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1 Introduction 

1.1 Background and aim of the study  

Against the background of the energy transformation, hydrogen (H2) is a key energy source. Its areas of 

application range from industry and mobility to catalytic processes (e.g. (petro-)chemistry, PtX processes 

(power-to-X)) and energetic areas of application (e.g. heating, reverse power generation). Depending on the 

respective application, different qualities are required at the place of use; these are regulated in ISO 14687: 

2019 [1] and DIN EN 17124:2019 [2]. Based on this, hydrogen was included in the worksheet of the DVGW G 

260 (2021) [3] as a fifth new gas family in two qualities (Group A: Ó 98 mol % and Group D: Ó 99.97 mol %). 

In order to meet the demand for hydrogen throughout Germany, various production processes are under 

discussion. To this purpose, both temporal and spatial variants of hydrogen production are being considered. 

The gas industry is both willing and able to make the existing natural gas infrastructure available for the 

transport and storage of hydrogen. Fluctuations in renewable energy and green hydrogen production can be 

compensated for by using underground gas storage facilities (UGS), and site-specific peaks and valleys can 

be evened out by transporting them via a hydrogen network. Seasonal changes in demand require the large-

scale storage of energy. For hydrogen, this is possible via underground gas storage. 

The requirements for hydrogen quality present the gas industry with completely new challenges. On one hand, 

high- purity hydrogen is necessary for sensitive applications such as mobility or for the PEM fuel cells; on the 

other hand, burners such as those in lime or cement works can be supplied with an H2/natural gas mixture 

without any problem. This balancing act with regard to the necessary gas quality requires an assessment of 

the individual components throughout the entire value chain with regard to their influence on the hydrogen 

quality as well as any necessary processing steps. 

The use of the existing gas infrastructure is seen as a cost-efficient and favourable way of providing the 

hydrogen demand for the whole of Germany on a decentralised basis. In order to ensure that the quality 

required by each customer is available, an overview of the hydrogen qualities required by the relevant 

customer groups is necessary. State of the art measures of increasing HϜ quality are to be described. In this 

context, the assessment of the economic aspects is just as important as the efficient use of renewable energy 

resources. 

Within the framework of the short study, an initial general overview of the system of generation, transport, 

storage, and use of hydrogen is to be given covering the requirements of the different hydrogen qualities in 

order to be able to determine a scope of investigation for the subsequent detailed main study. 
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1.2 Boundary conditions  

In preparation for the short study, boundary conditions for the investigations were agreed upon with the client. 

The background to this is the considerable range of H2 gas qualities to be considered ï from H2 generation 

and transport to storage and application. The following was determined: 

¶ The analysis of the H2 demand is based on an established scenario (dena pilot study Towards Climate 

Neutrality [4]) 

¶ The converted state of the infrastructure is what is being looked at. This applies in particular to 

pipelines and storage facilities. The conversion phase is not the subject of this study. 

¶ A regionalised presentation of the H2 demand is not provided. 

¶ With regard to underground storage, the focus is on cavern storage facilities. 

¶ Transport and distribution networks are examined and are referred to as ñhydrogen networksò 

according to the Energy Industry Act (EnWG). 

The study focuses on statements regarding the gas treatment of hydrogen of the quality Ó 98 mol %. Mixtures 

of natural gas and hydrogen are not considered here. 
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2 WP 1: Estimation of the HϜ requirement 

The first step towards achieving an overall view of a future hydrogen system comprising production, transport, 

storage, and application is to estimate the quantities of hydrogen that will be needed. This will give an initial 

impression of the rough size of the overall system. The design of networks and storage facilities is determined 

not only by the total quantity but in particular by the distribution of demand among different sectors and 

industrial processes and also the location and number of entry and exit points.  

Hence this section, for which Frontier Economics is responsible, provides a literature-based estimation of 

hydrogen uses in a climate-neutral Germany in 2045 (Section 2.1). In addition, the distribution of use among 

(sub-)sectors is considered (Section 2.2), together with an outlook on a possible regional distribution of 

hydrogen demand and the market ramp-up to the target scenario 2045 (Section 2.3). The following text 

summarises the main findings of the chapter. 

Results at a glance 

¶ The evaluation of various studies reveals a wide range of expected hydrogen demand in Germany. With 

an expected hydrogen demand of 515 TWh in 2045, the dena pilot study II is in the median of the more 

recent estimates considered (as of January 2022). For comparison: The current natural gas consumption 

is about 1000 TWh per year.  

¶ Hydrogen consumption will be distributed among the industrial, energy, building, transport, and PtX 

sectors. However, it can be assumed that there will be a considerable shift in the use of natural gas 

compared to its current use ï almost 95% of which is used for energy (for electricity and heat generation) 

and only 5% for materials (chemical processes, refineries).  

¶ In accordance with the dena pilot study II [4], less than 60% of hydrogen will be used for energy in 

2045 (in the energy and building sector), a considerable proportion will be used in catalytic processes 

(in the chemical industry and for the production of hydrogen derivatives, PtX) or directly in mobility (in 

fuel cells).1 This implies that the requirements regarding hydrogen quality will be higher than if the 

usage structure were assumed to be analogous to current natural gas consumption (see Chapter 3). 
¶ The exact customer structure cannot yet be clearly predicted. While there is little dispute about the 

significant role that hydrogen will play in industry and power generation, there is still great 

uncertainty regarding the extent of hydrogen use in the transport and building sectors. However, as 

a result of the change in use compared with natural gas and the likelihood of a more decentralised feed-

in of hydrogen (compared to natural gas), it is foreseeable that the structure of an efficient hydrogen 

network will differ to that of the current natural gas network.  

  

 

 

1 In the steel industry, hydrogen will be used proportionately for energy and materials (as part of direct reduction). However, 

unlike in the chemical sector, the material use in iron and steel production does not result in high requirements regarding 

the purity of the hydrogen.  
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Figure 1: Distribution of HϜ quantities among (sub-)sectors in 2045 in accordance with the dena pilot study Towards 
Climate Neutrality 

In Chapter 3, the requirements of the various consumption sectors with regard to hydrogen quality will then be 

analysed so that a target scenario of the consumption quantities per hydrogen quality can be estimated for 

2045. 

2.1 Evaluation of the meta-analysis 

Currently, there is still considerable uncertainty regarding the hydrogen demand in a climate-neutral German 

economy. Various studies have forecast the future demand and the range they cover is wide. For this study, 

only those estimates are evaluated that will achieve climate neutrality in 2045 whilst covering all relevant 

sectors (industry, transport, buildings, and energy). Disclaimer: All the studies analysed here as well as the 

hydrogen demand estimates derived from them do not take into account the possible implications of recent 

developments in Russia and Ukraine. 
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In order to make as reliable and well-founded a forecast as possible with regard to future quantities, various 

existing meta-studies were consulted, in particular the ñMeta-study Hydrogen ï Evaluation of Energy System 

Studiesò commissioned by the National Hydrogen Council (NWR). A large number of studies were evaluated 

and processed for this study as can be seen in Figure 2. This therefore seems a particularly suitable starting 

point for a forecast of future hydrogen demand.  

 

Source: (Wietschel, et al., 2021)  

Figure 2: HϜ demand in the demand sectors in Germany in 2030, 2040, and 2050 

A closer look at the evaluation of the NWR reveals two crucial limitations. Although the study was published in 

June 2021, the political objectives have changed significantly since then. Instead of in 2050, climate neutrality 

must be achieved by 2045.2 Under certain circumstances this aspect can be disregarded if the target state of 

the studies under consideration can be described as a ñsettledò (i.e. the end point of the transformation); for 

this, it is irrelevant whether it is reached in 2045 or 2050. This will only affect the ramp-up of the hydrogen 

system, which is not the subject of this study. 

In addition, updates have been made to some of the core studies in the median evaluation of the NWR since 

publication (also due to changes in the political framework). This applies to the dena pilot study, the evaluation 

by Agora Energiewende and the Fraunhofer ISE.  

In order to take these factors into account, the evaluation of the NWR was supplemented with the results of 

the updates of the above studies. As Figure 3 shows, the future hydrogen demand has once again been 

revised upwards in all recently published studies. This is also the case in the ñdena pilot study towards Climate 

Neutralityò; here, instead of approx. 170 TWh/a, almost 500 TWh/a of hydrogen (without hydrogen for PtX 

products) are now expected. This increase is due both to a rise in the expected quantities of hydrogen in the 

individual sectors (such as industry) as well as the addition of previously unconsidered sectors (especially the 

energy sector). The dena pilot study thus lies in the median of the volume forecasts of the supplemented 

current studies and is thus a suitable starting point for the further analyses of this study.   

 

 

2 Federal Government, 2022 
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Source: Frontier Economics based on (Wietschel, et al., 2021), (BCG, 2021), (Brandes, et al., 2021), (dena, 2021), (Prognos, Öko- Institut, 

Wuppertal-Institut, 2021). The five scenarios of the three studies, which were published after the NWR meta-study was prepared in 

December 2020, are outlined in red. 

Figure 3: NWR meta-study supplemented by new publications 

In addition, the dena pilot study Towards Climate Neutrality also fulfils the afore-mentioned criteria that climate 

neutrality will be achieved in 2045 and that all relevant sectors (transport, buildings, industry, energy) will be 

taken into account. Therefore, the quantities determined in the pilot study are used as a starting point for the 

further analyses of this study. 

Figure 4 shows a detailed breakdown of the projected hydrogen volumes per sector according to dena.  

 
Source: Frontier Economics based on the data appendix (results) of the dena pilot study expert report (Institute of Energy Economics at 

the University of Cologne (EWI), 2021). 

Figure 4: Total hydrogen demand in accordance with the dena pilot study Towards Climate Neutrality 
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2.2 Sector comparison  

The requirements relating to the purity of hydrogen vary greatly depending on the sector and the intended use. 

Therefore, it is not only the total amount of hydrogen expected to be needed in 2045 that is relevant but also 

how this is amount is distributed among the various sectors and what the hydrogen is being used for in the 

respective sectors.  

The dena pilot study not only provides the breakdown into the four sectors of industry, transport, buildings, and 

energy as seen in Figure 4 but also differentiates between energetic and non-energetic use. Furthermore, 

forecasts are provided regarding the demand for Power-To-Liquid (PtL) products, which are also based on 

hydrogen.3 

In the area of PtL products, the dena pilot study sees production mainly abroad so that only the end product 

(i.e. as synthetic naphtha) is imported. This means that locational advantages abroad (e.g. more hours of 

sunshine) can be utilized as well as more simple transport of the derived products compared to the hydrogen 

itself. 

As various projects for the domestic production of PtX products are already in planning, this study deviates 

from dena in assuming that 20% of PtX production will take place in Germany and that the required hydrogen 

must be available locally and flow through networks in Germany. The aim here is not to make an exact forecast 

of the expected hydrogen demand but rather to take into account the interdependencies and quality 

requirements for the overall system resulting from the domestic production of hydrogen derivatives.  

 

 

Source: Frontier Economics based on the data appendix (results) of the dena pilot study expert report (Institute of Energy Economics at 

the University of Cologne (EWI), 2021)  

Figure 5: Allocation of hydrogen demand to energy and material demand in accordance with the dena pilot study 
Towards Climate Neutrality 

 

Depending on the sector, there are significant differences in the demand and use of hydrogen and 

consequently in the quality required:  

¶ In the transport sector, hydrogen is expected to be used in particular for heavy-duty transport as well 

as for bridging long distances in road transport in fuel cells. In addition, synthetic fuels, especially 

hydrogen-based synthetic kerosene, will be used in particular in aviation4 but other synthetic fuels will 

also be used in road, rail, and inland waterway transport.5 

 

 

 

4 (dena, 2021) pg. 260 

5 (dena, 2021)pg. 273 
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¶ In the building sector, hydrogen will be used to generate heat. Thus, by 2045, 65% of the demand for 

gaseous energy sources will be covered by hydrogen; this corresponds to a consumption of 79 TWh.6 

In addition, synthetic hydrogen-based heating oil is used in certain cases for oil heating.7  

¶ Hydrogen will also be of central importance for the energy sector in order to replace fossil fuels. 

Especially with regard to controllable power, coal and (fossil) gas-fired power plants are to be almost 

completely replaced by hydrogen-based CCGT power plants by 2045.8   

 

For the industrial sector, hydrogen will play a major role both energetically and non-energetically. Various 

processes (Figure 6) will be converted to the use of hydrogen by 2045. Within the industrial sector, the chemical 

and steel sectors in particular are key drivers where hydrogen demand is concerned ï in terms of both energy 

and materials. According to the dena pilot study, the industrial sector will need a total of 191 TWh of hydrogen 

in 2045. In addition, there is ñgreenò naphtha, which is produced synthetically based on hydrogen.9  

 

 

Source: Frontier Economics based on the data appendix (results) of the dena pilot study expert report (Institute of Energy Economics at 

the University of Cologne (EWI), 2021) 

Figure 6: Hydrogen demand from the industrial sector in accordance with the dena pilot study Towards Climate 
Neutrality 

Since the energy quantities for hydrogen derivatives are shown only in relation to the end products, the 

efficiency of the fuel synthesis must also be taken into account in order to determine the respective quantities 

of hydrogen required. An average efficiency of 68% is assumed for a FischerïTropsch synthesis.10   

 

 

6 (dena, 2021) pg. 270 

7 (dena, 2021) pg. 273 

8 (dena, 2021( pg. 271 

9 (Energiewirtschaftliches Institut an der Universität zu Köln (EWI), 2021) pg. 265.  

10 (FVV, 2021), pg. 50.  
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Overall, this results in the following distribution of total demand among the various (sub)sectors:  

Table 1: Hydrogen demand by sector 

Sector  Unit H2 demand Use 

Building  TWh 78 
Energetic 

Energy  TWh 128 
Energetic 

Traffic  TWh 59 
Mobility 

PtX  TWh 58 
Catalytic 

Industry, of which   TWh 191 
 

 Stones and earth TWh 11 
Energetic 

 Other industry TWh 14 
Energetic 

 Paper TWh 2 
Energetic 

 Non-ferrous metals TWh 4 
Energetic 

 Glass and ceramic TWh 2 
Energetic 

 Iron and steel (non-
energetic) 

TWh 43 
Material 

 Iron and Steel 
(energetic) 

TWh 32 
Energetic 

 Chemistry (non-
energetic) 

TWh 59 
Catalytic 

 Chemistry 
(energetic) 

TWh 24 
Energetic 

Source: Frontier Economics based on the data appendix (results) of the dena pilot study expert report (Institute of Energy Economics at 

the University of Cologne (EWI), 2021). 

The distribution of the future use of hydrogen between the areas of mobility, energetic, material, and catalytic 

processes and their resulting quality requirements thus differ considerably from the current use of natural gas. 

Most natural gas is currently used for energy purposes; only 4% of the total volume is used as a material in 

industry, and only 0.2% is used for mobility applications (Fig. 6). In contrast, a considerable proportion of the 

expected quantity of hydrogen will be used for catalytic processes. In particular, just under 8% of the total 

amount will be used in power-to-X processes based on the assumption that 20% of the required PtX products 

will be produced in Germany and 80% imported from abroad. If the establishment of the required supply chains 

is not achieved or is delayed, the proportion of total demand is expected to increase. Use in the transport 

sector will also play a much more important role. This shift in use will also have an effect on the requirements 

for the overall hydrogen system.  
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Source: Frontier Economics based on Statista (2022), Zukunft Gas (2022), and the data appendix (results) of the dena pilot study expert 

report 

Figure 7: Current use of natural gas compared with the expected future use of hydrogen 

2.3 Outlook 

This short study is limited to a consideration of Germany-wide hydrogen use in the 2045 target scenario 

(climate neutrality) so as to obtain a first estimation of the target scenario of the hydrogen economy. For the 

planning of the hydrogen system, further analyses of hydrogen use (and production) are needed ï in terms of 

both regional distribution and timeline. 

2.3.1 Regionalisation 

For the design of a future overall hydrogen system, not only the consumption volumes but also their regional 

distribution (as well as generation and storage) are significant. In the transport and building sector, demand is 

expected to be distributed across the entire federal territory essentially in proportion to population density. In 

the industrial sector in particular, however, demand will probably be distributed differently from region to region 

due to industrial centres. The connection to a hydrogen supply would thus have to be explicitly taken into 

account.  

An estimation of the regional distribution of hydrogen consumption is not part of this short study. However, 

Figure 7 shows an example of the 2050 hydrogen network drawn up by the association of supra-regional gas 

network operators, FNB Gas, as well as the current locations of likely future large hydrogen consumers in the 

chemical and steel industries and in refineries.  It is evident that there are some regional clusters (e.g. in the 

Rhine-Ruhr area or in the east of Germany) where the demand for hydrogen is expected to be particularly 

high.  

In the follow-up to this short study, further analyses of the regional distribution of hydrogen consumption and 

production will be required in order to provide more concrete information for the design of hydrogen networks. 

It is already foreseeable that the supply task of the hydrogen network will differ from the supply task we are 

familiar with from the natural gas network. As a result, a practical hydrogen network will not be identical to the 

current natural gas network. This is due in particular to the fact that hydrogen production is likely to be much 

more decentralised than natural gas production. As with natural gas, it can be assumed that hydrogen will also 

be imported to a considerable extent due to limited domestic renewable energy potential. However, domestic 

hydrogen production is expected to be characterised by a larger number of smaller production units compared 

to current or historical domestic natural gas production. This must also be taken into account when planning 

hydrogen quality. On the consumption side, there may also be shifts in the regional structure compared to 

natural gas offtake (e.g. via comparatively greater use of hydrogen in large-scale industrial applications 

coupled with possibly reduced use of hydrogen in decentralised heat supply). 
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 Source: FNB Gas (https://fnb-gas.de/wasserstoffnetz/h2-netz-2050/)  

Figure 8: HϜñNetworkò 2050 of FNB Gas, including regional distribution of large industrial consumers 

 

2.3.2 Market ramp-up 

In this short study, the focus is on hydrogen use in 2045. This is because Germany has set itself the goal of 

becoming climate neutral by 2045. In this respect, the hydrogen use expected for 2045 corresponds to the 

ñtarget scenarioò from todayôs perspective and the future hydrogen infrastructure should be aligned with this. 

In order to pave the way for decisions on the prioritisation and scheduling of the development of a hydrogen 

network, a more detailed understanding of the hydrogen demand (and generation) in the transformation phase 

up to 2045 is needed, in addition to the 2045 target scenario. With regard to the hydrogen network quality 

design, which is the focus of this short study, an understanding of the expected market ramp-up is especially 

relevant if different ramp-up rates are expected in sectors with different hydrogen quality requirements. Many 

studies on the development of hydrogen use ï including the dena pilot study II (Figure 5) ï assume, that in the 

coming decade for example, hydrogen will be used primarily in large industrial applications such as for direct 

reduction in steel production. Meanwhile, the proportion of direct hydrogen use in transportation for example 

is still considered very low for 2030); more precise estimates of the market ramp-up in this application area 

with very high hydrogen quality requirements are lacking and necessary.   

https://fnb-gas.de/wasserstoffnetz/h2-netz-2050/
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3 WP 2: Generation and tolerance of the applications 

The starting point for the evaluation of hydrogen qualities is a consideration of the production sources as well as 

the recording of the technical requirements of the various hydrogen users. In summary, the following statements 

can be made:  

 

Results at a glance 

¶ Depending on the manufacturing process, there are different hydrogen impurity profiles. Each of the 

processes generates one or more added components. 

¶ All processes will require gas treatment to achieve a feed-in quality for a hydrogen network. The extent of 

this gas treatment depends on the contained components and differs considerably in terms of technical 

and financial outlay. 

¶ There are normative requirements regarding hydrogen purity. These are based on the process-related 

requirements when using hydrogen. As knowledge evolves regarding the tolerance of individual 

applications, there will be a further development of this set of rules. 
¶ Several application areas can be defined which lead to different quality areas. These are the energetic 

quality range (Group A quality HϜ ), the catalytic range, and the requirement range for fuel cells (Group 

D). 

¶ The requirements of the catalytic application range are lower than that of the fuel cells; for individual 

components such as nitrogen, higher limit values than in those Group D are technically permissible. 

Accordingly, the quality range lies between those of Group A and Group D in the DVGW Code of Practice 

G 260 and is not yet part of a defined set of rules. The quality range of catalytic processes includes 

applications in the chemical industry, refineries, and PtX processes. 

¶ Theoretically, a considerably lower hydrogen content could also be used for combustion processes ï but 

then with low fluctuation. In general, the fluctuation of HϜ quality or concentration is also limited in energy 

use. 

3.1 Overview of HϜ production qualities.  

In nature, hydrogen exists almost exclusively in compound form (e.g. in the form of water, hydrocarbons such 

as methane, and various other chemical compounds). The technical application of hydrogen accordingly 

always requires the generation of the hydrogen itself. Depending on the raw materials and the selected 

process, residual substances may be introduced that may require appropriate treatment.  

Within the scope of the short study, the three most important processes for the production of green hydrogen 

(electrolysis), blue hydrogen (reforming with CCS) and turquoise hydrogen (methane pyrolysis) were 

considered with regard to purity and required processing. 
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3.1.1 Hydrogen from electrolysis (green hydrogen) 

In electrolysis, water is split electrochemically into hydrogen and oxygen. The two gases are produced in 

separate fluid spaces separated by membranes. 

  
 

There are several approaches for technical implementation. These include alkaline electrolysis (AEL), polymer 

electrolyte membrane electrolysis (PEMEL), solid oxide electrolysis (SOEL), and anion exchange membrane 

electrolysis (AEMEL). Of these, AEL and PEMEL have reached the highest technical maturity. Both differ with 

regard to the function of the membrane and the structure; these differences can also influence the hydrogen 

purity achieved. 

In alkaline electrolysis, the electrodes and fluid spaces are separated by a membrane that is permeable to 

hydroxide ions (OHī). Both sides are filled with electrolyte solution (potassium hydroxide solution). The 

hydrogen produced can thus contain electrolyte vapours and gases that are introduced in dissolved form with 

the electrolyte. In addition, minor gas transfers between the fluid chambers via the membrane (cross-over) 

cannot be ruled out, especially in part-load operation. Small amounts of oxygen can thus also be present in 

the hydrogen. 

In PEM electrolysers, on the other hand, the electrodes and fluid spaces are separated by a proton-conducting 

membrane, and the water required for the reaction is introduced without the addition of electrolytes. The 

hydrogen produced in PEM electrolysis also contains water vapour and, in the case of gas transfer across the 

membrane (cross-over, especially in partial load), small amounts of oxygen. The latter may be partially 

converted on the precious metal catalysts used on the cathode side so that a low oxygen content can be 

expected. 

With both technologies, however, the achievable purity depends on the system design and the mode of 

operation. Differences in purity are therefore to be expected between modules from different manufacturers. 

Illustrative manufacturer specifications are shown in Table 2. Both electrolysis concepts can already achieve              

> 99% purity after drying the hydrogen. As a rule, the oxygen content is also separated with the aid of a deoxo 

unit so that purities Ó 99.99% are achieved. 

Corresponding processing modules are available from the manufacturers and enable the provision of hydrogen 

ï even high purity (> 99.97 mol %). Another possible source of contamination is the flushing/inertisation of the 

electrolyser; this can lead to a brief influx of nitrogen following maintenance work, for example. 

  

Equation 1 
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Table 2: Hydrogen purities achieved with different electrolysis systems 

Type Manufacturer Purity before treatment Purity after treatment 

PEMEL Siemens Energy [5] Not specified 99.999 vol. % 

ITM POWER [6] Not specified 99.999 vol. % 

H-TEC SYSTEMS [7] 99.9 vol. % 99.999 vol. % 

iGas energy GmbH [8] Not specified 99.999 vol. % 

Nel ASA [9] 99.95 vol. % 99.9995 vol. % 

Elogen [10] Not specified 99.999 vol. % 

AVX/Kunatec [10] Not specified 99.999 vol. % 

AEL Green Hydrogen Systems 
[11] 

Not specified 99.998 vol. % 

Sunfire [12] 99.6 vol. % 99.999 vol. % 

thyssenkrupp [13] 99.95 vol. % 99.999 vol. % 

Enapter [10] 99.9 vol. % 99.999 vol. % 

3.1.2 Hydrogen from CCS reforming (blue hydrogen) 

Suitable methods for producing hydrogen by reforming natural gas include steam reforming and autothermal 
reforming. 

Steam reformation is a technically established, marketable process for the production of hydrogen in which 
hydrocarbons or fluids containing hydrocarbons (e.g. methane) are converted to hydrogen and COϜ in a multi-
stage process. 

The hydrocarbons are first desulphurised and mixed with steam and fed into the reformer. At high 
temperatures, the catalytic conversion of the hydrocarbons, e.g. methane, using water vapour to form 
hydrogen, carbon monoxide, and COϜ takes place (s. Equation 2 and Equation 3). Because both reactions are 
endothermic, heating the reformer is necessary. This is usually done using a natural gas-fired burner. 

 

The reformate produced is cooled and fed into a second reaction stage in which further hydrogen is formed in 
accordance to the water gas shift reaction with steam. 

 

After the condensation of unconverted water, the reformate stream is further processed to separate out the 
by-products, some of which also contain combustible components and can thus be used to heat the reformer. 
A schematic representation is given in Figure 9.  

Due to the fact that the reactions taking place and the heating of the reformer both produce COϜ as part of the 

process, and it's emission must be avoided in the interest of climate protection, various options for COϜ 

separation have also been developed for steam reforming; these differ not only in terms of technical 

implementation but also primarily in terms of their integration into the process. It is thus possible to separate 

COϜ from the reformate (cf. Figure 9, position 1), the by-product stream after processing (position 2), or the 

exhaust gas stream of the reformer heating. Positions 1 and 2 are preferable in terms of technical effort 

because they have a lower volume flow with higher COϜ content.  

However, the disadvantage is that the emissions caused by heating the reformer are not registered here. The 

separation in the flue gas stream (position 3) on the other hand, allows the COϜ to be separated to a 

Equation 2 

Equation 3 

Equation 4 
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considerable extent but is technically more complex. 

 

Figure 9: Schematic process of steam reforming with options for CO2 separation 

In addition to the possible COϜ separation rate, the position of the COϜ separation also directly influences the 

hydrogen purity achieved before further processing. Thus, in addition to the input materials and the process 

conditions, there is another influencing parameter; this is considered below. 

In principle, hydrogen of sufficient purity cannot be provided by steam reforming without further treatment. 

According to Equation 2, hydrogen and COϜ are formed in a ratio of 4:1 so that stoichiometrically a hydrogen 

content of maximum 80 vol. % is achieved. However, under real conditions, this hydrogen content is not 

achieved due to various influencing factors. Thus, both the reforming reactions and the water gas shift reaction 

are subject to thermodynamic equilibrium. The achievable conversions are limited depending on the operating 

conditions; in addition to hydrogen and COϜ, the product gas also contains unconverted methane and carbon 

monoxide. In addition, the input material natural gas also contains inert gases (nitrogen, noble gases), COϜ, 

and higher hydrocarbons. The latter are also converted during reforming but provide a lower HϜ content 

stoichiometrically. 

Table 3 shows exemplary compositions of the reformate stream before treatment, based on ñNorth Seaò natural 

gas according to DVGW Code of Practice G 260. The product gas contains approx. 75 vol. % hydrogen. At 

approx. 17 vol. %, COϜ is the main minor constituent; methane, carbon monoxide, and nitrogen also occur in 

considerable proportions. Even if COϜ is separated directly from the reformate stream (position 1) to reduce 

emissions, sufficient hydrogen quality cannot be achieved (cf. Table 3). With a hydrogen content of approx. 91 

vol. %, this does not meet the requirements for distribution in hydrogen networks. Further treatment of the 

reformate stream is essential and is currently also carried out in industrial applications. For this purpose, 

pressure swing adsorption is state of the art, and purities of up to 99.9999 vol. % are possible.  
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Table 3:  Exemplary reformate composition of steam reforming for ñNorth Seaò natural gas according to DVGW G 260, 
calculated for reforming at 20 bar, 850°C, S/C = 3 and WGS at 400°C with and without COϜ separation in 
the reformate stream 

Product gas before H2 treatment Without CO2 
separation 

With CO 2 
separation 

Methane Vol. % 4.0 4.9 

Nitrogen Vol. % 0.2 0.2 

Carbon dioxide Vol. % 17.5 0.0 

Carbon monoxide Vol. % 3.1 3.8 

Hydrogen Vol. % 75.2 91.1 

 

Analogous to steam reforming, autothermal reforming also converts hydrocarbons into hydrogen, carbon 

monoxide and carbon dioxide (Equations 2 and 3) using steam. However, oxygen is additionally introduced ito 

the reformer in order to compensate for the endothermy of the reforming through the exothermic partial 

oxidation of the hydrocarbons and to even out the heat balance without external heating. 

 

On the one hand, this reduces the design requirements for the reactor, enables higher operating temperatures, 

and achieves advantages regarding COϜ emission reduction because no separate burners are required for 

heating. On the other hand, compared with steam reforming, the hydrogen yield and the hydrogen content in 

the reformate also decrease. Exemplary reformate compositions for "North Sea" natural gas prior to processing 

are shown in Table 4. In addition to the lower hydrogen content, a lower residual methane content or a higher 

methane conversion can also be achieved due to the modified operating conditions. On the other hand, the 

COϜ content is considerably higher than in reformate gases from steam reforming. Nevertheless, especially in 

view of the high CO content, the separation of COϜ from the reformate (emission reduction) is not sufficient to 

meet the hydrogen purity requirements (cf. Table 4). Downstream reprocessing is mandatory. If this is done 

via pressure swing adsorption as is industrial practice, purities of up to 99.9999 vol. % are possible. 

Table 4:  Exemplary reformate composition of autothermal reformation for ñNorth Seaò natural gas according to DVGW 
G 260, calculated for reforming at 20 bar, 1,000ÁC, S/C = 2, ɚ = 0,3, and WGS at 400°C with and without 

COϜ separation in the reformate stream 

Product gas before H2 treatment Without CO2 
separation  

With CO 2 
separation 

Methane Vol. % 0.2  0.2 

Nitrogen Vol. % 0.2 0.3 

Carbon dioxide Vol. % 24.3 0.0 

Carbon monoxide Vol. % 3.9 5.2 

Hydrogen Vol. % 71.4 94.3 

 

  

Equation 5 
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3.1.3 Hydrogen from methane pyrolysis (Turquoise hydrogen) 

The pyrolysis of methane is attracting more and more attention in connection with low-emission hydrogen 

production. Because the methane is thermally split into hydrogen and solid carbon, practically no COϜ is 

produced. The carbon formed can be used as a material or stored.  

 

However, the technical implementation of methane pyrolysis is demanding, especially because of the 

necessary energy supply at a high temperature level combined with the formation of solids. Various solutions 

have been and are being developed. However, so far, they have not reached market maturity that is 

comparable to reforming. However, in some cases, an advanced development level (TRL) has already been 

reached. 

The achievable hydrogen purity also depends on the proposed solution and the specific technical design. 

Publications cite values of between 45 and 99.7 vol. % however, the early stage of development and the scope 

of proposed solutions must be taken into account. However, irrespective of this, it can be assumed that 

components other than hydrogen are present in the product gas. This is partly because inert gases and COϜ 

are also introduced with the natural gas and transferred into the product gas, but also, because complete 

methane conversion cannot be achieved for thermodynamic and kinetic reasons. By-products/intermediates 

such as alkanes, alkenes, alkynes, aromatics, polycyclic aromatic hydrocarbons and ammonia can be formed. 

Treatment at the production site is accordingly necessary and can be carried out, for example via pressure 

swing adsorption. 

3.1.4 More options 

In addition to the options presented for hydrogen production via electrolysis, reformation and methane 

pyrolysis, there are other options for supply that were not considered in detail within the scope of the short 

study. Examples include the use of the by-product hydrogen from industrial processes (e.g. chlor-alkali 

electrolysis) and production from organic matter, especially residual and waste materials. In addition to the 

question of generation qualities, the technical implementation of expected imports can also have an influence 

on hydrogen quality. In principle, if hydrogen is transported in liquid form (LHϜ), a high degree of purity can be 

assumed. However, if compounds containing hydrogen, such as ammonia or liquid organic compounds 

(LOHC; liquid organic hydrogen carrier) are used in view of their better transportation properties, the hydrogen 

still has to be extracted from these compounds. Impurities, incomplete conversion, and possible by-products 

here can also influence the hydrogen purity making appropriate treatment necessary.  

3.2 Requirements for HϜ quality ï normative requirements 

With regard to the use of hydrogen as a fuel and for PEM fuel cells, there are quality requirements particularly 

with regard to threshold values that clearly exceed the requirements for natural gas. Depending on the intended 

application (e.g. burner, fuel, power generation), the requirements under ISO 14687-2 (Hydrogen fuel quality 

ï Product specification) or DIN EN 17124 (Hydrogen as a fuel ï Proton exchange membrane (PEM) fuel cell 

applications for road vehicles) vary but are still considerably higher than for natural gas trace components. 

As the recognised regulator of the gas industry, the DVGW e.V., has reacted to the challenge of hydrogen and 

has revised the DVGW Code of Practice G 260 (A) and presented it in September 2021. Hydrogen was 

introduced as a new fifth gas family ñhydrogenò in addition to the already possible feeding-in as an additional 

gas in gas networks of the second gas family. 

In this Code of Practice, this fifth gas family has been newly included in two qualities. The nomenclature is 

based on ISO 14687:2019. Group A quality is hydrogen with a purity of Ó 98 mol%; Group D quality requires 

Equation 6 
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a purity of 99.97 mol %.  

The areas of application of the various standards are listed below: 

ISO/DIS 14687 (2018) Hydrogen fuel quality ð Product specification 

 This international standard specifies the minimum requirements for hydrogen 

distributed for use in mobile and stationary applications.   

DIN EN 17124 (2019) Hydrogen as a fuel ï Product specification and quality assurance 

Proton exchange membrane (PEM) fuel cell applications for on-road vehicles 

DIN EN 17124 thus sets the narrower framework for the application of hydrogen solely as a fuel. In addition to 

the quality requirements listed in Table 5 for the use of hydrogen as a fuel with PEM fuel cells, ISO/DIS 14687 

describes other uses of hydrogen for which the quality requirements are less stringent. These include use for 

combustion plants, for power and heat generation, and in aerospace applications. These HϜ qualities which 

are still below Group A have not found their way into the G 260. However, hydrogen of Group A quality (Ó 98 

mol%) can be used for these processes anyway. 

In February 2022, a recommendation (Common Business Practice CBP) was also issued by EASEE-Gas [14]; 

this describes in detail the potential characteristics of a future ñindustrial hydrogenò .  

The following table lists the normative requirements and, as an example of an industrial quality requirement, 

Linde's requirements for HϜ feeders, as defined by Linde as part of a research project for distribution network 

operators. 
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Table 5 Compilation of various quality requirements for hydrogen, maximum values for impurities, supplemented by 
Linde's requirements for gas suppliers in research projects  

Parameter DVGW G 260 

 H2, Group A 

DVGW G 260 

 H2, Group D 

DIN EN 17124 
(PEM FC for road 

vehicles) 

Linde (e.g. 

feeding-in 

requirements) 

Hydrogen Ó 98 mol % Ó 99.97 mol %  Ó 99.97 mol % Ó 99.96 vol. % 

Non H2 gases  300 µmol/mol  300 µmol/mol  

Water 200 or 50 mg/m³ 5 µmol/mol  5 µmol/mol Dew point (30 bar) 

Ò ī40ÁC 

Non-methane 

hydrocarbons 

- 2 µmol/mol 2 µmol/mol Ò 3 Õmol/mol 

Methane  100 µmol/mol 100 µmol/mol Ò 3 Õmol/mol 

Hydrocarbon 

condensation point 

ī2°C at  

1 to 70 bar 

- --  

Oxygen 0.001 mol % / 

1 mol % 

5 µmol/mol  5 µmol/mol Ò 1 Õmol/mol 

Helium  300 µmol/mol 300 µmol/mol  

Nitrogen  300 µmol/mol 300 µmol/mol Ò 400 Õmol/mol  

Argon  300 µmol/mol 300 µmol/mol  

Carbon dioxide 2.5 / 4 mol % 2 µmol/mol  2 µmol/mol Ò 2 Õmol/mol 

Carbon monoxide 0.1 mol % 0.2 µmol/mol 0.2 µmol/mol Ò 2 Õmol/mol 

Total sulphur 10 mg/m³ (with 

odourisation) 

0.004 µmol/mol11 0.004 µmol/mol12  

H2S, COS as S 5 mg/m³ see total sulphur see total sulphur  

HCHO  0.2 µmol/mol 0.2 µmol/mol  

HCOOH  0.2 µmol/mol 0.2 µmol/mol  

Ammonia 
10 mg/m³ 

(NHϝ + amines) 
0.1 µmol/mol 0.1 µmol/mol  

Halogenated 

compounds 

 0.05 µmol/mol 0.05 µmol/mol  

Mist, dust, liquid  1 mg/kg 1 mg/kg  

Total volatile silicon 0.3 or 1.0 mg Si/m³ - -  

In general, the various standards, including G 260, list completely different units, which make it difficult to get 

a quick overview. Additional footnotes exist, but for the sake of clarity they have are not included here.   

 

 

11 Total sulphur and sulphur compounds 

12 Total sulphur compounds (basis HϜS)  
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Some special features can be identified based on Table 5 : 

¶ The requirements for Group A quality hydrogen are based on the second gas family (methane-rich 

gases) with regard to the added gases. The required threshold values are thus already familiar from 

the transport and distribution of natural gas.  

¶ Group A quality hydrogen is not adequate to supply hydrogen filling stations (for the supply of PEM 

FC vehicles) in compliance with DIN EN 17124. With the distribution of Group D quality hydrogen, a 

supply of hydrogen filling stations would be possible.  

¶ With the distribution of Group D quality, parameters must be observed that have not yet played an 

analytical role in the gas sector (e.g. HCOOH (formic acid) or HCHO (formaldehyde)). 

3.3 Requirements for HϜ quality ï technical requirements 

3.3.1 Catalytic use of hydrogen 

The catalytic use of hydrogen in the chemical industry, for example, has considerably higher hydrogen purity 

requirements compared with thermal use. For catalytic processes, a quality that is clearly above the 

requirements of Quality A but in part (depending on the catalytic process) below the requirements of Quality D 

is required. Special attention is paid not only to the hydrogen concentration but also to the accompanying 

substances. The following describes the HϜ qualities required for various industries. 

3.3.2 Ammonia 

Very precise requirements are specified for ammonia synthesis. Table 6 summarizes these requirements with 

regard to the various impurities. Sulphur, fluorine, chlorine, and phosphorus in particular are catalyst poisons 

and should be avoided accordingly. 

Table 6:  Maximum permissible impurities for ammonia synthesis [15] 

Components Maximum concentration 

Sulphur 1 ppb 

Halogens (F, Cl, Br, I, At) 1 ppb 

O2, CO, COϜ  5 ppm 

Water vapour 30 ppm 

Inert (CHϞȟAr, He) As low as possible 

3.3.3 Methanol 

Table 7 shows the maximum permissible impurities for methanol synthesis. Again, the limiting factors are the 

catalysts (copper/zinc) because these show a tendency towards catalyst poisoning. 
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Table 7: Maximum permissible impurities for methanol synthesis [15] 

Components Maximum concentration 

Sulphur 50 ppb 

Halogens (F, Cl, Br, I, At) 1 ppb 

Iron 5 ppb 

Nickel 5 ppb 

Hydrogen chloride 2 ppb 

Total nitrogen 0.5 vol. % 

Methane 3 vol. % 

3.3.4 FischerïTropsch synthesis 

The maximum permissible impurities result from the iron catalysts used. The sulphur content in particular must 

be kept low. Table 8 shows the currently known requirements for impurities. 

Table 8: Maximum permissible impurities in hydrogen for FischerïTropsch synthesis [16] 

Components Fluctuation range Unit 

Sulphur 5ï100 ppb 

Halogens 10 ppb 

Ammonia 10 ppmv 

Hydrogen cyanide 0.2 ppmv 

Nitrogen oxide 10 ppb 

Total nitrogen 50 ppb 

3.3.5 Power-to-X processes (PtX) 

Power-to-X processes refer to various technologies using renewable energy and serve to link electricity with 

the heating, chemical, and mobility sectors. In the context of this report, the generation of gases such as 

hydrogen and methane (power-to-gas = PtG) and the production of liquids such as methanol and synthetic 

fuels (power-to-liquid = PtL) are relevant. These processes can also be classified as being part of the chemical 

industry. The requirements of these processes are addressed separately here because these PtX processes13 

are often dealt with separately in the various studies on HϜ demand (see 2.2). 

PtX processes are catalytic processes. The catalyst is the decisive component that defines the requirements 

for the quality of the hydrogen feed-in. 

  

 

 

13 dena has made a different definition to determine the quantities (see Chapter 1) 
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The effect of the various impurities on catalysts varies and depends strongly on the material of the catalyst 

(precious metal, other metals, or mixtures). Strong catalyst poisons that permanently reduce the effect of a 

catalyst are: 

¶ carbon monoxide  

¶ formaldehyde  

¶ formic acid  

¶ sulphur compounds  

¶ halogen compounds  

Ammonia, water, non-methane hydrocarbons and suspended particles can also damage catalysts. On the 

other hand, inert gases and methane cause a drop in performance mainly due to the dilution of the hydrogen.   

Group D quality HϜ ensures a gas quality that should be suitable for all PtX processes. With the lower quality 

of 98% mol % (Group A), this is only partially the case. The catalyst poisons have to be removed. 

One example is the production of methane (methanation). This process can be carried out in a mixture of 

natural gas and hydrogen and was evaluated under the aspect of plant protection in DVGW Report G 201611 

of 2018. The presence of methane and the various saturated hydrocarbons does not interfere with the process. 

However, desulphurisation is required to protect the catalytic converters. If CO and ammonia are present in 

the output gas, these would also have to be removed. 

In summary, it can be said that a Group A quality HϜ with 98% or even lower may well be sufficient for a PtX 

process but that individual compounds with properties harmful to catalysts must be removed in any event. 

3.4 Energetic use 

3.4.1  Crude iron production 

No uniform hydrogen quality requirements are yet known from crude iron production. The current blast furnace 

route produces coke oven and converter gases as well as blast furnace gases along the production chain; 

these have different a hydrogen content ranging from 1ï5% (blast furnace gas) to 65% (coke oven gas). 

Hydrogen can be used directly in the blast furnace to reduce iron ore. However, it is currently not possible to 

completely eliminate carbon from the blast furnace route. Alternatively, crude iron can be produced via 

hydrogen direct reduction in electric furnaces. However, the product here differs greatly from the product from 

the blast furnace route so that at a later stage additional carburisation is necessary. Du to the combined use 

as both fuel and reducing agent, crude iron production with hydrogen is not purely energetic use but also uses 

hydrogen as a material. 

It is therefore currently assumed that it will be possible to work with different hydrogen contents on both routes. 

Various research projects on this topic are currently under way. 
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3.4.2 Industrial firing plants 

Detailed studies on the exact quality requirements of industrial furnaces are currently still not available. In 

principle, the requirements from the DVGW projects on gas quality also apply to hydrogen. These suggest a 

maximum fluctuation range of 2% on the Wobbe index. Other than that, the requirements of a furnace are less 

specific than in the chemical industry: Currently, it can be assumed that Group A in accordance with G 260 is 

a sufficient quality requirement. It should be noted that components such as COϜ or NϜ in particular are not 

harmful to the processes; water vapour is also not critical. Sulphur components should be present in the same 

proportion as natural gas or less, as there are adequate levels of experience here as far as handling them is 

concerned. 

In general, combustion processes do not react specifically to a certain hydrogen content in natural gas. More 

important than stringent purity requirements is a stable gas composition. Industrial furnaces and heating 

processes can also be converted to a 75% hydrogen content, for example. However, they react sensitively to 

major fluctuations. However, since the aim is to find a basis for a uniform hydrogen supply, Group A is specified 

as the possible hydrogen quality in each case. This also corresponds to the EASEE gas CBP. The purity 

requirements for additional components are much more specific depending on the product but should be in 

line with the current purity requirements for natural gas. 

Table 9 shows examples of some industrial sectors and their respective gas qualities for combustion 

processes. 

Table 9: Hydrogen quality in industrial combustion processes 

Plant type Quality Impurities Special features 

Glass/ceramics ISO Grade A or 

worse/DVGW 

G260 Group A 

Comparable to natural 

gas 

Sensitive to fluctuations; if possible, 

fluctuations on the Wobbe index of 

less than 2% 

Non-ferrous metals ISO Grade A or 

worse/DVGW 

G260 Group A 

Comparable to natural 

gas 

Sensitive to fluctuations; if possible, 

fluctuations on the Wobbe index of 

less than 2% 

Steel ISO Grade A or 

worse/DVGW 

G260 Group A 

Comparable to natural 

gas 

Sensitive to fluctuations; if possible, 

fluctuations on the Wobbe index of 

less than 2% 

Paper ISO Grade A or 

worse/DVGW 

G260 Group A 

Comparable to natural 

gas 

Limit fluctuations; if possible, 

fluctuations on the Wobbe index of 

less than 2% 

Boiler plants ISO Grade A or 

worse/DVGW 

G260 Group A 

Comparable to natural 

gas 

Limit fluctuations; if possible, 

fluctuations on the Wobbe index of 

less than 2% 

Other industry (e.g. 

drying plants, 

crematoriums) 

ISO Grade A or 

worse/DVGW 

G260 Group A 

Comparable to natural 

gas 

Limit fluctuations; if possible, 

fluctuations on the Wobbe index of 

less than 2% 
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3.4.3 Domestic and commercial heaters 

Domestic and commercial heaters generally exhibit a resilience towards fluctuations in gas composition and 

are not sensitive to the composition of the fuel gas due to their pure heating function without contact with 

products or the like. Based on the developments in projects such as Hy4Heat [17] in the UK, where hydrogen 

applications are being deployed on a larger scale, the Hy4Heat composition specifications in Table 10 provide 

a good guide to heater requirements. 

Table 10: Recommended fuel gas composition in the Hy4Heat project in the UK [18; 19; 15] 

Components Value Explanations 

Hydrogen (at least) 98 mol % Compromise between cost and 

performance 

CO 20 (µmol/mol) Based on production limit from 

reforming 

HϜS  Ò 5 mg/mį 

3.5 ppm (µmol/ mol) 

Component protection from 

GSMR:1996  

Total sulphur Ò 50 mg/mį 
35 ppm (µmol/mol) 

Oxygen  Ò 0.2 mol % 

Dew point of hydrocarbons  ī2°C GSMR:1996 and EASEE gas 

Dew point of water  ī10°C   

Methane, carbon dioxide, COϜ, 

hydrocarbons 

Ò 1% mol %   

Total argon, nitrogen, helium Ò 2% mol % Avoidance of transport costs 

through higher inert proportions 

(ISO 14687-2019) and the 

limitation of fluctuations in the 

Wobbe index 

Wobbe band  42ï46 MJ/m³   

Impurities The gas should not contain any solid, liquid, or gaseous components 

that endanger the safe operation of pipes and end use. 

Fuel cell systems are an exception for hydrogen purity in domestic and commercial heating. Fuel cell systems 

require hydrogen quality according to DVGW Code of Practice G 260 Group D because the fuel cell stacks 

are highly sensitive and react to impurities in the hydrogen with loss of performance and reduction of the 

lifetime of the stacks.  

3.4.4 Gas turbines 

Gas turbine burners react sensitively to fluctuations in gas composition. Accordingly, it is more important to 

define the maximum range of variation rather than the exact nature. Currently, a permissible fluctuation range 

of ± 5% on the Wobbe index is assumed. Group A again provides the basis for the hydrogen content. The 

same conditions apply for impurities as for natural gas. 
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3.4.5 Gas engines 

Stationary gas engines are relatively robust in the face of fluctuations on the Wobbe index and calorific value. 

In principle, as with all combustion processes, the composition of the gas is less important than its consistent 

nature. Accordingly, the quality of Group A also provides a good orientation here. Table 11 summarises the 

requirements for stationary engines. The same conditions apply for impurities as for natural gas. 

Table 11: Hydrogen quality for gas engines [17, 14] 

Parameter Window minïmax Remarks 

Heating value and fluctuation on 

the Wobbe index 

± 5% If necessary, the rate of change 

must be defined 

CO, CH4, CO2, N2, hydrocarbons  No effects to be feared as long as 

Wobbe index and heating value 

are complied with 

Sulphur Comparable to natural gas   

Dew point of water/hydrocarbons Comparable to natural gas   

Dust/particles Comparable to natural gas   

Other Comparable to natural gas   

 

3.5 Overview of the sectors and their requirements 

A statement on the quality requirements of the individual (sub-)sectors is not generally possible in every case. 

The following Table 12 should illustrate this.  

In the building, energy, and transport sectors, hydrogen can be used by means of combustion processes as 

well as in fuel cells. While combustion processes can accept HϜ of the ñlowerò quality of Group A, this does not 

apply for fuel cell systems.  

From a technical point of view, however, sensitive (e.g. catalytic) systems are also able to accept ñimpuritiesò 

in the hydrogen. This by no means applies to catalyst poisons but rather nitrogen or increased concentrations 

of water. Technically, this makes it possible to use a ñcatalyticò, medium quality HϜ. In the table, a quality of 99 

mol % is assumed by way of example.  

This option is technically relevant for example for PtX processes, processes in the chemical industry and fuel 

cells.   
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Table 12: Comparison of estimated HϜ demand and different HϜ qualities  

  
HϜ demand 
(dena 2021) 

in TWh 

Group A 
Ó 98 mol % HϜ 
ñlowò quality 
requirement 

 
Ó 99 mol % HϜ 
ñmediumò 

quality 
requirement 

Group D 
Ó 99.97 mol % 

HϜ ñhighò 
quality 

requirement 

Building  78 (V) (V) V 

Energy  128 (V) (V) V 

Traffic  59 (V) (V) V 

PtX  58 - (V) V 

Industry 
(Examples)  191    

Stones and 
earth 

 V V V 

Paper  V V V 

Glass and 
ceramic 

 (V) V V 

Iron and 
steel 

 V V V 

(Petro-
)chemistry14 

 - (V) V 

The possible suitability of this HϜ quality marked by parentheses makes it clear that, in this case, there is a 

dependency between the type of component in the hydrogen and the type of use.  

 

 

 

14 non-energetic 
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4 WP 3: Gas treatment 

The processing of hydrogen poses considerably greater challenges for the future operators of a hydrogen 

infrastructure than natural gas does. These are as result of the hydrogen quality requirements of the catalytic 

processes and the fuel cells. As a result of the study, the following key statements can be made: 

Results at a glance 

¶ The nature of the expected impurities (substance groups) is known. Potential sources of undesirable 

components in hydrogen are to be found in the hydrogen production itself, storage in UGS, and the 

transport of hydrogen in former natural gas pipelines.  

¶ Various gas treatment processes with a TRL of 9 are available. These processes can produce a Group 

D quality with a hydrogen concentration of Ó 99.97 mol %.  

¶ This gas treatment incurs additional costs, the amount of which depends on the process, the location of 

the treatment plant, its size, and the type of components to be removed. While some processes manage 

to avoid hydrogen losses and thus lower OPEX, processes with hydrogen losses (e.g. PSA) are to be 

classified as cost-intensive.  

4.1 Sources of H2 impurities 

There are three potential sources of hydrogen impurities: 

¶ in the production of hydrogen 

¶ in the storage of the hydrogen  

¶ in the transport of the hydrogen 

These sources also will continue to exist after the conversion and ñstabilisationò of the integrated infrastructure. 

Accordingly, these three potential sources of contamination must be taken into account in the long term when 

evaluating any necessary treatment steps.   

In all three cases, special operating procedures such as flushing, cleaning, and inertisation can lead to the 

introduction of components into the hydrogen. This potential component input is not system- or process-related 

and can be prevented or minimised (e.g. by technical measures).  

The following summarises some of the basic statements on the introduction of secondary components into 

hydrogen; this is explained in detail in the chapters on the production, storage, and transport of hydrogen.  
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4.1.1 Production 

Depending on the production process, different substance groups can occur as accompanying substances or 

impurities within the gas. A risk assessment regarding the possibilities of contamination (type and source) can 

be found in Appendix C of DIN EN 17124. 

Table 13: Type and source of possible secondary components from the production process  

Method Potential secondary components 

Steam-methane reforming with 

pressure swing adsorption 

N2, CH4, CO, HCOH, CO2 

Alkaline and PEM electrolysis with 
temperature swing adsorption 

O2, H2O 

Methane pyrolysis N2, O2, H2O, CO2, hydrocarbons, halogens, sulphur 

compounds,  

Ammonia (transport medium) NH3, N2, NOx 

Other production processes for hydrogen are gasification processes (e.g. biological waste, refuse), which are 

not considered in detail here. 

When supplying or accepting an HϜ quality of Ó 98 mol %, there is a possibility that other substance groups in 

addition to the ñpossible impuritiesò in Table 13 may fill the open 2% gap. Regardless of the manufacturing 

process, the G 260 with Grade A quality specifies the possibility that this gap may be filled by: 

¶ methane up to 2 mol %  

¶ other hydrocarbons (ethane, propane, butane) also up to 2 mol % if the CHP condensation point is 

maintained 

¶ gases such as nitrogen (NϜ), argon (Ar), and carbon dioxide (COϜ).  

Possible but to a much more limited extent are carbon monoxide CO (0.1 mol %), water, and sulphur 

compounds in hydrogen.  

It should be explicitly pointed out here that even when complying with G 260, Grade A, there is leeway with 

regard to the HϜ composition for which the HϜ producer is responsible. The use of the leeway by the producer 

(e.g. the targeted admixture of NϜ or CO2) can lead to effects, for example, regarding the form of a necessary 

gas treatment for the gas distribution or the HϜ user or also to a restriction in the H2 user group. 

DIN EN 17124 lists further ñhighly unlikelyò secondary components that could occur in individual cases.  Not 

all of these are to be regarded as the current state of the art. Currently investigations are being carried out to  

¶ verify such compounds and their presence or concentration in the hydrogen in the first place  

¶ and to better process the starting product of the electrolysis (water) because every impurity also has 

an impact on the operating life of the various electrolysers. The manufacturers of the electrolysers 

thus have a vested interest in using very pure starting products (water).  
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4.1.2 Underground storage of HϜ in caverns 

Sufficient experience has been gained in the storage of natural gas with regard to the possible introduction of 

components into the gas to be stored; this can be incorporated into the evaluation of the storage of hydrogen 

[20] [21].  

The following components can be additionally introduced into the hydrogen via the storage process:  

Table 14: Type and source of possible impurities, storage in caverns 

Cause Components Probability 

Cavern (brine) Water definite 

Cavern (brine) Sulphur compounds possible 

Cavern, compressor higher hydrocarbons possible (blanket15, compressor 

oils) 

Cavern (brine) COϜ, methane possible (residual gases in 

cavern wall and dissolved in 

brine) 

Stored gas always absorbs water until saturation. Depending on the storage time of the hydrogen and the gas 

flow volumes, saturation with water vapour may be slowed, but gas drying can never be dispensed with.  

The use of hydrocarbons as compressor oil in the compressors and as blanket (see Chapter 5.) can lead to 

traces of these components in hydrogen. The occurrence of an increased concentration of hydrocarbons in 

the hydrogen is to be classified as reservoir-specific, analogous to the microbiological activity (see below).  

It is assumed that high purity hydrogen is stored in a UGS. If hydrogen of Group A quality (98 mol %) should 

be stored even for a short time, the supply of Group D quality is not possible without additional gas treatment.  

If a cavern is converted from natural gas to pure hydrogen (Group D) by using brine (i.e. the natural gas is 

displaced by brine), the hydrogen subsequently contains fewer natural gas or blanket residues. However, there 

may be ñpocketsò in the cavern walls where natural gas or blanket is ñtrappedò and cannot be removed by 

brine. Remnants of the blanket or gas residues can therefore remain in the roof area. When converting oil-

filled caverns to HϜ, oil residues on the cavern walls must also be reckoned with; this requires removal in the 

topside facility in order to achieve Group D quality.  

  

 

 

15 Covering medium on the brine, separation of the brine from the gas space 
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4.1.3 Transport  

Responsible for the introduction of various compounds into a gas to be transported by pipeline are the 

compounds adsorbed on the walls of the pipeline as well as deposits/condensates. In addition to hydrocarbons 

and sulphur compounds from natural gas and odourisation, components from biogas and biogas processing 

can also be expected in some places.  

  

Figure 10: Deposits from a transport pipeline, second cleaning pigging 

A risk assessment with regard to the possibilities of contamination was again carried out in Appendix C of DIN 

EN 17124, which lists the type and sources of ñpossibleò and ñunlikelyò components in pipelines. However, the 

listing of NϜ and OϜ as possible secondary components from a pipeline is an indication that the statements of 

this standard are not to be accepted out of hand.  

The chemical and refinery industries have experience with the transport of hydrogen using high-pressure 

pipelines. In principle, the transport of a pure, high quality hydrogen does not pose a problem. The following 

facts are known: 

¶ Hydrogen is transported exclusively via networks in which no other gas was previously transported. 

These are therefore not converted networks. At no time have hydrocarbons or sulphur compounds 

been introduced into these pipelines 

¶ In Germany (Linde network Leuna), the hydrogen network is operated with an H2 quality greater than 

or equal to 99.96 mol %. The reason for the somewhat lower value compared to Group D has to do 

with greater caution being exercised towards the customer because minimal quality changes can occur 

during construction work, switching operations, or the like.  
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