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Internal Use

Workshop program

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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Internal Use

Challenges when using hydrogen in the ceramic industry (1)

Questions industry:

AHow do existing burner systems perform when blending hydrogen to
natural gas?

A Can 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?

AHow can we perform measurements (emission flame visualization,
flame detection etc.) on pure hydrogen flames?

AWhat are the expected changes in the oven atmosphere and
emissions?

A Do the changes in the oven atmosphere impact the refractory lifetime
and product quality?
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Calculated Physical parameters of natural gas/hydrogen

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

LEL, % 5.3 4.0
UEL, % 15 75.3
Minimum ignition energy 0.274 0.017
(stoichiometric mixture)

AlT, C 630 520
Wobbe index, MJ/ni (25, 0) 53.47 48.35
Net calorific value, MJ/min 35.89 10.79
Gross calorific value , 39.89 12.75
MJ/m3n

Density, kg/nen 0.72 0.09
Burning velocity, m/s 0.4 3.2

Table 2. Changes in main components in the combustion gdses at

flue gas)

CH, H,
H,O, mole% 18.3 32.4
N,, mole% 70.1 63.8
CQ, 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% Qin 59.2 72.6
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Differences in physical and chemical
properties affects:

A Safety

A Gas transport/distribution

A Combustion behaviour (end-use)
A Product quality (direct heating)
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Internal Use

Natural gas versus hydrogen i selected features

Hydrogen Natural gas

Ignites in a much wider mix range Narrow flammability mix range

FlEmIMEE g (4% to 75% of volume) (5.3% to 15% of volume)

Ignitable by low energy sources -
Ilgnition energy phones, and human static electricity
(0.020mJ)

3.2 m/s
8 times faster flame velocity than NG
- much higher explosion pressure

10 times higher than hydrogen
(0.29mJ)

Flame velocity

potential
Disperses much faster than NG. Large gas cloud may form. In some
Dispersion Limited potential for ground conditions as heavy gas on the ground

accumulation (LNG)
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Internal Use

Flue gas composition and adiabatic flame temperature for a stoichiometric fuel/air
mixture

H,, H,0O, [vol%)] CO,, [vol%)] Temperature 0.3
[vol%] K] H, + 20, => H,0
0.295
0 18.3 8.5 2226 CH, + 20, => CO, + 2H,0
0.05 185 8.4 2228 o
0.1 18.7 8.3 2230 2 0285
0.2 19.2 8.0 2235 c
2 0.28
0.3 19.8 7.6 2242 =
0.5 21.4 6.6 2258 ® 0.275
0.75 24.8 4.4 2295 =
0.27
0.8 25.8 3.9 2306
1 32.3 0 2381 0.265
0.26 g
. . . 0 20 40 60 80 100
A Hydrogen blending results in higher flame temperature Hydrogen in natural gas, mole%
whi ch i ncr eas egormatoaviagt her mal 6 NO
A Hydrogen blending results in changes in flue gas composition
N, +0 < N+NO and a reduction in the flue gas flow:

N+0, < NO+0

N+OH o NO +H A 11% decrease in flue gas flow when switching from

natural gas to hydrogen

A The change in flue gas composition and flame temperature
can affect the radiation flux
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Internal Use

Which changes in flame radiation can we expect when adding H,
Changes in flame radiation assume same flame geometry ?

« il A When adding hydrogen to natural gas the flame temperature and the combustion
- —> products will change

A As a result, the heat radiation flux will change accordingly;

r,] - n "Y

A The emission coefficient (€) of the flame gases depends upon the partial
pressures of the gas composition, the absorption path length, and the
temperature.

A 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;

J

i - - Y-

A The (total) emissivity calculations, including pressure and overlap functions are
derived from empirical relations derived from spectral data
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Internal Use

Which changes in flame radiation can we expect when adding H,
Changes In flame radiation assume same flame geometry (Leckner approach)
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Calculations show that:

A The flame temperature increases with increasing hydrogen content
A The water fraction increases and CO, fraction in flue gas decreases with increasing hydrogen content

A As 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

A To get insights in the efficiency changes we calculated the thermal efficiency

0 QA1 ' AQRUOMQE erno 9 i
PNAT=3 O C YU

A Up to about a flue gas of 56 C no large differences are expected between methane and
hydrogen; the thermal efficiency of hydrogen is slightly better (up to ~1.5%)

A For flue gas temperatures above 73 "C (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

A Advice: for boiler systems condensation of the flue gases is recommended to maintain
efficiency (e.g. installation condenser)

A Note: these calculations are thermodynamic calculations and heat transfer from H, might
be different from NG and, in consequence impact in a different way the thermal efficiency
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Figure: Calculated thermal efficiencies for methane and
hydrogen using a thermodynamic equilibrium model
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Internal Use

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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Internal Use

Effects hydrogen addition to methane on the burning velocity

A Hydrogen addition results in an increase in the burning
velocity

A Increase in burning velocity can result in:
A Overheating burner surface
A Result in flame flash-back

A Important for partially and premix burner systems
(domestic and industrial burners)

Laminar burning velocity, cm/s

H, in Dutch natural gas, mole %
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Internal Use

Flame zone shift closer to burner surface when switching from NG to H,

13

DNV ©

29 MARCH 2023

Jet boundary

DNV



Internal Use

Challenges when applying hydrogen for (industrial) burners

AAddition of hydrogen may affects burner performance for example;
ANO, emission
A Changes in heat transfer (convection/radiation)
ACan result in overheating & flash-back (premix burners)

Almportant: burner performance changes upon hydrogen addition strongly depends upon the type
of burner installed.

Ceramic industry Steel industry Glass industry Food/paper etc
e.g. pipe-in-pipe burners e.g. high speed burners, e.g. pipe-in-pe burners, flat '
and high speed burners swirl burners, FLOX flame burners, pencil e.g. Forced draught burners
burners etc. burners, oxy-fuel burners etc

Direct heating: Product quality?
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Practical examples:

Impact hydrogen blending to
natural gas for non- premix
burners
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Internal Use

Example: Development of a Natural Gas/Hydrogen Boiler System for low
temperature processes (SBIR project)

Goal: Development of a fuel flexible burner system
for hydrogen/natural gas mixtures (0-100% H,)

Experimental set-up contains:

A475 kW Novum boiler system

A Zantingh/Unigas LowNOx-forced draft burner
ALamtec Etamatic burner management system
AUV sensor as flame guarding system

AReal time hydrogen sensor

ANatural gas sensor

LZANMNTINGH

A Fuel adaptive control system

Left: 475 kW burner deck with thermocouples to
monitor the temperature. Right: flame image burner DNV
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Internal Use

Burner details

ABurner type: Unigas LX 60 M PR S NL A 1.DN50.EA Air annulus

Combustion air (dia 140-185mm)

G=185mm LAA

Fig. 33

Combustion air
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Internal Use

Fuel adaptive burner control system: sustainable gases and high efficiency

A Novel Algorithms and gas analysers

A Combustion control algorithms based on fuel gas
composition and operational conditions of installation

A Taken into account external factors (e.g. humidity,
temperature, etc)

A Optimal equipment performance:
A Fuel adaptive control for a wide range of fuel compositions

A Safe and reliable operation within a wide range of gas
compositions

A Fuel savings

A Acceptable emission levels
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Internal Use

General results of industrial forced draft burner (1)
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General results of industrial forced draft burner (2)
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AHydrogen addition to NG results in an increase in the NO, emission
AChanging air factor is not an effective NO, mitigating strategy

NO, emission should be decreased by applying NO, other mitigating strategies
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Internal Use

Applying Flue Gas Recirculation (FGR) as NO, mltlgatlng strategy
(SBIR project)

L
Flue gas recirculation pipe

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

AThe dilution of combustion air with (inert) flue gases reduces the
adiabatic flame temperature and consequently reduces the (thermal)
NO, formation.

AThe preliminary results show that applying flue gas recirculation results
in a reduction of the NO, emission with more than a factor of 10. 250

@® FGR

A From this we conclude that flue gas recirculation is a very effective : === -NOxnatural gas
strategy to reduce the NO, emission for hydrogen flames.

AConclusion: 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 e
hydrogen 0

0 100 200 300 400 500 600

FGR Control valve position
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Internal Use

Experimental set-up for studying high temperature processes
DNV Groningen (NL)

Burner & Flame Celsian sensor (O,, CO H,O & T) Flue gas analysers 500 kW air heater (up to 600 C)
scanner
500 kw Furnace + cooling floor Cooling infrastructure Gas blending unit
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