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Abstract: Bio-methane potential (BMP) tests are widely used in studies concerning the anaerobic digestion of organic 

solids. Although they are often criticized to be time consumer, with an average length longer than 30 days, such tests are 

doubtless easy to be conducted, relatively inexpensive and repeatable. Moreover, BMP tests give significant information 

about the bio-methanation of specific substrates and provide experimental results essential to calibrate and validate 

mathematical models. These last two aspects have been handled in this work where the following elements have been de-

scribed in detail: i) the methods used to conduct the BMP tests; ii) the cumulative bio-methane curves obtained from three 

BMP tests, concerning respectively two pure organic substrates (swine manure-SM and greengrocery waste-GW) and an 

organic substrate obtained by mixing buffalo manure (BM) and maize silage (MS); iii) the procedure used to calibrate a 

mathematical model proposed by the authors to simulate the anaerobic digestion process; iv) the results of the calibration 

process. This paper shows that BMP tests are extremely helpful to determine the amount of bio-methane obtainable from 

different organic solids and under different operational conditions as well as the biodegradability of the investigated sub-

strate, the relative specific rate of bio-methanation and the synergic effect of multiple co-digested substrates. Furthermore 

BMP tests represent an interesting tool for the technical and economical optimization of bio-methane producing plants.  

Keywords: BMP, biodegradability, digestion, mathematical modelling, organic waste. 

1. INTRODUCTION 

On the last decades the use of the anaerobic digestion as 
process to treat organic solid wastes became more and more 
frequent. The reason of this new tendency in treatments of 
solid wastes can be explained considering mainly three fac-
tors [1-3]: i) the need to apply a process to dispose of organic 
solid wastes more environmental friendly than landfills as 
requested by the latest rules concerning the environmental 
protection in many countries in the world; ii) the opportunity 
to obtain from this process a renewable fuel called biogas 
alternative to fossil ones; iii) the advantage of relatively low 
costs in starting up and managing this process.  

Anaerobic digestion is a multi-steps biological process 
where the originally complex and big sized organic solid 
wastes are progressively transformed in simpler and smaller 
sized organic compounds by different bacteria strains up to 
have a final energetically worthwhile gaseous product,  
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called biogas, and a semi-solid material, called digestate, rich 
in nutrients and thus suitable for its utilization in farming [4]. 

Despite the linearity according to which the anaerobic 

digestion of organic solid wastes evolves, this process is 

commonly prone to drops in performance due to the occur-

rence of dysfunctions or failures that make it strongly de-

pendable on the choice of the substrates as well as on the 

environmental and operational conditions [5]. This last as-

pect can be reasonably considered the only drawback of this 

process in treating organic solid wastes.  

Anaerobic digestion is easily performed in a biological 

reactor where mixers and heater exchangers could be the 

only technological and power consuming equipments 

needed. Moreover this process can gain money by disposing 

of organic solid wastes as well as selling the biogas or the 

power generated by its combustion and, when possible, the 

digestate as fertilizer in agriculture. 

This process has therefore opened up interesting perspec-

tives not only for the treatment of the organic solid wastes, 

but also for the production of a renewable source of power, 

that is cheap and easy to obtain.  
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Nevertheless the anaerobic digestion is still affected by 
sceptical judges about its utilization as process to treat or-
ganic solid wastes because of not comforting past experi-
ences mainly due to a lack of knowledge about this topic. 
From this point of view experimental tests represent the most 
powerful tools to remove all those doubts that still hamper 
the full establishment of the anaerobic digestion as the envi-
ronmentally and economically most convenient and helpful 
process to treat organic solids. Among all available experi-
mental methods, the bio-methane potential (BMP) tests are 
those that have been most successful, mainly thanks to their 
easy set up and conduction as well as the useful information 
obtainable from them.  

The BMP tests are conducted in batch conditions and in 
bench scale, measuring the maximum amount of biogas or 
bio-methane produced per gram of volatile solids (VS) con-
tained in the organics used as substrates in the anaerobic 
digestion process [6]. Furthermore, relevant elements com-
ing from the conduction of such tests are mainly the envi-
ronmental and operational condition that could lead the 
process to failure, the time needed to have a complete sub-
strate degradation, the average rate of bio-methanation for 
each substrate investigated, the evaluation of the digestion 
kinetics by coupling the BMP tests results to a mathematical 
model simulating the anaerobic digestion. 

The relevance of the BMP tests as useful tool to improve 
the knowledge on the anaerobic digestion process to treat 
organic wastes is claimed in this paper, where some BMP 
tests and the information obtainable from their results, such 
as the biodegradability of the substrate investigated, the rela-
tive specific rate of bio-methanation, the theoretical produc-
tion of bio-methane and the disintegration process kinetics, 
are described as illustrative cases.  

These tests were conducted using either pure substrates 

or a mixture of two substrates in order to investigate also the 

effect that the combination of different organic wastes has on 

the digestion process (co-digestion). Indeed according to 

recent studies [7-12], the concurrent presence in the same 

anaerobic reactor of different organic wastes can improve the 

performance of the digestion process.  

The co-digestion of different organic substrates has been 

studied during the last 10-15 years and the results have 

showed a synergic effect of the combined treatment as the 

biodegradability of the resulting mixture was higher than the 

biodegradability of the single substrates when investigated 

separately. In particular, the combination of different sub-

strates with proper percentages of each fraction can result in 

the production of a mixture with a Carbon:Nitrogen (C:N) 

ratio included in the optimal range 20:1-30:1 [13]. Analo-

gous results were obtained with regard to the Car-

bon:Phosphorous (C:P) ratio. Therefore the above-cited im-

provement of the biodegradability characteristics of the solid 

mixture is substantially due to the C:N:P ratio adjustment. 

Further benefits of the co-digestion are higher biogas and 

energy production [14] and the decrease of the amount of 

solid waste to be disposed due to the gasification of a higher 

percentage of the substrate.  

This work is focused on the relevance of BMP tests as 
tool to measure the bio-methane potential of different sub-
strates, both pure and mixed, as well as to determine their 
digestion bio-kinetic constants. A procedure to assess the 
kinetics of the limiting step of the anaerobic digestion proc-
ess is presented, based on the use of a mathematical model 
proposed by the authors [15]. In particular, the kinetic con-
stants for specific organic substrates are determined using 
the results of BMP tests carried out on such substrates to 
calibrate the above cited mathematical model.  

2. BMP TESTS METHODOLOGY 

The BMP assay can be used as an index of the anaerobic 
biodegradation potential as it is the experimental value of the 
maximum quantity of methane produced per gram of VS. 
The BMP is measured with the BMP test, which consists in 
measuring the bio-methane or biogas produced by a known 
quantity of waste in batch and anaerobic conditions. 

The approach of the BMP test is simple, an organic sub-
strate is mixed with an anaerobic inoculum in defined opera-
tional conditions, and the gas evolved is quantified by a spe-
cific measurement method. In literature there are different 
attempts to define a standard protocol in order to gain com-
parable results but so far such standardization has not been 
reached. 

One of the last attempts to define a common protocol for 
BMP testing with some basic guidelines for a common pro-
cedure was given in [16]. Some studies are also published in 
literature, aimed at collecting data and methods that are 
commonly used by different international laboratories [17]. 
The last collection of data, from 19 laboratories, was done in 
[18], with the aim of providing an extensive database for 
BMP results in terms of specific methane yield and degrada-
tion rates as a function of the experimental conditions se-
lected. 

Protocols for BMP tests should be provided for a clear 
setting of all those parameters that can affect significantly 
the experiments results, such as temperature, pH, stirring 
intensity, physical and chemical characteristics of substrates, 
substrate/inoculum (S/I) ratio. 

Temperature affects the bio-methanation rate and usually 
higher temperatures imply greater methane yields in a 
shorter digestion time. Nevertheless sharp increases of tem-
perature should be avoided because they can cause a de-
crease in bio-methane production due to the death of specific 
bacteria strains, particularly sensitive to temperature changes 
[19]. To keep constant the temperature during BMP tests it is 
needed to submerge the reactors in a water bath kept at the 
selected temperature [20] or to incubate them in a thermo-
statically controlled room [21]. 

BMP tests have to be carried out keeping the pH around 
the neutrality (values ranging between 7.0 to 7.8). pH values 
below 6.0-6.5 inhibit the methane bacteria activity. To avoid 
drops in pH chemicals are added to the organic substrate to 
supply a buffer capacity. Sodium bicarbonate, sodium hy-
droxide, sodium carbonate and sodium sulphide are the most 
used chemicals [22]. 
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Stirring intensity guarantees an uniform moisture content 
and maximizes the contact between substrates and 
microorganisms. Mixing can be provided by several ways: 
turning manually up to down the reactors once a day  
[16], using stirring magnet bar, using an external agitation 
systems [23]. 

Substrate particles size affects significantly the BMP 
tests [15, 25-27] as it influences the ratio between surface 
and volume for each organic particle. This ratio is relevant 
since microorganisms can degrade only the substances pre-
sent on the organic solids surface.  

Substrate/inoculum (S/I) ratio influences the performance 
of BMP tests. According to [28] a S/I ratio ranging between 
0.5 and 2.3 gVS/gVS can prevent acidification phenomena. 
Instability in the anaerobic process, such as high COD con-
tent in the effluent and volatile fatty acids (VFAs) accumula-
tion, occurs with S/I ratio lower than 0.5 [29]. Further stud-
ies [30] showed that the biogas yield is in an inverse propor-
tion to the S/I ratio in the range 1.6-5.0. 

In literature different methods to measure the biogas pro-
duced are used. The most common are the manometric and 
volumetric methods. 

The manometric method measures the biogas production 
by the overpressure generated by biogas the reactor where 
volume and temperature are kept constant. The overpressure 
can be measured using a common differential manometer or 
a more sophisticated pressure transducer [31]. 

The volumetric method measures the biogas produced 
when pressure and temperature are kept constant. 

One of simplest volumetric methods connects the reactor 
with a graduated piston [24]. Another equipment that uses 
the liquid displacement to measure the biogas produced is 
the Eudiometer described in detail in [32]. Systems similar to 
Eudiometer can be built using graduated reverse cylinder 
filled with a barrier solution [33]. Volumetric methods per-
mit to know the biogas composition as percentages of CH4 
and CO2 by using a gas chromatograph or measuring directly 

the CH4 flow after removing CO2 from biogas by bubbling it 
through a NaOH 2N solution.  

3. BMP TEST APPLICATIONS 

3.1. Experimental Design 

In this paper some examples of BMP tests are illustrated 

that are concerned with four different organic wastes, whose 

main characteristics in terms of total solids (TS) and VS are 

shown in Table 1. In particular, BMP tests were conducted 

on two pure substrates, such as swine manure (SW) and 

greengrocery waste (GW) (identified by test indexes A and 

B) and a substrate obtained mixing buffalo manure (BM) 

with maize silage (MS) in percentages of 70% and 30%, 

respectively, in terms of VS, (identified by test index C). A 

further BMP test (identified by test index D) was conducted 

on the inoculum, to estimate the volume of methane resulting 

from the fermentation of the organic solids contained in the 

anaerobic sludge. In total, 4 BMP tests were conducted, each 

of them in triplicate (Table 2). 

3.2. Substrates Collection and Preparation 

SW, BM and MS were collected from a farm in Alban-

ella, near Salerno, in the southern Italy and stored in the 

fridge at 4 °C. Granular anaerobic sludge, used as inoculum, 

was taken from an Upflow Anaerobic Sludge Blanket 

(UASB) reactor treating the wastewater produced by a pota-

toes factory. 

The representative sample of GW was collected from the 

fruit and vegetable market of Naples according to waste 

sampling methodology [34]. This sample was subsequently 

ground and sieved as far as to have a homogeneous material 

composed of particles with size ranging between 1 and 2 

mm. 

3.3. BMP Tests Setup and Operation 

As there is not a standard protocol for BMP tests, the 

most common conditions used in the literature were applied. 

Table 1. Main Characteristics of the Organic Solids Used in BMP Tests 

Organic Wastes 
Parameter Units 

SM GW BM MS 
Inoculum 

TS g/kg, wet 101.5±0.4* 125±1.0* 81.67±0.5* 278.82±0.3* 140.9±0.4* 

VS g/kg, wet 83.06±0.3* 113±0.7* 64.45±0.4* 264.07±0.2* 85.4±0.3* 

(
*
) Standard error. 

Table 2. BMP Tests Design 

SM GW BM MS Inoculum Na2CO3 Test 

index 
Mass [g] Mass [g] Mass [g] Mass [g] Mass [g] Mass [g] 

A 76.87±0.37* ------------- ------------- ------------- 150.22±0.36* 0.35±0.02* 

B ------------- 17.52±0.29* ------------- ------------- 150.15±0.51* 0.10±0.01* 

C ------------- ------------- 68.68±0.22* 7.20±0.23* 150.32±0.38* 0.35±0.03* 

D ------------- ------------- ------------- ------------- 150.22±0.43* 0.10±0.01* 

(*) Standard error. 
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Each BMP test was performed under controlled and re-

producible conditions in a 1000 mL glass bottle GL 45 

(Schott Duran, Germany). Each bottle was partially filled 

with inoculum and a substrate, according to a ratio equal to 2 

between their VS content; tap water was added up to a 500 

mL total volume. Small amounts of Na2CO3 powder, ranging 

from 0.10 to 0.60 g, were also added (Table 2) to prevent a 

critical drop in pH. Each bottle was sealed with a 5 mm thick 

silicone disc that was held tightly to the bottle head by a 

plastic screw cap punched in the middle (Schott Duran, 

Germany). All bottles were shaken for 30 min at 80 rpm 

speed by bottle shakers KL-2 (Edmund Bühler, Germany) 

and were immersed up to half of their height in hot water, 

kept at a constant temperature of 35 ±1°C by 200W A-763 

submersible heaters (Hagen, Germany). Once a day, each 

bottle was connected by a capillary tube to an inverted 1000 

mL glass bottle containing an alkaline solution (2% NaOH) 

and sealed in the same way as done for the BMP bottle. To 

enable gas transfer through the two connected bottles, the 

capillary tube was equipped on both ends with a needle, 

sharp enough to pierce the silicone disc. 

3.4. Analytical Measurements 

TS and VS contents were measured according to Stan-

dard Methods [35]. Daily methane production was monitored 

measuring the volume of alkaline solution displaced from the 

measure bottle and collected in a graduated cylinder (Fig. 1). 

The CO2 contained in the biogas did not affect the volumet-

ric methane measurements as it was dissolved in the alkaline 

solution. Temperature and pH in each BMP bottle were also 

monitored for at least once a day with a TFK 325 thermome-

ter (WTW, Germany) and a pH meter (Carlo Erba, Italy), 

respectively. 

4. MODEL CALIBRATION  

4.1. Mathematical Model 

During the last years much research aimed at modelling 
the anaerobic digestion of complex organic substrates has 
been carried out [36]. The mathematical modelling of the 
digestion process allows to reproduce several empirical be-
haviours on a computer in a short time. The possibility to 
obtain several data from model simulations can reduce the 
number of BMP tests needed to evaluate the biodegradability 
of a specific organic substrate. However the possibility to 
use a mathematical model to predict the results of BMP tests 
relies on a proper calibration of the model itself. Once the 
model is properly calibrated it can be used also to improve 
the performance of full-scale digesters. 

The BMP tests presented in this study have been used to 
calibrate a recently proposed mathematical model of the co-
digestion process [15, 37, 38]. In this model the differential 
mass balance equations and the process kinetics and 
stoichiometry are modelled according to the Anaerobic Di-
gestion Model no 1-ADM1 [39]. However, the model can 
consider different influent substrates, which are modelled 
with different disintegration kinetics. Classical first-order 
kinetics are used to model the disintegration of simple or-
ganic matter (e.g. sewage sludge, livestock manure), and a 
surface-based kinetic expression [15, 40] is used to simulate 
the disintegration of complex particulate matter.  

This expression (equation 1) considers the dependence of 
the disintegration rate on the surface area (i.e. on the parti-
cles size distribution-PSD) of the solid waste to be disinte-
grated. However, the surface-based kinetic expression pro-
posed in [26] cannot be used in its original form (equation 1) 
as the model structure needs the substrates to be expressed in 
terms of concentrations while equation (1) includes the or-
ganic particles in terms of mass:  

dM

dt
= Ksbk A  (1) 

where: 

M = complex organic substrate mass [M]; 

Ksbk = disintegration apparent kinetic rate constant [M L
-

2
 T

-1
] ; 

A = disintegration surface area [L
2
]. 

Equation (1) has therefore been reformulated in terms of 
concentrations (equation 4) by including the following two 
parameters, a and a*, which characterize the disintegration 
process: 

a =
A

Vliq

 (2) 

M

A
a =*  (3) 

dC

dt
= Ksbk a * C  (4) 

 

Fig. (1). Experimental equipment used to measure the daily  

bio-methane production. 
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where: 

C = concentration of the complex organic substrate in 
the digester [M L

-3
]; 

Vliq  = liquid working volume of the anaerobic digester 

[L
3
]. 

Assuming that all the organic solid particles have the 
same spherical shape and initial size and that they are pro-
gressively and uniformly degraded, equation (3) can be re-
written as follows:  

a* =

Ai

i=1

n

Mi

i=1

n
=

nAi

nMi

=
n4 R2

n
4

3
R3

=
3

R
 (5) 

where: 

Ai = disintegration surface area of the organic solid 
particle i [L

2
] ; 

Mi = mass of the organic solid particle i [M]; 

n = total number of organic solid particles [dimen-
sionless] ; 

  = complex organic substrate density [M L
-3

]; 

R = organic solid particles radius [L], assumed to be 
time dependent according to the following expres-
sion proposed in [40]:  

R = R0 Ksbk
t

 (6) 

where: 

R0 = initial organic solid particle radius [L], specified 
as the initial condition for model application. 

Equation (4) therefore results in equation (7), which is 
used in the model: 

dC

dt
=

3 Ksbk C

R
 (7) 

Expressing C in equation (7) as the ratio between the 
mass of the organic solid particles and the digester volume 
results in the following quadratic dependence of the disinte-
gration process rate on the particle radius: 

dC

dt
= Ksbk

n4 R2 t( )
Vliq

 (8) 

Because the radius of the organic solid particles varies 
according to a linear law (equation 6), equation (8) implies 
that the concentration of the complex organic substrate de-
creases during the disintegration process according to a cubic 
law. 

If this model is compared with the ADM1 first-order dis-
integration kinetics, the main advantage of this model is that 
Ksbk is the same for any PSD and can thus be determined 
experimentally using organic waste samples of any PSD. If a 

typical first-order kinetic expression is applied and organic 
waste samples are used to determine experimentally the ap-
parent kinetic rate constant, the latter can be used to simulate 
the anaerobic digestion of organic waste with only the same 
nature and PSD of the organic waste samples that are inves-
tigated.  

Integration of the differential algebraic equations is per-
formed using a multi-step solution algorithm based on the 
numerical differentiation formulas in the software tool 
MATLAB

®
. 

4.2. Calibration Procedure 

The mathematical model can be used to estimate several 
apparent kinetic rate constants. In this work model calibra-
tion was used to estimate Ksbk, [M L

-2
 T

-1
], i.e. the apparent 

kinetic rate constant of the surface-based disintegration proc-
ess and Kdis [T

-1
], i.e. the first-order apparent kinetic rate 

constant of the disintegration process. Calibration was per-
formed by comparing model results with experimental 
measurements of methane production and adjusting the un-
known parameter until the model results adequately fit the 
experimental observations. Input, operational and output data 
from experiment A, B and C. (Table 2) were used, and a 
specific procedure was developed. 

In this text the calibration procedure is referred to Ksbk, 
even if it can be applied for any apparent kinetic rate con-
stant. 

The calibration procedure is structured in four steps as 
follows. 

1.  Step 1 determines a variation range for Ksbk; 

2.  Step 2 generates as many different values of Ksbk as 
the estimation accuracy requires. This calculation was 
performed taking n+1 constant step values of Ksbk, be-
tween the two bounds of the variation range, accord-
ing to the following expression: 

Ksbk
j

= Ksbk
j 1

+
Ksbk

, with j=1...n (9) 

where  

Ksbk
0

= 0  and 1=
n

sbk
K  are the lower and upper bounds of 

the variation range, respectively, and Ksbk
 is the ra-

tio between the width of the range and n. To set the 

accuracy of the results at two significant digits, n was 

fixed to be equal to 100; 

3.  Step 3 is performed by plotting a simulated curve for 
each value of Ksbk from the development of step 4 and 
by comparing simulated results with observed data. A 
comparison is performed by applying the Root Mean 
Square Error (RMSE) method that is commonly used 
for the model calibration process [38, 41]; 

4.  Step 4 determines the value of Ksbk that best fits the 
observed data using the RMSE method [38]. 

5. RESULTS AND DISCUSSION 

The main results of the BMP tests are the cumulative bio-
methane curves (Figs. 2-4) where on the X-axis is displayed 
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the observation time whereas on the Y-axis the correspond-
ing cumulative bio-methane production per gram of VS. 
Usually these curves are either reverse L shaped or S shaped 
curves, both tending to a horizontal asymptote that repre-
sents the maximum theoretical bio-methane production per 
gram of VS obtainable from the substrate considered. The 
slope of the tangent line to the curve at any point indicates 
the bio-methanation rate at that specific time. Both reverse L 
shaped and S shaped graphs are divided in 3 main zones: 

• initial phase; 

• intermediate phase; 

• final phase. 

In the reverse L shaped graphs the initial phase is distin-
guished by the higher bio-methanation rate that progres-
sively decreases during the intermediate phase up to tend to 
zero at the end of the final phase. In the S shaped graphs, the 
initial phase is distinguished by a pretty high bio-
methanation rate, but lower than that one characterizing the 
intermediate phase, whereas during the final phase the bio-
methanation rate tends to zero, as well as already claimed 
about the reverse L-shaped graphs. 

The bio-methanation rate depends on several factors: 

1.  Total amount of organic solids left. The bio-
methanation rate is in direct ratio to the current 
amount of organic solids present in the system. Since 

BMP tests are batch tests, as time goes by, the amount 
of solids left decreases as well as the bio-methanation 
rate. This behaviour is well described by the reverse L 
shaped curves (Figs. 2 and 3); 

2.  Biodegradability of substrate. The higher the biode-
gradability of substrate is, the higher the bio-
methanation rate is, keeping equal all operational 
conditions. This aspect affects the distance of the cu-
mulative bio-methane curve from the Y-axis during 
the initial phase: the higher the biodegradability is, 
the closer to the Y-axis the curve is (Fig. 3); 

3.  Presence of inhibitors. The presence of inhibitors is 
one of the main causes of a lower bio-methanation 
rate than expected or even of a bio-methanation rate 
equal to zero. This aspect is responsible for a curve 
any time lower in value as well as longer in time than 
expected or even for a curve that reaches an asymp-
tote earlier than all organic solids are degraded; 

4.  Drops and jumps in pH. The bacteria strains that take 
part in the anaerobic digestion process are particularly 
sensitive to the pH. For this reason when the pH in 
the system is far from the pH interval [6-8] the bio-
methanation rate is lower than expected. When a drop 
as well as a jump in pH occurs the cumulative bio-
methane curve shows an asymptotic value lower than 
the theoretical one and earlier than expected; 

Substrate particles size and its complexity. The bigger or 
more complex the organic solid particles are, the lower the 
bio-methanation rate is during the initial phase since the first 
step of the anaerobic digestion, i.e. disintegration and hy-
drolysis, takes a long time to be complete, revealing this step 
as the limiting step of the whole process. This aspect results 
either in a big distance of the cumulative bio-methane curve 
from the Y-axis during the initial phase, or in the shape of 
the curve closer to S shaped than reverse L (Fig. 4). 

Figs. (2-4) show the cumulative curves of bio-methane 
produced from the BMP tests A, B and C, respectively: B 
gave the highest methane production and A the lowest one. 
The bio-methanization process was faster for the test B.  

For all tests, after 100 days the bio-methane produced 
was close to the maximum obtainable, as graphically shown 
by the achievement of the plateau. The differences in the 
amount of methane produced as well as in the production 

Fig. (2). Cumulative bio-methane production from BMP test A: 

simulated data (line); experimental data (points). 

Fig. (3). Cumulative bio-methane production from BMP test B: 

simulated data (line); experimental data (points). 

Fig. (4). Cumulative bio-methane production from BMP test C: 

simulated data (line); experimental data (points). 

0 20 40 60 80 100
0

2

4

6

8x 10
−3

Time [day]

[m
o

l C
H

4/g
S

V
]

 

 

0 20 40 60 80 100
0

2

4

6

8

x 10
−3

Time[day]

[m
o

l C
H

4/g
S

V
]

 

 

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

7

8x 10
−3

Time[day]

[m
o

l C
H

4/g
S

V
]

 

 



BMP Tests The Open Environmental Engineering Journal, 2012, Vol. 5    7 

rate among the BMP tests considered in this study are ex-
plainable taking into account that the substrate used in test B 
is more biodegradable than the ones used in tests A and C, 
since it was not preliminary passed through the digestive 
system of animals. Moreover, in SM (test A) a higher con-
tent in ammonia due to the presence of urea is one of the 
reasons that makes slower the digestion process. Neverthe-
less, livestock manure, such as BM, contains enzymes and a 
high number of microorganisms that can make faster the 
biological process when used in the co-digestion process 
with substrate rich in cellulose such as MS, as shown by the 
bio-methane curve coming from the BMP test C. Further-
more, in the co-digestion process with high biodegradable 
substrates the ammonia contained in livestock manure could 
turn from a cause of inhibition [42] into a positive element 
for the biological process since the ammonia can supply the 
requested buffer capacity [43]. The results obtained from the 
BMP tests were used to calibrate the mathematical model 
proposed by the authors [15]. For this aim, the procedure 
detailed in sub-paragraph 4.2 and relating to Ksbk has been 
applied. The same procedure has been also used to estimate 
the disintegration apparent kinetic rate constant (Kdis) of the 
digestion process fed with SM as substrate (BMP test A). 

The calibration process led to obtain the apparent kinetic 
rate constants of the disintegration process for each consid-
ered organic substrate (Table 3). In Figs. (2-4) a good fitting 
between the experimental and modelled data is evident for 
all of them. 

CONCLUSIONS  

The BMP tests are a powerful tool to assess the methane 
yield from the digestion of organic solids. However the lack 
of a standard protocol to carry out these experiments is an 
important problem for the interpretation of the data, which 
results in a serious drawback of the application of such tests. 
Therefore efforts are needed to achieve a unique recognized 
and accredited method to conduct the BMP tests, which will 
give to these tests the reliability that is still missing. 

The results of the experiments described in this paper 
show that the BMP tests can be used to assess not only the 
maximum methane production from an organic substrate, but 
also the biodegradability of the investigated substrate, the 
relative specific rate of bio-methanation and the synergic 
effect of multiple co-digested substrates.  

Furthermore the BMP tests can be used for the calibra-
tion of mathematical models suitable to simulate the diges-
tion process and predict the performances of full-scale an-
aerobic digesters.  
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