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SYSTEM SETUP FOR BIOLOGICAL 
METHANE POTENTIAL TEST 

TECHNICAL FIELD 

0001. The present invention relates to a system setup for 
carrying out a biological methane potential and to a system 
setup for measuring biomethane gas in a biogas flow. 

Background of Biological Methane Potential (BMP) Test 
0002 Utilization of biogas as an energy carrier has been 
recognized as one realistic way to negate the necessity for 
fossil-fuel based energy, exerting less impact on the environ 
ment (CO, neutral) and natural resources. Due to the increas 
ing demand in production and utilisation of biogas for energy 
purpose in recent years, various process optimization 
approaches have been developed to enhance biomethanisa 
tion process for energy recovery. The concept of co-digestion 
and exploiting energy crops for biogas production has 
become popular methodologies across Europe and rest of the 
world. Here, a main waste stream, Such as manure from 
animal farms, can be treated together with other organic 
wastes at centralised large-scale facilities. To secure a Suffi 
cient biomass resource for energy recovery, biogas produc 
tion from different field crops are also evaluated for screening 
the one with the highest net energy yields per hectare in the 
region. With this development trend and the widespread 
application of anaerobic digestion (AD) for biogas produc 
tion, there is an increasing need for rapid and highly auto 
mated methods for evaluating various feedstock and optimiz 
ing the anaerobic fermentation process. Typical 
investigations include determination offeedstock biodegrad 
ability, sludge activity, assessment of inhibition levels of toxic 
compounds and assessment of kinetic constants. Many of 
these investigations are performed in closed vessels incu 
bated under varying conditions, and methane production is 
then used to indicate the biological activity of each batch. 
0003. Anaerobic biodegradability assays (i.e. biological 
methane potential tests) are used to establish anaerobic bio 
degradability for determination of the ultimate methane 
potential of wastes or biomass, as well as the biodegradation 
rate. Methods based on product formation measure the gas 
eous end product (biogas) have been developed and reported 
as standards protocols with variety of experimental setups. 
The normal procedure when determining the methanogenic 
activity is to inoculate a number of Vials containing Small 
amount of the target media with an anaerobic inoculums, 
place them in a water bath or incubator with control of the 
incubation temperature, and periodically check for the meth 
ane produced by manually analyzing the Volume of gas 
released and gas composition using chromatography. How 
ever, the above analytical procedure not only requires expen 
sive laboratory equipment (e.g. gas chromatography), but 
also is very time- and labour-consuming due to the large 
number of vials usually employed and fairly long incubation 
period (e.g. over one month). The produced biogas and meth 
ane content can only be measured occasionally in manual 
mode, making it impossible to obtain satisfactory data for the 
degradation dynamic. Furthermore, it is also difficult to per 
form the test satisfactorily within the normal working routine 
of a laboratory. Certainly, there is a need for highly automated 
methane potential tests in Such a way that much better data 
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quality can be obtained, less labour-intensive and no expen 
sive laboratory equipment, such as a gas chromatograph, shall 
be needed for performing the tests. 
0004 From the biogas producers' point of view, under 
standing the potential of a Substrate to produce methane and 
its dynamic degradation profile has a significant impact on the 
choice of organic waste/material to digest when producing 
biogas, as well as awareness of the quality of the raw gas 
produced from a biogas production facility. The latter has in 
turn an impact on the total Volume of upgraded bio-methane 
that can be produced from a commercial biogas site. Thus, 
understanding the methane potential of a Substrate can have a 
direct bearing on the profitability of a commercial biogas 
producer, as well as potential Volume of bio-methane pro 
duced. 

0005 One of the objects of the present invention is to 
provide a system setup for carrying out BMP test which gives 
high measurement accuracy, reduces workload and time, and 
does not need expensive instrumentation and equipment. 

SUMMARY OF THE INVENTION 

0006. The object above is solved by a system setup for 
carrying out a BMP test on a biosample, the system setup 
comprising: 
0007 
0008 optionally at least one measuring device or sensor 
for measuring gas composition on-line or spot check in regu 
lar basis; 
0009 at least one container for chemical fixation of other 
gases than biomethane gas, the other gases being at least CO, 
wherein the chemical fixation is based on irreversible reaction 
(S); and 
0010 
wherein the at least one digester is connected to the at least 
one container for chemical irreversible fixation and the at 
least one container for chemical irreversible fixation is con 
nected to said at least one gas flow measuring device, and 
wherein the optional at least one measuring device or sensor 
for measuring gas composition may be provided after the 
digester and/or after the at least one container for chemical 
irreversible fixation. 

0011. According to the present invention, the biomethane 
content is separated from the biogas mixture by chemical 
irreversible fixation of at least carbon dioxide and dihydrogen 
sulphide. This is made in the container for chemical irrevers 
ible fixation. The chemical fixation is made under moderate 
conditions with reference to interalia temperature. Moreover, 
strong chemicals used for extreme conditions are not used 
according to the present invention. After the fixation, the 
biomethane gas is flowed to the measuring device or measur 
ing device system according to the present invention. An 
additional measuring device for analysing the composition or 
an additional sensor is not of great interest in this case due to 
the chemical irreversible fixation, but such an additional 
device or sensor for measuring gas composition may be pro 
vided after the digester and before the measuring device or 
measuring device system, Such as before or after the chemical 
irreversible fixation step, according to the present invention. 

at least one digester with good agitation; 

at least one gas flow measuring device; 
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BRIEF DESCRIPTION OF THE DRAWING 

0012 FIG. 1 is an illustration of a process for an auto 
mated methane potential test according to the present inven 
tion. 
0013 FIG. 2 is an illustration of one example of a measur 
ing device system or flow cells array which may be comprised 
in a system setup according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0014 Specific embodiments according to the present 
invention will be disclosed below. 
0015. Another object of the present invention is to provide 
a system setup for measuring biomethane gas in a biogas flow, 
which system setup also have the advantages described 
above, Such as having simple construction and enabling direct 
and continuous measurement of formed methane. 
0016. This object is solved according to one specific 
embodiment of the present invention, where there is provided 
a system setup for measuring biomethane gas in a biogas flow, 
the system setup comprising: 
0017 at least one container for chemical fixation of other 
gases than biomethanegas, the other gases being at least CO, 
wherein the chemical fixation is based on irreversible reaction 
(S); and 
0018 at least one gas flow measuring device; 
wherein the at least one container for chemical irreversible 
fixation is connected to said at least one gas flow measuring 
device. 
0019. When separating biomethane in a produced biogas 
flow, the CO gas is the most important gas to fixate due to the 
great production thereof during fermentation of a biomate 
rial. As may be understood from above, other gases besides 
CH (methane) and CO (carbon dioxide) may also be pro 
duced. One of these gases is HS (hydrogen Sulphide), which 
is also fixated due to chemically irreversible reaction under 
moderate condition, when present, according to the system of 
the invention. It is according to the present invention also 
possible to fixate other gases, but then the fixating step has to 
be altered somewhat. Other possible gases being produced 
normally in small amounts are above all NH, but possibly 
also H2 in really small amounts. 
0020. The wet space disclosed above is a liquid bath, e.g. 
containing water. Due to the chemical irreversible fixation of 
other gases than biomethane, Such as CO and H2S, only 
methane gas is flowed into the measuring device according to 
the present invention. As explained above, Small amounts of 
other gases may also be present, such as NH. This gas may 
also be fixated/removed according to the present invention. 
However, a gas like NH functions as a weak base when 
dissolved in water and gases like CO and H2S function as 
weak acids. 
0021. As may be understood from the description above, 
the present invention also refers to the actual small scale 
production of biogas and simulation of a biogas process in 
laboratory scale. 
0022. The fermentation of a biodegradable feedstock is 
made in the digester. According to the present invention, good 
agitation has showed to be an important feature for the fer 
mentation process. This may be accomplished by e.g. a 
mechanical agitator in the digester. Moreover, temperature 
control is another feature which is of interest for the digester 
according to the present invention. During fermentation of a 
feedstock different ranges oftemperature may be used. When 
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working in the mesophilic range a temperature range of 
25-40°C. is normally used for this kind of bacteria, normally 
about 35° C. In the thermophilic range, the temperature is 
normally held at above 45° C., normally at about 55° C., and 
for psycrophilic conditions, which is not often used, the tem 
perature is above 20° C. 
0023. As mentioned above, biogas is produced in the fer 
mentation process, the biogas being a gas mixture of 
biomethane, carbon dioxide, hydrogen Sulphide (H2S) and 
probably also Small amounts of ammonium and perhaps even 
hydrogen. The fermentation, when biogas is produced or the 
actual produced biogas mixture may be analysed or measured 
in at least one additional measuring device or sensor. Differ 
ent intermediate products during the fermentation may be of 
interest to measure. Moreover, the pH value, the content of 
VFA (volatile fatty acids) and of course methane content may 
also be of interest to measure during the fermentation. More 
over, a GC may be used to analyze the composition of the 
produced biogas from the digester. After the fermentation and 
optional flowing of the produced biogas throughan additional 
measuring device or sensor intended for measuring gas com 
position, the biogas mixture is flowed to at least one measur 
ing device where the actual flow of the biogas mixture is 
measured. 

0024. According to the present invention it is also possible 
to measure the actual biomethane mass flow in a biogas 
produced according to above. 
0025. The fixation of other gases than biomethane may be 
made in different ways according to the present invention. For 
chemical fixation of CO and HS this may be accomplished 
by means of alkali metal hydroxides. Therefore, according to 
one specific embodiment of the present invention, the at least 
one container for fixation of other gases than biomethane gas 
contains at least one alkali metal hydroxide solution. An 
indicator for the hydroxide concentration in the Solution may 
also be use to ensure sufficiently high concentration of OH. 
The indicator is provided as an aid to be able to easily notice, 
Such as by a colour change of the solution, when the hydrox 
ide concentration is too low. Suitable indicators are well 
known on the market today, Such as known indicators mea 
suring the pH of the solution. Suitable alkali metal hydroxides 
according to the present invention are e.g. NaOH and/or 
KOH. With reference to the moderate condition used accord 
ing to the present invention, when NaOH is used for the 
fixation of CO, the following simple acid-base chemical 
reaction occurs: 

This chemical reaction is irreversible and efficient. However, 
another possible product can be the salt NaCO, which is 
produced if a 1:2 mole ratio of CO and NaOH is used. The 
reaction from NaHCO, to NaCO is: 

0026 NaOH and CO, can be regenerated by decomposi 
tion reaction under high temperature through the following 
reactions: 

2NaHCO (solid)->Na2CO(solid)+H2O+CO(gas) (at 
200° C.) 

Na2CO(solid)->Na2O(solid)+CO(gas) (at 1000° C. 
or above) 
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0027. In other words, if extremely high temperatures are 
applied to NaHCO, and NaCO in solid form, CO(gas) will 
be released, which is undesirable according to the present 
invention. In particular, the conversion from NaCO to NaO 
is difficult reaction and not of any practical use for laboratory 
application. Therefore, moderate conditions are important for 
the chemical irreversible fixation. 

0028. As mentioned above, the wet space containing theat 
least one liquid displacement gas flow measuring device is a 
liquidbath. This liquidbath normally is some kind of aqueous 
solution. Different components besides water may, however, 
be provided in the liquid bath. Therefore, according to one 
specific embodiment of the present invention, the wet space is 
a liquidbath containing at least one of the components chosen 
from the group consisting of water, an acid, a cleaning agent, 
an aqueous based solution and an organic solvent. According 
to the present invention, the choice of the liquid bath should 
be made so that the target gas component. Such as methane, 
has a low dissolvability and is chemical inert to the liquid 
bath. 

0029. An acid may be provided in a liquid bath for fixation 
of ammonium in the biomethane gas flow, which ammonium 
is not fixated in the fixation of other gases than methane if this 
fixation is made by chemical fixation with an alkali metal 
hydroxide. This may be accomplished in an additional fixa 
tion container provided after a first container for chemical 
fixation. Therefore, according to one specific embodiment of 
the present invention, at least one additional "acid reacting 
gases' fixating container containing at least one acid in solu 
tion is provided after and in connection with the at least one 
container for chemical irreversible fixation of other gases 
than biomethane gas, the other gases being at least CO and 
probably additionally small amounts of HS. This specific 
embodiment implies an additional fixation after the chemical 
fixation of CO, and H.S. As said, NH is a gas which may be 
fixated in this way. The fixation of NH may be made by acid 
solution in view of the fact that NH functions as a weak base 
in e.g. water Solution. Therefore, according to one specific 
embodiment of the present invention, the at least one NH 
fixating container contains at least one acid in solution. 
0030 EP 2009080 A1 discloses a methane separation 
method, which at least includes: mixing the biogas and an 
absorbing liquid that absorbs carbon dioxide in a mixer So as 
to form a mixed fluid ofagas-liquid mixed phase; introducing 
the mixed fluid into a first gas/liquid separator so as to sepa 
rate the mixed fluid through gas/liquid separation into meth 
aneanda CO-absorbed liquid formed due to an absorption of 
the carbon dioxide by the absorbing liquid; recovering meth 
ane separated in the first gas/liquid separator, and Supplying 
the CO-absorbed liquid through a supply port of a membrane 
module comprised of a container and a plurality of hollow 
fiber permeable membranes built therein to inside of the 
membranes so as to make the CO-absorbed liquid permeate 
the permeable membranes, and lowering a pressure outside 
the permeable membranes to a level lower than that inside the 
permeable membranes. 
0031 EP 2009080A1 differs fundamentally from the CO, 
fixation step of the present invention. Firstly, membrane tech 
nology is used according to EP 2009080 A1. Secondly, 
according to EP 2009080A1 biogas is mixed with an absorb 
ing liquid which absorbs CO in a mixer to form a gas-liquid 
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mixed phase. This phase is fed into a separator to separate gas 
and liquid. The liquid phase containing the CO is fed to a 
membrane module after which CO may be released and 
absorbing liquid may be recovered. The present invention, 
however, discloses a system setup and method wherein CO is 
actually fixated, such as by irreversible chemical reaction 
under moderate condition and as Such does not need any 
membrane technology. According to EP 2009080 A1, how 
ever, diethanolamine is used proving that an absorption and 
not an irreversible chemical fixation is made. 

0032. Furthermore, JP 2008255209 A discloses a gas 
stripping method for concentrating methane gas from a bio 
gas generated by anaerobic fermentation of organic waste. 
The methane is based on the principle of solubility difference 
among CH, CO and HS in water. The biogas is passed 
through a liquid (water) where carbon dioxide is dissolved in 
the liquid. The biogas containing the methane passes through 
the liquid without being dissolved and is thereafter recovered 
for measurement. JP 200825.5209A also differs fundamen 
tally from the present invention as no chemical fixation step is 
used according to JP 2008255209A. According to JP 
2008255209, components contained in the biogas, such as 
CH and HS are easily dissolved in water due to their high 
solubility, and this is a method not being nearly as efficient as 
the method disclosed according to the present invention. 
0033 Moreover, today there exist different kinds of mea 
Suring devices working by the principle of liquid displace 
ment, such as for use when measuring e.g. biogas flows, e.g. 
in the anaerobic biodegradation process. In the anaerobic 
biodegradation process, gas flow rate and methane content 
are key parameters for evaluating the process performance. In 
laboratory scale experiments, the bioreactor Volume is usu 
ally quite Small, often only a few litres. The biogas production 
is also low, especially during the startup period, often a few 
millilitres per hour. Measuring such a low flow rate of biogas 
precisely is therefore not an easy task. The commercially 
available gas flow meters are usually not suitable for measur 
ing Such a small amount of gas with low flow rates. To solve 
this practical problem, several gas-measuring systems have 
been devised. Most of these systems are based on the prin 
ciple of liquid displacement. The Volume of a gas sample 
immersed in a fluid is determined by measuring the Volume of 
the displaced fluid. Although there are gas flow meters being 
reported and/or commercialized based on the liquid displace 
ment technique and pressure analysis technique, the design 
and construction of these flow meter are still too complicate. 
As a result, cost for these meters is too high which makes it 
difficult for widely implementation. Moreover, one of the 
today known approaches combine MilliCascounter(R) from 
Ritter (DE4006508) with near-infra-red methane sensors 
from BlueSens for on-line detection of methane production. 
The second one is an apparatus of optical bubble counter from 
Challenge Technology (U.S. Pat. No. 5,092,181) for raw bio 
gas flow measurement. The costs for these system setups are 
high. Since numbers batch tests often are needed to be carried 
out at the same time, these two known approaches will end up 
with a rather high instrument cost. Although both approaches 
aim for less labour-intensive test and better data quality, the 
cost of equipments is still too high to be widely equipped in 
both industry and academic research institutes. The proposed 
automated methane potential test system (AMPTS) technol 
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ogy according to the present invention will also solve this 
problem by a novel design of wet gas flow meter array and 
data acquisition system that can measure multi-channels of 
ultra low flow of methane gas simultaneously with high pre 
cision and very low cost. 
0034) Furthermore, a measuring device is disclosed in 
U.S. Pat. No. 5,325,725, which document discloses a mea 
Suring cup, mounted upside down on a pivot. The device has 
means for guiding gas to a position under the cup, so that gas 
accumulates in the cup. When Sufficient gas is gathered under 
the cup, the combined buoyancy of the cup and gas will cause 
the cup to rotate whereby a predetermined amount of gas, all 
or only a portion of the gas, will be released from the cup to an 
outlet. 
0035. A potential drawback with the device disclosed in 
U.S. Pat. No. 5,325,725 is that the device does not provide 
enough accuracy. Firstly, the design of the measuring cup is 
Such that it does not respond to a Sufficiently small amount of 
excess gas. Secondly, simultaneous release of all gas is not 
specifically promoted since the design is such that partial 
release of gas is just as satisfactory, as regards the use of the 
device. 

0036 Moreover, in US 20040086608 A1 there is disclosed 
a method and apparatus for monitoring a liquid undergoing 
anaerobic fermentation in a vessel. The apparatus comprises 
an airlock containing a fluid for sealing the vessel and an 
electrical circuit operatively arranged to pass a current 
through the fluid to detect passages of bubbles through the 
airlock. US 20040086608 A1 is related to fermentation for 
alcohol production and not for the preparation of biogas. 
Moreover, according to US 20040086608 A1, the gas flow of 
CO, is measured to be able to predict the amount of alcohol 
produced. 
0037 According to the present invention, any gas flow 
measuring device may be used in the system setup. However, 
a liquid displacement gas flow measuring device is preferred. 
Therefore, according to one specific embodiment of the 
present invention, said at least one gas flow measuring device 
is a liquid displacement measuring device which is immersed 
in a wet space. Thus, in this case the measuring device(s) is 
immersed in a wet space with the inside of the gas compart 
ment facing towards the bottom of the wet space container, so 
that the gas bubbles flowing out from the gas inflow will be 
collected in the gas compartment until it is overfull and piv 
oted upwards. 
0038. The design of such a gas flow measuring device 
working by the principle of liquid displacement may vary, but 
a preferred design is described below. According to one 
embodiment of the invention, said at least one gas flow mea 
Suring device (flow cell) is a liquid displacement measuring 
device having a gas compartment with one gas accumulating 
end and one lifting end and wherein gas storing capacity of 
the inside of the gas compartment is larger at the gas accu 
mulating end than at the lifting end. Such a design preferably 
enables the measuring device to operate based on leverage 
effect which is important to ensure a high gas measuring 
accuracy of the present invention. 
0039. In this case the leverage effect implies that when the 
geometric gas collecting point moves further and further from 
the gas accumulating end to the lifting end during a gas filling 
cycle, the effect of the lifting force is getting higher at the end 
of a filling stage until the gas compartment means finally 
pivots upwards when the lifting force is larger than the down 
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pressing force at the lifting end. Thereby all of the accumu 
lated gas in the gas compartment is released and the gas 
compartment means pivots back to its initial standby position. 
To accomplish this, the flow cell also has a holding means 
having a pivoting element enabling the gas compartment 
means to pivot upwards and back to its initial standby posi 
tion. 

0040. Moreover, other possible design features which may 
be preferred according to the invention is a gas compartment 
where the gas accumulating end has a higher vertical position 
than the lifting end at the initial standby position, the initial 
standby position being the position before the gas compart 
ment has been forced to pivot upwards created by gas inside 
of the compartment. Furthermore, the gas compartment may 
have a semi-tubular or triangular cross section perpendicular 
to a longitudinal direction of the gas compartment, which 
shapes may be preferable to ensure effective leverage effect. 
According to another specific embodiment, the gas compart 
ment defines a geometrical bottom surface of the gas com 
partment which is substantially rectangular or quadratic. 
According to this specific embodiment, the actual physical 
bottom of the gas compartment means is parallel in relation to 
the bottom of the vessel containing the liquid bath and hence 
base plate, if provided, when the flow cell is in its initial 
standby position. Moreover, the actual physical bottom of the 
gas compartment may also be integrated with the bottom of 
the vessel so that they in fact share the same bottom. 
0041 Moreover, the gas flow measuring device preferably 
has at least one sensor means provided to generate a signal 
and/or change the state of a signal when the gas compartment 
is not in its initial standby position. The signal and/or the 
change the state of a signal is generated when the gas com 
partment is pivoting upwards until it has released the con 
tained gas and has pivoted back to its initial standby position. 
This pivoting cycle is made extremely quickly. AS Such the 
gas flow may be recorded in a computer. On example of a 
sensor means is a magnetic sensor means. 
0042. The gas compartment may be defined as having a 
geometrical physical Volume and an active Volume. The geo 
metric physical Volume is the actual Volume of the inner space 
of the gas compartment. For one cell or compartment this 
volume is predefined and cannot be adjusted other than by 
producing a new cell having another geometric physical Vol 
ume of its gas compartment. The active Volume, however, of 
the gas compartment is the actual Volume needed for pivoting 
the cell from its initial standby position. According to one 
embodiment of the invention, the liquid displacement mea 
Suring device has means for adjusting the active Volume of the 
gas compartment. According to one specific embodiment, the 
means for adjusting the active Volume is located on top of the 
gas compartment. Moreover, it is important to understand that 
the flow cell may have fixed physical volume as well as fixed 
active Volume. 

0043. As may be understood from above, there may be 
several gas flow measuring devices operating simultaneously. 
Therefore, according to one specific embodiment, said at 
least one gas flow measuring device is a measuring device 
system comprising at least two gas flow measuring devices. 
These cells or gas flow devices work totally alone, but when 
having many gas inflows from different containers it is of 
course of interest to provide a cell array of many cells accord 
ing to the invention. Such a measuring device system is in the 
following also referred to as a flow cells array. 
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0044) The measuring device disclosed according to the 
present invention finds use in many different technical areas. 
It can be used to buildflow cell array (multi-flow cell arrange 
ment, see FIG. 2) and used for BMP test. Moreover, the 
measuring device can be used as a standalone device to pro 
vide on-line, real-time monitoring of biogas production from 
Small-scale biogas digesters. 
0045. According to the present invention there is also pro 
vided a method for measuring the biological methane poten 
tial of a biosample, the method comprising: 
0046 loading a feedstock to at least one digester with 
continuously good agitation; 
0047 anaerobic fermentation in the at least one digester; 
0048 flowing the produced biogas to at least one container 
for chemical irreversible fixation where other gases than 
biomethane gas, the other gases being at least CO, are fix 
ated; and 
0049 flowing the biomethane gas to at least one gas flow 
measuring device for measurement of the biomethane gas 
flow. 

0050 Also in this case, the gas flow measuring device(s) 
may be of any type, however, the Suggested liquid displace 
ment measuring device herein is preferred. 

DETAILED DESCRIPTION OF THE FIGURES 

0051 Below, the drawing is described in more detail. 
0.052 FIG. 1 is an illustration of a process for an auto 
mated BMP test according to the present invention. Below, a 
description is made with reference to AMPTS according to 
the present invention, and also with reference to FIG. 1. 
0053 AMPTS follows the same measuring principle as 
the conversational BMP test which makes the analysis result 
fully comparable with its standard method. However, the 
apparatus makes the analysis and data recording fully auto 
matic during the long incubating period, which significantly 
reduces the time- and labour-demand for carrying out the 
analysis. Moreover, much high data quality can be obtained 
which can be used to extract kinetic information of the deg 
radation process. This will be in turn beneficial for a much 
better understanding of the degradation dynamic behaviour 
of specific biomass, and further beneficial for a better process 
operation. 
0054 The instrument setup can be divided into three units 
(see FIG. 1). In the first unit (unit 1), which is referred to 
above as the digester but can also be called a sample incuba 
tor, a number of Vials containing Small amount of samples 
with anaerobic inoculums are incubated under desired incu 
bation temperature. The media in each vial is well-mixed by 
a slow rotating agitator in-house developed for this automated 
BMP test application. Biogas is then continuous produced 
which used to indicate the biomethanation activity inside 
each vial. In the second unit (CO-fixing unit, unit 2), biogas 
produced from each vial goes through an individual vial 
contain alkali solution, such as e.g. 2 MNaOH or KOH. As 
mentioned, several gas fractions, such as CO and HS, will 
be removed due to related chemical reactions, and CH is 
allowed to pass through the alkali Solution without change. A 
pH indicator is added into each vial so the pH level of the 
solution can be well monitored in order to ensure sufficient 
high OH concentration for fixing CO and HS. 
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0055 As mentioned above, unit 2 may also be a traditional 
other measuring device, such as a GC or something else 
(referred to as possible Unit 2 B in FIG. 1), or no such extra 
measuring device or sensor at all, if one would like to measure 
the total biogas flow instead of the biomethane content or 
flow. The unit 2, i.e. the carbon dioxide fixation or removal 
unit, is provided to make sure that the flow content from that 
unit mainly contains biomethane. 
0056. In the final third unit (a gas monitoring unit, unit 3), 
CH gas released from the second unit is analyzed using gas 
meter with multi-flow cell arrangement, i.e. a measuring 
device or a measuring device system according to the present 
invention. As may be understood from above, if the produced 
biogas from the digester goes directly to a measuring device 
or measuring device system according to the present inven 
tion or only via Some kind of traditional measuring device or 
sensor, like a GC or near infrared methane sensors, and not via 
a carbon dioxide fixation unit, the total biogas flow instead of 
the biomethane flow may be measured in the measuring 
device or flow cell array according to the present invention. 
These two alternatives are showed as unit 3 A and 3 B, 
respectively. It is also of course possible to use traditional 
measuring and sensor equipment additionally although the 
carbon dioxide fixation route according to the present inven 
tion is used. 
0057. An in-house developed software program is then 
used together with the measuring device or the flow cells 
(measuring device system) in order to record, display and 
calculate data, as well as analyze the result. This is showed as 
the DAQ unit (unit 4 according to FIG. 1), which may be a 
computer bases recording made continuously and in real 
time. 
0.058 FIG. 2 is an illustration of one example of a measur 
ing device system or flow cells array according to the present 
invention. The measuring device system in this case com 
prises three measuring devices. The measuring devices in this 
case are liquid displacement measuring devices having gas 
compartments with one gas accumulating end and one lifting 
end and wherein gas storing capacity of the inside of the gas 
compartment is larger at the gas accumulating end than at the 
lifting end. Moreover, the gas accumulating end has a higher 
vertical position than the lifting end at the initial standby 
position. Furthermore, the gas compartments have triangular 
cross sections perpendicular to a longitudinal direction of the 
gas compartment. Moreover, the gas flow measuring devices 
have magnetic sensor means so that the gas flows may be 
recorded on a DAQ unit, which is also shown in FIG. 2. 
Furthermore, the measuring devices have means for adjusting 
the active Volume of the gas compartments which means for 
adjusting is located on top of the gas compartments. These 
cells of the measuring devices should, however, only be seen 
as one possible example according to the present invention. 

CONCLUSIONS 

0059. According to the present invention, there is also 
disclosed a system for producing/simulating/measuring a 
biogas flow in different ways, such as producing and simu 
lating biogas from a feedstock, then either measuring the 
biogas, optionally after Some additional measuring or sensor 
ing, or first separating biomethane gas from the biogas flow 
by fixating other gas components, such as carbon dioxide, 
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hydrogen Sulphide and perhaps even ammonium, and then 
just measuring the actual biomethane flow. There are many 
advantages with the system and method according to the 
present invention. Some of these advantages are Summarised 
below: 
0060 Simple construction; 
0061 Modularized instrument design for all instrument 
components; 
0062. No expensive techniques and instruments such as 
GC and optical measurement are needed; 
0063 Direct and continuous measurement of formed 
methane; 
0064 Flexible design: analysis can be carried out by com 
bining unit 1, 2 and 3. However, if monitoring of total biogas 
is needed, it is possible to couple unit 1 and 3 directly. If GC 
or other gas sensors (such as near infrared methane sensor) is 
available, methane content or gas composition can still be 
analyzed even if unit 2 is not used. 
0065. Utilization of a slow rotating agitator has huge 
advantage in comparison to no mixing or other types of mix 
ing commonly used for the conversational BMP test, such as 
water shaking bath and magnetic stirrer. The use of slow 
rotating agitator can minimize analysis disturbance due to 
uneven release of biogas or poor mass transfer. This will make 
the analysis result truly reflect the biodegradability of target 
sample under anaerobic condition. Furthermore, a rotating 
agitator provides slow and strong mixing effect that allows 
handling samples with very high solid content. This is impos 
sible to achieve by water shaking bath and magnetic stirrer. 
0066 By use of alkali solution to remove CO and HS, 
BMP test becomes feasible to carry out without expensive 
analytical instruments, such as GC and gas sensors. —Ca 
pable to provide continuous monitoring of ultra Small gas 
flow, data analysis and recording. This will insure not only 
much more frequent data acquisition, but also high data qual 
ity to meet the demand for studying the dynamic information 
of degradation process. 

1. A system for carrying out a biological methane potential 
test on a biosample, the system comprising: 

at least one digester capable of having agitation; 
at least one container for chemical irreversible fixation of 

other gases than a biomethane gas, the other gases 
including at least CO, wherein the chemical fixation is 
based on at least one irreversible reaction; and 

at least one gas flow measuring device; wherein the at least 
one digester is connected to the at least one container and 
the at least one container is connected to said at least one 
gas flow measuring device. 

2. A system for measuring biomethane gas in a biogas flow, 
the system comprising: 

at least one container for chemical irreversible fixation of 
other gases than a biomethane gas, the other gases 
including at least CO, wherein the chemical fixation is 
based on at least one irreversible reaction; and 

at least one gas flow measuring device; wherein the at least 
one container for chemical irreversible fixation is con 
nected to said at least one gas flow measuring device. 

3. The system according to claim 1, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device which is immersed in a wet space. 

4. The system according to claim 1, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device including a gas compartment with one gas 
accumulating end and one lifting end and wherein gas storing 
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capacity of the inside of the gas compartment is relatively 
larger at the gas accumulating end than at the lifting end. 

5. The system according to claim 1, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device which is designed to operate based on leverage 
effect. 

6. The system according to claim 1, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device including at least one sensor to generate a signal 
and/or change the state of a signal when the gas compartment 
is not in its initial standby position. 

7. The system according to claim 1, wherein said at least 
one gas flow measuring device is a the liquid displacement 
measuring device including a gas compartment and wherein 
the liquid displacement measuring device includes means for 
adjusting an active Volume of the gas compartment. 

8. The system according to claim 1, wherein said at least 
one gas flow measuring device is a measuring device system 
comprising at least two gas flow measuring devices. 

9. The system according to claim 1, wherein said at least 
one as flow measuring device is a liquid displacement mea 
Suring device which is immersed in a wet space which is a 
liquid bath containing at least one of the components chosen 
from the group consisting of water, an acid, a cleaning agent, 
an aqueous based solution and an organic Solvent. 

10. The system according to claim 1, wherein the at least 
one container for chemical irreversible fixation of other gases 
than biomethane gas contains at least one alkali metal hydrox 
ide solution. 

11. The system according to claim 1 further comprising: 
at least one additional container for fixating 'acid reacting 

gases” wherein the at least one additional container con 
tains at least one acid in solution and is provided after 
and in connection with the at least one container for 
chemical irreversible fixation of other gases than 
biomethane gas, the other gases being at least CO. 

12. A method for measuring the biological methane poten 
tial of a biosample, the method comprising: 

loading a feedstock to at least one digester with Substan 
tially continuous agitation, wherein anaerobic fermen 
tation takes place in the at least one digester to produce 
a biogas; 

flowing the produced biogas to at least one container for 
chemical irreversible fixation of other gases than 
biomethane gas, wherein the other gases including at 
least CO, are fixated; and 

flowing the biomethane gas to at least one gas flow mea 
Suring device for measurement of biomethane gas flow. 

13. The system according to claim 1, further comprising: 
at least one measuring device or sensor to measure gas 

composition on-line or to spot check on a regular basis, 
wherein the at least one measuring device or sensor for 
measuring gas composition is provided after the digester 
and/or after the at least one container for chemical irre 
versible fixation. 

14. The system according to claim 2, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device which is immersed in a wet space. 

15. The system according to claim 2, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device including a gas compartment with one gas 
accumulating end and one lifting end and wherein gas storing 
capacity of the inside of the gas compartment is relatively 
larger at the gas accumulating end than at the lifting end. 
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16. The system according to claim 2, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device which is designed to operate based on leverage 
effect. 

17. The system according to claim 2, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device including at least one sensor provided to gen 
erate a signal and/or change the state of a signal when the gas 
compartment is not in its initial standby position. 

18. The system according to claim 2, wherein said at least 
one gas flow measuring device is a the liquid displacement 
measuring device including a gas compartment and wherein 
the liquid displacement measuring device includes means for 
adjusting an active Volume of the gas compartment. 

19. The system according to claim 2, wherein said at least 
one gas flow measuring device is a measuring device system 
comprising at least two gas flow measuring devices. 
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20. The system according to claim 2, wherein said at least 
one gas flow measuring device is a liquid displacement mea 
Suring device which is immersed in a wet space which is a 
liquid bath containing at least one of the components chosen 
from the group consisting of water, an acid, a cleaning agent, 
an aqueous based solution and an organic Solvent. 

21. The system according to claim 2, wherein the at least 
one container for chemical irreversible fixation of other gases 
than biomethane gas contains at least one alkali metal hydrox 
ide solution. 

22. The system according to claim 2, further comprising: 
at least one additional container for fixating 'acid reacting 

gases, wherein the at least one additional container 
contains at least one acid in Solution and is provided after 
and in connection with the at least one container for 
chemical irreversible fixation of other gases than 
biomethane gas, the other gases being at least CO. 
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