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1. Introduction  
 

The present report provides an accurate overview on the current situation concerning the quality of 
the Natural Gas (NG) transported and distributed throughout Europe. The activity focused on the 
presence of sulfur and sulfur-based components inside NG due to their high harmfulness with 
respect to the Fuel Cells (FC). This is a crucial aspect to be considered by FC manufacturers willing to 
install their FC-based microCHP devices all across Europe. 

Currently, there are two main reasons for the presence of sulfur inside NG: the first one depends on 
the origin of the gas itself, while the second one is correlated with the odorisation practices. While 
the concentration of ‘natural’ sulfur is an intrinsic aspect of the NG, the amount of sulfur added as 
odorant depends on the current practice of each country. 

Therefore, the main target of this report is to create a European map that provides information on 
the type and amount of ‘natural’ sulfur and odorants contained in the NG across the different EU 
countries. The countries investigated are those involved in the Enefield project. For each one of 
them it has been tried to depict the internal situation, highlighting possible geographical differences 
related to the odorisation choice. 

The report on the sulfurization of the NG has been structured as it follows: 

• In the first part, an overview of the current situation of the NG in Europe is given in terms of 
supply, legislative framework and odorisation practices. 

• The central part is the core of the entire work and includes the profiles of each Country 
investigated.  

• In the final part, a ‘sulfur free’ scenario has been considered taking into account all the 
possible existing barriers to this evolution. 
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2. Natural gas in Europe 
 

The purpose of this chapter is to supply information about the natural gas in the European Union 
and, more in general, in Europe. 
 

2.1 Supply 

Currently, the main target of the European Union is to avoid the dependence on a single exporting 
country. The risk is that events like the crisis between Russia and Ucraina, with the interruption of 
the supply of natural gas to a significant number of European countries, can cause serious 
inconveniences. 

Natural gas is imported into the countries of the European Union both in its gaseous form (via 
pipelines) and liquefied by compressione (LNG). For what concerns the NG in its gaseous form, latest 
estimations tell that Russia and Norway are the main suppliers, representing 46% and 39.2% 
respectively of all imports into EU-28 (Figure 1).  

 

 
Figure 1. Countries exporting NG through pipelins into EU-28 [1]. 

 

LNG is especially supplied by countries belonging to other continents (Africa, Asia and South 
America) because, compressing the natural gas, they can maximize the quantity transported, due to 
its higher density (Figure 2).  
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Figure 2. Countries exporting LNG into EU-28 [1]. 

 

In general, in 2015, the total imports of natural gas in the EU-28 were around 275 Mtoe, of which 
only the 13.5% was represented by LNG (Table 1).  

 

 NG by pipelines LNG Total NG 
Mtoe % Mtoe % Mtoe % 

Imports of NG by 
EU-28 

237.88 86.52 37.07 13.48 274.95 100 

Table 1. Data on imports of NG, both via pipelines or in LNG form, by the 28 countries of the European Union [1]. 

 
Figure 3 shows in detail the situation of some European countries. Germany results as the biggest 
importer of natural gas in the word accounting for the 15% of the worldwide imports. Referring, 
instead, on the imports of LNG, Spain has the most developed sector due to its geographic position 
[2]. 

 

2.2 Legislative framework 

From the legislative point of view, at a European level the most signifcant documents dealing with 
NG and odorisation are two: 

• Commission Regulation (EU) 2015/703; 

• EN 16726:2015. 
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Furthermore, with the increase in the exploitation of the biomethane as a renewable energy source 
and the possibility of its injection in the NG grid it is important to consider also the EN 16723-1:2016 
that deals with the specifications for the biomethane that is injected in the NG network. 

 

 
Figure 3. Natural gas imports for seleceted European countries [2]. 

 

2.2.1 Commission Regulation (EU) 2015/703 

The purpose of this Regulation is to establish a network code which sets out rules regarding 
interoperability and data exchange as well as harmonised rules for the operation of gas transmission 
systems. 

In addition, correlations among different reference conditions are listed in order to ease data 
exchange among transmission system operators (Table 2). 

 

Reference temperature in 
°C (combustion, volume) 

25/20  
to 25/0 

25/20  
to 15/15 

25/20  
to 0/0 

25/0  
to 15/15 

25/0  
to 0/0 

15/15  
to 0/0 

Volume-basis real 
superior calorific value 

1.0738 1.0185 1.0766 0.9486 1.0026 1.0570 

Volume-basis real inferior 
calorific value 

1.0738 1.0176 1.0741 0.9477 1.0003 1.0555 

Real Wobbe index 1.0736 1.0185 1.0764 0.9487 1.0026 1.0569 
Table 2. Conversion factors between reference conditions [3]. 
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2.2.2 EN 16726:2015 

This European Standards refers to gases belonging to the group H, that is those gases of the second 
family (natural gases) that posses a Wobbe index ranging from 45.7 to 54.7 MJ/m3 [4]. It has been 
produced by The European Committee for Standardisation (CEN) following an official request of the 
European Commision to fix harmonised requirements for H-gas quality in the European Union. Then, 
the main aim of the document is to ease the free flow of this class of gases among all the European 
countries. 

As specified within the standard, this standard applies at a European level and refers to the high-
pressure networks where gas is transported from the places of extraction to all the importing 
countries. At a national level, each country makes its own decisions in terms of safe management of 
the gas. 

In the priority list for 2017, the European Commission proposed to amend the Commission 
Regualtion 2015/703, on the network code on interoperability and data exchange rules, 
incorporating EN 16726:2015 [5]. 

In Table 4 are reported the requirements related only to the sulfur content that is the topic of 
interest of this work. 

 

2.2.3 EN 16723-1:2016 

One of the scopes of this standard is to define the requirements that biomethane must satisfy at the 
point of entry into natural gas networks.  

The components considered in this document are all those contained also in the natural gas and 
defined in the EN 16726 (included the sulfur-based components reported in Table 4), together with 
additional elements that are specific for the biomethane (Table 3).   

 

Parameter prEN 16723-1 
CO Max. 0.1% mol 

Si 
• 0.1 or 0.3 mg/m3 in case of exposition to a 

pure biomethane  

• 1 mg/m3 in case of mixtures 

NH3 – ammine 10 mg/m3 (if water is present) 

Oil from compressor Biomethane must be free from impurities, that 
is by such quantities that it is not acceptable for 
the transportation or that it is harmful for end 
users. 

Powder impurities 

Table 3. Requirements for components specific for the biomethane [6]. 
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Parameter Unit  
Limits based on standard 
reference condition 15/15 

Limits based on standard 
reference condition 25/0 

Reference standards 
for test methods 

(informative) Min. Max.  Min.  Max. 

Total sufur 
without odorant 

mg/m3 Not applicable 20 
Not 

applicable 
21 

EN ISO 6326-5 

EN ISO 19739 

For sulfur in high pressure networks and on interconnection points the maximum acceptable sulfur 
content for conveyance is 20 mg/m3, where in high pressure networks non-odorized gas is current 
practice. 

However, for existing practices with respect to transmission of odorized gas between high pressure 
networks higher sulfur content value up to 30 mg/m3 may be accepted. 

NOTE.  On distribution networks the odorisation is considered as a national safety issue.   

H2S + COS (as 
sulfur) 

mg/m3 Not applicable 5 
Not 

applicable 
5 

EN ISO 6326-1 

EN ISO 6326-3 

EN ISO 19739 

Mercaptan 
sulfur without 
odorant (as 
sulfur) 

mg/m3 Not applicable 6 
Not 

applicable 
6 

EN ISO 6326-3 

EN ISO 19739 

Table 4. Extract of the Table contained in the EN 16726:2015 containing requirements for the sulfur content in gas [7]. 

 



                           Focus on sulfur odorants 

 

2.3 Odorisation 

In the Figures below are graphically described current odorisation practices in Europe. The countries 
represented are substantially those belonging to the Marcogaz association [8].  

Going into detail, Figure 4 shows that, in Europe, the odorisation is perfomed in two main ways: the 
most exploited method is “Local Odorisation” according to which the odorant is added at the 
distribution network. Instead, the other method is adopted by only four countries (France, Hungary, 
Ireland and Spain) and foresees the odorisation already at the transmission network (“Centralized 
Odorisation”).  

Figure 5, instead, offers an overview of the choices of European countries in terms of odorants 
adopted. Briefly: 

• Blue colour denotes countries who use only THT; 

• Orange colour denotes countries who use only blends with TBM; 

• Green colour denotes countries who use both THT and blends with TBM; 

• Red colour denotes countries who use THT, blends with TBM and sulfur-free (S-Free) 
odorants. 

 

 

 
Figure 4. How odorisation is performed: Centralized Odorisation (blue) and Local Odorisation (orange). 
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Figure 5. Overview of the odorants currently used in Europe: THT (blue), TBM (orange), THT + TBM (green) and THT + TBM 

+ S-Free (red).  
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3. Data sources and stakeholders involved  
 

Data have been collected mainly by two types of sources:  

• International or European organizations (Table 5) 

• National authorities or companies in the field of natural gas (Table 6)  
 

For each source of Table 5, a brief description and the contribution supplied is given. 
 

Source  Description Contribution 

MARCOGAZ 
Technical Association of the 
European Natural Gas Industry 

• Latest versions of odorisation 
reports 

• List of National authorities and 
companies belonging to the 
countries of interest and 
working in the field of the 
natural gas 

International Energy 
Agency (IEA) 

Autonomous agency with four 
main areas of focus: energy 
security, economic development, 
environmental awareness and 
engagement worldwide. 

• Reports on the energy policies 
of IEA and non-IEA countries 

Eurostat  
The statistical office of the 
European Union. 

• Databases containing data of 
the natural gas market for each 
European country 

Table 5. List of the International and European organizations consulted. 

  
At a national level, the information collected refers specifically to the odorisation practices of the 
belonging country, including type and concentrations of the odorants adopted. Therefore, unless 
otherwise stated, all the contents of the Section 4 come from personal communications of internal 
contacts belonging to the authorities and companies listed in the Table below.    

 

Country Authority/Company Description 

Austria 
Wienernetze  

Company that manages electricity, gas, heat 
and telecommunication networks in the 
area of Vienna 

Vorarlbergnetz 
The only Austrian operator that uses a 
sulfur-free odorant 

Belgium Synergrid  
The federation of the electricity grid and 
natural gas in Belgium 

Denmark 

Danish Gas Technology 
Centre (DGC) 

Specialized consulting and development 
company within energy and environment, 
mainly focused in gas utilization 

DONG energy – Partner of 
Enefield 

Energy company with a strong profile on 
renewables 

France 
ENGIE Lab Crigen – Partner 
of Enefield 

Research centre dedicated to gas, new 
energy sources and emerging technologies 
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Germany DVGW-EBI 
DVGW research centre at the Engler-Bunte 
Institute of Karlsruhe Institute of 
Technology (KIT) 

Italy 

AEEGSI 
Authorities of electricity grid, gas and water 
system 

Several distribution 
companies 

Main companies that works at the level of 
the distribution network 

CIG Italian Gas Committee 

Luxembourg - - 

Slovenia Plinovodi 
The operator of the transmission system for 
natural gas. 

Switzerland SVGW Swiss authority for the gas and the water 

The Netherlands Gasunie European gas infrastructure company 

The United Kingdom 

British Gas – Partner of 
Enefield 

Company dealing with residential energy 
services, installation and maintenance 

National Physical 
Laboratory (NPL) 

The UK’s National Measurement Institute 

Table 6. List of the national authorities and companies interviewed. 
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4. Study on the odorisation practice of the natural gas at the national 
level 

 

This section includes the collection of all the profiles of the countries investigated. For each of them 
are reported: 

• a map of the national gas infrastructure taken from IEA reports; 

• a table containing types and concentrations of odorants adopted, as stated by national 
standardization; 

• a pie chart, illustrating national natural gas flows, extracted from Eurostat databases; 

• comments and additional information (where supplied). 

 

4.1 Austria 
 

 
Figure 6. Austrian natural gas infrastructure [9]. 

 

Odorant THT Mercaptans  Gasodor® S-Free 

Percent of consumption 
(%) 

̴99% - ̴1% 

Minimum concentration 
(mg/Nm3) 

9.0 3.4 8.0 

Maximum concentration 
(mg/Nm3) 

- - - 

Typical concentration 
(mg/Nm3) 

8 to 15 mg/Nm3 
with peaks up to 

35 mg/Nm3 
- - 

Table 7. Odorisation in Austria. 
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Imports (Mtoe) Exports (Mtoe) 
Internal 

production (Mtoe) 
10.33 4.87 1.04 

Table 8. Natural gas flows in Austria [1]. 

 

 

Comments 

In Austria, nearly everywhere is used THT as odorant except for the region of Vorarlberg, in the west 
of the country (Figure 7), where Gasodor® S-Free is adopted. The Austrian technical guideline G 
B230 (ÖVGW) [10] fixes minimum thresholds for odorants that can be adopted in the country. 
However, mercaptans are not currently adopted.  

The choice of the minimum limit has been taken combining the need of detectability of the gas and 
the minimization of the costs due to the reagent used. 

On the other hand, as it can be seen from Table 7, no maximum acceptable values of concentrations 
are defined in the technical guideline. Odorisation in Austria is performed in such a way to have 
always a concentration of odorant above the minimum necessary to be detecetd by smell. In this 
scenario, it is periodically verified that the concentration remains in an acceptable range around the 
minimum value. In the cases in which the concentration is too far above or cannot reach the 
threshold required, immediate actions are taken by the responsible department. 

For what concerns, instead, the natural additives contained in the NG distributed in Austria, the 
maximum concentration of H2S is 0.25 mg/Nm3 while COS are not detected. 

Refererring to the natural gas flows in Austria, unlike the other countries investigated in this work, 
no specific information on the sources of the imports of natural gas are given in the Eurostat 
database. For this reason, in the present report, the choice has been to supply the latest data 
available on imports, exports and internal production of natural gas (Table 8) rather than include a 
pie chart with older data. 
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Figure 7. Austrian area in which Gasodor® S-Free as odorant is used [11]. 
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4.2 Belgium 
 

 
Figure 8. Belgian natural gas infrastructure [9]. 

 

    

Odorant THT 
Scentinel E 

(TBM+IPM+NPM)  

Percent of consumption 
(%) 

- - 

Minimum concentration 
(mg/Nm3) 

17 5.4 

Maximum concentration 
(mg/Nm3) 

34 7.1 

Typical concentration 
(mg/Nm3) 

20 6 

Table 9. Odorisation in Belgium. 
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Figure 9. Natural gas flows in Belgium [1]. 

 
Comments 

In Belgium is imported natural gas of different qualities (L and H) and from several sources. For this 
reason, Fluxys Belgium, National operator of the natural gas transmission, yearly supplies reports on 
the average composition of the natural gas imported.  

The Figure below is an extract from the full Table available in the Fluxys website. At the bottom of 
this Figure it is possible to note that the values of concentration of total sulfur and H2S, for each 
source considered, fall below the maximum values fixed by EN 16726:2015 [7].  

 

 
Figure 10. Average compositions of natural gases imported in Blegium [12]. 

40,2%

29,2%

16,0%

13,4%

1,2%
Natural gas imports by source: 16.93 Mtoe 

The Netherlands

Norway

The United Kingdom

Qatar

Germany

Natural gas internal production: 0 Mtoe
Natural gas exports: 1.52 Mtoe
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4.3 Denmark  
 

 
Figure 11.  Danish natural gas infrastructure. 

 
 

Odorant THT 

Percent of consumption 
(%) 

100% 

Minimum concentration 
(mg/Nm3) 

10.5 

Maximum concentration 
(mg/Nm3) 

- 

Typical concentration 
(mg/Nm3) 

16.1 (average 2014 - 2016) 
 

9.32 – 34.53 (range 2014 - 2016) 
Table 10. Odorisation in Denmark. 
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Figure 12. Natural gas flows in Denmark [1]. 

 

Comments 

In Denmark, the reference standard for the odorisation limits in the natural gas is the German 
DVGW 280-1 (A) [13]. These limit values are included in the Section C12 of the Danish Gas 
Regulation (Gasreglementet) [14]. For each kind of odorant considered in the document, only the 
minimum threshold value that must be present in each point of the distribution network is 
indicated, while no maximum limits are fixed.  

Specifically, the Distribution System Operators (DSOs) established a common value of concentration 
for the odorant to be added in the natural gas. The Transmission System Operator (TSO), that for 
Denmark is Energinet.dk, has the duty to perform the odorisation all over the territory. The level of 
odorisation chosen has been determined so that the minimum required value is met at the 95% of 
confidence level in the entire grid. The amount of odorant chosen is 15.1 mg/Nm3. DSOs check twice 
per year that the concentration of odorant is above the minimum threshold in every supplied area of 
the country.  

The reason for the absence of a maximum acceptable value of concentration is due to the fact that 
in Denmark the total sulfur content limit is given (30 mg/Nm3) [14]. Then, in order to monitor the 
oscillation over the time of the sulfur content in the NG, they calculate the amount of sulfur 
contained in the dose of odorant injected into the network (for THT, the sulfur is the 36%) and sum it 
to the quantity of ‘natural sulfur’ that is present in the Danish gas. Recently, there are some talks on 
the possibility to decrease the total sulfur content limit to 20 mg/Nm3 in order to be aligned with 
Germany and Sweden requirements. 

Focusing on the typical concentrations adopted, in Table 10 is reported the average value of odorant 
concentration over a period of 2 years, considering the measurements performed twice per year in 
several points of the NG grid. As it can be seen, this value is very close to the one planned among the 
DSOs. Nevertheless, during these two years, also values of concentration rather far from the average 
have been detected. This lead to the consideration that the only average concentration could be not 

82,8%

17,2%

Natural gas imports by source: 0.59 Mtoe

Norway

Germany

Natural gas internal production: 4.14 Mtoe
Natural gas exports: 1.97 Mtoe
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sufficient in the design of a safe desulfurizer. If a maximum acceptable value of concentration is not 
fixed by standards, it would be better to obtain information covering a wide period of time. Figure 
13 shows the concentrations of odorant for the Summer 2014 – Winter 2016 period in an area of 
the Denmark in which the DSO Dansk Gas Distribution operates. Most of the values measured are 
distributed around 15.1 mg/Nm3, but also some peaks occurred. Similar graphs are created for the 
other areas of the country and, indicatively, show the same behaviour. 

 

 
Figure 13. Meauserement of concentrations of THT perfomed by Dansk Gas Distribution in its area of operation. 
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4.4 France 
 

 
Figure 14. French natural gas infrastructure [9]. 

 

 

Odorant THT 

Percent of consumption 
(%) 

100% 

Minimum concentration 
(mg/Nm3) 

15 

Maximum concentration 
(mg/Nm3) 

40 

Typical concentration 
(mg/Nm3) 

25 

Table 11. Odorisation in France. 
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Figure 15. Natural gas flows in France [1]. 

 

 

Comments 

Recalling Figure 4, France is one of the few countries in which the Centralized Odorisation is 
performed. Then, odorant is injected at the entrance points of the transmission network. Spread all 
over the country, few odorizing plants are present and they are located at the entry points of the 
transmission network, at the output of the Underground Gas Storages (UGS) in order to compensate 
the odorisation lost during dehydration, and at the output of the biomethane plants injection. 

A significant possible evolution for the future in France could be the decentralization of the 
odorisation implying that only regional transmission and distribution networks will contain odorized 
gas. 
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4.5 Germany 
 

 
Figure 16. German natural gas infrastructure [9]. 
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Odorant THT Gasodor® S-Free Mercaptans 

Percent of consumption 
(%) 

- - - 

Minimum concentration 
(mg/Nm3) 

10 8 3 

Maximum concentration 
(mg/Nm3) 

- - - 

Typical concentration 
(mg/Nm3) 

15 - 18 13 - 15 6 - 8 

Table 12. Odorisation in Germany. 

 

 
Figure 17. Natural gas flows in Germany [1]. 

 

 

Comments 

Among the Countries listed in Table 6, Germany is the one, together with Austria, that uses also 
Gasodor® S-Free odorant.  

In addition, as the Denmark, also in Germany is not fixed the maximum acceptable value of 
concentration for odorants used. However, a total sulfur content limit has been defined by National 
standardization and it is set at 20 mg/Nm3. 

Finally, thanks to the contributes of the report of a National project on the design of a desulfurizer 
for using NG in Fuel Cells applications [15] and of the DVGW-EBI (Table 6), it has been possible to 
create a map (Figure 18) in which the zones where different odorants are used can be identified. 
Obviously, the zones added are approximate and are intended just for a geolocalization of the 
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differents odorants adopted. In details, red circles represent Gasodor® S-Free, blue triangles 
represent THT and green diamonds represent Mercaptans.  

 

 
Figure 18. Geolocalization of the odorants currently used in Germany. 
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4.6 Italy 
 

 
Figure 19. Italian natural gas infrastructure [9]. 
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Odorant THT 
Scentinel E 

(TBM+IPM+NPM) 

Percent of consumption 
(%) 

̴38% ̴62% 

Minimum concentration 
(mg/Sm3) 

32  
(33.8 mg/Nm3) 

9.3 (only TBM) 
(9.8 mg/Nm3) 

Maximum concentration 
(mg/Sm3) 

- - 

Typical concentration 
(mg/Sm3) 

38 – 50 
(40.2 – 52.9 mg/Nm3) 

20 – 30  
(21.1 – 31.7 mg/Nm3) 

Table 13. Odorisation in Italy. 

 

 
Figure 20. Natural gas flows in Italy [1]. 

 

Comments 

The standard UNI 7133-2:2014 defines the minimum values of concentration of odorants that must 
be guaranteed in every point of the distribution network [16]. For this reason, each DSO injects the 
dose of odorant that it considers appropriate in order to satisfy the requirement for all the part of 
the distribution network of its propriety. Then, no maximum limits are defined, since the amount 
added depends on the segment of the grid that the gas covers and, of course, to the costs of the 
odorant used.  

In Italy, the local odorisation is performed. Due to the vast number of DSOs scattered all over the 
territory (>200), it proves to be very hard to precisely define the areas in which each odorant is used. 
In fact, the choice can differ even between two neighboring municipalities. 
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For this reason, it has been decided to focus the attention at the regional level and then a survey 
among Italian biggest DSOs has been conducted. To every DSO has been asked the kind of odorant 
used and the typcal concentration added to the natural gas. Results of the survey are graphically 
represented in Figure 21 and, then, summarized in Table 14.   

 

 
Figure 21. Odorisation in Italy at a regional level. 
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The results shown in the Figure above have been obtained with a coverage of the Italian 
municipalities of around 61%. At that coverage, the shares estimated for the odorants currently 
adopted are: 62% blend with TBM and 38% THT. The highest share for the adoption of TBM is 
mainly due to the fatc that it does not require specialized personnel. 

 

Region  THT Scentinel E 
Abruzzo 54% 46% 

Basilicata  37.5% 62.5% 

Calabria 64.5% 35.5% 

Campania (*) 51% 49% 

Emilia-Romagna 35% 65% 

Friuli-Venezia Giulia 39% 61% 

Lazio 57% 43% 

Liguria 69% 31% 

Lombardia 24.5% 75.5% 

Marche 69.5% 30.5% 

Molise 34% 66% 

Piemonte 39% 61% 

Puglia 16.5% 83.5% 

Sardegna (**) - - 

Sicilia 33% 67% 

Toscana 79% 21% 

Trentino-Alto Adige 2% 98% 

Umbria (*) 50% 50% 

Valle d’Aosta 95% 5% 

Veneto 42% 58% 
Table 14. Regional shares of odorants. 

  

Regions that are labeled with ‘*’ have a 50/50 situation while the region labeled with ‘**’ still has 
not a natural gas grid.  Anyway, latest news reveal that things are moving towards its realization. 
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4.7 Luxembourg 
 

 
Figure 22. Luxembourg natural gas infrastructure [9]. 
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Figure 23. Natural gas flows in Luxembourg [1]. 

 

Comments 

Referring to the Luxembourg, the centralized odorisation is performed (Figure 34) and the only 
odorant used is THT (Figure 35) [17]. 

Unfortunately, no more specific data about values of concentration are found. At a national level has 
been contacted Creos, that is the biggest DSO of the country as well as the TSO, and Sudgaz, but up 
to now, no answers have been received. 
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4.8 Slovenia 
 

 
Figure 24. Slovenian natural gas infrastructure [18]. 

 

 

Odorant THT 

Percent of consumption 
(%) 

100% 

Minimum concentration 
(mg/Nm3) 

10 

Maximum concentration 
(mg/Nm3) 

20 

Typical concentration 
(mg/Nm3) 

10 – 20 

Table 15. Odorisation in Slovenia. 
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Figure 25. Natural gas flows in Slovenia [1]. 

 

 

Comments 

In Slovenia, the local odorisation is performed (Figure 34) and the only odorant adopted is THT 
(Figure 35).  
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4.9 Switzerland 
 

 
Figure 26. Swiss natural gas infrastructure. 

 

 

Odorant THT 

Percent of consumption 
(%) 

100% 

Minimum concentration 
(mg/Nm3) 

10 

Maximum concentration 
(mg/Nm3) 

- 

Typical concentration 
(mg/Nm3) 

15 – 25 

Table 16. Odorisation in Switzerland. 
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Figure 27. Natural gas flows in Switzerland [9]. 

 

 

Comments 

The document that regulates the use of odorisation of the natural gas is the SVGW guideline G11. 
Despite are approved all the types of odorant commonly used in Europe (Figure 5), only THT is 
adopted in the country. 
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4.10 The Netherlands 
 

 
Figure 28. Dutch natural gas infrastructure [9]. 
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Odorant THT 

Percent of consumption 
(%) 

100% 

Minimum concentration 
(mg/Nm3) 

10 

Maximum concentration 
(mg/Nm3) 

40 

Typical concentration 
(mg/Nm3) 

18 

Table 17. Odorisation in The Netherlands. 

 

 

 
Figure 29. Natural gas flows in The Netherlands [1]. 

 

Comments 

The Netherlands is the biggest producer of natural gas among the countries involved in the present 
survey. Two different types of natural gas are produced: L-gas characterized by a low calorific value 
and H-gas characterized, instead, by a high calorific value. 

  

 

 

 

56,3%
21,1%

11,3%

4,2%
3,9% 3,1%

Natural gas imports by source: 34.1 Mtoe

Norway

Russia

United Kingdom

Germany

Belgium

Others

Natural gas internal production: 39 Mtoe
Natural gas exports: 45.87 Mtoe



 Focus on sulfur odorants 

 

38 
 

4.11 The United Kingdom 
 

 
Figure 30. British natural gas infrastructure [9]. 
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Odorant TBM + DMS 

Percent of consumption 
(%) 

100% 

Minimum concentration 
(mg/Sm3) 

5 
(5.3 mg/Nm3) 

Maximum concentration 
(mg/Sm3) 

8 (8.5 mg/Nm3) 
≤ 50 (52.9 mg/Nm3) (total sulfur 

content including H2S and odorants) 

Typical concentration 
(mg/Sm3) 

- 

Table 18. Odorisation in The United Kingdom. 

 

 
Figure 31. Natural gas flows in The United Kingdom [1]. 

 

 

Comments 

In UK, the Gas Safety (Management) Regulation 1996 defines the characterisctics and contents that 
the natural gas conveyed in the country must possess (Figure 32) [19].  

The national transmission operator, National Grid, produced the Safety Data Sheet of the Natural 
gas supplied via the pipeline distribution system in UK [20]. This document includes also the 
composition of the natural gas distributed (Figure 33). For each component, the ranging percentage 
on a volume basis is given.  
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Figure 32. Main characteristics of the natural gas conveyed in UK. 

 

 
Figure 33. Composition of NG flowing in the British distribution network.
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4.12 Results and comparison with existing data (MARCOGAZ, July 2016) 

In the Table below have been collected all the data obtained from the survey conducted on the odorisation. From a first glance, the survey can be 
considered successful since all the countries interviewed, except for the Luxembourg, supplied useful feedbacks. Table 19 has been compared with the 
latest available data produced by MARCOGAZ (Table 20) [8], and eventually complemented or modified where possible.  

Country Odorant 
Percent 

consumption 
(%) 

Minimum 
concentration 

(mg/m3) 

Maximum 
concentration 

(mg/m3) 

Typical concentration 
(mg/m3) 

Unit (Standard 
or Normal) 

(mg/m3)  

AT 
THT 

Mercaptans  
Gasodor® S-Free 

̴98% 
- 

̴2% 

9 
3.4 
8 

- 
8 – 15 (peaks up to 35) 

- 
- 

Normal 

BE 
THT 

TBM+IPM+NPM 
- 

17 
5.4 

34 
7.1 

20 
6 

Normal 

CH THT 100% 10 - 15 – 25 Normal 

DE 
THT 

Gasodor® S-Free 
Mercaptans 

- 
10 
8 
3 

- 
15 – 18 
13 – 15 

6 – 8 
Normal 

DK 
THT 

 
Mercaptans 

100% 
 

Not used 

10.5 
 

4 

- 
 
- 

16.1 (average 2014 - 2016) 
9.32 – 34.53 (2014 - 2016) 

- 
Normal 

FR THT 100% 15 40 25 on average Normal 

LU - - - - - - 

IT 
THT 

TBM+IPM+NPM 
̴38% 
̴62% 

32 
9.3 (only TBM) 

- 
38 – 50 
20 – 30 

Standard 

NL THT 100% 10 40 18 Normal 

SI THT 100% 10 20 10 – 20 Normal 

UK TBM+DMS 100% - 
≤ 50 (total sulfur 

content including H2S 
and odorants) 

- Standard 

Table 19. Data collected from survey on odorisation. 
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Country Odorant 
Percent 

consumption 
(%) 

Minimum 
concentration 

(mg/m3) 

Maximum 
concentration 

(mg/m3) 

Typical concentration 
(mg/m3) 

Unit (Standard 
or Normal) 

(mg/m3)  

AT 
THT 

Mercaptans  
Gasodor® S-Free 

93   9̴8% 
5% Not used 

2% 

9 
3.4 
8 

As required at the 
endpoint 

12 - 14 8 – 15  
(peaks up to 35) 

- 
10 

Normal 

BE (confirmed) 
THT 

TBM+IPM+NPM 
- 

17 
5.4 

34 
7.1 

20 
6 

Normal 

CH 
THT 

S-Free Acrylate 
100% 

Not used 
10 
8.8 

30 
 

15 – 3025 
12 - 14 

Normal 

DE 

THT 
Other mixtures 

THT+EA 
S-Free Odorant 

Mercaptan mixture 

55 – 70% 
2% 

- 
25% 

15 – 17% 

10 
Not specified 

6 
8 
3 

Not specified 
Not specified 
Not specified 
Not specified 
Not specified 

15 – 18 
- 

11 – 15 
1113 – 15 

56 – 8 

Normal 

DK 

THT 
 
 

Mercaptans 

100% 
 
 

Not used 

10.5 (at the 
consumer location) 

 
- 

Not specified 
 
 

Not specified 

11 – 17  
16.1 (average 2014 - 2016) 
9.32 – 34.53 (2014 - 2016) 

- 

Normal 

FR (confirmed) THT 100% 15 40 25 on average Normal 

LU (no answers) - - - - - - 

IT 

THT 
TBM+IPM+NPM 

 
S-Free Odorant 

 

50   3̴8% 
50   6̴2% 

 
Not used 

 

32 
9.3 (as TBM) 
12.2 (total) 

24.1 (as basis for 
further studies) 

As required at the 
endpoint 

38 – 50 
20 – 30 

- 
Standard 

NL (confirmed) THT 100% 10 40 18 Normal 

SI THT 100% 10 20 10 – 20 Normal 

UK TBM+DMS 100% 5 8 (≤ 50 total sulfur) 6 Standard 
Table 20. Most recent MARCOGAS table (2016) [8] complemented and modified with data from Table 19.
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Figure 34. Updated map on how the odorisation is performed in UE. 

 

 
Figure 35. Updated map on kinds of odorants currently used in UE. 
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As it is possible to see from the Figures above, the feedback obtained by the survey allowed also the 
update of the maps illustrating the methods of odorisation (Figure 4) and the types of odorants 
(Figure 5) introducing the choices of Slovenia and Luxembourg. 

 

General comments 

Analyzing the result of the integration operated in Table 20, it is possible to deduce some facts but, 
first of all, it is necessary to specify that, during this survey, the table compiled by MARCOGAZ has 
not been shown to anyone of the interviewed to avoid conditioned feedback. 

Among the countries interviewed, only three (Belgium, France and The Netherlands) confirmed the 
data reported in [8]. However, it must be said that in some of the other answers, the changes are 
not particularly significant since they only slightly modifiy the existing information.  

One of the reasons why the survey has been so useful is the achievement of data about the 
odorisation in Slovenia. In fact, as well as for Luxembourg, currently there is still a lack of significant 
information about this country, also in the existing official documentation from MARCOGAZ and IEA. 
On the other hand, the same fate is not occurred for the Luxembourg.  

 

Odorants not used 

An interesting aspect coming from Table 20 is the presence, in the National standardization of some 
countries, of typologies of odorants that in the current practice are not used. These substances are 
recognized by authorities as possible allowed odorizer agents but anyway they are not adopted.  

The reason behind this choice are depending on the type of odorant considered. The choice to 
introduce an odorant with different features with respect to that one in use (as in the case of sulfur-
free odorants) implies the need of large investments in order to educate citizens to a change of their 
habits. And not always this change can lead to a better result. 

On the other hand, the choice between two different sulfur-based odorants could simply be 
explained with technical reasons: different odorants can require different skills of the system 
operators.  

 

Maximum value of concentration 

In the around 40% of the countries interviewed, the maximum concentration for each odorant 
adopted is not defined. This could be a relevant problem from the point of view of designing a 
desulfurizer for fuel cell applications. However, this lack can be bypassed by the presence of typical 
concentration ranges that give an idea of the most probable values that can be encountered. In 
addition, in the legislation of each country the total amount of sulfur that can be present in the 
natural gas is given. 

The Table below lists the countries for which is not defined a maximum acceptable value for 
odorants together with a brief explanation for their choice.  
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Country Reason(s) 

Austria 
The strategy adopted is to find a compromise between the 
maintenance of the level of odorant always above the minimum 
threshold and the minimization of the costs for the odorants. 

Germany 
No direct answers came from German contacts, but the strategy 
could be the same adopted by Denmark. The only difference is the 
total sulfur content limit fixed at 20 mg/Nm3. 

Denmark 

It is not given a maximum value for the odorant used but it is 
always verified that the sum between the sulfur contained in it and 
intrinsic sulfur in the NG is always below the National limit fixed at 
30 mg/Nm3. 

Italy 

The strategy is completely similar to the Austrian one. In fact, it is 
widespread practice to add the amount of odorant necessary to 
guarantee the minimum threshold value from the beginning to the 
end of each distribution network. In addition, the total sulfur 
content limit is defined and it is fixed at 150 mg/Sm3 [21]. Another 
aspect that affects the choice of the dose injected in the grid is 
minimization of the odorants cost.  

Table 21. List of the countries without the maximum concentration limit and related reasons. 

 

As a general conclusion, it can be deduced that, despite the lack of a maximum limit value, the cost 
of the odorants is a relevant reason to maintain the concentrations at a reasonable level, but always 
above the minimum safety threshold. 

 

High concentrations in the Italian case 

A particular interest deserves the Italian situation concerning the levels of concentration fixed by the 
National standardization. As it is deducible by Table 20, the values indicated in the row dedicated to 
Italy are definitely higher than all those belonging to the other countries investigated. 

The Italian Committee for Gas (CIG) explained that the reason behind this singularity is to be 
addressed to the quality of the natural gas extracted in the Italian territory. The Italian NG, indeed, is 
particularly rich of sulfur and its presence produces a masking effect towards the odorants’ smell. 
This effect leads to the minimum detectable values fixed by the Italian standard UNI 7133-2:2014 
[16] and the resulting typical ranges indicated in Table 20. Ryno-analytic tests have been conducted 
for the establishment of such minimum threshold levels.  

Anyway, the target for the next years is to fix a new total sulfur content limit [21] that will be 
considerably lower than the existing one. This action will also allow to define new and lower 
threshold values for the odorants currently used in Italy. 
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5. S-Free odorants 
 

S-Free odorants can be of a great relevance for FC-based systems applications due to the lack of 
sulfur in their molecular structure. For this reason, after a brief and general introduction, it has been 
considered significant to address the attention on two main aspects: their interaction with FC-based 
systems and their current situation in the European countries of interest for the Enefield project.   

According with the results of the survey conducted, only Germany and Austria use this kind of 
odorant, together with the most common sulfur-based ones. Specifically, the odorant adopted by 
these two countries is called Gasodor® S-Free, that is the first worldwide sulfur-free odorant for 
public gas supply [22]. It is born from the cooperation of three actors: 

1. E.ON Ruhrgas AG of Essen, that is the major German transmission company; 
2. DVGW;  
3. Symrise, that is a world leading company dealing with the creation of fragrances. 

The composition of Gasodor® S-Free is reported in Table 22. Besides the three main components, a 
stabilizer called Ionol (2,6-di-tert-butyl-4-methylphenol) is added, in order to avoid polymerization 
reactions during transportation and storage [22]. 

 

Component Structural formula Mass fraction (%) 

Methylacrylate 

 

37.4 

Ethylacrylate 

 

60 

Methylethylpyrazine 

 

2.5 

Table 22. Composition of Gasodor® S-Free [22]. 

 

Despite it can be considered an optimal solution for FC-based systems applications, there are some 

aspects that can turn out to be as limitations in the future spread of this new kind of odorant [23]: 

1. The Ethylacrylate, the prevalent component in terms of mass (Table 22) of the Gasodor® S-

Free, is considered by several cancer research organisations as a potentially carcinogenic 

substance. However, up to now there is not enough scientific evidence to permanently 

classify it as carcinogenic. 
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2. The Ethylacrylate is included in the National Chemicals Inspectorate Observation List, since it 

is charachterized by allergenic properties, but this does not imply any prohibition regarding 

its sale or use. 

3. The Gasodor® S-Free, being free from sulfur, is characterized by a new smell that can’t be 

considered the typical smell that up to now is associated with a gas leakage, that is the smell 

of rotten eggs.  

 

5.1 Interaction with fuel cells 

In literature, there are not so many works that deal with this topic. In a Japanese study [24], several 
kinds of sulfur-free odorants have been investigated, in order to observe their effect on the 
polarization curves of fuel cells. The results shown that these curves are unchanged whether the fuel 
contains or not sulfur-free odorants. Instead, huge voltage drops are visible if common sulfur based 
odorants are added to the fuel. Among the sulfur-free odorants tested is not present the one 
adopted by Germany and Austria, and then, of interest for the present work. 

Focusing the attention on Gasodor® S-Free, a German study [25] investigated the influence that this 
substance has on the reforming of methane and, therefore, also on PEM Fuel Cells. The steam 
reforming of the natural gas has been simulated with the ASPEN software and through real 
experiments using a rhodium catalyst, supported on gadolinium-doped ceria. Cases with and without 
Gasodor® S-Free have been compared. 

Results coming from simulation and experiments are in agreement and, substantially, establish that 
Gasodor® S-Free has no negative effects on the steam reforming of the natural gas and on the PEM 
Fuel Cells. They can be summarized as it follows: 

1. All the components of the sulfur-free odorant are totally converted in the steam methane 
reforming. 

2. The addition of Gasodor® S-Free doesn’t modify the carbon formation rate on the catalyst 
used. 

3. All the nitrogen contained in the odorant leads to the formation of ammonia, a substance 
that can damage irreversibly Fuel Cells. However, the amount of ammonia that can be 
produced is well below the level that is considered harmful for PEM Fuel Cells. More in 
general, typical steam reforming catalysts are weakly active for ammonia formation. 
 
 

5.2 Current situation in Europe 

In order to investigate the current situation in Europe, an additional survey has been submitted to 
almost the same participants of the one which results are reported in Section 4.  

To all of them has been asked to give an idea about the position of their country with respect to the 
adoption of Gasodor® S-Free (especially those countries that still don’t adopt it) and a personal 
opinion on possible future evolutions on this direction. 

Hereinafter is reported the feedback of each country that effectively answered to the survey 
(around the 55% of the total). 
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Austria 

As reported previously (Table 7), THT odorant is used almost in all the National distribution network 
and, up to now, there are no plans to replace it with any sulfur-free odorant. 

Focusing on the region of Vorarlberg, the unique zone of Austria where Gasodor® S-Free is used, the 
choice to adopt this kind of odorant has been taken by the former Vorarlberger Erdgas Gesellschaft 
(VGE) mbH following the assessment and results obtained by DVGW [22].  

A direct testimony from that company, today known as Vorarlberger Energiesetze GmbH, explained 
how the process of switching to the new odorant, completely different with respect to the old 
sulfur-based one, has been brief and without the need of some marketing campaign. The only 
expedient adopted is to supply an odor card with a little amount of S-Free odorant to every new 
customer signing a new contract. 

From the experience of the contact inside this company, no problems have been caused by this 
change, because despite the strange smell of the S-Free odorant is not recognizable by any 
layperson, it is always associated to the natural gas. 

 

Denmark 

In Denmark, the adoption of sulfur-free odorants has not been considered as possible up to now, 
also if some gas companies could have interest in this.  

The general feeling is that a switch can be considered feasible only if would be directly required by 
the EU legislation or, anyway, if it would become less expensive. 

 

France 

Following the initiative to introduce new odorants characterized by being free from sulfur, such as 
Gasodor® S-Free, GDF SUEZ (now ENGIE) conducted a study in order to better understand the 
possible impact of these new substances [26]. Specifically, the main target was to verify the 
effectiveness of these acrylates-based odorants, analyzing the two key features that a typical 
odorant smell must possess: the association with the gas and the perception of danger that it recalls. 

The study was carried out on a group of selected smells, all of them recognized as bad smells, 
including the most common sulfur-based odorants currently adopted in Europe (THT and TBM) and 
the Gasodor® S-Free. People interviewed for this study are French ctizens of all ages coming from all 
over the country, including also subjects that are not gas users.    

The study highlighted that THT and, slightly less, TBM are the most adequate odorants to be 
adopted. In fact, both are highly associated with gas and give the highest perception of danger, 
inducing more adequate actions, also when they are not associated with gas. 

As far as the Gasodor® S-Free is concerned, its results are less satisfying than those of the sulfur-
based odorants. The main reason is to be addressed to the ambiguity of its smell that is often 
confused with other odours. As a direct consequence, it gives a proper perception of danger only if 
people is able to associate it with gas. 
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The results obtained from this study, together with the intention of not shifting from the decennial 
experience with THT to new solutions full of unknowns, make the position of France very firm on this 
topic.  

Switching from an odorant to a new one implies a significant effort to educate the population to the 
change and this process could be not free from risks to the customers and the natural gas networks. 
Then, the general thought is that it is not worth it. 

 

Germany 

Besides being the largest user of Gasodor® S-Free, Germany is also the country from where the 
initiative of producing sulfur-free odorants started [22]. 

Over the years, a lot of activites have been conducted by the German centre of research DVGW in 
order to test this new kind of odorant and try to establish wheter it is suitable in replacing sulfur-
based odorants [22]. Tests made can be summarized as it follows: 

• Olfactory investigations performed on a large-scale in order to determine odor intensity 
and characteristics of the new substance. 

• Laboratory scale experiments in order to study interactions of Gasodor® S-Free with sealing 
materials, pipeline materials, condensate, pipeline dust, incrustations and soil. The aim was 
to understand the behaviour of the new odorant and compare it with the sulfur-based ones 
already in use. 

• Field tests in real contexts. Firstly, the odorisation has been performed in low pressure 
distribution nets and later centralized odorisation under high pressure has been 
performed. 

Results obtained tell that Gasodor® S-Free has performances comparable or even better than those 
shown by sulfur-based odorants (THT and TBM) demonstrating to be suitable for odorisation also in 
high pressure networks. 

Following works on the evaluation of odor message statistics confirm that Gasodor® S-Free 
guarantees a high level of security as well as sulfur-based odorants [27].    

Despite these excellent results, recently it is in progress a trend that sees a diffuse discontent among 
a portion of German DSOs with respect to the use of Gasodor® S-Free. Some cases already occurred 
in which gas companies switched back to THT and TBM after an experience with the sulfur-free 
odorant. This is the case, for example, of the Aachen gas distribution company called Stawag that in 
the past year decided to adopt again THT after 8 years of adoption of Gasodor® S-Free [28]. The 
main reason of this decision is to be addressed to the convinction that the recognition of natural gas 
is better ensured by the sulfur smell than the garlic glue flavor of Gasodor® S-Free. 

Gas companies are not the only ones that are unfavourable to the Gasodor® S-Free odorant. The 
German Allergy and Asthma Association (DAAB) affirms that this odorant contains highly allergenic 
ingredients that can cause damaging reactions to the citizens. In addition, reports produced by the 
specialised magazine “Safety Engineer” declared that the odor produced by Gasodor® S-Free is 
hardly associated as a danger by gas leakage [28]. 

Then, in conclusion, the situation in Germany seems complicated and the trend of switching back to 
sulfur-based odorants is relevant.  
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Italy 

The change of odorant is a significant step that requires a well-planned process in order to sensitize 
citizens to the new situation and a big effort especially in terms of costs. For these reasons, until the 
choice of which odorant must be used is arbitrary, Italy will not replace current used substances, 
namely THT and Scentinel E. 

 

Switzerland 

Up to now, it seems that there is not the intention to implement a change in the odorant used. 
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6. Final conclusions  
 

Two surveys have been conducted: the first and most significant one deals with the odorisation 
practices in the European countries while the second one has been prepared with the aim to better 
investigate on the topic of the sulfur-free odorants. 

First of all, it must be said that both surveys were successful because of the high percentage of 
attendance: around the 90% of the countries interviewed for the first one and around the 55% for 
the second one. 

 

Odorisation practices in Europe  - Final recommendations  

The survey allowed to complement the already available information on several countries and to 
add new ones for Luxembourg and Slovenia for which no relevant data were included even in the 
official documentation of association such as MARCOGAZ and IEA (Table 20). 

In general, the most critical aspect is the absence of a maximum acceptable value of concentration 
for the odorants injected in the natural gas. This situation occurs for approximately the 40% of the 
countries interviewed. The lack of this kind of information can lead to problems concerning the 
design of suitable desulfurizers for the FC-based microCHP devices to be installed in those countries. 
However, it is also necessary to say that, in most of the countries in which is not fixed a maximum 
concentration, the National legislation determined the total sulfur content limit in the natural gas. In 
addition, for each country it is possible to obtain a range of most probable values of concentration. 
These two elements can help to obviate to the lack of the maximum limit for odorants. 

 

Focus on sulfur-free odorants 

Looking forward, with an increasingly larger diffusion of FC-based microCHP devices in the 

residential field, sulfur-free odorants can play a crucial role, since their adoption can strongly reduce 

the problem of the desulfurization of the natural gas before its use. 

Anyway, the existing opinions about the odorant currently used in Austria and Germany (that is, 

Gasodor® S-Free) are not unanimous. Cases of companies that decided to switch back to the well-

known sulfur-based odorants are already occurring. The main reason seems to be the difficulty to 

associate its flavor with a natural gas leakage.   

Then, in conclusion, sulfur-free odorants continue to be an optimal solution from the point of view 

of the FC devices but still appear to be not completely reliable from the point of view of the citizens’ 

safety. 
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Annex I – Sulfur-based odorants 
 

This Annex has been thought as a database in which are reported the compositions of the main 
sulfur-based odorants adopted in Europe. About the sulfur-free odorant, a brief description is 
included in Section 5. For each odorant, the structural formula [29] and the mass fraction are given 
[30]. 

It is necessary to remember that these substances are highly harmful (especially toxic and 
flammable) and then it is strongly suggested to be well documented for what concerns their 
characterisics [29].  

 

THT 

The complete name of THT is Tetrahydrothiophene and is the only component of this odorant (Table 
23). 

 

Component Structural formula Mass fraction (%) 

Tetrahydrothiophene 

 

99 - 100 

Table 23. Composition of THT. 

 

TBM 

The complete name of TBM is Tertiary Butyl Mercaptan and usually is used as a main component in 
blends with other mercaptans. On the most used blends in Europe is called Scentinel E and is a mix 
of three different mercaptans (Table 24). 

Another exploited solution is to mix TBM with the DiMethyl Sulfide (DMS) (Table 25), tyipically with 
a ratio of around 3:1. 
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Component Structural formula Mass fraction (%) 

Tertiary Butyl Mercaptan 

 

75 -80 

Isopropyl Mercaptan  

 

13 - 18 

N-Propyl Mercaptan 

 

3 - 8 

Table 24. Compisition of Scentinel E. 

 

 

Component Structural formula 

DiMethyl Sulfide 

 
Table 25. Structural formula of the DMS [29]. 
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