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1. Introduction

Motivation for biofraction measurements of methane 
comes from both metrology and environmental research. 
Within the enlarging bioeconomy, technical specifica-
tions need to be defined and met to safely inject biogas in 
existing natural gas networks [1]. However, the biogas 
content of gas networks and fuelling stations cannot be 
accurately determined at present. Furthermore, methane 
being 20 times stronger greenhouse gas than carbon 
dioxide, the origin of it within atmosphere is an ongoing 
issue and, for instance, within the ICOS agenda [2]. 

Methane origin can be traced also by stable isotopic 
signature of carbon and hydrogen [3]. The plot of a 
collected database of literature d13C and d2H values 
(Figure 1) confirms the challenges in sole stable isotopic 
fingerprinting as the ranges between natural gas and 
biogas slightly overlap.   

Figure 1. Stable isotopic (C, H) signatures of natural gas 

and biogas from literature. 

We have developed and tested a collection and 
measuring setup and a process for methane biofraction
measurements of environmental and gas station samples 
by using the 14C-AMS technique. This contribution 
presents the design of this portable setup and results of 
the commissioning measurements.  

2. Reference samples of CH
4

To be able to commission the setup, reference samples of 
biogas and natural gas were needed. The natural gas 
(assumed to be 100% fossil) was collected at Gasum
natural gas facility at Imatra close to the Russian border. 
The natural gas consumed in Finland is imported along a 
pipeline from the Western-Siberian gas fields of 
Yamburg and Urengoy to the Imatra reception station 
[4]. The biogas sample (100% biogenic) was collected at 
Gasum biogas facility at Kujala, Lahti, Finland. The 
facility produces biogas from biowaste collected from 
homes, retailers and industry as well as sludge from 
purification plants in the Lahti region and elsewhere in 
Southern Finland [5].

3. CH
4

collection and 

combustion setup

A Labview-controlled setup capable of mixing the 
biogas&natural gas samples, field/laboratory sampling 
and combusting were developed and commissioned 
during the project. The setup was based on the several 

years of experience with CO2 sampling with molecular 
sieves [6]. In brief, it allows for mixing biogas/natural 
gas sample ratios between 100 and 0%, CO2 purification 
of gas sample, combustion of remaining gas to CO2 with 
Pt catalyst and storing of resulting CO2 in a molecular 
sieve. As we aim both field and laboratory collections, 
the storing possibility is crucial. Based on LI-COR 
measurements, we obtain routinely nearly 100% 
combustion efficiencies.  

Figure 2. Schematics of the collection and combustion 

setup. 

4. Sample treatment & AMS 

measurements

The stored CO2 sample is released with heating and 
chemically converted to carbon with an automated and 
Labview-controlled HASE facility [7] and measured for 
radiocarbon in the AMS facility at the University of 
Helsinki [8]. The uncertainty estimates at the AMS 
facility are performed through Bayesian inference [9]. 
This means that instrumental uncertainties are 
inherently incorporated into the result uncertainties. 
Altogether, presently the Helsinki AMS facility is 
routinely capable of 0.2-0.3 % statistical precision in 14C 
measurements. 

5. Biofractions of CH
4

samples

Biogas/natural gas mixtures of 100%, 50%, 30%, 10% 
and 0% were measured to get their biofractions. The 
results are given in Table 1 and Figure 3. 

Table 1. 
14

C concentrations (pMC) and deduced 

biofractions according to ASTM D-6866-12 standard.

d13C values reveal some differences in isotopic 
fractionation during the process path although being all 
in the range of expected for natural gas/biogas mixtures. 
These is no correlation between this fractionation and 
the biofraction measurements, however. Therefore, we 
suggest that our process fractionation is nearly negligible 
concerning the measurement precision. 

The correlation between the measured and mixed ratios 
are nearly perfect (R = 0.999). The obtained 
uncertainties are well below the acceptable limits given 
in present standardization (e.g. ASTM D-6866-12: 1-2%).  

Figure 3. Correlation (R = 0.999) between mixed and 

measured biofractions of natural gas/biogas mixtures. 

6. Summary

We have successfully established a process for methane 
biofraction measurements of biogas/natural gas 
mixtures and reached precisions well within the 
specifications of the ASTM D-6866-12 standard. 

Figure 4. Strength of 
14

C-AMS biofraction measurements 

visualized together with d2
H data. Data is based on 

sampling the literature value distributions. 

Strength of 14C-AMS measurements are visualized in 
schematic modelling results of Figure 4: an ultimate 
precision is obtained as multiproxy characterization of 
gas samples involving all available data. 
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Biogas/natural 

gas ratio (%)

pMC(%) d13
C(‰) Biofraction(%)

100 104.47(55) -45,3 99.3(6)

49.70 51.36(30) -63,4 48.8(3)

29.75 29.86(29) -52,7 28.4(3)

9.89 10.28(14) -47,5 9.8(2)

0 0.06(7) -55,8 0.05(6)
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