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Where: Treal are the environmental conditions during the experiment, measured hour by hour.
TN refers to the “nominal condition” temp = 15 °C.
4. Uand M represent ultrasonic and mechanical meters.

5. Different colours were used for the different serial numbers of the meters in order to make the
graphs clearer.

The following figures represent the results obtained for the 90% NG/ 10% H, blend:
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The average volume measured by the four meters was calculated for each line (F1 and F2) and the
deviation of the reading of each meter from the average reading of its corresponding line was
calculated, in order to analyse the measuring accuracy of all of the meters and the differences
between the readings obtained:

Table 10. Results for the average measured volume and deviation of each meter reading for a 90% NG/10%
H. blend.

- 10:30 11:30 13:00 14:00 16:00 17:00

Pressure bar 1,292 1,2558| 1,20001| 1,2833| 1,2486| 1,2833
Temperature °C 10,5 12,6 15,6 17,8 27,6 21,2

Flow meter m*/h 3,07 2,45 2,49 0,85 0,14 0,79

Flow Lab P /h 3,70 2,92 3,00 1,00 0135 0,97

Vb calculated average m? 3,17 2,40 2,33 0,89 0,13 0,66

- . | MIT0032315647535 Vb error 0,53% -0,31% 0,72% 0,99% 0,30% -0,31%
L MIT0032315647538 Vb error -1,11% 0,35% -0,10% -0,37% -1,30% -0,76%
" Vb error 0,58%| 0,35%| 008%| -014%| 1,50%| 0,00%
Vb error 1,16%| -0,40%| -0,70%| -0,48%| -0,50%| 1,07%

Flow meter m3/h 0,12 0,84 2,49 241 3,29 2,36
Flow Lab mP/h 0,12 0,99 2,00 2,95 3,89 2,99
Vb calculated average m? 0,11 0,80 2,29 2,45 3,27 2,07

Vb error 0,47%| -0,28%| -027%| -007%| -0,67%| 0,93%
Vb error .1,41%| 0,85%| 029%| 0025%| 002%| 0,74%
Vb error 0,47%| -0,78%| -005%| -0,11%| 008%| -0,71%
Vb error 0,47%| 0,22%| 003%| -007%| 056%| -0,96%

The evolution of the environmental conditions (temperature and pressure trend) and the test
conditions (pressure difference between the 2 lines) were also analysed and are shown in the figures
below:
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The calculated percentage errors should be analysed as relative errors. Therefore, the actual errors
would be even smaller than the absolute value.

We have made a few assumptions to explain these small discrepancies:

1.

3.

Measurements of volume are temperature sensitive, although the meters are designed and
calibrated to operate over a temperature range of -25°C to +55°C. However, as can be seen,
there is no discernible trend between temperature and error. In addition, meters are able to
support the calculated volume with the temperature range. Therefore, this hypothesis is ruled
out.

Measurements of volume are also highly dependent on atmospheric pressure. However,
changes in pressure during the day were not significant.

The accuracy of the meter varies depending on the flow rate value: at low flow rates (below
Qmin = 0.06 m3/h, meters and all mechanical meters above that tend to lose accuracy).

Due to the shape of the mechanical joint of the 2 F1 and F2 lines (T-shape) and their proximity
to the meters, there was a hypothesis that the difference between the flow rates of the two
lines (F1 and F2) could be creating an interference between them (due to the delta pressure at
the joint).
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«85% NG /15 % H,
The results for the 85% NG and 15% H, blend are shown below.

Table 11. Meter test results for an 85% NG / 15% H. blend.

- 10:30 11:30 | 1300 | 14200 | 1600 | 17:0

Pressure bar 1,08 1,12 1,15 1,18 1,23 1,24

Temperature “C 4,40 7,70 11,30 1430| 21.30| 21,00| 21,30

Flow meter m*/h 0,96 0,97 0,07 ogg| 311 2,61 3,38

Flow Lab m/h 1,00 1,02 017 098| 429 3,02 4,02

| Vb calculated average nv 0,91 1,00 0,13 087 350 2,38 3,26
MITD032315647535 Vb [mP] 0,297| 108| 0127| 0873| 3505| 2,389 3,256
Vb [m3] 091| 0992 0131 0865 348| 2376| 3,256

Vb [m?] 0915 0534 0,138| 0875 35| 2382 3,252

Vb [m] 0915| 03586| 0,141| 0873| 3509 2,385 3,262

Flow meter né/h 0,96 2,76 347 262 345 0,91 0,09

Flow Lab m/h 1,00 3,09 5,98 302| 435 1,03 0,11

Vb calculated average nv 0,94 2,24 3,50 2,70 3,59 0,88 0,12

Vb [m3] 0932| 2207| 3.503 2,72| 35%| 0868 0,112

Vb [m?] 094| 2249| 3503 273| 3608| 05874 0113

Vb [m?] 0934| 2244| 3472| 2629| 3563| 0896 0119

Vb [m] 0,942 | 2,245 3,51 2,71| 3574| 0,887 0,119

. Comparison of meters measurements Vb [m?], F1
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Comparison of meters measurements Vb [m?], F2
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Table 12. Results for the average measured volume and deviation of each meter reading for an 85%

NG/15% H, blend.
11:30 | 13200 | 1400 [ 1600 | 17:00 | 18:00
112 1,35| 118| 1.24] 1,23 1,24
L70) 1130 1430| 2130| 1.00| 21,30
097| o007| oss 341 261 3,38
102 o017 o098| 42| 302 402
100, o013 os87] 3s0] 238 32

-1,15%| s5,03%| 017%| o30%| o08%| o017%
035%| 279%| o040%| 004%| 0,04%| -0,14
0,55%| -2,42%| -0,75%| -053%| -0,29%| -0,02

2,06%| S40%| 017%| 0,19%| 0,25%| -0,02%

2,76 347 2,62 345 0,91 0,09

3,09 3,98 3,02 435 1,03 0,11

| 2,24 3,50 2,70 3,59 0,88 0,12

MIT0032315775811 0,35%| 071%| -253%| o048%| 167%| 281%
MIT0032315775810 0,39%| 037%| o047%| -034%| o065%| 281%

-1,31%| 017%| o0=8%| o022%| -1,50%| -3,24%
0,57% 0,17% 1,21%| 0,61%| -0.82%| -2.38%
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Results with 15% H, indicate that:
1. Temperature does not affect the accuracy of the meters.
2. Atmospheric pressure does not play a role in the deviations of readings between meters.

3. Accuracy at low flow rates: errors are larger for low flow rates (~0.1 m3/h). However, this is
normal and the MID standards (EN 1359 and EN 14236) describe this behaviour by considering
a higher error tolerance at low flow rates, as can be seen in the graphs below.

4. Errors in high flow rates and layout of meter lines: The correlation of the data between the
different % of H, confirms the hypothesis that there is interference between the two lines
when very different flow rates are set on the 2 lines.
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Similar behaviour was seen for the two flow rates, where there was an increase in the relative error
rate at low flow rates.

This is to be expected as they were calculated on a relative basis and, therefore, based on the average
of the calculations of the 4 meters on the same line. In any event, we are within the MID error limits
so it is normal to see some fluctuation.

The errors on all of the meters are shown below and we will tie them in with the difference of the two
currents, as we did before, but correlating the behaviour of all of the meters (F1-F2).
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The meters correctly measured the flow rate with different blends of NG/H,.

Itis also interesting to note that in case of reading differences between meters, measurements for a
particular metrological technology were consistent with each other:

All of the US meters showed the same trend, as did all of the mechanical counters.

Divergences between the two technologies occurred when the very different flows in the 2 lines
affected each other. This was due to the fact that the US meters were much more sensitive to small
variations and much more accurate than mechanical meters when the pressure was not stable. In fact,
this represented the difference in the measuring capabilities of the two technologies, and with the
ultrasonic (US) meter we were able to reveal the interference. The US counters were closer to the
joint, so they received the greatest effect from the interference.

8.3.4.2 NATURAL GAS (NG) COOKER

As aresult of this test, we were able to obtain a visual result of how well the burners of the NG cooker
were working.

100% NG 5% H295% NG 10% H2 90% NG 15% H285% NG 80% NG
¢ 5 .

‘

Figure 57. Burners in operation with different NG / H. blends.

As can be seen in the images, there is no visible change in the shape and colour of the flame in the
equipment.

The project also studied the time it took for 500 ml of water to go from 30°C to 90°C (near boiling)
with different H, blends. The result was that water heated up at the same rate, irrespective of the
level of H,.

Figure 58. Study of the rate at which water heats up at different NG/H. blends.




L
«® Hsarea
°*

Table 6. Dates of the tests carried out with different blends in the H2loop.

100 % NG 30 90 191
10 % H2 30 90 193
20 % H2 30 90 194

Water boiling time (s) (Ffrom 30 to 90 °C)
200

175
150
125
100
7
50
2

100% NG 5% H2 10% H2 15% H2 20% H2

(0]

(6]

o

Figure 59. Time to boil water with different NG/H. blends.

It was concluded that the NG cooker can operate with NG / H, blends with up to 20% vol. of H.,.
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8.3.4.3 NATURAL GAS (NG) BOILER

The table below shows the data obtained in the different boiler performance tests:

Table 14. Results on boiler performance for different NG/H. blends.

Sonda Humos Energfa Util
T2 Amblente %02 _ %C02 Caudal AC (I/min) h'ﬁ Entrada (2C)

100% GN 0,0% 18,4 31 i 4,09 24 9,6 16,2 22,4

woken 06 180 30 au [ a4 o6 P

3 5% H2 5,0% 18,0 30,9 4,39 19 9,4 16,2 32,3 22,4

5 10% H2 10,4% 18,1 31,0 4,71 il5 98] 16,2 22,4

7 15% H2 15,3% 18,2 31,0 5,02 i) 9,1 16,2 32,0 224

9 20% H2 20,2% 18,0 304 5,27 1 9,0 16,2 25

| 10 20%H2  202% 183 303 53 | 11 89 16,2 20 26

Fuel consumption was measured at a pressure of 160 mbar(g) in a G4 type domestic diaphragm
meter.

The composition of the NG used in the tests was sourced from information published by Enagas (GTS):

Date

19-nov-23 11.504 11.504 11.504 11.504  11.504 11.504 11.504

Results were obtained from these measurements for each of the scenarios studied.

I G0 % NG /0%

The First test of the boiler's performance was carried out using 100% NG as fuel. The following
results were obtained from the 2 measurements carried out for this gas composition:

Fuel consumption was as follows:

FUEL CONSUMPTION




[ J
Y Hsarea
L

The useful energy produced in the boiler was as follows:

Data regarding the boiler's combustion gases were as follows:

FLUE GAS PROBE

IS5 % NG/ 5% v,

The second test of the boiler's performance used a blend of 95% NG and 5% H, as fuel. The
following results were obtained from the 2 measurements carried out for this gas composition:

Fuel consumption was as follows:

FUEL CONSUMPTION

The useful energy produced in the boiler was as follows:

USEFUL ENERGY
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Data regarding the boiler's combustion gases were as follows:

FLUE GAS PROBE

ES0% NG/ 10%

The third test of the boiler's performance used a blend of 90% NG and 10% H, as fuel. The
following results were obtained from the 2 measurements carried out for this gas composition:

Fuel consumption was as follows:

FUEL CONSUMPTION

The useful energy produced in the boiler was as follows:

Data regarding the boiler’s combustion gases were as follows:

FLUE GAS PROBE
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BN /15 %

The Fourth test of the boiler's performance used a blend of 85% NG and 15% H, as fuel. The
following results were obtained from the 2 measurements carried out for this gas composition:

Fuel consumption was as follows:

FUEL CONSUMPTION

The useful energy produced in the boiler was as follows:

Data regarding the boiler’s combustion gases were as follows:

FLUE GAS PROBE




[ J
Y Hsarea
L

0% NG/ 20%

The last test of the boiler’s performance used a blend of 80% NG and 20% H as fuel. The following
results were obtained from the 2 measurements carried out for this gas composition:

Fuel consumption was as follows:

FUEL CONSUMPTION

The useful energy produced in the boiler was as follows:

Data regarding the boiler’s combustion gases were as follows:

FLUE GAS PROBE

As far as the fuel consumption of the boiler is concerned, it can be seen that the higher the
percentage of the blend:

* The flow rate of gas consumed increases, with a 10% higher flow rate for 20% H..

* The primary energy demanded by the boiler decreases. With 20% H,, the boiler requires 14% less
energy.
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Nm3/h HHV (kWh/Nm3)
150 1467

1411
1,375

1338
1317

100% NG 5%H2  10%H2 15% H2 20% H2 100%NG 5% H2 10%H2  15% H2 20% H2

Figure 60. Flow rate consumed and primary enerqy demanded by the boiler with different NG/H. blends.

The analysis of the tests carried out indicates that boiler efficiency is reduced by blending H, with NG.
There is a decrease in efficiency for blends above 5% of H,. The decrease in boiler efficiency is 1.8%
for 20% H, in the blend.

Efficiency (%)
100%

90% e v

03..7 b 83,7% 83.0% 82 7% 81.9%
80% -
70%
60%
S0%

100% NG 5% H2 10% H2 15% H2 20% H2

Figure 61. Boiler efficiency with different NG/H. blends.

As far as boiler emissions are concerned:
* The O, content of the flue gas is higher.
* CO, emissions are lower.
» Unburned (CO) production is lower

* NOx emissions are lower.
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02 (%) €02 (%)

100% GN 5% H2 10% H1 15% H1 0% H2 100% GN % H2 10% H2 15% M2 20% Hl

CO (ppm) NOx {ppm)

100% GN 5% H2 10% H2 15% H2 20% H2 100% GN 5% H2 10% H2 15% H2 20% H2

Figure 62. Measurement of O,, CO,, CO and NOx for different NG/H. blends.

8.3.5 TESTING MATERIAL COMPATIBILITY IN
AUTOCLAVES

8.3.5.1 CAMPAIGN 1,2 AND 3

Campaigns 1, 2 and 3 were carried out beforehand and were documented in the following reports:
* E.1.1. Report on the Characterisation of Materials in Autoclaves. Campaign#1
* E.1.2. Report on the Characterisation of Materials in Autoclaves. Campaign#?2
* E.1.3. Report on the Characterisation of Materials in Autoclaves. Campaign#3

The results obtained from campaigns 1, 2 and 3 are summarised below.

All materials have been exposed to an atmosphere of 100% H, at a pressure of 16 bar for 1000 hours.

The tables below show the references of the materials and the type of test carried out:




