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Overview
The concept of a hydrogen economy is being touted as one of the hopes to reduce greenhouse gas emissions and improve the energy security. The Netherlands has an unusual starting position in this transition as one of the few countries with a fine meshed natural gas infrastructure. The Greening of Gas project (VG2), which was sponsored by the Dutch Economy, Ecology, and Technology (EET) program, studied the feasibility of mixing and transporting hydrogen via the existing natural gas infrastructure. 


Methods
Within the framework of the Greening of Gas project, this case report studies the conditions under which mixing of hydrogen into the existing natural gas network is possible and might actually occur. The case study addresses technical, institutional and economic aspects of the subject matter to reveal the bottlenecks and (dis)advantages of introducing hydrogen into the natural gas distribution network serving the Rozenburg community.

Results
Bottlenecks

The biggest bottleneck in mixing hydrogen and natural gas in the Rozenburg area originates from the fact that all end-conversion appliances of G-gas consumers in the Netherlands are tailored to the properties of G-gas since the start of large scale distribution of Groningen gas in the 1960’s. Since all CE certificates for safety and fitness-for-purpose of gas using appliances in households and small industries are based on G-gas specifications, a significant change in gas composition such as adding hydrogen poses a liability problem that needs to be solved prior to embarking on hydrogen mixing into the grid. In other words, the Dutch gas system is entrenched in the G-gas standard, more precisely, the G-gas Wobbe Index and the G-gas calorific value.

However, as the combustion properties of a hydrogen/natural gas mixture are not the same as those for natural gas, even at the same Wobbe and calorific value of the mixture, the actual limits for hydrogen addition to natural gas are much more restrictive, since the safety and fitness-for-purpose of the combustion systems in households must be guaranteed. As discussed in the technical analysis, the dreaded phenomenon of burner flashback restricts the volumetric percentage of hydrogen that can be present in the gas to a maximum of 5%. For higher percentages, the safe performance of critical household burners cannot be guaranteed. For the present situation, the 5% hydrogen limit is a technical boundary condition.

Disadvantages

Given the present restriction on hydrogen addition to 5% at maximum in the natural gas network as is, the environmental benefit to be gained is very small: less than 2% reduction in CO2 emissions - and only if the hydrogen is derived from sustainable sources. 

Economically there is no case for mixing 5% hydrogen in natural gas. In reality the supply of a hydrogen/natural gas blend to the community of Rozenburg requires new gas mixing facilities to be installed and there is no business case for such an investment. Since the end-users connected to the same network are by definition supplied with the same gas, and consumers are free to choose their gas service provider, the additional cost of hydrogen addition cannot be incurred on the users. There is no clear motivation for any of the actors relevant to the Rozenburg case to pursue the option of hydrogen addition, at least not on the short term.

Advantages

The case of supplying Rozenburg with hydrogen “enriched” natural gas brings little advantage to any of the local actors. It can only bring true environmental benefit if the hydrogen is supplied from renewable resources, and if the problem of increased NOx emissions is effectively addressed. However, hydrogen also brings the advantage of reducing condensate formation in the natural gas infrastructure: At all prevailing pressures and temperatures the amount of condensate is less in the mixture of hydrogen and natural gas than in pure natural gas
For the longer term the option of hydrogen addition to natural gas should not be discarded. In the framework of the VG2 project, new ceramic foam burners were developed and tested. These were shown to be able to handle high percentages of hydrogen, up to 70%, without the dreaded phenomenon of flame flashback and within acceptable limits of NOx emissions (less than 25 ppm). By 2030, the current appliances may gradually be discarded and replaced by a new generation of appliances equipped with the new ceramic burner materials. Even domestic users may then be supplied with hydrogen-rich gas obtained by mixing hydrogen with H-gas (high calorific gas from small fields and imports). By that time, sustainable hydrogen may be produced and fed into the natural gas network to store power surpluses from intermittent sources (wind, solar). While a hydrogen network slowly co-evolves with the natural gas network, and with other energy and energy-bound infrastructure networks (CO2, syngas), institutional change must stay in sync.  

Conclusion
At the start, the case study of supplying Rozenburg with hydrogen “enriched” natural gas seemed a simple one: situated in close proximity to major hydrogen production facilities and pipelines, and sitting on a dead-end branch of the natural gas infrastructure. If hydrogen mixing with natural gas were possible at all, it would be possible in this case. As has been elucidated, the established natural gas system poses serious resistance to change – any transition to “new” gas will require the emergence of a new constellation of coherent technologies and institutions. As yet, there is no clear problem owner to take the lead in this transition, and the economics and sustainability of transition to a hydrogen economy are not evident, that is to say, not yet. 


































