration diameter, ≤450 µm ± 60 µm (coarse mesh). The polyelectrolytes used for the tests are 
products of the line SNF Italia DRYFLOC ®. Solutions (water 200 cc, 5‰ CPAM) of different 
polyelectrolytes were prepared, after mechanical mixing for 3 minutes. The dose’s value of 
each polyelectrolyte was 1 cc = 250 ppm. The following effluents were chosen for the tests: 
digestate n°3 and cattle slurry n°5. The prepared polyacrylamide solution was mixed with the 
samples, by using two 1000 ml beakers (pouring method). Being fixed the concentration (5‰ 
CPAM), the effect of cationic charge (4 different charge levels) and the effect of the molecular 
structure (2 different reticular structures and 1 linear) were verified, testing different doses 
(from 1 cc to 8 cc). The mixture, composed of the polymer solution and the sample, was passed 
successively from one beaker to the other a predetermined number of times, which depended 
on the solids concentration in the sample. When optimal flocculation was achieved, mixing was 
stopped and the sample was allowed to settle for 5 min. The best results were obtained when 
the volume of polymer solution was added gradually rather than all at once. The best results 
have been obtained with CPAM EM2408 (2,000 ppm), branched molecular structure and semi-
high cationic charge for digestate (2 kg m-3). CPAM EM422 (1,000 ppm), linear molecular 
structure and low cationic charge for cattle slurry (1 kg m-3). The problem of the flocculants 
solution volume’s contribution emerged as relevant for both samples. All the other flocculants 
supplied by the same company gave worse results.  

2.2 Separation tests 

All 5 samples were tested through filtration with the two selected types of geotextile tissues 
HaTe®C-50,002 and HaTe®PP105/105HDW, with and without polyelectrolyte. We report re-
sults only for sample n°3 and n°5, being consistent with the field work. Lab tests were stopped 
after 68 h of filtration. We weighted the separated liquid volume each 2 h, in order to take into 
account losses due to evaporation. We weighed and characterized (TS%; VS%; TKN%) tare, 
over-screen SF, and above-screen LF. Based on the results obtained in the lab, S/L separation 
experiments at the field level have been set up. For this purpose, we selected for the tests 
cattle slurry (sample n°5), directly collected in the stable from the stall gutter, and bovine di-
gestate (sample n°6), from biogas plant (40 kW), with bovine cattle effluents introduced as 
substrate. Fieldwork was carried out at Farm n°3. The breeding keeps 50 dairy cattle heads 
(milk production each: 30 L), with fixed housing, sawdust mixed with straw bedding, and corn 
silage, straw and concentrates as feeding ration. We firstly prepare 8 drainage bags (4 coarse 
mesh bags and 4 fine mesh bags, of which 6 with h = 1.50 m and r =0.2 cm, Vol ≈ 190 L and 
2 with h = 1.50 m and r = 0.1 cm, Vol ≈ 50 L). We collected from 50 L to 80 L per type of thesis, 
depending on the size of the draining bag used. Based on lab results, of economic considera-
tions and of in situ tests related to type and concentration of the polyelectrolyte, CPAM EM422 
(1,000 ppm) has been identified as the most suitable polyelectrolyte for all the field tests. For 
mixing the additive, an electric drill (3 minutes mixing) has been used. We performed the filtra-
tion tests by measuring weight and characterizing (TS%; VS%; TKN%; N-NH4%) of LF and SF 
after 30 min, 2 h, 3 h, 24 h and 13 days (end of the tests) after the preparation of the field 
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experiments. The bags were hung on a structure specifically designed and positioned under a 
roof in order to not have water supplies from outside, during the separation period. Substrates 
non-treated with polyelectrolyte (control tests) were conducted with a filtration period of 3 h, 
after which the bags were emptied as no further draining activity could be detected. Description 
of the theses used for the field tests is given in Tab.3.  

3. Results and discussion 

The process achieved separation of liquid volume from 65 to 70% of initial weight in 13 days, 
respectively for slurry and for digestate; 64-56% of TKN and 85-90% of TS (12-16 in SF; 1.3-
0.6 in LF) concentrated in 35-30% of the initial material. The average TS content in the clarified 
separated LF obtained in the laboratory was 1.54% ± 0.05, which is comparable to results 
obtained in industrial scale biogas plants. Norg concentrated into the SF (94-97%), which can 
be transported and used outside the farm, while 49-56% of N-NH4 concentrates in the LF, 
which can be further treated (i.e. with stripping or biological processes) or/and can be used for 
irrigation (Figg.1-2). Even if our results are lower than the ones reported by Vanotti et al. (2002, 
2005) using polyacrylamide, they are still significant in terms of N-removal by S/L separation. 
The percentage of TS and TKN removed were in the same range as those reported, after 
coagulation-flocculation and screening operations, for 1.5% TS flushed dairy manure (compa-
rable to LF) (Power et al., 1995). Removal percentages are higher than those obtained, without 
previous flocculation, by centrifugation (Møller et al., 2002) and by addition of aluminium sul-
phate as coagulant (McKenney, 1998). Treatment with CPAM addition allowed the effective 
separation of a solid and of a liquid phase, in particular, when used in dilution 5‰ and 1,000 
ppm. Statistical factors for evaluating separation performance in the lab were (Tab.4): Liquid 
volume reduction (1); TKN removal form LF (2); TS removal from LF (3). Statistical factors in 
the field were: Liquid volume reduction (1); TKN removal form LF (2); N-NH4 in LF (3). At the 
lab scale, treatment (T) significantly affected digestate behavior for all considered factors, but 
not slurry. However, at the field scale, treated slurry was significantly affected by CPAM addi-
tion, for all considered factors. In the lab, treated cattle slurry presented lower liquid volume 
reduction (%) efficiency. In the field, the efficiency of separation (%ES, 1 – (LFvol/INvol)) of the 
non-treated samples in terms of liquid volume reduction ranged from about 68% (1G) to 86% 
(2F), showing that slurry almost completely clogged the bag, in particular with fine mesh filter. 
Instead, efficiency of separation of treated samples were all above 55%, meaning that at least 
a separation of ca. 1(SF):1(LF) have been achieved. For digestate (Fig.3), test AFT (54.7%ES) 
gave mediocre results since, on the contrary of the lab tests conclusions, at pilot scale the 
mixture of polyelectrolyte solution and digestate should not be shacked in order not to "break" 
the flocks. Even test BGT (41.6%ES) had mediocre results in the short period, but good at the 
end of the test. Test CFT (54.2%ES) was the test with worst results, since the introduction of 
solution of flocculants and digestate directly inside the funnel is not adequate because it does 
not ensure contact between polyelectrolyte and digestate. Test EFT (39.1%ES) gave the best 
results, both in the short and in the long period, with a loss of fluid from the digestate of ap-
proximately 54% in weight after two hours and of about 70% at the end of the test. For slurry, 
test DGT (52.2%ES) got the same results of test FGT in the long period, but bad results in the 
short period. Test FGT (52.6%ES) gave the best results both in the short and in the long period, 
with a loss of liquid from the slurry of approximately 40% in weight after two hours and of about 
65% at the end of the test. At the lab scale, significant difference between coarse (G) and 
mesh filters (F) exist only for liquid volume removal, when comparing treated digestate and 
treated slurry. At the field scale, significant difference exists between treated digestate filtered 
with coarse or with mesh filters for all considered factors. When considering statistical differ-
ence between treated and non-treated digestate and slurry, all considered factors are affected, 
for both filters. Literature review on particle size distribution in fresh dairy manure confirm that 
performance of screen separators is basically determined by mesh size, velocity flow, solids 
concentration and particle size distribution in manure (Zhang and Lei, 1998). TS and VS are 
almost equally contained in particles larger than 1 mm and smaller than 0.053 mm. Usually, 
less than 25% of the TS and VS are contained in particles smaller than 1 mm and larger than 
0.053 mm (Zhang and Westerman, 1997). Both for the cattle slurry and the digestate treated 
with CPAM, coarse mesh positively favours TS (%) separation yield, while fine mesh filter pos-
itively favours TKN removal from LF. From the digestate separation, SF were obtained with a 
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TS% slightly higher (max 14%) than those obtained from cattle slurry (max 11.5%). This result 
is most likely due to a greater presence of fibrous material in the digestate of mixed origin than 
in the fresh cattle slurry; both the fibrous material and the organic matter are retained in the 
SF, the last being more than 80% of present TS. TS (%) present in SF have a significantly 
higher percentage of VS, than those present in the LF. This is due to the differential distribution 
of organic type particulate, which tends to remain in the solid phase, while the mineral fraction 
(ash), mostly soluble, tends to remain in the liquid phase (c. 43-45% for slurry; c. 52-60% for 
digestate, due to an a higher degree of organic matter mineralization). In the LF of the treated 
cattle slurry, VS%(TS) was 43.90 ± 1.85 (3GT) up to 46.83 ± 2.18 (3FT), while in the LF of the 
treated digestate was between 54.26 ± 1.8 (5GT) and 58.34 ± 1.52 (5FT).  

4. Conclusions 

Our results suggest that S/L separation by means of drainage bags after induced flocculation 
might be used as pre-treatment or post-treatment, integrated in cattle slurry biogas-refinery. 
Depending on whether it is fresh slurry (major Norg content) or digestate (major N-NH4 content), 
as expected, N concentrated into one of the two obtained fractions: this implies the possibility 
of a separate management and use of the clarified and of the solid fractions. CPAM addition 
is crucial in obtaining those results, in fact, separation tests of samples without addition of 
polyelectrolyte have led to clogging of the filters or null separation for virtually all samples 
tested. Depending on the origin of the manure/digestate, time and conditions of storage and 
method of draining system’s provision, some differences in SF/LF composition and distribution 
may appear after solid/liquid separation. The difference in the efficiency of filtration of coarse 
mesh filter and fine mesh filter did not exceed 10%. In 24 h (1,000 ppm of CPAM 2‰, 40 L 
dilution) or 2 h (1,000 ppm of CPAM 5‰, 16 L dilution), a SF with a doubled TS content and 
transportable can be obtained. The system can be run for 13 days, in order to obtain up to 
70% of the initial weight as SF.  
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Figure 1 - Separated fractions (net from water added) at the end of the test, after 13 days for treated 
samples and after 3h for non-treated samples (mean value, n=3; SD ≤ SE). NB. Values for 1F, 1G, 2F, 
2G have been reported to 80 kg. G = separated with coarse mesh filter, F = separated with fine mesh 
filter, T = treated, 1 = filtration tests with pure cattle digestate, 2 = filtration tests with pure cattle slurry.  
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Figure 2 - TKN (%) distributed in solid and liquid fractions; Ammonia nitrogen (%) of TKN present in LF 
and SF, at the end of the tests (mean value, n=3; SD ≤ 0.01). Norg (%) can be calculated as 1- { N-NH4 
[%TKN(LF;SF)]}. 

 

Figure 3 - Yields of solid-liquid separation, based on humidity trend. On the abscissa, time of treat-
ment (Log(h)), in ordinate humidity on humid base (U) trend (A = liquid mass; S= dry mass). At start of 
the test (x = 0), 40 kg of water are added to samples A, B, C and D, while 16 kg to samples E and F. 
While time passes, U decreases, while fluid from the samples is lost. We sampled frequently within 
30h because of the important losses. We then weighted LF only at full bucket. 

Table 1 - Description of the samples collected for the tests. 

N° Farm Sample Introduced substrate 

1 

Farm 1 

digestate from biogas plant (1MW) 

manure, corn silage, molasses, 
sugar beet, sand 2 

liquid fraction from FAN separator (helical 
compression) of digestate from biogas 

plant (1MW) 

3 

Farm 2 

digestate from biogas plant (380 kW) 
livestock effluents (100 cows + 

1700 pigs), by-products from sweet 
industry, corn silage, grain 4 

liquid fraction from FAN separator (helical 
compression) of digestate from biogas 

plant (380 kW) 

5 Farm 3 fresh effluents from dairy cows (50 ACU) 
cattle fed with corn silage, straw 

and concentrates 

6 Farm 4 digestate from biogas plant (40 kW) cattle effluents 
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Table 2 - Characteristics of the five samples used for the tests. 

Sample 
TS Ash VS VS 

[%] [%] [%] [%]TS 

1 7.2 3.1 4.1 56.9 

2 6.2 3.1 3.1 50.1 

3 6.5 1.6 4.9 75.4 

4 4.3 1.1 3.2 73.7 

5 5.5 1.0 4.5 81.5 

Table 3 - Description of the theses used for the field tests, with polyelectrolyte addition. 

Test Thesis Code 

1 
Digestate treated (T) with polyelectrolyte EM2408 1.5‰ (60 g of flocculant in 40 L of water, 750 ppm), in drainage 

bags with fine mesh (F) (big bag); CPAM mixed with digestate before introduction into the bag 
AFT 

2 
Digestate treated with polyelectrolyte EM422 2‰ (80 g of flocculant in 40 L of water, 1000 ppm) in drainage bags 

with coarse mesh (G) (big bag); CPAM mixed with digestate before introduction into the bag 
BGT 

3 
Digestate treated with polyelectrolyte EM422 2‰ (80 g of flocculant in 20 L of water + 20 L of clarified separated 

liquid fraction, 1000 ppm): test annulled. Flocculation doesn’t result in solvent water + clarified digestate 
-- 

4 
Digestate treated with polyelectrolyte EM422 2‰ (as BGT), in drainage bags with fine mesh (big bag); CPAM and 

digestate introduced simultaneously in the bag 
CFT 

5 
Slurry treated with polyelectrolyte EM422 2‰ (as BGT) in drainage bags with coarse mesh (big bag); CPAM and 

digestate introduced simultaneously in the bag 
DGT 

6 
Digestate treated with polyelectrolyte EM422 5‰ (80 g of flocculant in 16 L of water, 1000 ppm) in drainage bags 

with fine mesh (big bag); CPAM mixed with digestate before introduction into the bag 
EFT 

7 
Slurry treated with polyelectrolyte EM422 5‰ (80 g of flocculant in 16 L of water, 1000 ppm) in drainage bags with 

coarse mesh (big bag); CPAM mixed with digestate before introduction into the bag 
FGT 

Table 4 - Results of the laboratory tests on the treated theses: characteristics of separated fractions and 
of separation efficiencies (mean ± SD, n = 3). 

Samples parameters U.M. 
Slurry (5)a Digestate (3)*b 

Coarse (GT) Fine (FT) Coarse (GT) Fine (FT) 

TS [%] 3.96 ± 0.03 4.02 ± 0.05 4.79 ± 0.02 4.75 ± 0.06 

VS [%] 3.26 ± 0.05 3.20 ± 0.02 3.55 ± 0.05 3.58 ± 0.09 

VS [%TS] 82.41 ± 1.88 80.31 ± 0.45 73.50 ± 0.37 73.59 ± 0.37 

Ash [%] 0.70 ± 0.01 0.74 ± 0.03 1.66 ± 0.04 1.61 ± 0.02 

TS in SF [%] 11.33 ± 0.07 11.23 ± 0.21 13.96 ± 0.04 12.47 ± 0.17 

TS in LF [%] 1.27 ± 0.05 1.32 ± 0.02 1.61 ± 0.01 1.97 ± 0.12 

VS in SF [%TS] 86.53 ± 1.83 84.82 ± 1.77 80.44 ± 0.70 84.87 ± 2.31 

VS in LF [%TS] 54.26 ± 1.82 58.34 ± 1.52 43.90 ± 1.85 46.83 ± 2.18 

Ash in SF [%] 1.40 ± 0.02 1.54 ± 0.04 2.60 ± 0.01 2.46 ± 0.16 

Ash in LF [%] 0.60 ± 0.01 0.59 ± 0.02 1.54 ± 0.03 1.56 ± 0.06 

TS removal from LF [%] 80.59a ± 0.62 79.06a ± 0.13 80.22*a ± 0.60 75.01*a ± 1.51 

Liquid volume reduction [%] 39.64a± 0.22 36.50*b ± 0.01 40.08*a ± 0.06 38.14*b ± 0.12 

TKN removed from LF [%] 63.23a ± 0.22 66.10*c ± 0.79 56.17*b ± 0.03 57.40*d ± 0.47 

Different letters in each column represent significant differences, and the same letters do not represent significant 
differences (P < 0.05). Asterix (*) means significant differences between treated and non-treated samples (control). 
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Attachments  

Scheme and photos 

 

Scheme 1 - Scheme of the tests on solid/liquid separation performed by means of draining bags. 

 

 

Photo 1 – Laboratory tests with coarse and fine mesh filters. 

 

Photo 2- The structure built up for the bags hanging. 


