
The flame inside the fire chamber has been compared for all the different fuels, considering the 
temperature, speed and CO and CO2 emissions. In terms of the temperature, a rotating flow due to 
burner vanes can be seen, which remains in the fire chamber and facilitates the air-fuel blend. 

In terms of blend speed, no significant changes have been noted for the different fuels as the fume 
flow remains practically constant; maximum speeds of around 100 m/s, average speeds of 42-52 
m/s and blend speed inside the hearth between 10 and 20 m/s.

When the CO and CO2 emission profiles are compared, it can be seen that when the H2 content 
increases, the combustion takes longer to be completed, which may be due to the air fuel blend 
being poorer with hydrogen blends and the fact that more combustion air is required than the 21% 
air excess.  The maximum CO values in the 7-ppm flame are negligible values. 
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Figure 28 – Temperatures inside the fire chamber for all the different case studies 

Figure 29 – Blend speed inside the fire chamber for all the different case studies 

Methane 100%

Methane 70%, Hydrogen 30%

Methane 90%, Hydrogen 10%

Hydrogen 100%



1068

1032

0,0%

950

803

0,0%

182

38

1059

1028

-0,4%

926

775

-3,5%

181

38

1034

1005

-2,6%

919

763

-5,0%

178

37

T max. Burner Ceramic ring [ºC]

T avg. Burner Ceramic ring [ºC]

T avg. Burner Ceramic ring

Relative difference to CH₄ [%]

T max.  Ceramic ring  [ºC]

T avg. Ceramic ring [ºC]

T avg. Burner Ceramic ring

Relative difference to CH₄  [%]

T max. Blades [ºC]

T avg. Blades  [ºC]

Flame T max [ºC]

Flame T max.

Relative difference vs CH₄[%]

Fume T average at the furnace end [ºC]

Fume T average.

Relative difference vs CH₄ [%]

1039

1010

-2,1%

920

770

-4,1%

180

37

1174

1010

-2,1%

950

807

0,5%

199

39

Fuel 70% CH₄ + 
30% H₂

80% CH₄ + 
20% H₂

90% CH₄ + 
10% H₂

H₂CH₄

70% CH₄ + 
30% H₂

80% CH₄ + 
20% H₂

90% CH₄ + 
10% H₂

H₂CH₄

Table 9 – Impact of H2 content on burner temperatures

Table 10 – Impact of H2 content on flame and fume temperatures

1732

0,0%

979

0,0%

1739

0,4%

984

0,5%

1776

2,5%

991

1,2%

1818

5,0%

991

1,2%

1910

10,3%

1054

7,7%

Fuel
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The following table sets out the average and maximum temperatures in the most representative 

zones of the boiler, together with the relative differences with respect to pure methane. 



With respect to the insulation, the main conclusions are as follows: 

• The maximum temperatures with H2 are slightly higher than those with pure methane but are 

not significant.  

• In the refractory ceramic disc, the average temperatures are lower when the H2 content is 

increased, as the flame T profile changes, and higher T values are obtained at points further 

from the insulator.  

• In the refractory ceramic ring, the average temperatures are also lower as the H2 content 

increases for the same reason.  

With regards to emissions, the main conclusions are that with an increase in flame temperature: 

• The CO values are negligible in all the cases. 

• The NOx values increase with the H2 content, though with blends up to 30% vol of H2, these 

remain within the permitted ranges (<250 mg/m3).

• The H2O content increases the greater the H2 level.

As already mentioned, it is very important to control the aeration of the burner so that the 

combustion aeration is increased for the different hydrogen blends.  At 10% vol. of H2, air excess 

should increase from 1.21 to 1.25 and to 1.34 at 30% vol of H2. 

A specific analysis has subsequently been conducted to establish the impact of adjusting the 
burner aeration on the main aspects that influence the model (applicable to be both case 
studies). 

Specifically, it was conducted for the case of using the auxiliary steam boiler with a blending of 30% 

and adjusting from air excess from lambda 1.21 to lambda 1.34.  

As can be seen from the conclusions set out below, a very significant improvement and a very 
positive impact is achieved with the aeration adjustments, not only for the emissions, but for all 

the aspects affected by the flame temperature. 
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Blades [ºC]

By increasing the combustion aeration, all maximum boiler temperatures (flame, insulators 
and burner blades) are reduced. Positive impact.

Methane

Blend with 10% H₂

Blend with 20% H₂

Blend with 30% H₂

(lambda=1.21)

Blend with 30% H₂

(lambda=1.34)

Hydrogen

Ceramic ring
[ºC]

Ceramic burner 
disc [ºC]

Fumes at the end of 
the exchanger [ºC]

Fumes at the end 
of the fire 

chamber [ºC]

By increasing the combustion aeration, the average temperatures in the boiler generally 
decrease, except for the ceramic disc, which increases slightly. Positive impact.

979

984

991

991

982

1054

213

1032

1028

1010

1005

1012

1010

38

38

37

37

36

39

803

775

770

763

761

807

Fuel

53

Methane

Blend with 10% H₂

Blend with 20% H₂

Blend with 30% H₂

(lambda=1.21)

Blend with 30% H₂

(lambda=1.34)

Hydrogen

Blades [ºC]Ceramic ring [ºC]
Ceramic burner 

disc [ºC]Flame [ºC]

1732

1739

1776

1818

1789

1910

1068

1059

1039

1034

1040

1174

950

926

920

919

914

950

182

181

180

178

170

199

Fuel

Table 11 – Impact of the increase of aeration on maximum boiler temperatures

Table 12 – Impact of the increase of aeration on average boiler temperatures



Methane

Blend with 10% H₂

Blend with 20% H₂

Blend with 30% H₂

(lambda=1.21)

Blend with 30% H₂

(lambda=1.34)

Hydrogen

Thermal
efficiency [%]

Total [MW]Heat flow of the 
exchanger  [MW]

Heat flow of the fire 
chamber [MW]

By increasing the combustion aeration, the heat transfer in the furnace is reduced, the heat 
transfer in the second and third flue gas of the boiler is increased, thus increasing the thermal 
efficiency of the process. For hydrogen mixtures, the process improves with increased 
aeration. Positive impact.

2,85 (48%)

2,84 (47%)

2,85 (48%)

2,84 (47%)

2,68 (45%)

2,99 (50%)

2,69 (45%)

2,70 (45%)

2,69 (45%)

2,67 (45%)

2,87 (48%)

2,63 (44%)

5,54

5,54

5,54

5,51

5,55

5,62

92%

92%

92%

92%

93%

94%

Fuel

Methane

Blend with 10% H₂

Blend with 20% H₂

Blend with 30% H₂

(lambda=1.21)

Blend with 30% H₂

(lambda=1.34)

Hydrogen

O₂[%]H₂O [%]CO₂ [%]CO [ppm]

By increasing combustion aeration, CO, CO2 (combustion is more complete) and water vapour 
emissions are reduced and NOx emissions are reduced by almost 50%. Positive impact.

1,99e-4

5,20e-4

4,97e-4

5,82e-4

5,50e-8

0

7,92

7,69

7,41

7,10

6,52

0,03

15,86

16,24

16,67

17,24

15,8

29,10

NOx [ppm]

19,39

23,86

37,89

73,38

37,81

321,31

3,53

3,49

3,50

3,46

4,9

3,35

Fuel:
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Table 13 – Impact of the increase of aeration on furnace heat transfer and thermal efficiency

Table 14 – Impact of the increase of aeration on emissions
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Figure 30 – Impact of the increase of aeration on NOx reduction emissions

Burner blade zone temperature comparison (air/gas mixtures)

Fire chamber temperature comparison

NOx emissions comparison in the fire chamber:
Nearly 50% reduction in NOx emissions due to lower flame T and
better combustion reaction.



Conclusions:

• Need to adjust fuel flows to the required power so that the process is not affected.

• To maintain the power output of each burner, the volumetric fuel flow rates have to increase by 

up to 1.08 times greater for the 10% vol. H2 blend, 1.16 times higher for the  20% vol. H2 blend, 

1.27 times greater for the 30% vol. H2 blend, and up to 3.34 times higher for pure H2 with 

respect to the methane volume flow.  

• To maintain steam production, it is necessary to adjust the fuel flow rates and aeration. 

• The burner does not need to be modified up to 30% of H2.  

• With regards to the burner control, the pre-sweep time of the boiler should be increased to 

eliminate possible H2 bubbles. For safety reasons, the maximum flame detection time (3 sec 

with natural gas) should be reduced so that the cut-off is quicker. The flame detector is a UV 

cell, and while its sensitivity to H2 content should be checked, there should be no problem up 

to 10%.

• Thermal efficiency improves when using natural gas and hydrogen blends. 

• In terms of emissions:  

- The CO values are negligible in all the cases. 

- The NOx values increase with the H2 content, though with blends of up to 30% vol. H2, 

they remain within the permitted ranges (<250 mg/m3).

- The H2O content increases with the level of H2.

- In accordance with the conclusions of the specific study, by increasing aeration this 

reduces the flame temperature and ensures a significant reducing in emissions, as well 

as improving the other study parameters  in general. 

• With regards to the possible degradation of the boiler components with hydrogen and natural 

gas blends due to high temperature, the impact would be low.

• If areas of fume condensation occur in the flue, the geometry would have to be modified to 

avoid oxidation problems. 

• As it is indirect heating, there is no impact on the thermal load. 

• In terms of the degradation of components due to the temperature, the impact is low up to 

30% of blending and on increases with negligible aeration.
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The performance of the natural gas distribution network has been assessed with 5% and 10% 
hydrogen blends, in conjunction with TECNALIA. 

All the elements studied have functioned normally and no leaks or deterioration of the 
platform components related to the presence of 5% and 10% hydrogen blend have been 
detected.

The performance of existing equipment at the domestic installation has been assessed for 5% and 
10% hydrogen blends, in conjunction with TECNALIA.

All the components studied worked normally and no leaks or deterioration of the components 
were detected in the presence of 5% and 10% hydrogen blends.

Both the boiler and the cooker worked correctly with these percentages and there were no 
incidents of any type. 

In this first phase in conjunction with IKERLAN, two case studies were conducted for a heat 
treatment furnace and an auxiliary steam boiler with CFD modelling up to 30% of hydrogen blends.

The two case studies show that it is viable to use blends of up to 30% hydrogen in this equipment.  

The case studies have been presented to industrial customers and we will meet them in the 
forthcoming weeks to try to arrange pilot projects to validate the results up to, at least, 20% 
hydrogen.

9.1 NATURAL GAS DISTRIBUTION NETWORK      

9.2 DOMESTIC INSTALLATION

9.3 INDUSTRIAL USE CASES

57

9 CONCLUSIONS 



The H2LOOP is covered from Zone 1 to Zone 11, while the mini-loop is covered in the zones up to 
Zone 11 corresponding to the H2LOOP and to Zones 12 and 13: 

The leak test is conducted every 750 hours of operation and 552 potential leak points, divided into 
497 points in the main LOOP zone and 55 points in the Mini-LOOP, are analysed for the different 
elements of the distribution network: 

ANNEX 1 - LEAK TESTING 
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10 ANNEXES   

Gas meters

Static area

Dynamic area    

PE pipe

GPRS      
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GPRS outlet
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1
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ANNEX 2 - MATERIAL TESTING

The material tests have been divided into campaigns scheduled for the following dates: 

Campaign 1                       07/03/22                                                 13/07/22

Campaign 2                       11/07/22                                                 26/01/23

Campaign 3                       29/11/22                                                31/03/23

Campaign 4                       01/02/23                                                31/05/23

Campaign 5                       14/03/23                                                17/07/23

Campaign 6                       03/04/23                                                 30/11/23

                                                             Start date                                               End date      
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SRD11 polyethylene 

SDR17 polyethylene

Polyethylene      

PTFE (Teflon)

Flexilite

PTFE+C+Graphite

EPDM (ethylene rubber)

NBR (nitrile)

Elastomer

Cardboard

Multilayer

API-5L gr-B

API-5L gr-x45

API-5L gr-x60

API-5L gr-x70

Steel (*)

Bichromate steel (*)

Ductile cast iron (*)

Grey cast iron (*)

1.4408 (AISI 316)

1.4021 (AISI 420)

Stainless steel (*)

Corrugated steel (*)

AISI 316

AISI 410

AISI 304

1.4305 (AISI 303)

Non-ferrous

Aluminium (*)

Zamak (*)

Copper (*)

Bronze (*)

Brass (*)

CW614N or CW617N brass

Nickel coated brass (*)

)

Pipeline

Pipeline

Pipeline

Pipeline

Pipeline

Building valve

Pipeline

Pipeline

Butterfly valve

Butterfly valve

Building valve, pipeline

Pipeline

Ball valve 

Ball valve 

Pipeline end

Connections, butterfly valve

Butterfly valve

Valve

Pipeline

Butterfly valve

Building valve, Peterson intake

Transitions

Pipeline

Pipeline

Pipeline

Pipeline, valve

Ball valve, building valve, Peterson intake

Ball valve 

Ball valve 

Butterfly valve, elastomer, O-RING

Building valve

Transitions, pipeline, Peterson intake

Seals 

Pipeline

Material ALDComponent IRC/IRIAlloy

Carbon steel

Non-ferreous

Non-metal

Cast iron

Aceros inoxidables

Copper alloys

Zinc

Aluminium

* Without alloy specifications

Metal
Iron
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The materials identified in the distribution line (LD), the gas connection (A), the collective reception 
facility (IRC) and in the individual reception facility (IRI) are detailed in the following table: 



• Atmosphere:  100% hydrogen

• Pressure: 16 bar

• Length of the exposure:  1,000 hours.

Chemical characterisation

Analysis of the Hydrogen content

Embrittlement

Bending test

Polymer tensile test

Microhardness

Weld seam microhardness

Microstructure

Thickness measurement

Visual inspection      

Compression set

ASTM E415 

LECO 

Internal procedure

EN ISO 5173

ISO 527-2

EN ISO 6507-1

EN ISO 9015

Internal procedure

Internal procedure

Internal procedure

ISO 815-1

Testing  
Reference

M1 M1x M3x P1 P2 J1 J2 J3M2
Code

Fragilización

Microdureza

Microestructura

Internal procedure

EN ISO 6507-1

Internal procedure

MATERIAL TESTING PLAN

EXPOSURE CONDITIONS:

CAMPAIGN 1
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EN ISO 6507-1

Internal procedure

Ensayo de tracción poliméricos

Inspección visual

Testing  
Reference

P1-1 P3 MEM1 MEM2J1-2
Code

CAMPAIGN 2

Testing  
Reference

M4 M4X M5M2-2
Code

CAMPAIGN 3



RESULTS OF THE CAMPAIGNS

CAMPAIGN 1

ResultImageRef.Component and material

Api 5l Grade B steel pipe

Api 5l Grade B steel pipe with 

welding

Cast iron pipe

Steel bushing with butt weld

PE100 polyethylene pipe

PE80 polyethylene pipe

NBR seals

Cardboard seals

Elastomeric flat seal

Repeat

test

Repeat

test

M1

M1X

M2

M3X

P1

P2

J1

J2

J3

The material did not suffer 

hydrogen embrittlement under the 

exposure conditions.

The microstructural analysis did 

not reveal the presence of defects 

or differences attributable to 

hydrogen exposure.

No difference was seen in the 

microstructure of the samples 

analysed before and after 

exposure. 

It is not possible with the current 

data to reach conclusions on 

whether the material is likely to 

suffer hydrogen embrittlement. 

No differences were seen in the 

microstructure of the sample or in 

the mechanical properties after 

exposure.

No differences were seen in the 

microstructure of the sample.

The visual inspection after the 

exposure showed blistering on the 

surface.

No defects or changes to the seal 

were noted. 

No defects or changes to the seal 

were noted. 
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ResultImageRef.Component and material

ResultImageRef.Component and material

CAMPAIGN 2

PE100 polyethylene pipe 

PE100 polyethylene 

NBR gasket

GPRS membrane

GPRS membrane

Repeat test 
under 
compression 

P1-2

P3

J1-2

MEM1

MEM2

No differences were seen in the 

microstructure of the sample or in 

the mechanical properties after 

exposure.

No differences were seen in the 

microstructure of the sample or in 

the mechanical properties after 

exposure.

After repeating the exposure test, 

the visual inspection showed new 

blistering on the surface. 

Defects were not observed on the 

surface or modifications to the 

mechanical properties of the 

membrane.

Defects were not observed on the 

surface or modifications to the 

mechanical properties of the 

membrane.

CAMPAIGN 3

1 The normal work mode of the gasket is under compression, and for this reason the test has to be repeated under flanged working conditions.
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Api 5l Grade B X42 steel pipe

Api 5l Grade B X42 steel pipe with 

welding

Cast iron pipe

Copper pipe

Repeat

test

M4

M4X

M2-2

M5

The material did not suffer 

hydrogen embrittlement in the 

exposure conditions.

The material did not suffer 

hydrogen embrittlement in the 

exposure conditions.

The material did not suffer 

hydrogen embrittlement in the 

exposure conditions.

The microstructural analysis did not 

reveal the presence of defects or 

differences attributable to 

hydrogen exposure



With respect to the insulation, the main conclusions are as follows: 

• The maximum temperatures with H2 are slightly higher than those with pure methane but are 

not significant.  

• In the refractory ceramic disc, the average temperatures are lower when the H2 content is 

increased, as the flame T profile changes, and higher T values are obtained at points further 

from the insulator.  

• In the refractory ceramic ring, the average temperatures are also lower as the H2 content 

increases for the same reason.  

With regards to emissions, the main conclusions are that with an increase in flame temperature: 

• The CO values are negligible in all the cases. 

• The NOx values increase with the H2 content, though with blends up to 30% vol of H2, these 

remain within the permitted ranges (<250 mg/m3).

• The H2O content increases the greater the H2 level.

As already mentioned, it is very important to control the aeration of the burner so that the 

combustion aeration is increased for the different hydrogen blends.  At 10% vol. of H2, air excess 

should increase from 1.21 to 1.25 and to 1.34 at 30% vol of H2. 

A specific analysis has subsequently been conducted to establish the impact of adjusting the 
burner aeration on the main aspects that influence the model (applicable to be both case 
studies). 

Specifically, it was conducted for the case of using the auxiliary steam boiler with a blending of 30% 

and adjusting from air excess from lambda 1.21 to lambda 1.34.  

As can be seen from the conclusions set out below, a very significant improvement and a very 
positive impact is achieved with the aeration adjustments, not only for the emissions, but for all 

the aspects affected by the flame temperature. 

ANNEX 3 - VALVE TESTING

The valve tests have been conducted on the following three types of valves: butterfly (M), steel ball 
(B) and polyethylene ball (BP) 

BP1 - M4                      4"          2,5 m              

BP2 - BP1,3,4             4"           5 m 

BP3 - M5                     4"           2,5 m

BP4 - M6                     4"           3 m 

B1 - B2                         4"           0.5 m        

B4 - B6                        4"            3.5 m

B5 - B7                        4"            3.5 m

B8 - B10                      4"            1.5 m

Section                       Diam        Distance                     

0.5 m – 2,5 m           30 min    

3 m - 5,5 m               1 h 

Section                       Time

Valves

Time      

BP2 - B3,4

1 h

Test 2

BP3 - M5

30 min

Test 3

BP4 - M6

1 h

Test 4

M2 M3

30 min

Test 5

B1 - B2

30 min

Test 6

B4 - B6

1 h

Test 7

B5 - B7

1 h

Test 8

BP1, M4

30 min

Test 1
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