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Workshop program
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1. Challenges and questions from industry when switching to hydrogen as a fuel

2. Differences between hydrogen and methane combustion

3. Impact hydrogen blending to natural gas for non- premix burners

4. Presentation on burner and control system adaptation

5. Examples hydrogen pilot projects Netherlands

6. Case study: Nedmag Industries Veendam

7. Q&A and discussion
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Part 1: hydrogen blending and 
switching to hydrogen 
combustion
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Challenges when using hydrogen in the ceramic industry (1) 

Questions industry: 

ÅHow do existing burner systems perform when blending hydrogen to 

natural gas? 

ÅCan existing burning systems be flexibly utilized for the full mix of fuel 

compositions: 100% hydrogen, 100% natural gas and all mixtures of 

hydrogen and natural gas in between?

ÅHow can we perform measurements (emission flame visualization, 

flame detection etc.) on pure hydrogen flames?

ÅWhat are the expected changes in the oven atmosphere and 

emissions?

ÅDo the changes in the oven atmosphere impact the refractory lifetime 

and product quality?
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Calculated Physical parameters of natural gas/hydrogen
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CH4 H2

LEL, % 5.3 4.0

UEL, % 15 75.3

Minimum ignition energy 

(stoichiometric mixture)

0.274 0.017

AIT, ̄ C 630 520

Wobbe index, MJ/m3 (25, 0) 53.47 48.35

Net calorific value, MJ/m3n 35.89 10.79

Gross calorific value , 

MJ/m3n

39.89 12.75

Density, kg/m3n 0.72 0.09

Burning velocity, m/s 0.4 3.2

CH4 H2

H2O, mole% 18.3 32.4

N2,mole% 70.1 63.8

CO2, mole 8.5 0

Ar, mole% 0.8 0.8

Other components, % 0.8 1.1

Tadiabaticflame temperature °C 1953 2108

Water dewpoint (at 3% O2 in 

flue gas)

59.2 72.6

Table 1. Physical parameters methane and hydrogen (combustion and safety related)

Table 2. Changes in main components in the combustion gases at l=1

Differences in physical and chemical 

properties affects:

Å Safety 

Å Gas transport/distribution

Å Combustion behaviour (end-use)

Å Product quality (direct heating)
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Natural gas versus hydrogen ïselected features

Hydrogen Natural gas
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Flammable range
Ignites in a much wider mix range

(4%  to 75% of volume)

Narrow flammability mix range

(5.3%  to 15% of volume)

Ignition energy

Ignitable by low energy sources -

phones, and human static electricity 

(0.020mJ)

10 times higher than hydrogen

(0.29mJ)

Dispersion

Disperses much faster than NG. 

Limited potential for ground 

accumulation

Large gas cloud may form. In some 

conditions as heavy gas on the ground 

(LNG)

Flame velocity

3.2 m/s

8 times faster flame velocity than NG

- much higher explosion pressure 

potential

0.4 m/s
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Flue gas composition and adiabatic flame temperature for a stoichiometric fuel/air 
mixture
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H2, 

[vol%]

H2O, [vol%] CO2, [vol%] Temperature

[K]

0 18.3 8.5 2226

0.05 18.5 8.4 2228

0.1 18.7 8.3 2230

0.2 19.2 8.0 2235

0.3 19.8 7.6 2242

0.5 21.4 6.6 2258

0.75 24.8 4.4 2295

0.8 25.8 3.9 2306

1 32.3 0 2381

Å Hydrogen blending results in changes in flue gas composition 

and a reduction in the flue gas flow:

Å 11% decrease in flue gas flow when switching from 

natural gas to hydrogen

Å The change in flue gas composition and flame temperature 

can affect the radiation flux 

Å Hydrogen blending results in higher flame temperature 

which  increases the óthermalô NOx formation via;  
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Which changes in flame radiation can we expect when adding H2
Changes in flame radiation assume same flame geometry ?
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ÁWhen adding hydrogen to natural gas the flame temperature and the combustion 

products will change 

ÁAs a result, the heat radiation flux will change accordingly;

Å The emission coefficient (e) of the flame gases depends upon the partial 

pressures of the gas composition, the absorption path length, and the 

temperature. 

Å The gas composition and temperature is calculated via an equilibrium model and 

is used as input in the Leckner model that calculates the emissivity ‐of the 

flame according to;

Å The (total) emissivity calculations, including pressure and overlap functions are 

derived from empirical relations derived from spectral data

ή ‐ „Ὕ
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Which changes in flame radiation can we expect when adding H2
Changes in flame radiation assume same flame geometry (Leckner approach)
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Calculations show that:

ÁThe flame temperature increases with increasing hydrogen content

ÁThe water fraction increases and CO2 fraction in flue gas decreases with increasing hydrogen content

ÁAs a result the estimated net radiation flux from the flame increases with increasing hydrogen content with about 25%
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Calculated thermal efficiency Based on higher heating value
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Figure: Calculated thermal efficiencies for methane and 

hydrogen using a thermodynamic equilibrium model

ÁTo get insights in the efficiency changes we calculated the thermal efficiency

ὸὬὩὶάὥὰὩὪὪὭὧὭὩὲὧώȟϷ ρππz
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ÁUp to about a flue gas of 56 C̄ no large differences are expected between methane and 

hydrogen; the thermal efficiency of hydrogen is slightly better (up to ~1.5%)

ÁFor flue gas temperatures above 73 C̄ (dew point hydrogen) the efficiency of hydrogen 

is lower than methane; up to about 6% as a result of the higher water content 

(condensation enthalpy) in the flue gases of a hydrogen flame

ÁAdvice: for boiler systems condensation of the flue gases is recommended to maintain 

efficiency (e.g. installation condenser)

ÁNote: these calculations are thermodynamic calculations and heat transfer from H2 might 

be different from NG and, in consequence impact in a different way the thermal efficiency

D6%
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Effects hydrogen addition to methane on the thermal heat input of burners that do 
not use a fuel adaptive control system
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Addition of H2 to DNG results in a 

variation in the thermal load

DP=constant
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Effects hydrogen addition to methane on the burning velocity  
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Å Hydrogen addition results in an increase in the burning 

velocity 

Å Increase in burning velocity can result in:

Å Overheating burner surface

Å Result in flame flash-back

Å Important for partially and premix burner systems 

(domestic and industrial burners)
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Flame zone shift closer to burner surface when switching from NG to H2
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CH4 H2
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Challenges when applying hydrogen for (industrial) burners

ÅAddition of hydrogen may affects burner performance for example;

ÅNOx emission

ÅChanges in heat transfer (convection/radiation)

ÅCan result in overheating & flash-back (premix burners)

ÅImportant: burner performance changes upon hydrogen addition strongly depends upon the type 

of burner installed. 
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Ceramic industry 

e.g. pipe-in-pipe burners 

and high speed burners 

Steel industry 

e.g. high speed burners, 

swirl burners, FLOX 

burners etc.

Glass industry

e.g. pipe-in-pe burners, flat 

flame burners, pencil 

burners, oxy-fuel burners etc

Food/paper etc.

e.g. Forced draught burners

Direct heating: Product quality?
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Practical examples: 

Impact hydrogen blending to 
natural gas for non- premix 
burners
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Example: Development of a Natural Gas/Hydrogen Boiler System for low 
temperature processes (SBIR project)
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Goal: Development of a fuel flexible burner system 

for hydrogen/natural gas mixtures (0-100% H2) 

Experimental set-up contains:

Á475 kW Novum boiler system

ÁZantingh/Unigas LowNOx-forced draft burner 

ÁLamtec Etamatic burner management system

ÁUV sensor as flame guarding system

ÁReal time hydrogen sensor

ÁNatural gas sensor 

ÁFuel adaptive control system

475 kW boiler system                         Forced draft burner

Left: 475 kW burner deck with thermocouples to 

monitor the temperature. Right: flame image burner
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Burner details

ÅBurner type: Unigas LX 60 M PR S NL A 1.DN50.EA 
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Combustion air

Combustion air

Fuel

Fuel

Air annulus

(dia 140-185mm)

G=185mm
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Fuel adaptive burner control system: sustainable gases and high efficiency
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ÅNovel Algorithms and gas analysers

ÅCombustion control algorithms based on fuel gas 

composition and operational conditions of installation

ÅTaken into account external factors (e.g. humidity, 

temperature, etc)

ÅOptimal equipment performance:

ÅFuel adaptive control for a wide range of fuel compositions

ÅSafe and reliable operation within a wide range of gas 

compositions

ÅFuel savings

ÅAcceptable emission levels
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General results of industrial forced draft burner (1) 
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Effects H2 addition 0-100%

Å Stable combustion over the entire 

range observed

Å No large changes in flame 

length and width

Å No overheating burner observed

Å Fuel adaptive control needed to 

keep air factor and burner power 

constant
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General results of industrial forced draft burner (2)

ÅHydrogen addition to NG results in an increase in the NOx emission 

ÅChanging air factor is not an effective NOx mitigating strategy

20

NOx emission should be decreased by applying NOx other mitigating strategies 
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Applying Flue Gas Recirculation (FGR) as NOX mitigating strategy 
(SBIR project)

ÅA part of the flue gases is returned to the combustion air inlet.

ÅThe dilution of combustion air with (inert) flue gases reduces the 

adiabatic flame temperature and consequently reduces the (thermal) 

NOx formation. 

ÅThe preliminary results show that applying flue gas recirculation results 

in a reduction of the NOx emission with more than a factor of 10. 

ÅFrom this we conclude that flue gas recirculation is a very effective 

strategy to reduce the NOx emission for hydrogen flames. 

ÅConclusion: The burner system developed enables the flexible 

introduction of hydrogen as a fuel in the natural gas grid in the energy 

transition period and afterwards, when natural gas is fully replaced by 

hydrogen

21

Flue gas control valve Flue gas recirculation pipe
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Experimental set-up for studying high temperature processes
DNV Groningen (NL)
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Burner & Flame 

scanner
Celsian sensor (O2, CO H2O & T) 500 kW air heater (up to 600 C̄)

Gas blending unit500 kw Furnace + cooling floor

Flue gas analysers

Cooling infrastructure


