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Type of gas Percentage present in biogas (%) 
Methane (CH4) 55  70 
Carbon Dioxide (CO2) 35  40 
Nitrogen (N2) 0  3 
Hydrogen (H2) <1 
Oxygen (O2) <1 
Hydrogen Sulfide (H2S) <1 

 



 
 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 



 
 

 

 

 



 
 

 

 

 

  



 
 

Source Total Solids Volatile Solids Total Nitrogen Ammonia Total 
Phosphorus 

Reference 

Crop Residues 
      

Barley 

26.31 
%w/w 

25.44 
%w/w 

12.31 
mg/g 

0.53 
mg/g 

n.d. 
(Morales-Polo et al., 

2021) 
25.8  66.3 

%w/w 
25.1  59.1 

%w/w 
7.0  19.9 

g/kg 
n.d. 

0.8  3.9 
g/kg 

(Garcia et al., 2019) 

Barley Straw 
86.83 ± 0.13 

%w/w 
81.37 
%w/w 

0.76 
%TS 

n.d. n.d. (Meyer et al., 2022) 

Corn 
20.1  40.4 

%w/w 
18.3  36.6 

%w/w 
4.0  5.8 

g/kg 
n.d. 

0.3  0.6 
g/kg 

(Garcia et al., 2019) 

Corn Straw 

90.0 ± 0.2 
%w/w 

81.3 ± 0.1 
%w/w 

1.3 ± 0 
%TS 

n.d. n.d. (S. Wang et al., 2022) 

66.91 ± 0,95 
%w/w 

76.22 ± 0.54 
%TS 

0.78 ± 0.03 
%TS 

n.d. n.d. (Guo et al., 2022) 

Fresh Vinegar 
32.56 ± 1.32 

%w/w 
31.01 ± 0.97 

%w/w 
1.92 ± 0.05 

%TS 
n.d. n.d. (L. Chen et al., 2022) 

Rice Husks 
90.7 

%w/w 
74 

%w/w 
25.5 
g/kg 

n.d. 
3.5 

g/kg 
(Garcia et al., 2019) 

Triticale 
30  30.8 

%w/w 
27.9 

%w/w 
13.5 
g/kg 

n.d. 
0.7 

g/kg 
(Garcia et al., 2019) 

Livestock Effluents 
      

Cows 

15.9 ± 0.2 
%w/w 

78.4 ± 0.2 
%TS 

25.9 
mg/gVS 

n.d. n.d. 
(Coarita Fernandez et 

al., 2020) 
9.50 

%w/w 
80 

%TS 
0.351 
%w/w 

n.d. 
0.082 
%w/w 

(Aravani et al., 2022) 

208.4 ± 1.9 
g/kg 

166.4 ± 1.8 
g/kg 

6.1 ± 0.3 
g/kg 

2.0 ± 0.0 
g/kg 

1.9 ± 0.3 
g/kg 

(D. Kim et al., 2022) 

15.6  47.7 
%w/w 

13.5  32.1 
%w/w 

3.2  7.1 
g/kg 

n.d. 
0.2  1.5 

g/kg 
(Battista et al., 2019) 

19.97 ± 0.12 
%w/w 

11.95 ± 0.25 
%w/w 

4.02 ± 0.02 
%TS 

n.d. n.d. (Z. Yang et al., 2022) 

Horses 
34 

%w/w 
n.d. 

0.82 
%TS 

n.d. 
1.76 
g/kg 

(Parvage et al., 2015) 

Pigs 

39.2 
g/L 

27.4 
g/L 

12.5 
g/L 

5.0 
gN/L 

0.2 
g/L 

(Jo et al., 2022) 

27.5 ± 0.7 
%w/w 

22.0 ± 0.3 
%w/w 

3.9 ± 0.3 
%TS 

n.d. n.d. (S. Wang et al., 2022) 

27.13 ± 0.27 
%w/w 

19.89 ± 0.20 
%w/w 

5.32 ± 0.01 
%TS 

n.d. n.d. (Z. Yang et al., 2022) 

25.95 ± 1.17 
%w/w 

20.18 ± 0.84 
%w/w 

2.27 ± 0.03 
%TS 

n.d. n.d. (L. Chen et al., 2022) 

36.1 
%w/w 

35.9 
%w/w 

n.d. n.d. n.d. (Garcia et al., 2019) 

Pig slurry 
1.9 ± 0.3 
%w/w 

61.1 ± 2.8 
%w/w 

0.28 
%w/w 

0.22 
%w/w 

0.061 
%w/w 

(Häner et al., 2022) 

Poultry 

20 
%w/w 

75 
%TS 

1.032 
%w/w 

n.d. 
0.413 
%w/w 

(Aravani et al., 2022) 

25 ± 0.4 
%w/w 

66 ± 3.3 
%TS 

1.4 ± 0.6 
%w/w 

8.0 ± 1.3 
g/kg 

8.7 ± 1.0 
g/kg 

(Rizzo et al., 2022) 

37.76 ± 0.62 
%w/w 

26.45 ± 0.24 
%w/w 

2.36 ± 0.12 
%w/w 

0.55 ± 0.15 
%w/w 

n.d. 
(Buivydas et al., 

2022) 
31.5  78.3 

%w/w 
21.3  51.7 

%w/w 
2.3  38.9 

g/kg 
n.d. 

5.2  15.3 
g/kg 

(Battista et al., 2019) 

23.00 ± 0.53 
%w/w 

67.52 ± 0.89 
%TS 

4.84 ± 0.37 
%TS 

1.11 ± 0.05 
g/kg 

n.d. (Guo et al., 2022) 

48.3 
%w/w 

69.5 
%TS 

4.7 
%TS 

0.8 
%TS 

n.d. 
(Wedwitschka et al., 

2020) 

Rabbits 
21.8 

%w/w 
18.1 

%w/w 
1.7 

g/kg 
n.d. n.d. (Garcia et al., 2019) 

 



 
 

 

 

 



 
 

 

Substrate pH Total Solids 
(TS) 

Volatile 
Solids (VS) 

Total N Ammonia 
(NH3) 

Total P Total K Ref. 

Cattle manure 
+ pig slurry 

7.9 6.20% 81.50 %TS 3.7 kg/m3 1.6 kg/m3 0.7 kg/m3 2.7 kg/m3 
(Kuusik et al., 

2017) 

Cattle manure 8.3 7.10% 81.30 %TS 3.8 kg/m3 1.8 kg/m3 0.6 kg/m3 3.3 kg/m3 
(Kuusik et al., 

2017) 

Manure 
(unspecified) 

7.3  8.6 2.2  9.2 % 
67.8  75.0 

%TS 
0.05  

0.62 %TS 
0.255  

1.01 %TS 
0.034  0.221 

%TS 
0.03  

0.43 %TS 
(Barampouti 
et al., 2020) 

Diary cows 
digestate 

n.d. 70 ± 3 g/kg 49 ± 2 g/kg 
3.35 ± 0.3 

gN/kg 
1.73 ± 0.1 

gN/kg 
1.64 gP/kg n.d. 

(Bolzonella et 
al., 2018) 

Cow dung 
slurry 

8.89 n.d. n.d. 38.4 mg/g 
23.58 
mg/g 

6.16 mg/g 
12.73 
mg/g 

(Walsh et al., 
2018) 

Pig digestate n.d. 32 ± 3 g/kg 21 ± 2 g/kg 
2.25 ± 0.4 

gN/kg 
1.16 ± 0.3 

gN/kg 
0.36 ± 0.01 

gP/kg 
n.d. 

(Bolzonella et 
al., 2018) 

Pig Slurry 8.4 4.80% 63.90 %TS 5.2 kg/m3 1.6 kg/m3 1.5 kg/m3 2.1 kg/m3 
(Kuusik et al., 

2017) 

Energy Crops 
+ Manure 

7.7  8.1 6.1  8.3 % 4.4  6.3 % 
7.6  9.6 

kgN/t 
4.9  6.1 

kgN/t 
n.d. n.d. 

(Drosg et al., 
2015) 

Energy Crops 7.6  8.0 6.6  9.3 % 4.8  6.9 % 
3.6  4.9 

kgN/t 
1.3  2.4 

kgN/t 
n.d. n.d. 

(Drosg et al., 
2015) 

Agricultural 
Feedstock 

7.5  8.4 7.4  24.0 % 69 - 74 % 
22 - 88 
gN/kg 

6 - 45 
gN/kg 

2 - 66 gP/kg 
9 - 100 
gK/kg 

(Selvaraj et 
al., 2020) 

Agricultural 
Feedstock 

7.5  8.4 6.41 - 24 % 69 - 77 % 
0.14  2.1 

% TS 
0.04  

1.71 %TS 
0.058  2.400 

%TS 

0.324  
0.392 
%TS 

(Barampouti 
et al., 2020) 

Digestate 
(unspecified) 

7.5 - 9 1.5  45.7 % 38 - 77 %TS 
0.005  

5.04 %TS 
0.052  

2.75 %TS 
0.002  2.400 

%TS 
0.001  

2.52 %TS 
(Barampouti 
et al., 2020) 

Digestate 
(unspecified) 

8.1  8.6 4.98  12.0 % 2.8  7.6 % 
0.17  
0.75 % 

0.52  
3.41 g/L 

0.14  0.65 % 
0.20  
0.50 % 

(Vaneeckhaute 
et al., 2017) 

 

 



 
 

 

 

 

 



 
 

 

 

 



 
 

 

 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

  

 

  

 

  

 



 
 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

 

 

  

  

  



 
 

 

 

 

 

  



 
 

Chain R group Carbon no. PHA polymer 

Short 
Hydrogen C3 Poly(3-hydroxypropionate) 

Methyl C4 Poly(3-hydroxybutyrate) 
Ethyl C5 Poly(3-hydroxyvalerate) 

Medium 

Propyl C6 Poly(3-hydroxyhexanoate) 
Butyl C7 Poly(3-hydroxyheptanoate) 
Pentyl C8 Poly(3-hydroxyoctanoate) 
Hexyl C9 Poly(3-hydroxynonanoate) 
Heptyl C10 Poly(3-hydroxydecanoate) 
Octyl C11 Poly(3-hydroxyundecanoate) 
Nonyl C12 Poly(3-hydroxydodecanoate) 
Decyl C13 Poly(3-hydroxytridecanoate) 

Undecyl C14 Poly(3-hydroxytetradecanoate) 

Long 
Dodecyl C15 Poly(3-hydroxypentadecanoate) 
Tridecyl C16 Poly(3-hydroxyhexadecanoate) 

Pentadecyl C18 Poly(3-hydroxyoctadecanoate 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 



 
 

 

 

 

 

  

 

 

 

   

   

   

   

   

 

 



 
 

 

 

 

 

        

        

        

 

 

 

         



 
 

        

 

 

 

        

 

 

 

 

 



 
 

 

   

 

 

 PAC 7440-44-0 

Chemical composition Carbon 

Particle size (mm) 0.001  0.150 

Approx. pore volume (cm3/g) 0.65 

Approx. surface area (cm2/g) 0.12 
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 Raw digestate 

Total Solids (TS) (% w/w) 7.76 ± 0.16 

Volatile Solids (VS) (% w/w) 5.45 ± 0.24 

VS/TS (%) 70.23 ± 0.05 

pH 7.93 ± 0.02 



 
 

Conductibility (mS/cm) 37.01 ± 0.14 

Total Kjeldahl Nitrogen (gN/L) 4.08 ± 0.30 

NH4
+-N (gN/L) 3.52 ± 0.19 

PO4
3--P (gP/L) 0.21 ± 0.02 

Total Phosphorus (gP/L) 1.05 ± 0.09 

Total Potassium (gK/L) 4.01 ± 0.23 

 

 

 

 

  

  

  

 

 



 
 

 

 

 

    

      

     

      

 

     

 

 

      

 

 

 

 





 
 

 

 

 

 





 
 

 
LINE 1 - MF+UF+RO LINE 2 - UF+RO LINE 3 - NF+RO 

 Total 
Recovery (%) 

Recovery 
from RO-
RET (%) 

Total 
Recovery 

(%) 

Recovery from 
RO-RET (%) 

Total 
Recovery 

(%) 

Recovery 
from RO-
RET (%) 

Water 
(from RO 
permeate) 

25.09 ± 1.25  32.75 ± 1.86  4.75 ± 0.14  

TKN 92.65 ± 3.69 26.29 ± 1.27 91.18 ± 3.29 41.01 ± 1.87 94.15 ± 2.25 5.63 ± 0.21 

N-NH4
+ 96.55 ± 3.21 26.36 ± 0.25 97.42 ± 1.30 46.50 ± 1.14 99.97 ± 0.01 6.41 ± 0.75 

TP 92.78 ± 4.85 7.77 ± 0.04 
 

94.54 ± 3.58 14.98 ± 0.70 94.49 ± 3.01 1 .00 ± 0.04 

K as K2O 93.99 ± 3.55 22.95 ± 1.31 99.98 ± 0.00 44.32 ± 0.42 99.21 ± 0.02 4.59 ± 0.33 

 

 

 





 
 

 

 

 
 

 
      

       

       

       

       

       

       

       

       

       

       

       

 

 

 
 

      

       

       

       

       

       

       

       

       

       

 



 
 

 
 

      

       

       

       

       

       

       

       

       

       

 

 

 

 



 
 

 

 

 

 



 
 

 

 

 

Three different combinations of mechanical separation and pressure driven membranes 

technologies were tested in order to recover water and nutrients (nitrogen, phosphorous and 

potassium compounds) from AGRD. The MF did not lead to a complete separation of the 

nutrients and of the removal of colloids and suspended solids. Consequently, this filtration 

step can be removed to avoid losing nutrients to be recovered in the RO concentrate. The 

direct application of NF was neither able to assure good performances as it was 

characterized by low mesh dimension which led to the rapid fouling of the membrane. 

Instead UF was able to assure the finest and colloidal particles removal, assuring the 

passage of the ammonium and potassium compounds in the permeate flux and then in the 

RO steps, where they were recovered and concentrated. In this study, we focused primarily 

on evaluating the initial performance and efficiency of the nutrients recovery membranes, 

given the time constraints and the scope of the research. 

 



 
 

 

 

 

 Concentration 
(gCOD/L) 

Acetic acid 11.97 ± 0.79 
Propionic acid 1.87 ± 0.42 
Butyric acid 6.36 ± 0.57 
Valeric acid 0.82 ± 0.06 
Caproic acid 7.85 ± 1.02 
Total VFAs 26.09 ± 2.46 

 

 

 Concentration 
Total Kjeldahl Nitrogen (gN/L) 11.70 ± 0.17 
Ammonium (gNH4+-N/L) 11.20 ± 0.04 
Phosphorus (gP/L) 0.72 ± 0.06 
Potassium (gK/L) 12.50 ± 0.33 

 

 



 
 

 

 

 

 Concentration (g/L) 
Na2HPO4 2.44 
KH2PO4 1.52 
MgSO4 2O 0.20 
CaCl2 2O 0.05 
SL - 4 10 mL 
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