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1 Introduction

This document describes calculation of biochemical methane potential (also
called biomethane potential) (BMP) from laboratory measurements made in
a batch BMP test. The calculations are based on standardized CH4 volume
produced in bottles with: 1) inoculum only and 2) with substrate and inocu-
lum, along with information on the quantity of inoculum and substrate organic
matter (typically as volatile solids, VS, although chemical oxygen deman, COD,
is also used) added to each bottle. For details on calculating CH4 production,
see method-specific documents from the Standard BMP Methods collection1.

1.1 Selection of a BMP duration

The duration at which to evaluation BMP, i.e., the length of time of the incu-
bation, should be at least as long as the 1% net duration2. Regardless, it is
important that the time is identical for both inoculum-only and inoculum +

∗Recommended citation: Hafner, S.D.; Astals, S.; Holliger, C.; Koch, K.;, Weinrich, S.,
Calculation of Biochemical Methane Potential (BMP). Standard BMP Methods document
200, version 1.7. Available online: https://www.dbfz.de/en/BMP (accessed on November 13,
2020).
Or see https://www.dbfz.de/en/BMP for a BibTeX file that can be imported into citation
management software.

†For more information and other documents, visit https://www.dbfz.de/en/BMP. For
document version history or to propose changes, visit https://github.com/sashahafner/

BMP-methods.
1Available methods are: volumetric (document 201), manometric (document 202), gravi-

metric (document 203), and gas density (document 204), all of which can be downloaded from
https://www.dbfz.de/en/BMP.

2For a detailed description, see document 100 from https://www.dbfz.de/en/BMP.
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substrate bottles when carrying out calculation of BMP. This does not mean it
cannot vary among substrates from within the same BMP test–it can. Different
substrates degrade at different rates, and therefore some will require more time
than others to reach the criterion.

1.2 SMP and BMP

The term specific methane production (SMP) is used to refer to CH4 yield from
a particular substrate, in the same units as BMP3. BMP is in fact simply SMP
at a single suitable duration. SMP curves, i.e., SMP values for all measure-
ment intervals, show the development of SMP over time, reflecting kinetics of a
particular test, and are commonly included in BMP reports. The calculations
described below are used for both SMP and BMP.

2 Calculation of SMP and BMP

These calculations require the following variables. Units may differ, but typical
units are listed below.

• V CH4, S, i, t, the cumulative standardized volume of CH4 produced in bot-
tle i containing inoculum and substrate at time t (mL)

• V CH4, I, j, t, the cumulative standardized volume of CH4 produced in bottle
j with inoculum only (“blank” bottle) at time t (mL)

• mI,i, the mass of inoculum (typically as-measured (fresh) mass) originally
added to bottle i (g)

• mV S,S,i, the mass of substrate volatile solids (VS) originally added to
bottle i (g)

• n, the number of replicate bottles with inoculum + substrate (typically 3,
the minimum)

• k, the number of replicate bottles with inoculum only (“blanks”, typically
3, the minimum)

Methane productivity of inoculum (mL g−1) is calculated separately for each
inoculum-only bottle at each measurement time using Eq. (1).

vCH4, I, j, t =
V CH4, I, j, t

mI,j
(1)

And from these, a mean value is calculated as

v̄CH4, I, t =

∑k
j=1 vCH4, I, j, t

k
(2)

3Standardized CH4 volume (dry, 0◦C, 101.325 kPa, referred to as “normal” volume) per
unit mass of substrate VS added (e.g., mL g−1, often written as NmLCH4

gVS
-1).
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where k = the number of inoculum-only bottles.
Net CH4 production from inoculum + substrate bottles (mL), i.e., an esti-

mate of CH4 production derived from substrate only4 is calculated as given in
Eq. (3).

V CH4, S, i, t, net = V CH4, S, i, t − v̄CH4, I, t ·mI,i (3)

Note that the units on inoculum mass mI,i are completely irrelevant and have no
effect of results, as long as they are sufficiently precise. Fresh (wet) mass is rec-
ommended, for simplicity, although dry or VS mass could be used.5. Equation
(3) may be simplified if all bottles (with and without substrate) have exactly
the same mass of inoculum, but because this is never completely true, Eq. (3)
should always be used.

SMP (mL g−1) for an individual bottle at a particular duration is calculated
by normalizing net CH4 production by substrate VS mass:

Bi,t =
V CH4, S, i, t, net

mV S,S,i
(4)

The mean of these values is calculated by substrate:

B̄t =

∑n
i=1 Bi,t

n
(5)

where n is the number of replicate bottles. Collectively all B̄t values for a single
substrate or all Bi,t values for a single bottle represent an SMP curve. BMP for
a substrate is taken as B̄t at an appropriate duration.

3 Calculation of random error

Calculation of random error in BMP estimates must include at least two sources
of error: variation in CH4 production among substrate bottles, and variation
in apparent inoculum CH4 productivity in blanks (inoculum-only bottles). Un-
certainty in determination of substrate VS quantity added to each bottle may
sometimes be a significant source of error, and, while not required, its inclusion
is recommended. Here, these three sources all are quantified using standard
error and will be referred to as sx̄,1 (substrate yield), sx̄,2 (inoculum yield), and
sx̄,3 (substrate VS). Note that sx̄,1 and sx̄,2 may include many sources of error
that collectively contribute to the observed value. Other sources of random er-
ror are assumed to be small: determination of inoculum and substrate mass in

4This calculation is based on the assumption of additivity for CH4 production, i.e., pro-
duction of CH4 from inoculum is not affected by the presence of substrate. This is almost
certainly incorrect, but similar results even when varying the inoculum-to-substrate ratio and
plausible differences between measured and maximum theoretical BMP suggest it is not a
large source of error.

5Any error in determination of inoculum dry matter or VS content here is exactly canceled
by the combination of Eqs. (1) and (3), so has no effect. However, accurate determination of
inoculum VS content is needed for calculation of inoculum-to-substrate ratio.
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particular. Systematic error, which may be more important in some cases, is
not included here.

Units on all three standard errors are the units of the final BMP estimates,
e.g., mL g−1, standardized CH4 volume from substrate in mL per g substrate
VS. They can be added together to provide a total estimate with:

sx̄,BMP =

√√√√ 2∑
i=1

s2
x̄,i (6)

or, when all three sources are included:

sx̄,BMP =

√√√√ 3∑
i=1

s2
x̄,i (7)

Given sx̄,BMP , standard deviation sBMP can be calculated by multiplying by√
n.

sBMP =
√
n · sx̄,BMP (8)

This approach is preferred in the literature, although the use of standard
error is perhaps less ambiguous6. Typically relative standard deviation (RSD)
is reported:

RSD = 100% · sBMP

B̄
(9)

The value of sx̄,1 is calculated from BMP values calculated for individual
bottles:

sx̄,1 =

√∑n
i=1(Bi − B̄)2

n(n− 1)
(10)

To calculate sx̄,2 the standard error of inoculum CH4 productivity (e.g., in
mL per g inoculum mass) is first calculated from individual values determined
from each individual blanks.

sx̄,I =

√∑k
j=1(vCH4,I,j − v̄CH4,I)2

k(k − 1)
(11)

For each individual substrate bottle an estimate of sx̄,2 is then made as:

sx̄,2,i = sx̄,I ·
mI,i

mV S,S,i
(12)

6The interpretation of this standard deviation is ambiguous when the number of replicate
bottles is not the same for blanks and bottles with substrate and inoculum (or when VS
determination is included, when it is based on a different number of subsamples). In contrast,
sx̄,BMP has a clear interpretation: it is an estimate of the standard deviation in the BMP B̄t

for a particular substrate over multiple hypothetical experiments with no change in systematic
error.
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Equation (12) includes an assumption that error in inoculum mass determi-
nation is negligible compared to error in inoculum CH4 yield, which is reasonable
if inoculum quantity is determined by mass. Given these values, sx̄,2 is then
calculated by substrate with:

sx̄,2 =

√∑n
i=1 s

2
x̄,2,i

n
(13)

It may be more convenient to use directly calculate standard deviation values
using available software functions, e.g., STDEV() in Microsoft Excel or sd() in
R, instead of using Eqs.(10) and (11). Then use the following two expressions
to get standard errors.

sx̄,1 =
s1√
n

(14)

sx̄,I =
sI√
k

(15)

The third (and optional) source of random error (sx̄,3) is determined from
the relative standard error in substrate VS content determination rsx̄,V S (di-
mensionless, expressed as a fraction of VS content). This approach is based on
the assumption that the primary source of error in substrate VS mass comes
from measurement of substrate VS content. Given this value, an estimate of
sx̄,3 can be made for each bottle with:

sx̄,3,i = rsx̄,V S ·Bi (16)

Equation (16) differs from Eq. (12) by inclusion of Bi because for sx̄,3 error
is propagated through division and not subtraction. Given these values for
individual bottles, sx̄,3 is calculated from Eq. (17).

sx̄,3 =

√∑n
i=1 s

2
x̄,3,i

n
(17)
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