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The aim of the work package “Gas applications” (Part 3) of the DVGW project
“Roadmap Gas 2050” (G 201824) was to evaluate the hydrogen tolerances for various gas-fired household appliances, by increasing admixture of hydrogen in concentrations of 10 to 40 vol.% to well-defined test gases according to EN 437. The
effects of H2 admixture on the combustion behavior in terms of air excess ratios,
heat load, emissions and control systems were analyzed. The focus was primarily
on the aspects of safety and their performance of the appliances in the context of
hydrogen admixture.
Methods
Investigated gases (based on EN 437)

The appliances were initially tested with factory settings with
G20. Then an analysis of the H2 compatibility was carried out,
increasing the H2 content by 10 vol.% to 40 vol.% to each gas
in each case. Depending on the appliance (single-stage, twostage or modulating), the load was changed from Qmin/Qmax.
All measurements were performed at water temperatures
of Tout/Tin 50/30 °C.

Figure 1: Test gases according to EN 437

Figure 2: Defined test program

Results
• CO and NOX emissions mostly decrease with increasing H2 content in the fuel gas, compared to combustion with natural gas or G 20
• Drop in heating performance in a range of 4 to 15 % for all temperature and load settings
• Increase in the air ratio number of 4 to 23 %, depending on the appliance type and gas
composition
• Observed positive influence of hydrogen admixture on the efficiency of the gas appliances
• The appliances ignited properly and there were no safety concerns (flashback) up to 20
vol.% H2
• Some acoustic effects (few appliances) were observed above 30 vol. % H2 admixture
Qmin

Figure 5: System 5 System description: Atmospheric gas
wall heater
– Category B11BS – Injector burner – modulating – max.
load approx. 20 kW – partially premixing – room air dependent – old used device
Thermal power output, efficiency and gas volume flow at
Qmin and Qmax for G 20 and G 20 with 10 - 40 vol.% H2; Tout/
Tin 50/30°C.
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Figure 6: System 8 System description: wall-mounted gas
condensing combi boiler – Category I2N – burner with
electronic combustion control – modulating – max.
load approx. 21 kW – fully premixing – room air independent – new device
Thermal power output, efficiency and gas volume flow
at Qmin and Qmax for G 20 and G 20 with 10 - 40 vol.% H2;
Tout/Tin 50/30°C.

Figure 4: CO, NOX emissions and total air excess ratio of low temperature boilers with atmospheric burners
1, 2, 3, 5, 6 at Qmin and Qmax and Tout/Tin 50/30 °C for G20 and G20 plus H2 blends.

Conclusion
The results with the tested appliances to date indicate an "H2 readiness" of 20 vol.% and show that many existing appliances can safely be
operated even with higher levels of hydrogen. An essential prerequi-
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Figure 3: CO, NOX emissions and air excess ratios of condensing appliances 4, 7, 8, 9 at Qmin and Qmax and Tout/Tin
50/30 °C for G20 and G20 plus H2 mixtures. Systems 4 and 8 with combustion control, System 9 with CO-sensor: As the H2 percentage increases, the air flow rate is kept constant or controlled. System 7 is without
combustion control.
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