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 Abstract: Agricultural wastewater is one of the most contributors to environmental 
pollution due to its high concentration of nutrients, such as nitrogen and phosphorus, as well as 
its high organic load. For years, the traditional method to treat piggery wastewater was using it as 
a fertilizer for lands, but the nitrogen in piggery wastewater cannot be completely uptaken by 
crops due to the unbalanced N/P ratio and consequently, the accumulation of nutrients in the soil 
can contaminate the receiving waters. During this study, it was investigated the efficiency of a 
microalgae consortium for treating a pre-treated piggery wastewater by assessing microalgae 
growth and nutrients removal efficiency and also, their suitability to produce biogas. Microalgae 
proved to be able to grow on this high strength wastewater with high biomass yields and high 
nutrients removal efficiency. The highest removal efficiency of N-NH4

+ and P-PO4 was 92 % and 
82%, respectively. Moreover, the highest removal efficiency of COD was 64%, which was partly 
due to the synergetic relationship between microalgae and bacterial and partly to the mixotrophic 
metabolism of algae. Furthermore, the used microalgae proved to be suitable to produce biogas 
and the highest production was 270.4 mLCH4.g-1VS. 
 Keywords: Microalgae, Piggery wastewater, Biogas, Nutrients, Removal

1. Introduction 

Livestock production started to raise 
during the end of 20th century (1) and, 
nowadays, the increased demand for red 
meat in developing countries has led to the 
intensification of livestock production and 
consequently, to the development of large 
indoor animal houses, mainly pigs and 
poultry,(2), resulting in higher local 
emissions of odor and ammonia gas (1). In 
addition, the intensification of livestock 
production has led to the concentration of 
animals in limited areas with the aim of 
reducing production costs (2). In these 
areas, the local use of wastewater (WW) as 
organic fertilizer results in over-application of 
nutrients on soils, causing several 
environmental problems. For example, in 
Brittany (France)  before the intensification 
of livestock production the average 
concentration of NO-

3
  in a surface water 

used to be 5 mg.L-1, but nowadays the 
concentration has reached the value of 35 
mg.L-1 (2). 

For many years, the use of swine 
manure as organic fertilizer used to be one 
of the most economical and easiest methods 
of managing manure (3). However, as 
mentioned before, there are several 
environmental concerns related to over-

application of animal manure, including a 
great risk of nutrient runoff, which will 
contaminate surface and ground water; 
eutrophication of surface waters; spread of 
pathogens; attraction of rodents, insects and 
other pests; and a potential higher energy 
used in the transport of manure to the 
cultivation crops (4) (1). Therefore, the use 
of manure as fertilizer should be limited and 
it is necessary to develop a cost-efficient 
piggery wastewater treatment, as an 
alternative to land application. 

Many studies have been focused on the 
biological removal of carbon, nitrogen and 
phosphorus, however, few of these studies 
were carried out on wastewaters with high 
concentrations of these compounds, such as 
piggery wastewater. Anaerobic digestion 
(AD) is one of the most frequently used 
methods to remove the organic load from 
piggery wastewater due to its reliability, low 
cost and high efficiency (5)(6)(7). Thereafter, 
the liquid effluent from AD is usually treated 
by a  nitrification/denitrification process (6). 
However, most of these conventional 
wastewater treatment technologies are not 
economical for the treatment of piggery 
wastewater, so it is compulsory to find 
alternative techniques. 

In 1957, Oswald and Gotaas suggested 
for the first time the use of microalgae for 
wastewater treatment (8) due to their 
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photosynthetic capability, converting solar 
energy into valuable biomass and to their 
capacity in incorporating nutrients like 
nitrogen and phosphorus, in a process 
named as phycoremediation. Microalgae 
uptake nitrogen in its inorganic form (N-NO-

3, 

N-NH+
4 and N-NO-

2) and converted it in its 
organic form through assimilation but  they 
are also able to uptake nitrogen in organic 
forms such as urea or amino acids (9)(10). 
However, N-NH4

+ is the most favorite 
nitrogen source for microalgae since its 
uptake and assimilation process is simpler 
and requires less energy consumption when 
compared to other nitrogen sources (11). In 
the case of phosphorus, it is mainly 
assimilate as orthophosphate but other 
inorganic and organic forms can  be used 
(11). Besides the removal of nutrients, 
microalgae system have proven to be 
efficient in the removal of heavy metals and 
COD from wastewater (12). Regarding 
heavy metals, microalgae have proven to 
efficiently remove metals, such as zinc, 
cadmium, mercury, iron and nickel (13) with 
a specific metal uptake of 15 mg.g-1

biomass at 
99% removal efficiency (14). Moreover, 
microalgae enhance the removal of organic 
pollutants since they furnish O2 to 
heterotrophic aerobic bacteria, which are 
responsible for mineralizing organic 
compounds, and in return, these bacteria 
release CO2, which is used by microalgae for 
photosynthesis, thus establishing a 
symbiotic relation (14). 

Another positive aspect in using 
microalgae for wastewater treatment is their 
potential for absorbing CO2, which can be 
exploited for the treatment of gaseous 
emissions since they have a simple 
structure, they have much higher growth 
rates and CO2 fixation capacities when 
compared to conventional aquatic, 
agricultural and forestry plants with an 
efficiency 50 times higher than the terrestrial 
plants (15). On average, the production of 
1kg of microalgae biomass involves the 
consumption of 1.8 kg of CO2 (16). 

Moreover, the microalgae biomass 
produced during wastewater treatment can 
be used for the production of biofuels. The 
interest in the use of microalgae for 
renewable energy started growing in the 
1970s during the first oil crisis (17) and in the 
last years the research in microalgae has 
become more extensive due to the depletion 
of fossil fuels and to the global increase of 
industrial activities, which are associated to 
a great need to balance the energy demand 
and the reduction of greenhouse gas 

emissions (18). As an alternative to other 
biofuel sources, microalgae present many 
advantages such as their fast growth and 
short life cycle when compared to terrestrial 
plants (19). For example, the average value 
of the maximum specific growth rate of 
microalgae species is nearly 1 day-1, while 
for higher plants it is 0.1 day-1 (20). 
Additionally, in spite of being aquatic 
microorganisms, microalgae require less 
water than the terrestrial plant crops and 
since they can grow in harsher conditions 
and with less nutrients, they can be cultured 
in non-arable land, thus not competing for 
land with food crops (19). Microalgae do not 
need freshwater for their growth, and 
consequently they can use different 
wastewaters as a growth medium, with no 
need for chemicals such as herbicides and 
pesticides (21). 

AD is a straightforward technology for 
microalgae biomass valorization and the 
feasibility of converting microalgae biomass 
into biogas is closely linked with their 
anaerobically degradability which can be 
determined by experimental tests, named as 
BMP tests (Biochemical Methane Potential). 
The production of biogas is determined by 
the resistance of microalgae cell wall and the 
macromolecular composition of the 
microalgae biomass (22). 

The objective of the present work was to 
investigate the efficiency of a microalgae 
consortium for treating a pre-treated piggery 
wastewater by assessing microalgae growth 
and nutrient removal efficiency and also, to 
investigate their ability to produce biogas. 

2. Materials and Methods 

2.1 Substrate 

In the described experiment, the 
wastewater used as growth substrate for 
microalgae was provided by Corte Grande 
wastewater treatment plant (WWTP) in Italy. 
This plant is located at a piggery farm in 
Casaletto di Sopra (CR) and receives 
sewage from 20 000 pigs. The used 
wastewater was pre-treated with a flotation 
process and   the chemical composition of 
this wastewater is represented in Table 2.1. 

2.2 Microalgae culture 
The microalgae inoculum used to 

study the growth on the described 
wastewater is a mixed culture of Chlorella 
spp. and Scenedesmus spp. acquired from 
previous experiments on digestates. Firstly, 
two vials (1 and 2) were prepared with the 
centrifugation of 300 mL of algae suspension 
from previous studies during 10 minutes at 
300 rpm, using an ALC 4222 centrifuge. The 
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supernatant was removed and 0.12 g of 
microalgae were placed in each new vial. 
Then, the vials were filled with 150 mL of 
wastewater. However, the desired 
concentration of ammonium nitrogen was 
around 200 mg.L-1 and since the 
concentration of WW was higher than 400 
mg.L-1, it was necessary to dilute it with tap 
water before adding it into the vials. After 11 
days, two new vials (A and B) were similarly 
prepared in order to have a replica of the 
experiment. The vials were filled with 150 mL 
of wastewater and microalgae were also 
obtained from previous studies. The cultures 
were grown at room temperature (20-25°C) 
with continuous aeration and artificial light. 
The four test vials were distributed in 
Plexiglas supports and subjected to 12 h/12h 
of light /dark cycles, which was provided by 
6 fluorescent lamps (FLORA model from 
OSRAM) with 18 W each. The mixing and 
diffusion of CO2 was provided by air that was 
bubbled at the bottom of each vial through a 
fine bubble diffuser. Moreover, a 2 g.L-1 
solution of Na2HPO4 was added to the vials 
to ensure that the N/P ratio was around 10. 
The four glass vials were covered with cotton 
to avoid evaporation.  
Table 2.1 Average chemical composition of piggery 
wastewater  

Parameter Average Standard 
deviation 

COD (mg.L-1) 2277 387.20 

N-NH4
+ (mg.L-1) 396.0 41.78 

N-NO- 2 (mg.L-1) 0.030 0.026 

N-NO- 3 (mg.L-1) 3.29 0.74 

P-PO4 (mg.L-1) 21.96 2.488 

TSS (g.L-1) 0.76 0.03 

 

2.3 Analytical Methods 
The effect of algae growth was 

controlled and followed by performing 
chemical analyses on nutrients 

concentrations (N-NH₄⁺, LCK303; P-PO₄³⁻, 
LCK348; N-NO₂⁻, LCK342 and N-NO₃⁻, 
LCK339) and COD (LCK514) in the medium. 
These chemical analyses were carried out 
using the kits Hach Lange and they were 
performed 3 times per week. In order to 
perform the chemical analyses, 5 mL were 
taken from each culture suspension and 
filtered using a porous membrane filter with 
0.45 microns as a first step. The reading of 
the concentrations was done using the 
spectrophotometer VIS Hach DR3900. If the 
concentration of ammonium nitrogen was 
lower than 100 mg.L-1, a mass balance was 
done to determine the volume of wastewater 

which had to be replaced in the vials in order 
to ensure that the concentration of 
ammonium nitrogen inside each vial was 
maintained around 200 mg.L-1. Moreover, 

conductivity, pH and temperature were 
measured using Tecnovetro XS PC510 pH-
meter without filtering the samples 

2.4 Microalgae growth parameters 

The algae growth was assessed by 
optical density (OD), turbidity, total 
suspended solids (TSS) and counting of 
algae cells. It is essential to refer that these 
four parameters were measured in the raw 
culture suspension without filtration. The OD 
measurements were performed at 680 nm 
and the standard procedure involved a first 
blank reading with the spectrophotometer 
(VIS Hach DR3900) by filling the proper 
cuvette (10 mm) with distilled water. The 
turbidity measurement was performed at 
840 nm by the spectrophotometer and, as for 
the optical density, the standard procedure 
started with a blank reading. Regarding TSS, 
the first step consisted in placing the 47 cm 
glass fiber filters (1.2 µm porosity) (Sartorius 
stedim biotech) in the oven (MPM 
Instruments, type M80-VF) for 3 hours at 105 
°C. Then, the filters were placed in a dryer 
and two hours later, they were weighted in a 
balance (Acculab) .Then,  10 mL  samples 
from each vial were filtered  with the aid of a  
vacuum pump (KNF NEUBERGER, D-
79112). Finally, the filters were dried and 
weighed using the procedure described 
previously. For the counting, a microscope 
Optika B-350 with a magnification of 40 x 
and a hemocytometer (Burker chamber) 
were used. 

2.5 BMP tests 

For biochemical methane potential 
(BMP) tests 130 mL from vials 1 and 2 and 
105 mL from vials A and B were collected 
and mixed, and two sub-samples, called C 
and D, were then sent to Laboratory A.Rozzi, 
in the Cremona site of Politecnico di Milano.  

The biomethane potential tests were 
carried out in batch conditions with the aim 
of measuring the maximum amount of 
biomethane produced per g of volatile solids 
(VS) content in the organic substrate used 
for the anaerobic digestion, which in this 
case was microalgae biomass. The 
microalgae biomass sample was introduced 
in glass bottles with an inoculum of 
anaerobic bacteria (substrate to inoculum 
rate 0.530 and 0.549 gVS substrate/gVS 
inoculum for sub-samples C and D, 
respectively) and put in a thermostatic  bath 
in the  mesophilic temperature range (33-
35°C). Each bottle was continuously mixed 
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with a mechanical stirrer and the biomethane 
production was monitored over time.  
Digestion time was 35 days.  

3. Results and discussion 
3.1 Microalgae growth 
The parameter total suspended solids 

(Figure 3.1) was chosen to show the trend of 
biomass concentration in the vials since it 

has been one of the main important 
parameters used in literature reports to 
describe microalgae biomass variation 
during experiments, as well as since it is one 
of the most direct ways to estimate biomass 
productivities.  Although the four vials were 
replicas of each other, their behavior along 
the experiment was different. In the case of 
vial 1 and 2, there was a fast biomass growth 
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Figure 3.1 Time variation of total suspended solids, expressed in g.L-1, for each vial 

Figure 3.2 Representation of total algae as well as total Chlorella spp. and Scenedesmus spp. expressed in cell.L -1 for 
each vial 
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in the first days and then it tended to stabilize 
around the same values. This is likely to 
depend on the penetration of light which was 
limited by the high algae density and, thus, 
limited any further density increase. 
Regarding vial A and B, it was possible to 
observe a slower increase in the first days, 
which may be due to the fact that they were 
prepared 11 days later than sample 1 and 2 
and also, to the starvation period (6 days) 
that they were subjected after the 3rd day of 
cultivation. Moreover, there were some days 
in which TSS drastically decreased, in 
particular for vial 1, A and B, and this may 
have been caused by different reasons, such 
as ammonia and nitrite toxicity. However, for 
all the vials, microalgae have shown the 
capacity to survive to these possible reasons 
and to recover the value of equilibrium, 
which may be an essential aspect in 
wastewater treatment, since the input 
conditions can easily vary and therefore, 
microalgae should be capable to adapt and 
to recover from adverse conditions. The 
average biomass productivity was ranged 
between 0.263±0.128 and 0.400±0.139 g.d-

1.L-1, which was similar than that in the 
research by Zhu et al.(23) , who achieved 
0.296 g.d-1.L-1 biomass growing Chlorella sp. 
in a tubular photobioreactor using piggery 
wastewater. Moreover, the biomass 
productivity obtained in the present study 
was also similar to the productivity reported 

by Xu et al. (24) , who achieved 0.311 g.d-

1.L-1 growing Scenedemus spp. on a piggery 
digestate. 

During the experiments, the cultured 
species were  Chlorella spp. and 
Scenedesmus spp. which are within the top 
10 more resistant microalgae based on their 
capability to grow in organic polluted 
environments (25). As presented in figure 
3.2, in the first days the presence of 
Chlorella spp. and Scenedesmus spp. was 
relatively similar, however, after a few days 
Chlorella spp. adapted better and was often 
the most dominant specie due to its 
resistance, higher growth rate and its 
preference on environments with high 
organic matter (26), whereas Scenedesmus 
spp. prefers environments with medium 
organic loads (25).  Likewise, a recent study 
has reported that a strain of Chlorella has 
shown better performance in terms of 
biomass productivity and growth rate in a 
batch system when compared to a strain of 
Scenedesmus (27).  

3.2 Treatment efficiency 

Bioremediation of piggery wastewater 
using a mixed culture of Chlorella spp. and 
Scenedesmus spp. was studied by 
assessing the removal of nutrients such as 
ammonium nitrogen (Figure 3.3) and 
phosphorus (Figure 3.4), as well as the 
removal of COD (Figure 3.5). 
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Figure 3.3 Time course of N-NO-
2, N-NH+ 4 and N-NO- 3 concentration in the effluent, expressed in mg.L-1 
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The average ammonium nitrogen removal 
was ranged between 85-92% for all the four 
vials and concerning this nutrient, there were 
three main removal mechanisms (biomass 
uptake, ammonia stripping and nitrification) 
considered. 

Nitrogen biomass uptake was 
determined by considering the total biomass 
produced as well as the total nitrogen 
contained in the biomass. For all the vials, 
nitrogen uptake was the main mechanism 
reaching values of 44, 45, 47 and 45% for 
vials 1, 2, A and B, respectively, which are 
higher than 21% nitrogen uptake obtained 
from previous studies on piggery wastewater 
using a mixed culture with a strain of 
Chlorella, Scenenedesmus and a strain of 
Chlamydomonas (28). However, a study on 
urban wastewater with the same microalgae 
species reported a nitrogen uptake ranged 
between 85 and 96 % (29). Furthermore, it 
should be remembered that ideally the use 
of microalgae for bioremediation should not 
only be focused on the removal of nutrients 
from wastewater but also on their recovery 
when using algae biomass as nutrient 
source, for instance, for agriculture, or on the 
use of algae biomass for biofuel production. 

Regarding ammonia stripping, it was 
observed a significant contribution for 
ammonia removal, which was expected, 
since this mechanism is promoted at alkaline 
pH levels, higher than 9 (30). The obtained 
values were 26, 31, 21 and 25% for vials 1, 

2, A and B, respectively. This means that in 
full scale applications, pH should be 
controlled by means of CO2 addition to avoid 
such phenomenon.  

Lastly, nitrification is the biological 
process of NH+

4 oxidation into NO-
2 and then 

NO-
2 oxidation into NO-

3. As observed in 
Figure 3.3, nitrification did not occur in the 
first days of experiment, since nitrite 
concentration was nearly zero. However, 
after some days of experiment, nitrite 
concentration started to increase, which has 
been reported as a bacterial contamination 
of the cultivation (28). The obtained values 
for nitrification were 25, 19, 29 and 26% for 
vials 1, 2, A and B, respectively. As reported 
by Risgaard-Petersen et. al (31), a mixed 
consortium of microalgae, AOB (ammonium 
oxidizing bacteria) and NOB (nitrite oxidizing 
bacteria) can compete for CO2 and for N 
itself. One point which has not yet been fully 
understood is the reason why nitrite was not 
oxidized to nitrate. However, it is also 
possible that part of the produced nitrite was 
actually oxidized to nitrate and that it was 
fastly uptaken by algae so that its 
concentration was usually constant. 
Moreover, the causes and effects of NO-

2 
accumulation should still be studied: in 
principle algae should be able to use N-NO-

2, 
but as previously mentioned, high 
concentrations could be inhibitory. 

In the case of phosphorus, phosphate 
can be removed by biomass uptake, since 
microalgae use it for metabolic activities, or 
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Figure 3.4 Time course of P-PO4 concentration in the effluent, expressed in mg.L-1 
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by precipitation due to the increase in pH 
during photosynthesis (32). Regarding the 
removal of phosphates by precipitation, it 
has been reported that it occurs at pH  
values between 9 and 11 (33). Generally, the 
pH of each vial was higher than 9, therefore, 
the removal of phosphorus may have been 
due to both mechanisms. If precipitation took 
place, the availability of phosphorus for 
algae was strongly reduced and this would 
mean that algae grew and reached high 
densities with N/P ratios in the substrate well 
far from the reported optimum values. The 
average phosphorus removal efficiency 
ranged between 78-82% for the four vials. 
The effective phosphorus removal efficiency 
has been reported in other studies. For 
example, as previous mentioned, 
Molinuevo-Salces et al. (28) cultivated 
Chlorella, Scenenedesmus and 
Chlamydomonas on piggery wastewater and 
obtained a removal efficiency of 82%, which 
is similar to the ones obtained in these 
experiments. Moreover, another study using 
a cultivation of Chlorella spp. with anaerobic 
digested dairy manure reported 76-83% 
phosphorus removal (34). 

Chemical oxygen demand represents 
roughly the overall organic load (dissolved 
and suspended matter) of the wastewater. 
The average removal efficiencies in this 
study ranged between 62 and 64 %, which 
are closer to the minimum  66 % and lower 
than the maximum 80% obtained from other 
studies on piggery wastewater (23).The 

obtained removal efficiencies were partly 
due to the synergetic relationship between 
microalgae and bacteria, allowing bacteria to 
use the oxygen released by microalgae to 
decompose the organic matter, and partly to 
the mixotrophic metabolism of algae, which 
is especially well known for Chlorella spp. 
(35).  

3.3 BMP tests 

Another target of this study was to 
evaluate the suitability of the mixed 
microalgae culture used for the piggery 
wastewater treatment as a substrate for 
biogas production by anaerobic digestion.  
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Figure 3.5 Time course of COD concentration in the effluent, expressed in mgO2.L-1 
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Literature (36) reports that the methane 
production by a mixed culture of Chlorella 
vulgaris and Scenedesmus spp. is 
characterized by an inverse exponential 
curve, which is in agreement with the results 
obtained in the present study (Figure 3.6) , 
where it was possible to observe a rapid 
methane production increase during the first 
days, an intermediate phase in which 
biomethane production rate decreased and 
a plateau phase after the 10th day of 
degradability. This inverse exponential curve 
can be explained by the fact that the BMP 
tests were performed in batch conditions 
and, as time went by, the amount of 
substrate decreased as well as the 
biomethane production rate. 

In general, BMP values for microalgae 
found in the literature are diverse and usually 
ranged between 153 and 600 mLCH4.g-1 VS 
(37). Hence, it should be pointed out  that 
methane production is strongly  dependent 
on the species and it has been observed (38) 
that microalgae without cell wall as 
Dunaliella salina or with protein-based 
membranes, such as Chlamydomonas 
reinhardtii, Arthrospira platensis and 
Euglena gracilis, present a higher BMP 
values, between 481 and 587 mLCH4.g-1VS, 
than microalgae species with a cell wall 
containing cellulose or hemicellulose as 
Scenedesmus obliquus and Chlorella 
kessleri, which present BMP values 
comprised between 287-335 mLCH4.g-1 VS. 
Therefore, it is possible to conclude that the 
cell wall degradability is strongly correlated 
with the quantity of methane produced and 
sometimes pre-treatments should be 
considered to degrade the cell wall prior to 
digestion. With regard to this experiment, 
microalgae were found to have an 
interesting methane production potential and 
similar biomethane values were obtained for 
algae C and D, showing the good 
repeatability of the test. The obtained data 
between 264.3 mLCH4.g-1 VS and 270.4 
mLCH4.g-1 VS was comprised in the usual 
range reported in the literature. Also, it was 
similar to the previous mentioned values for 
Scenedesmus obliquus and Chlorella 
kessleri. Furthermore, the methane 
conversion during a study with a mixed 
culture of Chlorella spp. and Scenedesmus 
spp. reached 143 mLCH4.g-1 VS (36), which 
is lower than the results of the present study. 
In addition, the anaerobic digestion of 
piggery manure from Corte Grand plant 
reached a BMP value of 150 mLCH4. g-1 VS 
(39), which is also much lower than the BMP 
values obtained during this study. Therefore, 

the obtained values confirm that microalgae 
biomass cultivated in nutrient-rich streams, 
such as piggery wastewater, is a feasible 
option for biogas production. 

4. Conclusions 
Agricultural wastewater is one of the 

most relevant contributors to environmental 
pollution due to its high concentration of 
nutrients, such as nitrogen and phosphorus, 
as well as its high organic load. For years, 
the traditional method to treat piggery 
wastewater was using it as land fertilizer, but 
the nitrogen in piggery wastewater cannot be 
completely uptaken by crops due to the 
unbalanced N/P ratio and consequently, the 
accumulation of nutrients in the soil can 
contaminate the receiving waters. 
Therefore, it is important to investigate and 
to find the most efficient and environmentally 
friendly treatment method for piggery 
wastewater. 

The present study was devoted to 
evaluate the capacity of a mixed culture of 
Chlorella spp. and Scenedesmus spp. to 
grow on a piggery wastewater (pre-treated 
with a flotation process) as well as their 
bioremediation capacity to remove nutrients, 
such as nitrogen and phosphorus, and the 
culture suitability for energy production.  

The results from this study proved that 
these green microalgae were able to 
efficiently grow on the high organic load 
medium, which is in agreement with previous 
studies that reported that Scenedesmus 
spp. and Chlorella spp. are within the top 10 
more resistance species. Moreover, these 
species also seemed to adapt and recover 
from some drastic biomass decreases, 
which is an important aspect to take into 
account in a WWTP since the input 
conditions can easily vary.  

Furthermore, the microalgae based 
system proved its ability to remove 
phosphorus, ammonium nitrogen as well as 
COD and the obtained removal efficiencies 
were in agreement with the literature data. 
Regarding the removal of N-NH4

+, the 
average removal efficiencies were ranged 
between 85-92% and different mechanisms 
were responsible for the removal of nitrogen 
(nitrification, biomass uptake and ammonia 
stripping), being the biomass uptake the 
most important mechanism. In the case of 
phosphorus, the average removal efficiency 
was ranged between 78-82 % and the 
considered removal mechanisms were 
biomass uptake and phosphorus 
precipitation due to high pH levels. With 
regard to COD, the average removal 
efficiency was ranged between 62-64% and 
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these results enhance the synergetic 
relation between microalgae and bacteria, 
since the removal of COD was partly 
attributed to the microorganisms that made 
use of the oxygen produced by microalgae 
during photosynthesis to decompose the 
organic matter present in the wastewater 
and also, partly to the mixotrophic 
metabolism of microalgae. 

Finally, the other aim of this work was 
to investigate the feasibility of anaerobic 
digestion for biogas production from the 
mixed culture of Chlorella spp. and 
Scenedesmus spp. used in the piggery 
wastewater treatment. The rapid economic 
growth has led to high-energy consumption 
around the world and consequently to the 
increase of environmental pollution. Biogas 
is an alternative energy source that can 
overcome these concerns and microalgae 
are one interesting substrate for biomethane 
production due to their high growth rate, high 
biomass yields and to their capacity to grow 
on wastewaters. The obtained biomethane 
production was ranged between 264.3 and 
270.4 mLCH4.g-1 VS, which is in agreement 
with the literature data and is much higher 
than the BMP values obtained from the 
anaerobic digestion of piggery manure from 
Corte Grande plant. Hence, the obtained 
values confirmed that microalgae biomass 
cultivated in nutrients-rich streams, such as 
piggery wastewater, is a feasible option for 
biogas production. 

 Considering an appropriate process 
evaluation and design, the hypothesis of 
using algal-based treatment as the first step 
of biological treatment of piggery wastewater 
could be considered. In that case, algae 
biomass could be digested and the liquid 
phase of digestate could be recirculated 
upflow to be treated by algae/bacteria 
consortium along with the pre-treated 
piggery wastewater.  
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