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1. General context 

Europe’s transition to a decarbonized energy system is underway. The 28 Member States of the EU have 
signed and ratified the Conference of the Parties (COP21) Paris agreement to keep global warming “well 
below 2 degrees Celsius above preindustrial levels, and to pursue efforts to limit the temperature increase 
even further to 1.5 degrees Celsius.” This transition will radically transform how the EU generates, 
distributes, stores, and consumes energy. It will require virtually carbon-free power generation, increased 
energy efficiency, and the deep decarbonization of transport, buildings, and industry. The currently 
situation of the 27 European country is summarised in the figure 1, where the situation of each country is 
compared to it 2020 target defined in the COP21 report. 

Stakeholders must pursue all available options to limit energy-related CO2 emissions to less than 770 
megatons (Mt) per year by 2050. The European Green Deal is a response to these challenges. It is a new 
growth strategy that aims to transform the EU into a fair and prosperous society, with a modern, resource-
efficient and competitive economy where there are no net emissions of greenhouse gases in 2050 and 
where economic growth is decoupled from resource use. It also aims to protect, conserve and enhance 
the EU's natural capital, and protect the health and well-being of citizens from environment-related risks 
and impacts. 

 

FIG 1 - Turnout of the survey of the WP1/Task1 

To achieve this energy consumption “paradigm” shift, one of the key factors is to have access to 
metrological instruments able to perform “correct and traceable”1 measurements of the quantities of these 
renewable energies.  

It is within this framework that the EMPIR project NEWGASMET fits. Its objectives are to increase 
knowledges about the impact of renewable gases on the accuracy and durability of commercially 

                                                           
1 Directive 2004/22/EC of the European Parliament and of the Council of 31 March 2004 on measuring instruments 
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available meters and to provide reliable data to industry and metrology community and recommendations 
on renewable gas measurement to adapt if needed gas meters standards. 

2. Context and methodology of the task 1.2: “Definition of 
typical renewable gas compositions and ranges” 

The first step to achieve the NEWGASMET goals: “improve knowledge and understanding about impact 
of renewable gases on gas meters along the gas network and to get reliable data to give confidence in 
measurements used for billing”,  is a  literature study to gather available knowledge concerning the 
performance of existing gas meters with renewable gases , with a focus on accuracy and durability, and 
for all available technologies. This will also provide insight to the gas compositions of different renewable 
gases that can be produced, transported and metered in Europe. This study is highlighting gaps in the 
global knowledge of the scientific community and industry and define the most important areas which 
must be studied during WP2 and WP3. 

Renewable gas comes in the form of biogas, biomethane, hydrogen, and syngas. Biogas and biomethane 
are produced from a wide spectrum of sources such as municipal waste, landfills, sewage treatment 
plants, agricultural residues or manure. Hydrogen and syngas are produced after conversion of electricity 
through “power to gas” process, and eventual combination gasified coal for syngas. These new gases 
are used in various local or broader applications and lead to reconsider the metrology of metering 
system in the gas supply chain, but an overview of studies about global performance of existing 
gas meters with renewable gases is today not available.  

The main objectives of the task 1.2  is to define gas compositions ranges, for each renewable gas, that 
match with the reality of the production capabilities, the available technical capabilities and actual needs.  

The employed methodology to achieve the task1.2 is as follow: GRTGAZ and the partners has contacted 
MARCOGAZ in order to get information from European gas operators association. In addition to these, 
the economic and political forecast relating to the renewable energies development in each European 
country is analysed to identify : 

 Their available resources for renewable gases,  

 The production technical means,  

 The actual local needs,  

 The combust process and their sensitivity to each renewable gas fuel. 

This task plans to build the full overview of European gas network regarding gas composition ranges that 
are accepted in all EU countries. It will be based on the published economic and political forecast relating 
to the renewable energies’ development of every European country. Advisory board will be consulted to 
get a solid agreement on different gas compositions ranges; this conclusion will then be considered as 
the range where tests have to be performed. 
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3. Task 1.2: Survey to Define the relevant renewable gas 
compositions and ranges 

3.1 Result of the survey 

SURVEY_ 
NEWGASMET_GRTgaz_WP1-Task2_V1_FR.xlsx

 

The Survey was presented to MARCOGAZ gas quality group during their meeting of the 04 October 
2019. For these, Alice VATIN, the French expert from GRTgaz gave an introduction to the NEWGASMET 
project (the WP1 leader provided a project presentation and the survey). In order to help them answering 
the survey, the French answer example is provided in the survey EXCEL file. Despite this, no answer has 
been received. 

Therefore, only the European and the national energy policies (of the 28th) is used to establish the gas 
compositions ranges.  

4. Target gas compositions: Biomethane 

4.1 Gas composition ranges 
To determine the gas compositions range for the biomethane in Europe, a statistical study of the all the 
European biomethane production stations has been achieved (based on the GIE 2020 - European 
Biomethane map “infrastructure for biomethane production”). The results are given the graph and the 
table presented in figure 2 &3 and table 1. 

It appears from this statistical study that the main feedstock for biomethane stations in Europe are: 

 The primary crops with high starch content [ENC], with a total of 33% of all the biomethane 
stations. 

 All substrates related to agricultural production except for energy crops. This includes manure, 
straw, cover/catch crops and crop residues [AGR], with a total of 29% of all the biomethane 
stations. 

 Sludge produced at a wastewater treatment plant [SGW/SWW], with a total of 13% of all the 
biomethane stations. 

 Municipal and organic household waste [MSW], with a total of 13% of all the biomethane stations. 

In second place, we found the industrial organic waste from food and beverage industry [FAB] (7%) and 
lastly the organic waste producing biogas collected on landfill, referred to as ‘landfill gas’ in literature 
(2%). 
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FIG 2 – Distributions of all the European biomethane production stations based on the type of feedstock (source: 
GIE 2020 - European Biomethane map “infrastructure for biomethane production”) 

Where: 

 AGR: All substrates related to agricultural production except for energy crops. This includes manure, straw, cover/catch 
crops and crop residues 

 ENC: Primary crops with high starch content 
 FAB: Industrial organic waste for example from food and beverage industry 
 SGW/SWW: Sludge produced at a wastewater treatment plant 
 MSW: Municipal and organic household waste 
 LAND: Organic waste producing biogas collected on landfill, sometimes referred to as ‘landfill gas’ in literature 
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FIG 3 – Distributions of all the European biomethane production stations based on the countries (source: GIE 2020 - 
European Biomethane map “infrastructure for biomethane production”) 

 
AGR ENC FAB SGW/SWW MSW LAND INKNOWN Total 

Austria 7% 20% 7% 27% 40% 0% 0 15 

Belgium 0% 0% 0% 0% 100% 0% 0 1 

Denmark 93% 0% 0% 0% 0% 0% 3 46 

Estonia 50% 0% 0% 50% 0% 0% 0 2 

Finland 18% 0% 0% 12% 71% 0% 0 17 

France 69% 0% 6% 13% 4% 8% 0 131 

Germany 4% 81% 3% 1% 6% 0% 11 232 

Hungary 0% 0% 50% 50% 0% 0% 0 2 

Iceland 0% 0% 0% 0% 0% 100% 0 2 

Ireland 0% 0% 0% 0% 100% 0% 0 1 

Italy 17% 0% 11% 6% 67% 0% 0 18 

Luxembourg 33% 33% 0% 0% 33% 0% 0 3 

Netherland 55% 0% 15% 11% 8% 4% 4 53 

Norway 0% 0% 31% 38% 31% 0% 0 16 

Spain 0% 0% 0% 50% 50% 0% 0 2 

Sweden 20% 1% 1% 50% 27% 0% 0 70 

Switzerland 8% 0% 8% 53% 26% 0% 2 38 

UK 19% 59% 18% 0% 3% 0% 2 80 

Total 29% 33% 7% 13% 13% 2% - 729 

Table 1 – Distributions of all the European biomethane production stations based on the type of feedstock 
(source: GIE 2020 - European Biomethane map “infrastructure for biomethane production”) 

Based on all these data, the gas composition range of biomethane in Europe is: 
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Methane >97% 

Carbon dioxide <2.5% 

Hydrogen Sulphide 5mg/Nm3 

Dew point < -60° C at 4bar 

Table 2 – Biomethane typical composition based upon a biogas with an average methane concentration of 63% 
and H2S 200-500ppm [1] 

The exhaustive list of contaminants found in the biogas is given in the table below (Table 5 – 
Contaminants in biogas [9, 10 & 11]). 

Site 1 2 3 4 5 6 7 8 9 10 
ISO EN 
167232 

Chlorine 

(mg/Std m3) 0.25 < 0,25 < 0,5 < 0,6 < 0,5 <0,35 < 0,40 <0,44 < 0,35 < 0,42 - 

Fluoride 
(mg/Std m3) 0.73 < 2,3 < 0,11 < 0,5 < 0,5 <0,20 < 0,17 <0,22 < 0,14 <0,18 - 

Mercury 
(µg/Std m3) 0.11 < 0,12 < 0,13 < 0,2 < 0,25 <0,60 < 0,67 <0,67 0.015 <0,45 - 

Ammonia 
(mg/Std m3) 0.88 < 0,99 < 0,2 < 0,2 < 0,89 <0,18 < 0,20 0.20 < 3 <0,15 10 

Mercaptic sulfur 
(mg/Std m3) 3.39 < 0,49 < 0,25 < 0,25 < 0,14 < 2,1 < 6 < 0,1 < 0,40 < 2,1 10 

CO (% vol) 0.00 <0,001 <0,001 0.0007 0.0014 <0,03 0.0001 <0,03 <0,0001 <0,03 0.1 

H2 (% vol) <0.1 < 0,1 <0,001 < 0,1 < 0,1 <0,07 <0,001 <0,07 <0,0001 <0,07 
2% 

Easee-gas 

Amine 
(mg/Std m3) - - - - - - - - - - 10 

Total volatile 
Silicate 

(mg Si/Std m3) 
- - - - - - - - - - 0.3  1 

Compressor oil 
The biomethane shall be free from impurities other than the “de mimesis” levels of compressor 

oil and dust impurities. 

ISO 8573-2 

:20073 

Dust impurities 
ISO 8573-4 

:20194 

Table 3 – Measurements of contaminants in the biomethane (RICE internal study) 

4.2 Interim conclusions 

                                                           
2 EN 16723-1 (05/2917): Natural gas and biomethane in transport and biomethane for injection in natural gas network. Part 1: 
Specifications for biomethane for injection in natural gas network. 
3 ISO 8573-2:2007: Specifies test methods for the sampling and quantitative analysis of oil aerosols and liquid oil that can typically 
be present in compressed air 
4 ISO 8573-4:2019: Compressed air - Contaminant measurement - Part 4: Particle content 
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The gas composition range for biomethane in Europe is almost the same as natural gas with a very high 
content of CH4  (> 97%). The remainder is distributed between CO2, N2 and O2. Therefore, only 
contaminants could impact the meter performances, accuracy and lifetime. The main impacts are caused 
by: 

 dust impurities and compressor oil, for the mechanical functioning of the gas meter. 

 Chlorine and ammonia for their chemical impact on the internal parts of the meter. 

5. Target gas compositions: Raw Biogas 
NOTA: In the document “biogas” means “raw biogas” 

5.1 Gas composition ranges 
For the biogas composition, we proceed from the assumption that the biogas stations feedstocks types 
are equivalent to the biomethane stations. Therefore, the biogas stations in Europe are distributed as 
follow: 

 33% are primary crops with high starch content feedstocks [ENC],  

 29% are all substrates related to agricultural production except for energy crops (includes 
manure, straw, cover/catch crops and crop residues) feedstocks [AGR],  

 13% are sludge produced at a wastewater treatment plant feedstocks [SGW/SWW],  

 13% are municipal and organic household waste feedstocks [MSW],  

 7% are industrial organic waste from food and beverage industry feedstocks [FAB]  

 2% are organic waste collected on landfill feedstocks [LAND]. 

Based on this distribution (feedstocks), and using the typical gas composition ranges given in literature, 
the following gas composition range is established: 

Components ENC AGR SGW/SWW MSW FAB LAND 

CH4 (% vol) 50  60 60  75 60  75 50  60 68 35  65 

CO2 (% vol) 34  38 19  33 19  33 38  34 26 15  50 

N2 (% vol) 0  5 0  1 0  1 0  5 - 5  40 

O2 (% vol) 0  1 < 0,5 < 0,5 0  1 - 0  5 

H2 (% vol) - - - - - 0  5 

H2O (% vol) 6  
(at 40 ° C) 

6  
(at 40 ° C) 

6  
(at 40 ° C) 

6  
(at 40 ° C) 

6  
(at 40 ° C) 

- 

H2S (mg/Std m3) 100 - 900 3000  10 000 1000  4000 100  900 400 0  100 

NH3 (mg/Std m3) - 50 - 100 - - -  5 ppm 

Mercaptic sulfur 
(mg/Std m3) 0 - 200 - - 0 - 200 - - 

Chlorine (mg/Std m3) 100-800 - - 100-800 
 

- 

Table 4 – Biogas typical compositions based on feedstocks type [5, 6, 7 & 8] 
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As for biomethane, the contaminant list and their ranges depend on the feedstock and the methanisation 
process. The exhaustive list is given below in the Table 5. 

  
Biogas 

Particles (mg/Std m3)  0  100,000 

H2S (mg/Std m3)  0  10,000 

Alkanes (mg/Std m3)  0  1500 

Aromatic hydrocarbons (mg/Std m3)  0  2000 

Terpenes (mg/Std m3)  0  700 

Halogenated hydrocarbons (mg/Std 
m3) 

 
0  1200 

Ammonia (ppm)  < 100 

Total chlorine as Cl- (mg/Std m3)  0  200 

Table 5 – Contaminants in biogas [9, 10 & 11] 

5.2 Interim conclusions 
The gas composition range for biogas in Europe is highly dependent on the feedstocks and the 
methanisation process, with a wide content range for the seven main components: CH4 / N2 / CO2 / O2 / 
H2/ H20 / H2S. The typical ranges are given below in Table 6: 

Components Biogas LAND 

CH4 (% vol) 50  75 35  65 

CO2 (% vol) 19 34 15  50 

N2 (% vol) 0  5 5  40 

O2 (% vol) 0  1 0  5 

H2 (% vol) 0 0  5 

H2O (% vol) 6 (at 40 ° C) No data 

H2S (mg/Std m3) 100  10000 0  100 

Table 6 – Established typical biogas gas composition range 

We have split the landfill biogas from the other five feedstocks types. This because, first, the landfill 
biogas stations represent only 2% of all the biogas stations in Europe, also, the landfill gas composition 
range is very different from all the others. 

As for biomethane, only contaminants that can impact the meter performances, accuracy and lifetime are 
listed below: 

 dust impurities for their impact on the mechanical functioning of the gas meter. 

  Hydrogen Sulphide, Chlorine and ammonia for their chemical impact on the internal parts of the 
meter. 
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6. Target gas compositions: Raw Syngas 
NOTA: In the document “syngas” means “raw syngas” 

6.1 Gas composition ranges 
Syngas composition heavily varies depending on type and source and the gasification process (Table 9). 
The main sources for syngas are given in  Table 7. This includes town gas, coke gases, refinery gases, 
but also gases resulting from the gasification of biomass. The following table (Table 8) provides a typical 
range for the compositions of syngases. This will be dependent upon the specific chemical composition of 
the feedstock to the gasifier. 

Source 
Production  

Process 
Product 

Conversion, Treatment  
Processes 

Injectable  
Product 

Biomass (wood, crop, 
etc.) 

Gasification,  
Chemical 

processes, 
Reforming 

Bio-syngas 

Purification, Upgrading 
Water gas shift 

SNG,  
Hydrogen-rich 

gas 

Organic waste/by 
product 

(agricultural, industrial 
or municipal) 

Oil 
Methanation Purification, 

Upgrading Hydrogen rich 
components 

Table 7 – Main sources for syngas 

Substance Composition (% vol) 

H2 20-40 

CO 35-40 

CO2 25-35 

CH4 0-15 

N2 2-5 

Table 8 – Syngas gas composition range [12] 

6.2 Interim conclusions 
The gas composition range for syngas in Europe is highly dependent on the feedstocks and the 
gasification process, with a wide content range for the five main components: CH4 / N2 / CO2 / CO / H2. 
The typical ranges are given below in Table 8. 

As for the other renewable gases, only contaminants that can impact the meter performances, accuracy 
and lifetime are listed below: 

 dust impurities for their impact on the mechanical functioning of the gas meter. 

 Hydrogen Sulphide for it chemical impact on the internal parts of the meter. 
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Gasifier General
1 E-Gas

2 Shell
3 Shell

3 GE
3 KRW

4 

Air   
Blown – 
Transpor

t5 

Oxygen  
Blown – 
Transpor

t5 

E-Gas6 

Wellman- 
Galusha 

(Air   
Blown)7 

E-Gas8 
GE9   

(Oxygen 
Blown) 

GE9   
(Air 

Blown) 

PREN- 
FLO10 

TRIG  
(Transport  
Gasifier)11 

TRIG  
(Transport  
Gasifier)11 

BGL12 

Facility - Wabash - - - 

Pinon  
Pine 

Power  
Project 

- - Wabash Pilot Wabash - - 
Puertollan

o 
   

Coal General Several General General General Several Several Several Several Sulcis Several Unknown Unknown 
Coal/ 

Petrocoke 

Wyoming   
PRB 

North  
Dakota 
Lignite 

Several 

CO 30 - 60 42.2-46.7 56.4 49.6 15.6 23.91 1-14 4-14 27.4 31.03 45.3 39.09-43.44 13.89-20.14 59.9 39.7 35.6 57.2 

H2 25 - 30 32.3-34.4 29.7 26.3 15.1 14.58 2-8 8-16 27.7 18.38 34.4 28.94-32.91 10.14-14.73 21.7 28.5 25.6 30.8 

CO2 5 - 15 14.9-17.1 1.4 1.3 7.3 5.45 7-14 12-14 16.5 2.54 15.8 9.32-13.53 6.09-8.85 2.9 14.3 17.5 4.9 

H2O 2 - 30 - 7 18.1 61 5.45 6-14 17-40 26.6 11.77 - 13.11-19.91 8.18-12.00 - 12.6 14.4 - 

CH4 0 – 5 1-2.29 - - - 1.35 1-2 2-5 0.0939 2.97 1.9 .02-.03 .02 - .05 <0.1 4.3 6.1 6.2 

Ar 0.2 - 1 - 0.7 0.6 
0.8 

0.56   0.7 0.51 0.6 0.06 .60 - .66 
14.4 

.08 .07 - 

N2 0.5 - 4 - 4.53 3.86 48.68 54-72 30-55 0.6 43.02 1.9 .41-0.45 49.50-54.11 .09 .09 - 

H2S 0.2 - 1 
17.28- 
107.2 
ppm 

0.24 0.21 

0.12 

- 
100- 1300 

ppm 

2000- 
3000 
ppm 

0.1399 1.48 68 ppm .58-.64 .26 - .32 

1.1 

750  ppmV 2007 ppmV - 

COS 0 - 0.1 
9.03- 

162.13 
ppm 

0.02 2 - - - 0.0061 0.08 - .03-.04 0.02 
40   

ppmV 
106 ppmV - 

O thers 0 - 0.3 - 0.01 0.01 0.08 0.02 - - 0.2 - - - - - - - - 

Table 9 – Examples of Syngas Compositions across different gasifier type, and feedstock produced by the gasification of coal feedstocks [13 & 15 to 26] 

1. Hydrogen from Coal Program: Research, Development, and Demonstration Plan for the period 2008 through 2016 (Sept 2008) 
2. Wabash River Coal Gasification Repowering Project: A DOE Assessment (Jan 2002) 
3. An Overview of Coal based Integrated Gasification Combined Cycle (IGCC) Technology , Ola Maurstad, MIT (Sept 2005)  
4. The Gas Turbine Handbook: Principles and Practices, Tony Giampaolo, Edition: 2, illustrated, Published by The Fairmont Press, Inc. (2003) 
5. Demonstration of Hot Gas Filtration in Advanced Coal Gasification Sy stem, Xiaofeng Guan et. al, Power Systems Development Facility, Southern Company Services (Mar 2007) 
6. Technoeconomic Analysis of Hydrogen Production from Western Coal Augmented with CO2 Sequestration and Coalbed Methane Recovery , Pamela Spath, et. al., National Renewable Energy Laboratory (Fall 1999) 
7. Coal Gasification Pilot Plant f or Hydrogen Production. Part B: Syngas Conversion and Hydrogen Separation, Giovanni Raggio, et. al., prepared for the Second International Conference on Clean Coal Technologies for our Future (May 2005) 
8. Operating Experience at the Wabash River Coal Gasification Repowering Project, Thomas A Lynch, Dynergy Power Corp., prepared for the 1998 Gasification Technologies Conference (Oct 1998) 
9. High Temperature Desulfurization of Synthesis Gas with Iron Compounds, Mitri S. Najjar & Dick Y. Jung, Texaco Inc. (Fall 1993) 
10. Uhde Press Release, No. 02 (Mar 2008) 
11. KBR’s Transport Gasifier (TRIG™) – An Advanced Gasification Technology f or SNG Production from Low-Ranked Coals 
12. Allied Syngas Marketing Document 
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7. Target gas compositions: Hydrogen 

7.1 Gas composition ranges 
For the hydrogen content determination, the approach is completely different from the 3 other renewables 
gases. The hydrogen can be considered as : 

 Case 1 : an injectable renewable gas in the existing gas grid.  

 Case 2: a pure (100% (vol) hydrogen) renewable gas used directly for energy production, 
transportation or any other industrial process. 

 Case 1: Decarbonization of natural gas grid through blending [28, 29 & 30] 7.1.1

For this case, we assume that the renewable hydrogen produced by electrolysis of the excess renewable 
electricity (wind turbine and solar photovoltaic) is totally injected in an existing natural gas grid. Of course, 
this therefore assumes that the existing natural gas grid is able to transmit, measure and operate the 
hydrogen concentration level in a safe and fair way.  

To establish the relevant blending level, three mains documents has been used:  

1. Hydrogen Roadmap Europe (Publications Office of the European Union, 2019). 

2. Hydrogen admission into existing natural gas infrastructure and end use. MARCOGAZ - 33rd 
MADRID FORUM – 23 & 24 October 2019. 

3. The effects of injecting hydrogen (renewable gases). EASEE-gas – MARCOGAZ. Budapest - 
March 2018. 

These three document shows that: 

 Up to 2%, the current natural gas grid and all the end uses are totally able to handle this 
hydrogen blend level without any adaptation, even for the thermodynamic gas properties. 

 Major elements of the existing NG infrastructure and residential gas appliances are 
expected to be able to accept 10% (vol) H2 without major modifications.  

 Major elements of the existing NG infrastructure and residential gas appliances are 
expected to be able to accept 20% (vol) H2 with modification. 

 Major elements of the existing NG infrastructure and residential gas appliances could 
handle higher concentrations > 20% (vol) H2 through R&D and using further measures or 
replacements.  

  Many industrial processes (except feedstock) are expected to be able to accept 5% (vol)  
H2 without modification. 

 Current power plant gas turbines, industries using NG as feedstock and CNG steel tanks 
are assessed to be sensitive to even small quantities of hydrogen. It requires further 
R&D/mitigation measures to accommodate higher hydrogen concentrations.  

 Thermo-processing equipment (such as furnaces and burners) are expected to be able to 
accept 15% (vol) H2 with modification. 

 Thermo-processing equipment (such as furnaces and burners) could tolerate higher 
concentrations > 15% (vol) H2 through R&D, further measures or replacement. 
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 Higher than 10% (vol) H2, the gas characteristics (thermodynamic gas properties) are 
progressively changed. It is depending on the measuring principle. Further investigations 
are needed, such us:  

 Recalibration. 

 Modification of the metrological model approvals.  

 The construction specifications of the pressurized parts, all gaskets/sealing and 
some components (sensors…) of the meters will need to be assessed for 
suitability, safety (tightness, embrittlement) and durability. 

 For the static meters (ultrasonic, Thermal mass), there is an important Influence on the 
density, speed of sound and specific heat capacity 

The main European countries has already started pilot project of hydrogen injection up to 20% in a small 
and local distribution grid (GRHYD in France, METHYCENTRE in France, HYCAUNAIS in France, 
HYDEPLOY in UK, …). 

The current regulatory framework for nine of the most advanced European country in renewable gases 
uses, relative to the maximum blend level of H2 in the natural gas grid is given in the flowing figure. 

 

FIG 4 – The maximum (local) blend level of hydrogen into the natural gas grid [31] 

Therefore, the relevant maximum percentage of hydrogen injected into an existing natural gas 
grid, for pilot test purposes, is 20%. 
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 Case 2: Upgrade of natural gas to pure hydrogen grid 7.1.2

For this case, it is very simple to establish a hydrogen concentration. It is almost 100%. 

The contaminants nature and content depend on the used process to produce and to purify the hydrogen. 
The three main process of pure hydrogen production are: SMR process5 + PSA6, Water PEM electrolysis 
process7 + TSA8, Chlor-alkali process9 + TSA. In the following table (Table 10) are listed all the 
contaminants that can be found in the produced pure hydrogen and their probability of occurrence [32]. 
The content of each of these contaminants is given in [32] and they are less than 100 ppm. 

Probability of 
contaminant presence 

Steam methane reforming 
with PSA 

Chlor-alkali process 
(membrane cell process) 

PEM water electrolysis 
process with TSA 

Frequent CO O2 None identified 

Possible N2 None identified None identified 

Rare CH4, H20 and Ar N2 and H2O N2, O2 and H2O 

Very rare CH2O CO2 CO2 

Unlikely 

He, CO, O2, CH2O2, NH3, 
sulphur compounds, 

hydrocarbons compounds, 
halogenated compounds 

He, Ar, CO, CH4, 
CH2O, CH2O2, NH3, 
sulphur compounds, 

hydrocarbons compounds, 
halogenated compounds 

He, Ar, CO, CH4, 
CH2O, CH2O2, NH3, 
sulphur compounds, 

hydrocarbons compounds, 
halogenated compounds 

Table 10 – Probability of contaminant presence in the three models presented in this article (SMR + PSA, PEM 
water electrolysis + TSA and chlor-alkali membrane electrolysis + TSA). 

Therefore, only the impact of 100% (vol) of hydrogen is relevant to study. 

7.2 Interim conclusions 
For the hydrogen, to cases has been established: 

 Case 1: Decarbonization of natural gas grid through blending 

 Case 2: Upgrade of natural gas to pure hydrogen grid 

For  case 1, by 2030, all the European countries hydrogen blend level threshold injected into an existing 
natural gas grid is 20%. The contaminants derived from the hydrogen production are all less than 100 
ppm. Therefore, only the known contaminants already existing in the natural gas or biomethane need to 
be focused on. 

For case 2, only the impact of the hydrogen is to be focused on. 

 

 

                                                           
5 SMR: Steam methane reforming 
6 PSA: Pressure swing adsorption 
7 Water PEM electrolysis process: Water polymer electrolyte membrane electrolysis 
8 TSA: Temperature Swing Adsorption process 
9 Chlor-alkali process: process in which chlorine and caustic soda (sodium hydroxide) are produced simultaneously by electrolytic 
decomposition of salt (sodium chloride) – Source: BRITANNICA. TSA: Temperature Swing Adsorption process 
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8. Conclusions 

The flowing table summarize the relevant gas composition ranges set for each of the studied four 
renewable gases and applicable to gas metering: 

Components Biomethane 
Raw Biogas 

Raw Syngas 
Hydrogen 

Biogas LAND Case 1 Case 2 

CH4 (% vol) > 97% 50  75 35  65 0  15 65  92 0 

Other hydrocarbons 
(% vol)     5  15 0 

CO2 (% vol) < 2.5% 19 34 15  50 25  35 0.2  1.5 0 

CO (% vol) - - - 35  40 0 0 

N2 (% vol) - 0  5 5  40 2  5 0.3  1.0 0 

O2 (% vol) - 0  1 0  5 - - 0 

H2 (% vol) - 0 0  5 20  40 0  20 100 

H2O (% vol) - 
6 

(at 40 ° C) 
No data - - 0 

H2S (mg/Std m3) < 5mg/Std m3 100  10000 0  100 - < 5mg/Std m3 0 

Table 11 – Gas composition range for the four studied renewable gases 
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