M easur ements in Biogas

Biogas condggts principdly of methane and carbon dioxide Generdly these two components are
measured with infrared sensors for a number of reasons.
1. Cabon dioxide is paticulaly difficut to measure by other means as is the case with
methane.
2. Infrared sensors do not suffer from cross-sengtivity effects.
3. They can wok for long periods condantly
without cdibration.

Unfortunately, for some resson, the differing molecular
weights of the two gases, or some other effect, amplify
the fact that these are red gases, not the school-book
idedl gases. The sum of the concentrations or partid
pressures does not equa exactly 100%.

The Partid Pressure is defined as the pressure of a single
gas in the mixture as if that gas done occupied the
contaner. In other words, Ddton mantaned that snce
there was such a huge amount of space between the gas
molecules in the mixture that the gas molecules could not have any influence on the motion of other
gas molecules, hence the pressure of a @s sample would be the same whether it was the only gas in
the container or if it were mixed with other gases. This assumption that molecules act independently
of one another works perfectly well, providing there is a lot of space between gas molecules in the
mixture and the temperature is not too low. Lowering the temperature and/or increasing the pressure
will upset the assumption. Badcdly, this assumption is a podtulae of the Kinetic Molecular Theory
of Gases. If the assumption bresks down then the gas does not behave as predicted by dl the Ided
Gas Laws, the gas deviates from behaviour as an |ded Gas.

The gases are dso both non-polar, asis shown below:

If we look a the methane molecule: The tetrahedrd geometry contributes to the effect. This is a
symmetricadl molecule with eectronegetivities of the carbon and hydrogen amost the same, carbon
being just dightly higher. When viewed, the eectrogatic potentia clearly shows thet the carbon is
just vey dightly negetive, wheress the hydrogen aoms are very dightly postive. The overdl effect
is an dmogt completdly homogenous dectrodatic potentid surface which is thus neutrd or non-

polar.

And the carbon dioxide molecule The linear geometry with two identical oxygen aoms atached to
a centrd carbon a@om gives rise to a specid effect. The molecule is symmetricd. Partid charges
aise from the difference in the dectronegetivities. The dectrogtatic potentid is partidly postive for
cabon and patidly negetive for both oxygen aoms. However, the symmetricd nature of the bonds
has the overdl effect of cancdling the dipole, therefore the molecule is non-polar.

Suffice to say, that the effect is noticeable and will produce a messurable error, particularly at about
equa concentrations. Here, an eror of around 4% is to be seen, depite dl atempts to remove dl
other measuring errors from the sysem. We now have included a cdculaion for this effect in dl
systems fitted with both methane and carbon dioxide sensors, whether Sationary or portable. The
cdculation is andogous to the crosssendtivity cdculation, dthough the cause of the problem is
definitdly not due to one sensor reacting to the other gas. It is dmog as if the methane molecules
manage to dip between the carbon doxide molecules and hence squeeze afew extrain!



