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Abstract 
 
This work demonstrates the possibility to make a full valuation of a solid waste such as turkey manure, to 
obtain methane and a soil conditioner/fertilizer from turkey manure anaerobic digestion in a mesophilic pi-
lot-scale continuous stirred tank reactor at different organic loading rates (OLR) (from 0.5 to 2.5 kgVS/m3d). 
The application of the anaerobic mono-digestion for the turkey manure treatment was an efficient alternative, 
because high volatile solids removal and methane were obtained in addition to obtaining a stabilized solid 
waste that can be applied as soil conditioner, based on its nutritional parameters and humic substances con-
tent. In this way, the turkey manure anaerobic digestion can be applied avoiding the co-digestion of the ma-
nure with other wastes and allows a process devoid of pollutant emissions, obtaining two products. The re-
actor operation depends on the OLR, and its operation does not allow an OLR above 1.5 kgVS/m3d. Higher 
OLR produced a decrease in the TS and VS removals and methane productivity. 
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1. Introduction 

The anaerobic digestion is a biological process, involv-
ing different kinds of microorganisms, which is accom-
plished by four sequential steps (hydrolysis, acidogenesis, 
acetogenesis and methanogenesis). In this manner, or-
ganic matter is transformed into biogas, mainly made up 
by methane, 60% - 70% of the biogas. Due to environ-
mental, energy, economic and legal considerations, the 
anaerobic digestion for solid waste treatment is a process 
that, in most of the cases, is the best way to transform the 
organic matter into value-added products, like methane 
and a stabilized sludge with soil conditioner characteris-
tics, avoiding the disposal of the solid waste in a dump or 
landfill, incineration and composting [1,2]. However, the 
solid waste anaerobic digestion is a complex process, 
from a kinetic and process point of view, due to the high 
solid content, low moisture and waste composition, 
which makes the hydrolytic phase to be the limiting step. 
For the solid wastes biomethanization, the continuous 
stirred tank reactor (CSTR) is the main industrial-scale 
reactor type used, due to the simplicity of the process, 
the reactor operation and the lower investment cost [3]. 
An important operation parameter is the organic loading 
rate (OLR), because it affects the hydraulic retention 

time (HRT). Maintaining the reaction volume, an in-
crease on the OLR, produces a decrease in HTR, so the 
reaction time must be proper to convert the waste to 
methane. 

The possibility to generate a process without pollutant 
emissions and obtaining value added products are part of 
the current focus of environmental biotechnology. In this 
sense, anaerobic digestion achieves these objectives, due 
to the possibility to convert waste (low-cost raw material) 
into biofuels (hydrogen and/or methane) and an effluent 
(stabilized waste) can be used as fertilizer or soil condi-
tioner. Therefore, the waste is completely up-valued in 
its energy and fertilizer potentials, which today in Chile 
is not totally exploited. 

Until now, the literature reports the application of an-
aerobic digestion only to obtain methane and doesn’t show 
how the operational parameters of the reactor affect the 
production of biogas and a soil conditioner/fertilizer. 
Also, according to the literature, the anaerobic manure 
mono-digestion cannot be achieved, the co-digestion of 
manure with other wastes being the only viable process. 

This work demonstrates the possibility to completely 
up-valuate the raw turkey manure, without its co-diges- 
tion, to obtain methane and a soil conditioner/fertilizer 
from the turkey manure anaerobic mono-digestion in a 
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pilot-scale continuous stirred tank reactor, evaluating the 
operation of the CSTR at different organic loading rates. 

2. Materials and Methods 

2.1. Inoculum 

Anaerobic sludge from an industrial-scale CSTR for the 
treatment of sludge from a sewage wastewater plant (ac-
tivated sludge system) was used as inoculum. The main 
characteristics of the inoculum are show in Table 1, 
which was characterized by low concentration of ammo-
nium and acetic acid. The methanogenic activity of the 
sludge was 0.14 [gCODCH4/gVSSd]. 

2.2. Waste Characteristics 

The waste used was raw turkey manure, provided by a 
turkey breeding, and composed, mainly, by manure, 
chips and feathers. Chips were part of the layer on which 
the turkeys are confined. The manure was collected, ap-
proximately once a month; and it was stored in a refrig-
eration chamber (4˚C) to avoid changes on its initial 
composition. Table 2 shows manure composition, which 
has high solid concentration (51.2% (w/w)), of which 
71.5% was organic matter, expressed as volatile solids. 
Also, high ammonium concentration was found. The 
chemical oxygen demand (COD) was 1.1 gO2/gTS. 

2.3. Reactor 

The study was made in a pilot-scale CSTR with 2.0 m3 
of total volume (1.6 m3 active volume). The experimen-
tal pilot scale set-up consisted on a fiberglass reactor (6.0 
mm thickness) and a circular steel lid (8.0 mm thickness). 
The heating was automatically fixed at 37˚C. The mixing 
was maintained at 85 rpm through a gear motor (1 HP 
power) and the system consisted on a stainless steel cen-
tral axis with 4 inclined blades (45˚) and 4 fiberglass 
baffles. The digester is located in Quillota (V region,  
 

Table 1. Inoculum characteristics. 

Volatile fatty acids [mg/L] COD 
[gO2/gTS] acetic propionic butiric 

VSS 
[g/L] 

TS 
[g/L] 

VS 
[g/L]

NH4
+

[g/L]

0.9 116.9 39.2 0.0 18.4 29.9 18.5 0.5 

 
Table 2. Turkey manure characteristics. 

Density 
[kg/m3] 

TS [%w/w] 
(wet basis) 

VS [%w/w]
(dry basis)

Moisture 
[%] 

COD 
[gO2/gTS]

NH4
+

[g/L]

424.0 ± 4.3 51.2 ± 9.8 71.5 ± 20.3 48.8 ± 8.8 1.1 ± 0.2 2.2 ± 0.3

Chile), at the School of Agronomy of Pontificia Univer-
sidad Católica de Valparaíso. Figure 1 shows the reactor 
scheme. 

2.4. Experimental Procedure 

The reactor was inoculated with anaerobic sludge, filling 
the digester up to the reaction volume (1.6 m3). Then, the 
reactor was airtight closed and the mixing was started. 
Later, nitrogen gas was injected to remove the oxygen 
inside the reactor. Once the reactor was loaded with 
sludge, the heating system was activated (programmed to 
37˚C). The reactor feeding was semi-continuous, i.e., 
fresh waste was added once per day to the reactor. Five 
organic loading rates were analysed (see Table 3). An 
increase in the OLR produced a decrease in the HRT. 
During the reactor operation, total solids (TS), volatile 
solids (VS), ammonium ( 4NH ) concentrations, and bio-
gas production and composition were determined peri-
odically. At different OLR, the generated effluent (solid 
fraction, obtained by solar drying, and liquid fraction, 
obtained by filtration) was evaluated as fertilizer and soil 
conditioner, by means of determination of macro and 
micronutrients and humic content. The length of each 
organic loading rate depended on the stability of the re-
actor behaviour. 

2.5. Analytical Methodology 

The TS and VS concentrations were measured according 
to Standard Methods [4] and the NH4

+ concentration was 
quantified by the utilization of a selective electrode 
 

Legend: 

1. Stabilized waste discharge valve. 

2. Heating valves. 

3. Sampling valves. 

4. Biogas output valve,  

  connected to a gas meter. 

5. Supply valve. 

6. Biogas output control valve. 

7. Sampling system at different  

heights. 

8. Gear motor. 

9. Gearbox support. 

10. Mixer: central axis with  

   4 inclined blades. 

11. Coil. 

12. Baffle. 

13. Manometer. 

 

Figure 1. Overall scheme of the pilot-scale reactor, indicat-
ing the valve arrangement and the mixer system, heating 
and sampling. 
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Table 3. Average values of the operational parameters 
during each OLR studied for the pilot-scale CSTR opera-
tion in the anaerobic treatment of turkey manure. 

Removal 
[%] Operation 

Time [d] 

OLR 
[kgVS/ 
m3d] 

HRT 
[d] 

TS VS 

CH4 content 
[%] 

Methane 
productivity 
[m3

CH4/m
3

Rd]

1 - 121 0.5 192 88.3 91.5 70.0 0.21 

122 - 191 1.0 160 83.6 87.6 70.0 0.52 

192 - 280 1.5 77 72.0 78.1 60.0 0.50 

281 - 315 2.0 55 62.6 67.7 22.0 0.19 

316 - 337 2.5 43 60.1 66.1 25.0 0.24 

 
(Cole-Parmer, model: 27502-03). The methane and car-
bon dioxide content were analysed with gas chromatog-
raphy: PerkinElmer chromatograph (Clarus 500 model, 
packed column, thermal conductivity detector). The 
methane and biogas volume were expressed in standard 
pressure and temperature conditions (1 atm and 0˚C). 
Macro and micronutrients were determined according to 
[5] and the humic and fulvic content was analyzed 
through [6]. The methanogenic activity was measure-
ment according to [7]. 

3. Results and Discussion 

3.1. Solids Removal 

Figure 2 shows the CSTR behaviour at the different 
OLR studied, with respect to the total and volatile solids 
removal. Table 3 presents the data obtained. An increase 
in the organic loading rate produced a gradual decrease 
in the TS and VS removals, which had the same trends. 
During the start-up (OLR of 0.5 kgVS/m3d), first fluc-
tuation occurred and later stabilization occurred. For the 
second OLR (1.0 kgVS/m3d), the TS and VS removals 
maintained relatively constant, with an average removal 
of over 80% for TS and 90% for VS. When the CSTR 
was operated from an organic loading rate of 1.5 up to 
2.5 kgVS/m3d, the total and volatile solids removals de-
creased gradually with an increase in the OLR. The 
minimal VS removal was 66% (for the OLR of 2.5 
kgVS/m3d), which was higher than reported for manure 
in pilot and industrial-scale CSTR (50% - 58% of VS 
removal) [8-10]. The process could be negatively af-
fected in terms of the low hydraulic retention time, which 
could not allow the proper metabolism/degradation of the 
recalcitrant substances, thus avoiding to obtain higher 
removal. Another fact could be the solids and ammonium 
concentrations inside the reactor. During the organic 
loading rates of 0.5 and 1.0 kgVS/m3d, the TS and NH4

+ 
maintained under 40.0 and 4.0 g/L for total solid and am- 

 

Figure 2. TS and VS removals during the operation of the 
pilot-scale CSTR at different OLR for the anaerobic treat-
ment of turkey manure. 
 
monium, respectively (data not shown). This TS concen-
tration inside the reactor is appropriate for the anaerobic 
digestion of solid wastes, because the reported suitable 
range is between 10 and 50 g/L of TS [11-13]. The re-
ported inhibitory ammonium concentration for meth-
anogenic bacteria is between 3.5 and 18.3 g/L [12, 14- 
21]. With an increase on the organic loading rate (from 
1.5 to 2.5 kgVS/m3d) the total solids and ammonium 
concentrations increased gradually, over 50.0 and 5.0 g/L 
respectively, exceeding the recommended concentrations 
for biomethanization which could negatively affect the 
reactor behaviour. Detailed information of the reactor 
operation can be obtained in [13]. 

3.2. Methane and Biogas Production 

In relation to methane production, Figure 3 shows me- 
thane productivity obtained with all the OLRs studied. 
Table 3 shows the values obtained. In the early stage of 
operation, the reactor presented a high fluctuation on 
methane production, which can be associated to the bio-
mass acclimatization to the waste. Later, with an increase  
 

 

Figure 3. Methane productivity during the operation of the 
pilot-scale CSTR at different OLRs for turkey manure an-
aerobic treatment. 
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in the OLR, the methane productivity had an increase, 
presenting high stability when the organic loading rate 
was 1.0 kgVS/m3d, compared to higher studied OLR. 
According to the results, an OLR above 1.5 kgVS/m3d 
produced a decrease on the methane productivity. 

During the reactor operation, the methane content de-
creased gradually with an increase in the OLR (see Ta-
ble 3). The biogas composition varied from 70 up to 20 
% of methane, between an OLR of 0.5 to 2.5 kgVS/m3d. 
The rest of the biogas content was carbon dioxide, which 
was to be expected. For this reason, the methane produc-
tion decreased when the organic loading rate increased; 
which can be expected, because the HRT decreased 
and/or the NH4

+ or TS increased to inhibitory concentra-
tions. According to these results, the maximum methane 
productivity was 0.52 m3

CH4/m
3

Rd with the OLR of 1.0 
kgVS/m3d. However, when the OLR was 1.5 kgVS/m3d, 
the methane productivity was slightly lower than with 
1.0 kgVS/m3d (0.50 m3

CH4/m
3

Rd), which would indicate 
that when the OLR is 1.5 kgVS/m3d, it is possible to 
have a higher organic matter treatment obtaining an ap-
propriate methane production. The manure biomethani-
zation in mesophilic CSTR is reported with a methane 
productivity of 0.3 - 1.0 m3

CH4/m
3

Rd for an OLR of 1.1 - 
3.3 kgVS/m3d [10,22-27]). According to what has been 
already published, for the results obtained, with a low 
OLR (1.5 kgVS/m3d), an appropriate methane productiv-
ity (0.50 m3

CH4/m
3

Rd) was obtained. This could be due to 
the high VS removal obtained (67.7%), compared with 
the reported values, allowing to convert the organic 
waste into methane. 

3.3. Stabilized Waste as Soil Conditioner 

At organic load rates of 1.0 and 2.0 kgVS/m3d (between 
120 - 130 and 305 - 315 days the reactor operation), the 
composition of macro and micronutrients in the effluent 
of the digester was determined (see Tables 4 and 5), ana-
lysing the solid fraction of the effluent (dry sludge 
through solar drying) and the entire effluent (sludge 
without pre-treatment). For the dry sludge (see Table 4), 
an increase in the OLR produced an increase in electrical 
conductivity, organic matter, available nitrogen, copper 
and boron, exchangeable magnesium and C/N ratio; 
however, the pH, exchangeable potassium, sodium and 
calcium and the available phosphorus, zinc, manganese 
and iron decreased. The appropriate values of the solid 
fraction of the effluent would allow the re-use of the liq-
uid fraction in the process, with the purpose of maintain-
ing an appropriate TS concentration inside the reactor. 
With respect to the entire effluent (without pre-treatment) 
(see Table 5), all the quantified parameters, except pH, 
highly increased with an increase in the OLR; which can  

Table 4. Macro and micronutrient in solid fraction (dry 
sludge through solar drying) of the effluent of the pilot-scale 
CSTR operation in the turkey manure anaerobic treatment. 

OLR [kgVS/m3d] %1 
Parameter Unit 

1.0 2.0 Decrease Increase

pH  7.2 6.55 9.0  

Electrical  
conductivity 

[dS/m] 7.94 13.5  70.0 

Organic matter [%] 59.2 88.8  50.0 

Available  
nitrogen 

[mg/kg] 2556 2746  7.4 

Available  
phosphorus 

[mg/kg] 4044 1710 57.7  

Available 
potassium 

[mg/kg] 25856 21004 18.8  

Exchangeable
potassium 

[cmol+/kg] 66.1 53.7 18.8  

Exchangeable 
sodium 

[cmol+/kg] 24.1 11.6 51.9  

Available  
copper 

[mg/kg] 63.5 83.4  31.3 

Available  
zinc 

[mg/kg] 399 102 74.4  

Available  
boron 

[mg/kg] 1.36 43.3  3083.8

Available  
manganese 

[mg/kg] 63.4 28.1 55.7  

Available iron [mg/kg] 482 196 59.3  

Exchangeable 
Magnesium 

[cmol+/kg] 4.14 7.47  80.4 

C/N ratio  10.7 22.8  113.1

Exchangeable
calcium 

[cmol+/kg] 12 8.95 25.4  

1based on the OLR of 1.0 kgVS/m3d. 

 
be excessive or toxic for the nutritional requirements of 
the plants and/or for physical-chemical properties of the 
soil. Therefore, the organic load rate had an effect on the 
nutritional composition of the effluent. These results 
show that the solid fraction of the stabilized turkey ma-
nure through anaerobic digestion can be applied as a fer-
tilizer or have the characteristic to be an A class sludge 
(unrestricted agricultural use for health reasons), and can 
be used in the agricultural, forest and gardening sectors; 
avoiding by in this manner its disposal on dumps. An-
other parameter required to know about the potential of 
the application of the stabilized waste to soil conditioner 
is the content of humic and fulvic acids, which results are 
shown in Table 6. The entire effluent presents higher 
concentrations of humic and fulvic acids than the liquid 
fraction (filtrate of the entire effluent) of the effluent. 
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Table 5. Macro and micronutrient in the entire effluent 
(sludge without pre-treatment) of the effluent of the pilot- 
scale CSTR operation in the turkey manure anaerobic treat- 
ment. 

OLR [kgVS/m3d] %1 
Parameter Unit 

1.0 2.0 Decrease Increase

pH  8.16 7.84 3.9  

Electrical  
conductivity 

[ds/m] 18.2 36.5  100.5 

Nitrate [mg/L] 125 594  375.2 

Phosphate [mg/L] 2296 16246  607.6 

Bicarbonate [mg/L] 12678 35569  180.6 

Sulphate [mg/L] 489 5430  1010.4 

Chloride [mg/L] 1001 2723  172.0 

Ammonium [mg/L] 2967 8483  185.9 

Calcium [mg/L] 36.1 2579  7044.0 

Magnesium [mg/L] 0.92 648  70334.8

Potassium [mg/L] 941 4143  340.3 

Sodium [mg/L] 284 635  123.6 

Iron [mg/L] 1.21 86.2  7024.0 

Cupper [mg/L] 0.15 32.9  21833.3

Zinc [mg/L] 0.20 38.6  19200.0

C/N ratio   10.5   

Manganese [mg/L] 0.01 10.5  104900.0

Boron [mg/L] 1.88 15.9  745.7 

1based on the OLR of 1.0 kgVS/m3d. 

 
Table 6. Humic and fulvic content in the effluent of the pi-
lot-scale CSTR operation in the anaerobic treatment of 
turkey manure. 

OLR  
[kgVS/m3d] 

Effluent  
fraction 

Fulvic 
acids 
[g/L] 

Humic 
acids 
[g/L] 

Fulvic and 
humic 

acids [g/L]

Liquid  
fraction of  
the effluent 

0.04 2.32 2.36 

1.5 

Entire 
effluent 

0.60 2.04 2.64 

4. Conclusions 

It is possible to achieve the anaerobic mono-digestion of 
turkey manure, without its codigestion. The anaerobic 
mono-digestion is an appropriate alternative to convert 
the turkey manure to methane and obtain a stable waste 
with characteristic (according to the nutrient and humic 

and fulvic acids content) that can be applied as soil con-
ditioner or fertilizer, based on the performance of a 
mesophilic pilot-scale continuous stirred tank reactor. In 
this way, the application of the anaerobic digestion al-
lows a process without pollutant emissions, obtaining 
two products. The anaerobic digestion of turkey manure 
and, therefore, the methane and fertilizer/soil conditioner 
production depend on the organic load rate. The reactor 
operation does not allow an OLR above 1.5 kgVS/m3d. 
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