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Two Page Summary: RP1.4-08 – Detailed assessment of Type B appliances with blends of hydrogen and natural gas and 100% hydrogen
Key message: There is a high level of confidence that Type B appliances may be operated with no changes, or minor changes, when up to 20 vol% hydrogen is blended into natural gas, which is the upper limit proposed for gas network blends. For > 40 vol% hydrogen blends, burner and flame detector changes are more likely to be required depending on the type of burner and application.

Six new industrial natural gas burners, some pilot burners and second-hand burners and their gas valve trains were operated with blends of hydrogen and natural gas with the intention of finding a conservative maximum hydrogen blend percentage that can be used with no changes or minor changes.  Further tests with greater percentages of hydrogen and 100% hydrogen were performed to deliberately stress test current burner designs well beyond their design capability.
As hydrogen is blended into natural gas the Wobbe index reduces slightly which results in slightly less heat throughput at the same pressure. This was illustrated in results from open firing and tests with a demonstration in an industrial furnace with 30 vol% hydrogen blended into natural gas. The result was that the furnace temperature control automatically increased the fuel flow as required. An alternative is to slightly increase fuel inlet pressure to the burner valve train which would also negate any flow restrictions that might arise there. 
Open firing tests showed that flame appearance, flame length, radiation and flue gas emissions were very similar to natural gas operation for the likely upper blending ratio to be used in networks (up to 20 vol% hydrogen). Hence a wide range of Type B appliances will be suitable for these blends.
Open firing showed that the maximum operable hydrogen blend percentage without changes is approximately 40 vol% for partially premixed appliances, but higher for appliances with nozzle mix burners. NOx and CO emissions and heat transfer show little change from natural gas cases with up to 50 vol% hydrogen in the blend, so there should be no difficulties in using industrial gas burners at network blend ratios up the maximum expected, i.e. up to 20 vol% hydrogen in natural gas. 
Burners are subjected to higher temperatures for blends with above 50 vol% hydrogen, which may lead to overheating of burner components. Ionisation rod flame detector performance reduces with increasing hydrogen % and fails for 100% hydrogen. They can be replaced with UV flame detectors in these cases. 
Calculations confirmed that combustion air rates have a large effect on both radiation and convection heat transfer and that combustion gases from 100% hydrogen flames produce slightly lower radiation than natural gas and blends but only by a few percent of the total. A small proportion of biomethane in hydrogen would improve radiation.

Emissions of nitrogen oxides from 100% hydrogen operation were significantly higher than natural gas and blends for some burners. However, burner design and operation will receive attention to address this issue, noting that in this project the burners were designed for natural gas not hydrogen.

In this project it was also shown that the existing Type B approval process for natural gas appliances can be applied to 100% hydrogen appliances. 

The overall summary is that there is a high level of confidence that Type B appliances may be operated with no changes, or minor changes, when up to 20 vol% hydrogen is blended into natural gas, which is the upper limit proposed for gas network blends. These changes will normally be performed by existing automatic temperature control. For other blends and 100% hydrogen, changes required are summarised in the table below.

	vol% H2 in blend
	Operation observations
	Adjustment or change required

	0-20%
	Normal operation of all burners
	Automatic temperature control on fuel rate. Air rate may need slight adjustment.

	20% - 40%
	Beware flashback in premixed burners 
	Limit primary air on premixed burners

	40% - 50 %
	Beware flashback in premixed burners
	Replace premixed burners with nozzle mix 

	50 % – 100 %
	High burner metal temperatures
	Modified or new hydrogen burners 

	> 70%
	Ionisation rod flame detector perform
	Replace with UV flame detector

	>80%
	Potential for high NOx emissions
	Replace with low NOx hydrogen burners 

	90 -100%
	Slight reduction in heat transfer
	Design hydrogen burners for required duty. Potentially blend with 10% biomethane.
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