
Hydrogen 
the zero-carbon, 
low-NOx heating option
With the greatest challenges come the greatest innovations. At BDR Thermea Group,  
we’re developing solutions to the biggest challenge of our time: the climate crisis. In this 
white paper, we explain the contribution hydrogen boilers can make to a green energy 
future, not only because they are zero carbon, but also because they offer low emissions 
of nitrogen oxides, collectively known as NOx. As concerns grow about rising NOx levels 
across Northwest Europe, BDR Thermea Group shows how its hydrogen boilers offer a 
solution to a growing environmental problem.
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Head of Hydrogen and Fuel Cells Program



THE JOURNEY TO A WORLD without carbon emissions is 
well underway. The road to reaching this end-goal has been 
laid by the European Commission, with its target for a 55% 
cut in greenhouse gas emissions by 2030, followed by full 
decarbonisation by 2050. The ultimate aim is for Europe to 
become the world’s first carbon-neutral continent.

No industry can be spared responsibility; ambitious targets 
require collective action. The heating industry in particular 
has a lot of ground to cover, with heat accounting for nearly 
half of all global energy consumption and 40% of energy-
related carbon emissions. Gas boilers are a contributing 
factor to these high figures, given the amount of carbon 
dioxide (CO2) produced from carbon fossil-fuel combustion.

The combustion of natural gas also produces other 
pollutants such as carbon oxide (CO) and nitrogen oxides 
(NOx), which must be taken into account. NOx is primarily 
made up of nitrogen monoxide (NO) and nitrogen dioxide 
(NO2). There is evidence to suggest that the latter is 
both harmful to humans and damaging to infrastructure 
through the production of acid rain.

High NOx levels on the European continent are concerning, 
particularly in hotspot regions such as the Netherlands, 
Belgium, Germany, the south of the UK, and the north 
of Italy. The Dutch government has gone so far as to 
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introduce extreme measures in an attempt to curb 
emissions, causing disruption to a number of industries. 
As well as reducing speed limits on motorways and 
halting construction on 18,000 new building projects, 
the government has ordered that the country’s livestock 
be halved in a bid to tackle the largest nitrogen-emitting 
sectors. This has inevitably led to backlash from the 
agriculture industry, with protests following the decision 
to push ahead with the legislation. There is therefore 
a sense of urgency in addressing the issue, not only to 
prevent the harmful effects of NOx emissions themselves, 
but also to prevent further restrictions.
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The Netherlands is just one of 28 EU countries attempting 
to cut back on NOx emissions. The National Emission 
reduction Commitments (NEC) Directive calls on EU 
Member States to draw up National Air Pollution Control 
Programmes to monitor and ultimately limit their 
production of sulphur dioxide, nitrogen oxides and 
non-methane volatile organic compounds. The EU aims 
to reduce NOx emissions across all 28 countries by 42%, 
compared to 2005 levels, by 2030.

Responding with innovation
Thankfully, when it comes to heating, there is a solution 
that can lower CO2, CO and NOx emissions at the same 
time: hydrogen. Its currency as a green alternative to fossil 
fuels is rising, but there is an important distinction to make 
between its use in industrial processes and its application 
as an energy carrier in boilers.

The literature surrounding hydrogen combustion can 
often be misleading. This is because the level of NOx 
emissions is largely dependent on the flame temperature 
(above 1200°C) – the higher it is, the more oxygen reacts 
with nitrogen to form NOx – which is very high in basic 
combustion. For example, hydrogen is used in welding 
because a lot of heat is needed, but that means it’s a 
significant NOx-emitting activity.

Yet the combustion process in boilers is different. For those 
with the highest efficiency, a premixed flame is created 
through the mixture of gaseous fuel and air (as oxidizer) 
that occurs before ignition. This allows for a much lower 
flame temperature (below 1000°C) and subsequently much 
lower NOx emissions. 

Current EU legislation is helping to ensure that boilers 
remain low NOx emitters. The European Commission has 
set a maximum NOx output of 56 mg/kWh for gas boilers, 
which falls under the best class (6) of classification and is a 
limit that could be reduced even further in the future. For 
most natural gas boilers using a premixed flame, the current 
output is around half the EU limit. However, with hydrogen 
combustion, NOx emissions can be reduced even further. 
(See above the figure based on Gross Calorific Value. This is 
the energy released during complete combustion, including 
the energy contained in the exhaust gases).

Theoretically, producing nearly zero NOx emissions 
with a hydrogen boiler is achievable, but this would risk 
compromising the boiler’s efficiency (i.e. the ratio between 
what you burn and what you obtain). The challenge, 
therefore, is striking the right balance between competing 
concerns – efficiency, safety, and NOx levels – which has 
led us to the current concentration of 15 mg/kWh. Looking 
ahead to the future, the ideal boiler would be one that can 
maximise efficiency while minimising NOx emissions.
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Beyond the technical benefits, there are positives on the 
commercial side, too. This is because hydrogen can be 
supplied to homes using the existing gas pipeline grid and 
the same pressure of 20 millibars can be retained. It’s also 
possible for gas boilers to adapt to hydrogen, including 
with BDR Thermea Group’s latest generation of hybrid gas-
to-hydrogen boilers that can be easily converted. Although 
the switch from natural gas to hydrogen for mass home 
heating would be a major infrastructural and societal 
change, much of the technology and know-how already 
exists to make the transition. 

We consider the opportunity to replace natural gas with 
hydrogen an incredibly exciting one. After all, the need 
for boilers is not disappearing just yet, even with the 
advancements in insulation and the development of heat 
pumps. Boilers are still best placed to serve the hot water 
demands of domestic households, even though heat 
pumps are rapidly improving. The two technologies will 
both play an important role in the clean energy future. 
In many cases we envisage hydrogen boilers working 
in a hybrid system with heat pumps to form the most 
sustainable domestic-heating system. 

Speaking from experience
For us at BDR Thermea Group, hydrogen boilers aren’t 
a theoretical possibility, but a present reality. When we 
say that hydrogen boilers can reduce NOx emissions to 
15mg/kWh, we are speaking from experience; we have 
already successfully applied our products to pilots and 
demonstrations. Today, these projects are still small-scale, 
but they are paving the way for tomorrow’s large-scale 
energy transition.

We began this journey of real-world applications of 
hydrogen boilers in 2019 in Rozenburg, the Netherlands, 
where we were able to showcase one of the world’s first 
examples of pure hydrogen being used to fuel a high-
efficiency condensing boiler in a residential building. This 
was followed by more successful demonstrations across 
European markets. Soon we’ll mark the next phase in 
our mission to roll out hydrogen boilers on a wider basis 
when we trial the first-ever ‘hydrogen neighbourhoods’.  
We hope that these projects will continue to evolve on an 
ever-increasing scale, eventually putting us in a strong 
position to partner with governments to implement the 
technology en masse. As a case in point, we’re looking 
forward to lending our support to the UK government by 
showing what the boilers of tomorrow might look like as 
it considers the role hydrogen will play in a decarbonised 
energy system.

To return to where we started, the energy transition cannot 
be achieved alone; collective action is crucial. We’re 
confident that hydrogen will become a key energy source. 
This is why we aim to make our products available to 
utilities and grid providers so that they can gain adequate 
experience in working with hydrogen. We’re excited to 
collaborate with more partners and stakeholders to 
cement hydrogen’s place in the energy transition. 

Andrea Manini, Head of Hydrogen and Fuel Cells Program, 
BDR Thermea Group / March 2022
https://www.bdrthermeagroup.com/
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