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1. GENERAL CONTEXT 

Gas meters and gas volume conversion devices are instruments that have to be placed into use and in 
the market of European union according to Directive 2014/32/EU (MID). Until now these instruments 
are mainly used for the measurement of the consumption of natural gas.   
 
The European Green Deal, however, aims at increased use of hydrogen and biogas in the future. These 
and other renewable gases will be blended into natural gas if circumstances allow in terms of measuring 
accuracy and ensuring safety.  For this reason, the durability of the materials of domestic gas meters 
and conversion devices after exposure to renewable gases, the effects that renewable gas flow has on 
the durability of gas meters were studied, and recommendations for improving current calibration and 
verification formulated and are presented in this report.    

2. DURABILITY OF THE MATERIALS, ELECTRICAL 
INSULATION AND INTERNAL COMPONENTS OF 

DOMESTIC GAS METERS AFTER EXPOSURE TO 

RENEWABLE GASES 

 
At the beginning of this project, it was agreed that these instruments will be provided by cooperating 
market-leading manufacturers in order to study their metrological stability and the long-term properties 
of the internal materials that are in contact with the flowing gas.  Reference untested gas meters were 
supplied so that any degradation of gas meter components during durability tests could be assessed 
using the EDX-SEM technique. 
 

Energy-dispersive X-ray (EDX) analysis is a widely employed technique by materials scientists and used 
together with a scanning electron microscope (SEM), an EDX detector can generate more information 

about a sample than an SEM can alone.  EDX can be used for both qualitative and quantitative analysis, 

enabling users to identify both the type of elements that are present as well as the percentage of each 
element’s concentration within the sample. And as with traditional SEM, the technique requires little to 
no sample preparation and is often non-destructive, meaning that it does not damage the sample. But 
for nonconductive materials the sample must be metallized, which is not a reversible process and in any 
case the sample must be small enough to be placed inside the microscope, which means that any part 
of a meter is cut to fit it. 
 
The EDX-SEM investigations were performed by ISSI in Italy.  
 
Manufacturer 1  
     supplied 1 piece of G4 diaphragm gas meter to ISSI (reference for EDX-SEM) 
     supplied 9 pieces of G4 diaphragm gas meters to CMI for air calibration 
     supplied 1 piece of G4 gas meter to PTB for H2 gas tightness test 
  
Manufacturer 2  
     supplied 1 piece of G4 diaphragm gas meter to ISSI (reference for EDX-SEM) 
     supplied 9 pieces of G4 diaphragm gas meters to CMI for air calibration 
     supplied 1 piece of G4 diaphragm gas meter to ISSI for H2 gas tightness test 
  
Manufacturer 3  
     supplied 1 piece of G4 thermal mass flow meter to ISSI (reference for EDX-SEM) 
     supplied 11 pieces of G4 thermal mass flow meters to CMI for air calibration 
     supplied 1 piece of G4 thermal mass flow meter to ISSI for H2 gas tightness test 
     supplied 1 piece of G4 thermal mass flow meter to PTB for H2 gas tightness test 
 
Manufacturer 4  
     supplied 2 pieces of G4 USM (ultrasonic domestic) gas meters to ISSI (reference for EDX-SEM) 
     supplied 5 pieces of G4 USM (ultrasonic domestic) gas meters to CMI for air calibration 
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3. EFFECTS THAT RENEWABLE GAS FLOW HAS ON 

THE DURABILITY OF GAS METERS AND HOW THIS 

EFFECTS THEIR ACCURACY 

 

3.1. EFFECTS RENEWABLE GASES ON DURABILITY OF GAS METERS 

 
As already mentioned, the aim of the project was to determine whether renewable gases have an impact 
on the metrological properties of gas meters in the long-term period. This project concentrated on 
investigating this effect for domestic gas meters of different principles with a maximum flow rate of Qmax 

= 6 m3/h, which are referred as gas meters of size G4. Different measurement principles for these gas 
meters were selected, i.e. diaphragm gas meters from two different manufacturers, thermal mass gas 
meters from one manufacturer and ultrasonic gas meters from one manufacturer.   
 

The investigation procedure was as follows. All gas meters were tested by air for accuracy in CMI, then 
they were subjected to a long-term load by the appropriate gas (natural gas, hydrogen or biogas) and 
then the gas meters were tested again for accuracy by air in CMI. Before and after the durability test the 

same reference equipment was used. The details are described in the sections below.   

 
Manufacturers noted that the gas meters durability tested with biogas were not designed for biogas 
applications, and that when designing a gas meter for the biogas application, a material compatibility list 
must be defined. 

 
Gas meters were exposed to H2 in static conditions in dedicated test setups. The USM (ultrasonic 
domestic) gas meter type was not tested with H2.  
 
The table mentioned down provides an overview of durability test activities and of which institute 
performed them. 

Activity Institute 

Air calibrations (before and after) CMI 

Natural gas flow exposure CMI 

Static hydrogen exposure ISSI, PTB 

Biogas flow exposure ISSI 

EDX-SEM interior investigation ISSI 

Data analysis and report writing CMI, ISSI, NEL, PTB, VSL 
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The table below provides an overview of durability tests performed, number of gas meters tested, and 
for which duration the test was performed (if not showing an issue during the test). 

Activity 

Durability 
test 
bench at 
institute 

Gas meter type 

Number 
of gas 
meters 
tested 

Months exposed 

Natural gas flow CMI Diaphragm (manufacturer 1) 3 3  

Natural gas flow CMI Diaphragm (manufacturer 2) 3 3 

Natural gas flow CMI Thermal mass flow 2 6 

Natural gas flow CMI USM 2 6 

Static hydrogen PTB Diaphragm (manufacturer 1) 3 3 (1 piece), 12 (2 pieces) 

Static hydrogen ISSI Diaphragm (manufacturer 2) 3 3 (1 piece), 12 (2 pieces) 

Static hydrogen PTB Thermal mass flow 3 6 (1 piece), 12 (2 pieces) 

Static hydrogen ISSI Thermal mass flow 3 6 (1 piece), 12 (2 pieces) 

Biogas flow  ISSI Diaphragm (manufacturer 1) 3 3 (1 piece), 12 (2 pieces) 

Biogas flow  ISSI Diaphragm (manufacturer 2) 3 4 (1 piece), 12 (2 pieces) 

Biogas flow  ISSI Thermal mass flow 3 6 (1 piece), 12 (2 pieces) 

Biogas flow  ISSI USM 3 6 (1 piece), 12 (2 pieces) 

 
 
The picture of the biogas durability test bench in ISSI (Italy) is displayed in Figure 1.  

 
 
 

Figure 1. Picture of the biogas durability test bench in ISSI (Italy) 
 

 
 



 
 
 
 
EMPIR JRP 18NRM06  
NEWGASMET – Deliverable D5   
 
 

 
D5 – Report on the effects of renewable gases on gas meters and materials                              Page  6 of  33 

 

The composition of the biogas during the durability tests in ISSI (Italy) is given in Figure 2.  
 

 
Figure 2. Composition of the biogas used during durability test in ISSI (Italy) 

 
The dew-point of the biogas is not low enough to prevent the condensation, which actually took place 
in the durability test period, during the winter season.   
 

A picture of the hydrogen durability test bench in ISSI (Italy) is displayed in Figure 3.  
 

 
Figure 3. Picture of the hydrogen durability test bench in ISSI (Italy) 
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A picture of the natural durability test bench in CMI (Czech Republic) is displayed in Figure 4.  

 
Figure 4. Picture of the natural gas durability test bench in CMI (Czech Republic) 

 
The composition of the natural gas during the durability tests in CMI (Czech Republic) is given in Figure 
5.  

 

component  content 
(10-2 mol/mol) 

uncertainty U(k=2) of the content  
(10-2 mol/mol) 

methane 96.386 0.031 

ethane 0.979 0.004 

propane  0.708 0.005 

n-butane 0.092 0.002 

i-butane 0.093 0.002 

n-pentane 0.072 0.015 

i-pentane 0.077 0.015 

neo-pentane 0.083 0.005 

n-hexane 0.063 0.005 

carbon dioxide 0.922 0.027 

nitrogen 0.525 0.005 

 
Figure 5. Composition of the natural gas used during durability test in CMI (Czech Republic) 
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A picture of the hydrogen durability test bench in PTB (Germany) is displayed in Figure 6.  

 

   
 

Figure 6. Picture of the hydrogen durability test bench in PTB (Germany) 
 
 
The domestic gas meters are from point of view of Directive 2014//32/EU the gas meters of the accuracy 
class 1.5.  This requirement is applied for these gas meters during a durability test: 
The variation of the measurement result after the durability test when compared with the initial 
measurement result for the flow rates in the range Qt to Qmax - shall not exceed the measurement result 
by more than 2 %. The error of indication after the durability test shall not exceed twice the maximum 
permissible errors (MPE) in this table: 

EVCD 
Manometer 

Gas meter 

Gas meter 

Data logger 

for ambient 

conditions 

Pressure 

regulator 

EVCD 
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The transitional flow rate Qt is usually 0.1 Qmax. The coefficient En, known as normalized error, was also 
evaluated in order to show whether the results before and after a durability test are comparable. This 
coefficient is usually used for inter-comparison. When determining whether a result is satisfactory or 
unsatisfactory, the following rules are used;  

• When the value of |En| ≤ 1 (i.e. between -1 and +1), the result is considered satisfactory.  
• When the value of |En| > 1 (i.e. greater than +1 or less than -1), the result is considered 

unsatisfactory.  
 
To calculate normalized error, this equation was used: 

 
The xlab and Ulab were values after the durability test xref and Uref were values before the durability test.  
The uncertainty of measurement has been determined in accordance with document JCGM 100:2008.  

 
3.1.1. Diaphragm gas meters 
 
At the beginning of the project, it was approved that two manufacturers of domestic diaphragm gas 
meters will provide 18 pieces of diaphragm gas meters for durability tests. Prior and after a durability 
test, calibrations were performed by air close to barometric pressure.  
 
Manufacturer 1  
     supplied 9 pieces of G4 diaphragm gas meters of one type to laboratory CMI for air calibration 
  
Manufacturer 2  
     supplied 9 pieces of G4 diaphragm gas meters of one type to laboratory CMI for air calibration 
 
At first all these 18 pieces of domestic diaphragm gas meters were calibrated by air close to 20 °C. 
Subsequently, 3 of these gas meters from manufacturer 1 and 3 of these gas meters from manufacturer 
2 were placed on a durability test bench where they were operated with natural gas at flow rates between 
0.8 Qmax and Qmax for a period of 3 months. Then they were removed from this bench and recalibrated 
with air at the temperature close to 20 °C.  The results are presented in the Tables directly below.    
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
EMPIR JRP 18NRM06  
NEWGASMET – Deliverable D5   
 
 

 
D5 – Report on the effects of renewable gases on gas meters and materials                              Page  10 of  33 

 

Initial accuracy test with air    accuracy test with air after 3 months 
durability with natural gas 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519405 

Qmax 0,56 0,28 
 

39519405 

Qmax 0,42 0,33 
 

-0,14 -0,32 

0.4Qmax 0,26 0,30 
 

0.4Qmax 0,17 0,31 
 

-0,09 -0,21 

0.1Qmax -0,47 0,38 
 

0.1Qmax -0,50 0,28 
 

-0,03 -0,06 

Qmin -0,56 0,65 
 

Qmin -0,80 0,65 
 

-0,24 -0,26 

 

Initial accuracy test with air    accuracy test with air after 3 months 
durability with natural gas 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519409 

Qmax -0,19 0,30 
 

39519409 

Qmax -0,19 0,28 
 

0,00 0,00 

0.4Qmax -0,39 0,30 
 

0.4Qmax -0,36 0,29 
 

0,03 0,07 

0.1Qmax -0,95 0,28 
 

0.1Qmax -0,93 0,31 
 

0,02 0,05 

Qmin -1,81 1,07 
 

Qmin -2,01 0,72 
 

-0,20 -0,16 

 
 

Initial accuracy test with air    accuracy test with air after 3 months 
durability with natural gas 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519410 

Qmax 0,60 0,34 
 

39519410 

Qmax 0,54 0,3 
 

-0,06 -0,13 

0.4Qmax 0,34 0,32 
 

0.4Qmax 0,23 0,3 
 

-0,11 -0,25 

0.1Qmax -0,67 0,34 
 

0.1Qmax -0,65 0,33 
 

0,02 0,04 

Qmin -1,47 0,65 
 

Qmin -1,82 0,65 
 

-0,35 -0,38 

 

Initial accuracy test with air    accuracy test with air after 3 months 
durability with natural gas 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41860 

Qmax -0,40 0,38 
 

41860 

Qmax -0,67 0,29 
 

-0,27 -0,56 

0.4Qmax -0,08 0,40 
 

0.4Qmax -0,17 0,47 
 

-0,09 -0,15 

0.1Qmax -0,12 0,34 
 

0.1Qmax -0,38 0,39 
 

-0,26 -0,50 

Qmin -0,31 0,93 
 

Qmin 0,07 0,75 
 

0,38 0,32 
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Initial accuracy test with air    accuracy test with air after 3 months 
durability with natural gas 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41863 

Qmax -0,59 0,41 
 

41863 

Qmax -0,90 0,28 
 

-0,31 -0,62 

0.4Qmax -0,14 0,38 
 

0.4Qmax -0,15 0,38 
 

-0,01 -0,02 

0.1Qmax 0,19 0,31 
 

0.1Qmax -0,20 0,39 
 

-0,39 -0,78 

Qmin -0,17 0,85 
 

Qmin -0,12 0,89 
 

0,05 0,04 

Initial accuracy test with air    accuracy test with air after 3 months 
durability with natural gas 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41865 

Qmax -0,62 0,46 
 

41865 

Qmax -1,08 0,30 
 

-0,46 -0,84 

0.4Qmax -0,34 0,39 
 

0.4Qmax -0,73 0,37 
 

-0,39 -0,73 

0.1Qmax -0,61 0,40 
 

0.1Qmax -0,81 0,36 
 

-0,20 -0,37 

Qmin -1,11 0,72 
 

Qmin -0,56 0,89 
 

0,55 0,48 

 
 

Manufacturer 1 

mean error difference between initial 

accuracy test with air and accuracy test 

with air after 3 months durability with 

natural gas 

flow rate % 

Qmax -0,07 

0.4Qmax -0,06 

0.1Qmax 0,00 

Qmin -0,26 

 

Manufacturer 2 

mean error difference between initial 

accuracy test with air and accuracy test 

with air after 3 months durability with 

natural gas 

flow rate % 

Qmax -0,35 

0.4Qmax -0,16 

0.1Qmax -0,28 

Qmin 0,33 

 

Summary of the results of diaphragm gas meters after 3 months durability tests with natural gas:  

For the flow rates in the range of Qt to Qmax, none of the differences in the error after the durability 

test and the error before the durability test exceed 2 %. All tested diaphragm gas meters were 

within tolerance even of initial MPE for gas meters of accuracy class 1.5 before and after they 

were subjected to durability test with natural gas.  

 

From 18 pieces of domestic diaphragm gas meters after their initial calibration with air close to 20 °C the 

6 pieces of these gas masters were placed for static tests in test benches with hydrogen in PTB 

(Germany) or in ISSI (Italy). The gas meters were in these hydrogen test benches for 3 months or for 12 
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months. Then they were removed from these benches and recalibrated with air at the temperature close 

to 20 °C. The results are presented below.  

 

Initial accuracy test with air    accuracy test with air after 3 months 
durability with hydrogen in PTB 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519404 

Qmax 1,07 0,34 
 

39519404 

Qmax 0,41 0,34 
 

-0,66 -1,37 

0.4Qmax 0,38 0,31 
 

0.4Qmax -0,59 0,33 
 

-0,97 -2,14 

0.1Qmax -0,79 0,35 
 

0.1Qmax -1,59 0,33 
 

-0,80 -1,66 

Qmin -1,66 0,91 
 

Qmin -0,91 0,64 
 

0,75 0,67 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with hydrogen in PTB 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519407 

Qmax 0,04 0,30 
 

39519407 

Qmax -0,04 0,31 
 

-0,08 -0,18 

0.4Qmax -0,09 0,34 
 

0.4Qmax -0,44 0,31 
 

-0,35 -0,77 

0.1Qmax -1,10 0,32 
 

0.1Qmax -1,30 0,35 
 

-0,20 -0,41 

Qmin -1,01 0,65 
 

Qmin -1,00 0,74 
 

0,01 0,01 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with hydrogen in PTB 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519408 

Qmax -0,32 0,39 
 

39519408 

Qmax -0,67 0,35 
 

-0,35 -0,68 

0.4Qmax -0,68 0,34 
 

0.4Qmax -0,91 0,31 
 

-0,23 -0,51 

0.1Qmax -1,13 0,36 
 

0.1Qmax -1,54 0,39 
 

-0,41 -0,78 

Qmin -2,29 0,74 
 

Qmin -2,35 0,65 
 

-0,06 -0,06 
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Initial accuracy test with air    accuracy test with air after 3 months 
durability with hydrogen in ISSI 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41868 

Qmax -0,22 0,38 
 

41868 

Qmax -0,24 0,29 
 

-0,02 -0,04 

0.4Qmax 0,07 0,37 
 

0.4Qmax -0,12 0,37 
 

-0,19 -0,37 

0.1Qmax -0,24 0,34 
 

0.1Qmax -0,36 0,28 
 

-0,12 -0,27 

Qmin -0,70 0,73 
 

Qmin -0,39 0,69 
 

0,31 0,31 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with hydrogen in ISSI 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41851 

Qmax 0,11 0,40 
  

41851 

Qmax -0,08 0,35 
  

-0,19 -0,35 

0.4Qmax 0,26 0,40 
  

0.4Qmax 0,10 0,33 
  

-0,16 -0,30 

0.1Qmax 0,20 0,28 
  

0.1Qmax -0,20 0,29 
  

-0,40 -1,00 

Qmin -0,92 0,74 
  

Qmin -0,95 0,65 
  

-0,03 -0,03 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with hydrogen in ISSI 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41861 

Qmax 0,04 0,38 
  

41861 

Qmax -0,70 0,30 
  

-0,74 -1,52 

0.4Qmax 0,43 0,39 
  

0.4Qmax -0,30 0,29 
  

-0,73 -1,50 

0.1Qmax 0,27 0,29 
  

0.1Qmax 0,25 0,33 
  

-0,02 -0,05 

Qmin -0,39 0,71 
  

Qmin -0,11 0,67 
  

0,28 0,29 

  

Manufacturer 1 
mean error difference between initial accuracy test with air and 

accuracy test with air after 3 or 12 months durability with hydrogen 

flow rate % 

Qmax -0,36 

0.4Qmax -0,52 

0.1Qmax -0,47 

Qmin 0,24 

 

Manufacturer 2 mean error difference between initial accuracy test with air and 

accuracy test with air after 3 or 12 months durability with hydrogen 

flow rate % 

Qmax -0,32 

0.4Qmax -0,36 

0.1Qmax -0,18 

Qmin 0,19 
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Summary of the results of diaphragm gas meters after durability tests with hydrogen:  

For the flow rates in the range of Qt to Qmax, none of the differences in the error after the durability 

test and the error before the durability test exceed 2 %. All tested diaphragm gas meters were 

within tolerance of initial MPE for gas meters of accuracy class 1.5 before they were subjected to 

durability testing with hydrogen. All tested diaphragm gas meters were within tolerance of twice 

initial MPE for gas meters of accuracy class 1.5 after they were subjected to durability testing 

with hydrogen.  

From the 18 domestic diaphragm gas meters, after their initial calibration with air close to 20 °C, 6 of 

these gas masters were tested in a test bench with biogas in ISSI (Italy). The gas meters were in a 

biogas flow test bench for 3 months or for 12 months. Then they were removed from this bench and 

recalibrated with air and temperature close to 20 °C. Some gas meters were influenced by some 

impurities and liquid drops from biogas. The results are presented in the Tables directly below.  

 

Initial accuracy test with air    accuracy test with air after 3 months 
durability with biogas in ISSI 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519402* 

Qmax 0,62 0,29 
 

39519402 * 

Qmax -0,64 0,52 
 

-1,26 -2,12 

0.4Qmax 0,15 0,30 
 

0.4Qmax -1,09 0,40 
 

-1,24 -2,48 

0.1Qmax -0,72 0,29 
 

0.1Qmax -2,02 0,29 
 

-1,30 -3,17 

Qmin -2,03 0,88 
 

Qmin -2,08 0,73 
 

-0,05 -0,04 

* The gas meter was full of condensate liquid (60 ml) with many solid particles, mainly of zinc salts.  

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with biogas in ISSI 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519403 

Qmax -0,25 0,28 
  

39519403 

Qmax -0,50 0,31 
  

-0,25 -0,60 

0.4Qmax -0,65 0,30 
  

0.4Qmax -1,57 0,29 
  

-0,92 -2,19 

0.1Qmax -1,71 0,29 
  

0.1Qmax -2,59 0,34 
  

-0,88 -1,97 

Qmin -1,85 0,74 
  

Qmin -3,53 0,92 
  

-1,68 -1,43 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with biogas in ISSI 

 Difference En 

Manufacturer 1 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 1 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

39519406 

Qmax 0,15 0,32 
  

39519406 

Qmax -0,84 0,30 
  

-0,99 -2,25 

0.4Qmax -0,30 0,32 
  

0.4Qmax -0,79 0,28 
  

-0,49 -1,16 

0.1Qmax -0,70 0,28 
  

0.1Qmax -1,67 0,35 
  

-0,97 -2,17 

Qmin -1,54 0,65 
  

Qmin -4,16 0,72 
  

-2,62 -2,70 
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Initial accuracy test with air    accuracy test with air after 3 months 
durability with biogas in ISSI 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41856 

Qmax 0,20 0,43 
 

41856 

Qmax 0,67 0,30 
 

0,47 0,89 

0.4Qmax 0,37 0,37 
 

0.4Qmax 0,87 0,43 
 

0,50 0,89 

0.1Qmax 0,43 0,29 
 

0.1Qmax 0,69 0,33 
 

0,26 0,58 

Qmin -0,34 0,71 
 

Qmin 0,43 0,65 
 

0,77 0,80 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with biogas in ISSI 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41850 

Qmax -0,21 0,41 
  

41850 

Qmax -3,58 0,49 
  

-3,37 -5,30 

0.4Qmax -0,13 0,44 
  

0.4Qmax -3,40 0,50 
  

-3,27 -4,90 

0.1Qmax -0,04 0,29 
  

0.1Qmax -2,68 0,52 
  

-2,64 -4,46 

Qmin -0,81 0,74 
  

Qmin -4,88 0,70 
  

-4,07 -3,99 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with biogas in ISSI 

 Difference En 

Manufacturer 2 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 2 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

41859 

Qmax 0,34 0,36 
  

41859 

Qmax 

It was not possible to 
test. Very high-
pressure loss, 

probably blocked. 

 
- - 

0.4Qmax 0,69 0,36 
  

0.4Qmax  
- - 

0.1Qmax 0,38 0,38 
  

0.1Qmax  
- - 

Qmin -0,45 1,07 
  

Qmin  
- - 

  

Manufacturer 1 
mean error difference between initial accuracy test with air and 

accuracy test with air after 3 or 12 months durability with biogas 

flow rate % 

Qmax -0,83 

0.4Qmax -0,88 

0.1Qmax -1,05 

Qmin -1,45 

 

Manufacturer 2 mean error difference between initial accuracy test with air and 

accuracy test with air after 3 or 12 months durability with biogas 

(only 2 pieces of gas meters)  
flow rate % 

Qmax -1,45 

0.4Qmax -1,38 

0.1Qmax -1,19 

Qmin -1,65 
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Summary of the results of diaphragm gas meters after durability tests with biogas:  

For the flow rates in the range of Qt to Qmax, 2 out of 6 differences in the error after the durability 

test and the error before the durability test exceed 2 %. All the 6 pieces of tested diaphragm gas 

meters were within the tolerance of initial MPE for gas meters of accuracy class 1.5 before they 

were subjected to durability testing with biogas with one exception: s.n. 39519403 (Manufacturer 

1) at 0.1 Qmax when the error was -1,71 %.   The 4 pieces from 6 pieces of tested diaphragm gas 

meters were within tolerance of twice initial MPE for gas meters of accuracy class 1.5 after they 

were subjected to durability testing with biogas.  One piece was out of tolerances and one piece 

was probably blocked and not working after durability test with biogas.   

 

The graphical evaluations are shown in Figure 7 and Figure 8. 

 

 
Figure 7:  Mean error differences in air calibration error curves versus flow rate Q for NG and H2 and 
biogas exposed diaphragm gas meters of manufacturer 1. Calibration total uncertainties are listed in the 
Tables above. 

 

Figure 8:  Mean error differences in air calibration error curves versus flow rate Q for NG and H2 and 
biogas exposed diaphragm gas meters of manufacturer 2. Calibration total uncertainties are listed in the 
Tables above. 
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3.1.2. Thermal mass domestic gas meters 
At the beginning of the project, it was approved that one manufacturer of thermal mass gas meters will 
provide 11 pieces of thermal mass gas meters for accuracy and durability tests.  
 
Manufacturer 3 
          supplied 11 pieces of G4 thermal mass gas  meters to CMI for air calibration 

 

At first all these 11 pieces of domestic thermal mass gas meters were calibrated by air close to 20 °C. 
Subsequently, 2 pieces of these gas meters from manufacturer 3 were placed on a durability test bench 
where they were operated with natural gas at flow rates between 0.8 Qmax and Qmax for a period of 6 
months. Then they were removed from this bench and recalibrated with air at the temperature close to 
20°C.  The results are presented in the Tables directly below.    
 

Initial accuracy test with air    accuracy test with air after 6 months 
durability with natural gas 

 Difference En 

Manufacturer 3 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 3 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

35603929048 

Qmax 0,00 0,37 
 

35603929048 

Qmax -0,21 0,30 
 

-0,21 -0,44 

0.4Qmax 0,16 0,39 
 

0.4Qmax 0,54 0,29 
 

0,38 0,78 

0.1Qmax 0,09 1,06 
 

0.1Qmax 0,07 0,32 
 

-0,02 -0,02 

Qmin -0,95 0,65 
 

Qmin -0,30 0,67 
 

0,65 0,70 

 
 

Initial accuracy test with air    accuracy test with air after 6 months 
durability with natural gas 

 Difference En 

Manufacturer 3 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 3 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

  
35603929057 

  
  

Qmax 0,12 0,36 
 

  
35603929057 

  
  

Qmax -0,12 0,29 
 

-0,24 -0,52 

0.4Qmax 0,36 0,47 
 

0.4Qmax 0,33 0,29 
 

-0,03 -0,05 

0.1Qmax 0,86 1,23 
 

0.1Qmax 1,08 0,44 
 

0,22 0,17 

Qmin 0,79 0,91 
 

Qmin 0,67 0,65 
 

-0,12 -0,11 

 
 

     

Manufacturer 3 
mean error difference between initial accuracy test with air and 

accuracy test with air after 6 months durability with natural gas  

flow rate % 

Qmax -0,23 

0.4Qmax 0,18 

0.1Qmax 0,10 

Qmin 0,27 

 

Summary of the results of thermal mass gas meters after durability tests with natural gas:  

All tested thermal mass gas meters were within tolerance even of initial MPE for gas meters of 

accuracy class 1.5 before and after they were subjected to durability testing with natural gas. The 

variation of the measurement result after the durability test when compared with the initial 

measurement result for the flow rates in the range Qt to Qmax did not exceed the measurement 

result by more than 2 %. 
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From the 11 pieces of domestic thermal mass gas meters, after their initial calibration with air close to 

20 °C, 6 pieces were placed in test benches with static hydrogen in PTB (Germany) or in ISSI (Italy). 

Both in PTB (Germany) and in ISSI (Italy). One gas meter was exposed to static hydrogen (versus flowing 

hydrogen) for 6 months, and the two gas meters for 12 months.  Hence the gas meters were in these 

hydrogen static test benches 6 months or 12 months. Then 5 pieces of these gas masters were removed 

from these benches and recalibrated with air at the temperature close to 20 °C.  The 1 piece from 6 

months durability in ISSI (Italy) was not submitted from ISSI to CMI for re-calibration by air. The results 

are presented in the Tables directly below.  

 

Initial accuracy test with air    accuracy test with air after 6 months 
durability with hydrogen in PTB 

 Difference En 

Manufacturer 3 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 3 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

35603929060 

Qmax -0,79 0,42 
 

35603929060 

Qmax -1,43 0,81 
 

-0,64 -0,70 

0.4Qmax -0,40 0,32 
 

0.4Qmax -0,97 0,94 
 

-0,57 -0,57 

0.1Qmax 0,44 0,87 
 

0.1Qmax -0,71 0,32 
 

-1,15 -1,24 

Qmin -0,25 0,96 
 

Qmin -2,34 0,65 
 

-2,09 -1,80 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with hydrogen in PTB 

 Difference En 

Manufacturer 3 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 3 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

35603929055 

Qmax -0,18 0,77 
 

35603929055 

Qmax -1,85 0,35 
 

-1,67 -1,97 

0.4Qmax 0,03 0,34 
 

0.4Qmax -1,78 0,43 
 

-1,81 -3,30 

0.1Qmax 0,71 1,05 
 

0.1Qmax -0,44 0,44 
 

-1,15 -1,01 

Qmin 0,44 0,94 
 

Qmin -1,30 0,88 
 

-1,74 -1,35 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with hydrogen in PTB 

 Difference En 

Manufacturer 3 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 3 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

35603929049 

Qmax -0,40 0,54 
 

35603929049 

Qmax -1,72 0,35 
 

-1,32 -2,05 

0.4Qmax -0,02 0,30 
 

0.4Qmax -1,64 0,33 
 

-1,62 -3,63 

0.1Qmax 0,66 0,67 
 

0.1Qmax -0,78 0,43 
 

-1,44 -1,81 

Qmin 1,48 0,94 
 

Qmin -0,48 0,66 
 

-1,96 -1,71 
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Initial accuracy test with air    accuracy test with air after 12 months 
durability with hydrogen in ISSI 

 Difference En 

Manufacturer 3 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 3 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

35603929054 

Qmax -0,30 0,32 
  

35603929054 

Qmax -0,10 0,54 
  

0,20 0,32 

0.4Qmax 0,06 0,32 
  

0.4Qmax -0,62 0,53 
  

-0,68 -1,10 

0.1Qmax 0,73 0,48 
  

0.1Qmax -0,39 0,50 
  

-1,12 -1,61 

Qmin 0,79 1,52 
  

Qmin -1,91 0,65 
  

-2,70 -1,63 

 

Initial accuracy test with air    accuracy test with air after 12 months 
durability with hydrogen in ISSI 

 Difference En 

Manufacturer 3 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 3 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

35603929062 

Qmax -0,60 0,41 
  

35603929062 

Qmax -0,75 0,32 
  

-0,15 -0,29 

0.4Qmax -0,17 0,38 
  

0.4Qmax -0,55 0,36 
  

-0,38 -0,73 

0.1Qmax 0,74 0,47 
  

0.1Qmax -0,14 0,46 
  

-0,88 -1,33 

Qmin 0,10 2,95 
  

Qmin -1,04 1,88 
  

-1,14 -0,33 

 
 

Manufacturer 3 
mean error difference between initial accuracy test with air and 

accuracy test with air after 3 or 12 months durability with hydrogen 

flow rate % 

Qmax -0,72 

0.4Qmax -1,01 

0.1Qmax -1,15 

Qmin -1,93 

 
 

Summary of the results of thermal mass gas meters after durability tests with hydrogen:  

For the flow rates in the range of Qt to Qmax, none of the differences in the error after the durability 

test and the error before the durability test exceed 2 %. A wider spread is observed with respect 

to diaphragm gas meter error shifts1. All tested thermal mass gas meters were within tolerance 

of the initial MPE for gas meters of accuracy class 1.5 before they were subjected to durability 

testing with hydrogen. All tested thermal mass gas meters were within tolerance of twice initial 

MPE for gas meters of accuracy class 1.5 after they were subjected to durability testing with 

hydrogen. 

 
From 11 pieces of thermal mass gas meters, after their initial calibration with air close to 20 °C, 3 pieces 
of these gas masters were placed for a test in a test bench with biogas in ISSI (Italy). Unfortunately, 
these 3 pieces of thermal mass gas meters were damaged by the bench with biogas in ISSI (Italy). That 
is why it was not possible to calibrate 2 gas meters again by air after their exposure to biogas. The third 
one was recalibrated after 6 months of biogas exposure after which it had a shift in error larger than 2 
%. 

 
1The tested thermal meters were produced in 2019. At the time of writing, MID approved thermal mass flow gas 

meters specifically designed for hydrogen admixtures and pure hydrogen are commercially available. The 

manufacturer noted that improvements in terms of material compatibility/stability were applied for hydrogen 

exposure with respect to the tested meters produced in 2019. 
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The issues experienced by thermal mass gas meters with biogas are mentioned in this Table: 

Gas meter 
type 

Biogas flow 
duration 

Description of issue 

Thermal mass 
flow  

12 months  Display out of operation during attempt of recalibration. Similar 
issue was solved earlier by drying the thermal mass flow gas meter 
with air.  

Thermal mass 
flow  

11 months  Malfunction. Similar issue was solved earlier by drying the thermal 
mass flow gas meter with air.  

 
The graphical evaluation is shown in Figure 9. Biogas results are not shown because 2 out of 3 tested 
gas meters could not be recalibrated; the third had a shift in error larger than 2 %. 

 
Figure 9: Mean error differences in air calibration error curves versus flow rate Q for NG and H2 exposed 
thermal mass gas meters of manufacturer 3. Calibration total uncertainties are listed in the Tables above. 

3.1.3. Ultrasonic domestic (USM) gas meters  
At the beginning of the project, it was approved that one manufacturer of ultrasonic domestic gas meters 
will provide 5 pieces of ultrasonic domestic gas meters for accuracy and durability tests.  
 
Manufacturer 4  
     supplied 5 G4 ultrasonic domestic gas meters to CMI for air calibration 
 
At first all these 5 ultrasonic domestic gas meters were calibrated by air close to 20 °C. Subsequently, 
2 of these gas meters were placed on a durability test bench where they were operated with natural gas 
at flow rates between 0.8 Qmax and Qmax for a period of 3 months. Then they were removed from this 
bench and recalibrated with air at the temperature close to 20 °C.  The results are presented below.    
 

Initial accuracy test with air    accuracy test with air after 6 months 
durability with natural gas 

 Difference En 

Manufacturer 4 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 4 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

19990526 

Qmax 0,19 0,31 
 

19990526 

Qmax 0,16 0,32 
 

-0,03 -0,07 

0,4Qmax -0,32 0,31 
 

0.4Qmax -0,04 0,35 
 

0,28 0,60 

0,1Qmax -0,37 0,32 
 

0.1Qmax -0,28 0,30 
 

0,09 0,21 

Qmin -0,58 1,17 
 

Qmin -0,52 1,17 
 

0,06 0,04 
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Initial accuracy test with air    accuracy test with air after 6 months 
durability with natural gas 

 Difference En 

Manufacturer 4 
s.n. 

flow 
rate  

mean 
error 

Uncertainty  
 Manufacturer 4 

s.n. 
flow rate  

mean 
error 

Uncertainty  
 

   

U(k=2) 
 

U(k=2) 
 

   

    % % 
 

    % % 
 

%  

19990527 

Qmax -0,29 0,30 
 

19990527 

Qmax 0,06 0,35 
 

0,35 0,76 

0,4Qmax 0,02 0,32 
 

0.4Qmax -0,36 0,38 
 

-0,38 -0,76 

0,1Qmax 0,27 0,36 
 

0.1Qmax 0,12 0,35 
 

-0,15 -0,30 

Qmin 0,07 1,17 
 

Qmin 1,24 1,17 
 

1,17 0,71 

   

Manufacturer 4 
mean error difference between initial accuracy test with air and 

accuracy test with air after 6 months durability with natural gas  

flow rate % 

Qmax 0,16 

0.4Qmax -0,05 

0.1Qmax -0,03 

Qmin 0,62 

 
 

Summary of the results of ultrasonic gas meters after durability tests with natural gas:  

All tested ultrasonic gas meters were within tolerance even of initial MPE for gas meters of 

accuracy class 1.5 before and after they were subjected to durability testing with natural gas. The 

variation of the measurement result after the durability test when compared with the initial 

measurement result for the flow rates in the range Qt to Qmax did not exceed the measurement 

result by more than 2 %. 
 
From the 5 pieces of domestic ultrasonic gas meters after their initial calibration with air close to 20 °C 3 
pieces were placed in a test bench with biogas at ISSI (Italy). Unfortunately, these 3 pieces of domestic 
ultrasonic gas meters were damaged by the biogas. That is why these 3 gas meters were not calibrated 
again by air after their exposure to biogas.  
 
The issues experienced by USM gas meters with biogas are mentioned in this Table: 

Gas meter 
type 

Biogas flow 
duration 

Description of issue 

USM gas 
meter 

2 months No flow detected, removed from durability test setup after 2 months. 
USM has intended for use with hydrogen and natural gas. The USM 
was investigated by the manufacturer – removal of corrosion in 
power supply solved the issue. 

USM gas 
meter 

2 months No flow detected, retained in installation after inspection to 
complete 12 months duration. USM has intended for use with 
hydrogen and natural gas. The USM was investigated by the 
manufacturer – removal of corrosion in power supply solved the 
issue. 

USM gas 
meter 

2 months LCD display down, removed from durability test setup after 2 
months. USM has intended for use with hydrogen and natural gas. 
The USM was investigated by the manufacturer – removal of 
corrosion in power supply solved the issue. 

 
 
No domestic ultrasonic gas meter was subjected to hydrogen during this project, and so no accuracy 
test results are available.   

The summary graphical evaluation is shown in Figure 10. Biogas results are not shown because they 

could not be recalibrated. 
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Figure 10:  Mean error differences in air calibration error curves versus flow rate Q for NG  exposed 
domestic ultrasonic  gas meters of manufacturer 4. Calibration total uncertainties are listed in the Tables 
above. 

3.2. EFFECTS RENEWABLE GASES ON DURABILITY OF GAS VOLUME CONVERSION 

DEVICES 

 
At the beginning of the project, it was approved that three manufacturers of gas volume conversion 
devices will provide 7 pieces of gas volume conversion devices for accuracy and durability tests.  
 
 
Manufacturer 1 supplied 2 pieces of gas volume conversion devices with pressure range (0.8-5.0) bar. 
Manufacturer 2 supplied 3 pieces of gas volume conversion devices, 2 pieces with the pressure range 
(1.5-6.0) bar and one piece with pressure range (0.7-2.0) bar. 
Manufacturer 5 supplied 2 pieces of gas volume conversion devices, 1 piece with the pressure range 
(0.8-20.0) bar and one piece with pressure range (0.8-5.2) bar. 
 
A conversion device usually consists of a pressure sensor, a temperature sensor and a calculator. A 
temperature sensor is in the place of installation placed into thermo-well in the pipe in which the natural 
gas is flowing. This thermo-well used to be filled with oil.  It means that a temperature sensor does not 
come into direct contact with the flowing gas at all.  The situation is different with the pressure sensor. 
Its diaphragm is directly affected by the pressure of the flowing gas and therefore the diaphragm comes 
into direct contact with the flowing gas.  Hence, it was necessary to test the effect of long-term exposure 
to hydrogen on the metrological properties of the pressure sensors which are used in the gas volume 
conversion devices.  
 
In the harmonised standard EN 12405-1 there is table of maximum permissible error (MPE) for pressure 
sensors.  
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It is 0.20 % from the measured valued under reference conditions and 0.50 % form measured value at 
rated operating conditions. During this project all the accuracy tests were performed under reference 
conditions.  
 
At first all these 7 pieces of pressure sensors installed in gas volume conversion devices were calibrated 
with nitrogen in laboratory of CMI. Subsequently, all of these of pressure sensors installed in gas volume 
conversion devices were placed on durability test benches where they were loaded with hydrogen for 
12 months. The two a durability test benches with hydrogen were used during this project, one was 
placed in PTB (Germany) and another one in ISSI (Italy).  Then they were removed from this bench and 
recalibrated with nitrogen at the temperature close to 20 °C.  The results are presented below.    
 
Sample no.1 with pressure range (0.8-5.0) bar 

Manufacturer 1, serial number of EVCD: 4524652,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 1, serial number of EVCD: 4524652,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB  
 

Error difference 
of meter under 

test during 
increase of 
pressure 

 
 
 

En 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,7998 -0,03 0,10  0,8000 0,7985 -0,19 0,10  -0,0013 -0,16 -1,15 

1,8500 1,8499 -0,01 0,06  1,8500 1,8486 -0,08 0,06  -0,0013 -0,07 -0,83 

2,9000 2,8994 -0,02 0,06  2,9000 2,8980 -0,07 0,06  -0,0014 -0,05 -0,57 

3,9500 3,9498 -0,01 0,05  3,9500 3,9475 -0,06 0,05  -0,0023 -0,05 -0,82 

5,0000 5,0025 0,05 0,05  5,0000 5,0001 0,00 0,05  -0,0024 -0,05 -0,68 

 
 

Manufacturer 1, serial number of EVCD: 4524652,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 1, serial number of EVCD: 4524652,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB  
 

Error difference 
of meter under 

test during 
decrease of 

pressure 

 
En Pressure 

indicated 
by 

standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,7996 -0,05 0,10  0,8000 0,7983 -0,21 0,10  -0,0013 -0,16 -1,15 

1,8500 1,8497 -0,02 0,06  1,8500 1,8484 -0,09 0,06  -0,0013 -0,07 -0,83 

2,9000 2,8987 -0,04 0,06  2,9000 2,8974 -0,09 0,06  -0,0013 -0,05 -0,53 

3,9500 3,9491 -0,02 0,05  3,9500 3,9474 -0,07 0,05  -0,0017 -0,05 -0,61 

5,0000 5,0024 0,05 0,05  5,0000 5,0002 0,00 0,05  -0,0022 -0,05 -0,62 
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Sample no.2 with pressure range (0.8-5.0) bar 

Manufacturer 1, serial number of EVCD: 4524958,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 1, serial number of EVCD: 4524958,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB  
 

Error difference 
of meter under 

test during 
increase of 
pressure 

 
 
 

En 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,7998 -0,03 0,10  0,8000 0,7990 -0,12 0,10  -0,0008 -0,09 -0,71 

1,8500 1,8499 -0,01 0,06  1,8500 1,8481 -0,10 0,06  -0,0018 -0,09 -1,15 

2,9000 2,8994 -0,02 0,06  2,9000 2,8969 -0,11 0,06  -0,0025 -0,09 -1,02 

3,9500 3,9498 -0,01 0,05  3,9500 3,9474 -0,07 0,05  -0,0024 -0,06 -0,86 

5,0000 5,0025 0,05 0,05  5,0000 5,0009 0,02 0,05  -0,0016 -0,03 -0,45 

 

Manufacturer 1, serial number of EVCD: 4524958,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 1, serial number of EVCD: 4524958,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB  
 

Error difference 
of meter under 

test during 
decrease of 

pressure 

 
En Pressure 

indicated 
by 

standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,7996 -0,05 0,10  0,8000 0,7990 -0,12 0,10  -0,0006 -0,07 -0,53 

1,8500 1,8497 -0,02 0,06  1,8500 1,8481 -0,10 0,06  -0,0016 -0,08 -1,02 

2,9000 2,8987 -0,04 0,06  2,9000 2,8972 -0,10 0,06  -0,0015 -0,06 -0,61 

3,9500 3,9491 -0,02 0,05  3,9500 3,9472 -0,07 0,05  -0,0019 -0,05 -0,68 

5,0000 5,0024 0,05 0,05  5,0000 5,0009 0,02 0,05  -0,0015 -0,03 -0,42 

 

    Manufacturer 1 
mean error difference between initial accuracy test with and 

accuracy test after 12 months durability with hydrogen  

pressure value  % 

Pmin = P1 -0,12 

P2 -0,08 

P3 -0,06 

P4 -0,05 

Pmax =P5 -0,04 

 
Sample no.3 with pressure range (1.5-6.0) bar 

Manufacturer 2, serial number of EVCD: 3404114315,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 2, serial number of EVCD:3404114315,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in ISSI 
 

Error difference 
of meter under 

test during 
increase of 
pressure 

 
 
 

En 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(mbar) (mbar) (%) (%)  (mbar) (mbar) (%) (%)  (mbar) %  

1501,5 1500,1 -0,09 0,09  1500,0 1502,7 0,18 0,09  4,1000 0,27 2,15 

2625,0 2624,0 -0,04 0,07  2625,0 2627,3 0,09 0,07  3,3000 0,13 1,27 

3750,0 3748,1 -0,05 0,07  3750,0 3752,1 0,06 0,07  4,0000 0,11 1,08 

4875,0 4872,2 -0,06 0,06  4875,0 4876,2 0,02 0,06  4,0000 0,08 0,97 

6000,0 5997,1 -0,05 0,06  5999,0 5999,6 0,01 0,06  3,5000 0,06 0,69 

 

Manufacturer 2, serial number of EVCD: 3404114315,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 2, serial number of EVCD:3404114315,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in ISSI 
 

Error difference 
of meter under 

test during 
decrease of 

pressure 

 
En Pressure 

indicated 
by 

standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(mbar) (mbar) (%) (%)  (mbar) (mbar) (%) (%)  (mbar) %  

1501,5 1500,3 -0,08 0,09  1500,0 1502,6 0,17 0,09  3,8000 0,25 1,99 

2625,0 2624,1 -0,03 0,07  2625,0 2627,2 0,08 0,07  3,1000 0,11 1,19 

3750,0 3748,3 -0,05 0,07  3750,0 3752,1 0,06 0,07  3,8000 0,11 1,02 

4875,0 4872,5 -0,05 0,06  4875,0 4876,3 0,03 0,06  3,8000 0,08 0,92 

6000,0 5997,2 -0,05 0,06  5999,0 5999,6 0,01 0,06  3,4000 0,06 0,67 
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Sample no.4 with pressure range (0.7-2.0) bar 

Manufacturer 2, serial number of EVCD: 3404114314,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 2, serial number of EVCD:3404114314,  
accuracy test after 12 months durability with hydrogen 

under the pressure 2 bar in PTB 
 

Error difference 
of meter under 

test during 
increase of 
pressure 

 
 
 

En 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(mbar) (mbar) (%) (%)  (mbar) (mbar) (%) (%)  (mbar) %  

700,0 701,2 0,17 0,14  700,0 702,0 0,29 0,14  0,8000 0,12 0,58 

1025,0 1026,1 0,11 0,12  1025,0 1026,8 0,18 0,12  0,7000 0,07 0,40 

1350,0 1350,9 0,07 0,10  1350,0 1351,8 0,13 0,10  0,9000 0,06 0,47 

1675,0 1675,8 0,05 0,09  1675,0 1676,6 0,10 0,09  0,8000 0,05 0,38 

1999,0 1999,6 0,03 0,08  1998,0 1999,7 0,09 0,08  1,1000 0,06 0,49 

 

Manufacturer 2, serial number of EVCD: 3404114314,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 2, serial number of EVCD:3404114314,  
accuracy test after 12 months durability with hydrogen 

under the pressure 2 bar in PTB 
 

Error difference 
of meter under 

test during 
decrease of 

pressure 

 
En Pressure 

indicated 
by 

standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(mbar) (mbar) (%) (%)  (mbar) (mbar) (%) (%)  (mbar) %  

700,0 700,9 0,13 0,14  700,0 702,0 0,29 0,14  1,1000 0,16 0,79 

1025,0 1025,8 0,08 0,12  1025,0 1026,9 0,19 0,12  1,1000 0,11 0,63 

1350,0 1350,8 0,06 0,10  1350,0 1351,9 0,14 0,10  1,1000 0,08 0,58 

1675,0 1675,9 0,05 0,09  1675,0 1676,7 0,10 0,09  0,8000 0,05 0,38 

1999,0 1999,6 0,03 0,08  1998,0 1999,7 0,09 0,08  1,1000 0,06 0,49 

Sample no.5 with pressure range (1.5-6.0) bar 

Manufacturer 2, serial number of EVCD: 3404169047,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 2, serial number of EVCD:3404169047,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB 
 

Error difference 
of meter under 

test during 
increase of 
pressure 

 
 
 

En 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(mbar) (mbar) (%) (%)  (mbar) (mbar) (%) (%)  (mbar) %  

1503,0 1500,6 -0,16 0,09  1502,0 1500,5 -0,10 0,09  0,9 0,06 0,47 

2625,0 2622,0 -0,11 0,07  2625,0 2623,4 -0,06 0,07  1,4 0,05 0,54 

3750,0 3746,9 -0,08 0,07  3750,0 3748,1 -0,05 0,07  1,2 0,03 0,32 

4875,0 4870,8 -0,09 0,06  4875,0 4873,3 -0,03 0,06  2,5 0,06 0,60 

6000,0 5995,3 -0,08 0,06  6000,0 5998,8 -0,02 0,06  3,5 0,06 0,69 

 

Manufacturer 2, serial number of EVCD: 3404169047,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 2, serial number of EVCD:3404169047,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB 
 

Error difference 
of meter under 

test during 
decrease of 

pressure 

 
En Pressure 

indicated 
by 

standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(mbar) (mbar) (%) (%)  (mbar) (mbar) (%) (%)  (mbar) %  

1503,0 1500,8 -0,15 0,09  1502,0 1501,3 -0,05 0,09  1,5 0,10 0,78 

2625,0 2622,8 -0,08 0,07  2625,0 2624,2 -0,03 0,07  1,4 0,05 0,54 

3750,0 3747,0 -0,08 0,07  3750,0 3749,2 -0,02 0,07  2,2 0,06 0,59 

4875,0 4871,9 -0,06 0,06  4875,0 4873,9 -0,02 0,06  2,0 0,04 0,48 

6000,0 5996,7 -0,06 0,06  6000,0 5999,4 -0,01 0,06  2,7 0,05 0,53 

 

Manufacturer 2 
 mean error difference between initial accuracy test with and 

accuracy test after 12 months durability with hydrogen  

pressure value  % 

Pmin = P1 0,16 

P2 0,09 

P3 0,08 

P4 0,06 

Pmax =P5 0,06 
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Sample no.6 with pressure range (0.8-5.2) bar 

Manufacturer 5, serial number of EVCD: 19440120,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 5, serial number of EVCD: 19440120,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in ISSI 
 

Error difference 
of meter under 

test during 
increase of 
pressure 

 
 
 

En 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,800 0,00 0,18  0,8000 0,800 0,00 0,18  0,0000 0,00 0,00 

1,9000 1,899 -0,05 0,08  1,9000 1,899 -0,05 0,08  0,0000 0,00 0,00 

3,0000 2,999 -0,03 0,07  3,0000 3,000 0,00 0,07  0,0010 0,03 0,34 

4,1000 4,100 0,00 0,06  4,1000 4,100 0,00 0,06  0,0000 0,00 0,00 

5,2000 5,200 0,00 0,06  5,2000 5,200 0,00 0,06  0,0000 0,00 0,00 

 

Manufacturer 5, serial number of EVCD: 19440120,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 5, serial number of EVCD: 19440120,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in ISSI 
 

Error difference 
of meter under 

test during 
decrease of 

pressure 

 
En Pressure 

indicated 
by 

standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,800 0,00 0,18  0,8000 0,800 0,00 0,18  0,0000 0,00 0,00 

1,9000 1,899 -0,05 0,08  1,9000 1,900 0,00 0,08  0,0010 0,05 0,47 

3,0000 2,999 -0,03 0,07  3,0000 3,000 0,00 0,07  0,0010 0,03 0,34 

4,1000 4,100 0,00 0,06  4,1000 4,100 0,00 0,06  0,0000 0,00 0,00 

5,2000 5,200 0,00 0,06  5,2000 5,200 0,00 0,06  0,0000 0,00 0,00 

 
Sample no.7 with pressure range (0.8-20) bar 

Manufacturer 5, serial number of EVCD: 19311081,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 5, serial number of EVCD: 19311081,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB 
 

Error difference 

of meter under 
test during 
increase of 
pressure 

 
 
 

En 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,798 -0,25 0,18  0,8000 0,799 -0,12 0,18  0,0010 0,13 0,49 

5,6000 5,598 -0,04 0,06  5,6000 5,598 -0,04 0,06  0,0000 0,00 0,00 

10,4000 10,398 -0,02 0,05  10,4000 10,398 -0,02 0,05  0,0000 0,00 0,00 

15,2000 15,198 -0,01 0,05  15,2000 15,198 -0,01 0,05  0,0000 0,00 0,00 

20,000 19,998 -0,01 0,05  20,000 19,998 -0,01 0,05  0,0000 0,00 0,00 

 
 

Manufacturer 5, serial number of EVCD: 19311081,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 5, serial number of EVCD: 19311081,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB 
 

Error difference 
of meter under 

test during 
decrease of 

pressure 

 
En Pressure 

indicated 
by 

standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,798 -0,25 0,18  0,8000 0,7990 -0,12 0,18  0,0010 0,13 0,49 

5,6000 5,598 -0,04 0,06  5,6000 5,5980 -0,04 0,06  0,0000 0,00 0,00 

10,4000 10,398 -0,02 0,05  10,4000 10,3980 -0,02 0,05  0,0000 0,00 0,00 

15,2000 15,198 -0,01 0,05  15,2000 15,1980 -0,01 0,05  0,0000 0,00 0,00 

20,000 19,998 -0,01 0,05  20,0000 19,9980 -0,01 0,05  0,0000 0,00 0,00 
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Manufacturer 5, serial number of EVCD: 19311081,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 5, serial number of EVCD: 19311081,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB 
 

Error difference 
of meter under 

test during 
increase of 
pressure 

 
 
 

En 
Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
increase of 
pressure 

error of 
meter under 
test during 
increase of 
pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,799 -0,12 0,18  0,8000 0,799 -0,12 0,18  0,0000 0,00 0,00 

1,9000 1,899 -0,05 0,08  1,9000 1,899 -0,05 0,08  0,0000 0,00 0,00 

3,0000 2,999 -0,03 0,07  3,0000 2,999 -0,03 0,07  0,0000 0,00 0,00 

4,1000 4,099 -0,02 0,06  4,1000 4,098 -0,05 0,06  -0,0010 -0,03 -0,29 

5,2000 5,199 -0,02 0,06  5,2000 5,198 -0,04 0,06  -0,0010 -0,02 -0,23 

 

Manufacturer 5, serial number of EVCD: 19311081,  
accuracy test of a pressure sensor before loading with 

hydrogen  
 

Manufacturer 5, serial number of EVCD: 19311081,  
accuracy test after 12 months durability with hydrogen 

under the pressure 5.5 bar in PTB 
 

Error difference 

of meter under 
test during 
decrease of 

pressure 

 
En Pressure 

indicated 
by 

standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

Pressure 
indicated 

by 
standard 

Indicated value 
of meter under 

test during 
decrease of 

pressure 

error of 
meter under 
test during 
decrease of 

pressure 

Expanded 
uncertainty of 
measurement 

U(k=2) 

 

(bar) (bar) (%) (%)  (bar) (bar) (%) (%)  (bar) %  

0,8000 0,799 -0,12 0,18  0,8000 0,799 -0,12 0,18  0,0000 0,00 0,00 

1,9000 1,899 -0,05 0,08  1,9000 1,899 -0,05 0,08  0,0000 0,00 0,00 

3,0000 2,999 -0,03 0,07  3,0000 2,999 -0,03 0,07  0,0000 0,00 0,00 

4,1000 4,099 -0,02 0,06  4,1000 4,098 -0,05 0,06  -0,0010 -0,03 -0,29 

5,2000 5,199 -0,02 0,06  5,2000 5,198 -0,04 0,06  -0,0010 -0,02 -0,23 

 

Manufacturer 5 
mean error difference between initial accuracy test with and 

accuracy test after 12 months durability with hydrogen  

pressure value  % 

Pmin = P1 0,07 

P2 0,01 

P3 0,02 

P4 0,00 

Pmax =P5 0,00 

 
Summary of the results of the durability test of pressure sensors of EVCD with hydrogen: 
The highest shift of the error was found at the minimum pressure. For one piece of EVCD it was 
0.27 % that is above 0.20 % from the measured value what is MPE for the pressure sensors. But 
it is necessary point out that the uncertainty of measurement at Pmin was in the range U(k=2) = 
(0.09 - 0.18) % at this pressure point. (The main source of uncertainty in this pressure point was 
readability from LCD of the EVCD because it was in several cases 0.001 bar at 0.800 bar.)   No 
important shift was found at the pressure point Pmax.     
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4. RECOMMENDATIONS FOR IMPROVING CURRENT 

CALIBRATION AND VERIFICATION FACILITIES 

Currently, most authorised test laboratories for verification of domestic gas meters in Europe use air as 
the test medium.  This is usual and simple from the point of view of safety and operation of the station 
because there is no need to solve any explosion problems. The accuracy results of measurements made 
with air are found to be satisfactory and applicable to the measurement of natural gas at the locations 
where these gas meters are then installed.   For these test benches for domestic gas meters, no 
modifications are necessary with regards to standard testing.  
 
Some possible changes can only be considered on the basis of results from this and other projects when 
the test medium for the accuracy tests is not air but hydrogen, or a mixture of natural gas and hydrogen 
or biomethane. In NEWGASMET recommendation reports for diaphragm, domestic USM, and thermal 
mass flow gas meters recommendations are made to either calibrate with a test gas closest to 
operational conditions, or, alternatively, to prove the air or natural gas test transferability to the (partly) 
renewable gas.  
 
But if these other gases (hydrogen, or a mixture of natural gas and hydrogen, or biomethane) are used 
for accuracy tests and the test results show different results than with air, then most laboratories will 
need to equip themselves with new test benches capable of performing accuracy tests of gas meters 
with a gas other than air. However, this will be extremely expensive just in terms of ensuring safety 
requirements. Then prices for gas meter testing will be many times higher.  For this reason, it can be 
assumed that it will still be advisable to maintain the testing with air and possibly make some relevant 
corrections for other gas types, requiring to prove the air or natural gas test transferability to the 
applicable gas        
    
The durability tests presented in this document were most often 12 months in duration. It would be good 
to gain other experiences covering the lifetime of the gas meter, e.g. by periodically verifying gas meters 
installed in the field where renewable gases are used.  
 
The presented durability tests exposed the gas meters to static hydrogen, the durability effects of flowing 
hydrogen gas should be investigated further and related to how air flow affects durability of the gas 
meter. The result may inform the validity or need for revision for the diaphragm, domestic USM, and 
thermal mass flow gas meter standards. 
 
The Calibration and Measurement Capability (CMC) of calibration facilities with pure hydrogen should 
be at 1/5 of the maximum permissible error (MPE). For domestic gas meters, a typical MPE is at 1.5 % 
(however this depends on the gas meter type and accuracy), corresponding to a CMC at 0.3 %. 
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5. EFFECTS OF RENEWABLE GASES ON INNER PARTS 

AND MATERIALS 

The macroscopic effects of renewable gas on the different types of gas meters, illustrated in the previous 

section and expressed in terms of deviations of the calibration data, are produced by microscopic effects 

of these gases on the single parts the meters are made of. The action of the gases depends on the 

composition of these gases and the nature of the materials of construction. In order to investigate these 

microscopic effects and to infer the possible origin of the macroscopic devotions, the EDX-SEM 

technique has been adopted. To carry out this type of analysis, it is necessary to disassemble the 

individual gas meters; this operation allows to observe, even with the naked eye, some macroscopic 

effect produced by the contact with the gases. Then, further analyses have been carried out on some 

selected parts, which are assumed to be specifically sensitive for each type of gas meters.  

 

5.1. DIAPHRAGM GAS METERS 

For this kind of meters, the diaphragms are supposed to be the parts, which can be more easily affected 

by the contact with the gas. The other parts, consisting of the eternal metallic case, the internal 

metallic/plastic cases and a few mechanical gears, are not sensitive enough and too thick to be heavily 

damaged by the gas.  

For diaphragm gas meters of Manufacturer 1, the surface is covered with larger and smaller scales, the 

EDX analysis shows a great abundance of silicon, associated with aluminium and magnesium, with some 

inclusions; even with the naked eye, the diaphragm appears to be covered with a fine white powder, it is 

possible to assume that it is a type of coating used in the production phase. Inclusions mainly consists 

of lead and chlorine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
EMPIR JRP 18NRM06  
NEWGASMET – Deliverable D5   
 
 

 
D5 – Report on the effects of renewable gases on gas meters and materials                              Page  30 of  33 

 

In Figure 11 the main effects observed on the meters’ diaphragm, after the durability test periods, are 

summarized. Deposits are largely present in the samples exposed to biogas, mainly after 12 months, 

they consist of sulphur-based crystals and chlorine containing salt layers (after 12 months). These 

deposits are assumed to be produced by nucleation from the biogas contaminants (H2S e.g.) but also 

from the condensation ad subsequent evaporation of moisture in the biogas. The salts dissolved in this 

condensate form crusts after evaporation.  
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Figure 11. Diaphragm meters of  Manufacturer 1: effect of durability tests on the diaphragm 
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The same effects are observed in Figure 12 for the diaphragms of Manufacturer 2, which have a different 

surface structure, but showing similar deposition effect after the exposure to biogas. In this case thicker 

layers of deposits are present after 12 months in biogas.  

The exposure to pure hydrogen does not produce any apparent effect on the diaphragms of Manufacturer 

1, while some limited, local modifications are visible on the diaphragms of Manufacturer 2, after 12 

months in hydrogen. Here a few beads, which cover the surface of the brand new diaphragm, are lacking; 

it might be an effect of the interaction with hydrogen, but it cannot be demonstrated. 
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Figure 12. Diaphragm meters of Manufacturer 2: effect of durability tests on the diaphragm 
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5.2. ULTRASONIC DOMESTIC GAS METERS 

Ultrasonic gas meters were used in biogas durability tests only they showed extensive effects of 

corrosion and deposition which irreversibly damaged these devices in a short time. These effects were 

clearly visible as soon as the meters were disassembled, as shown in Figure 13. 
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Figure 13      Ultrasonic Flow Meters of Manufacturer 4: effect of durability tests on the inner parts 

 

5.3.  THERMAL MASS DOMESTIC GAS METERS 

The Thermal Mass gas meters of Manufacturer 3 do not have sensitive parts directly exposed to the gas; 

hence the analyses were focuses on the inner sockets, providing the transmission of electric current and 

signals from the outer electronics to the inner parts and vice versa.  
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Exposure to biogas produces corrosion and chemical modification of the surface of the electrical 

contacts, which caused some malfunctions observed during the durability tests, while no effects are 

observed with hydrogen, as shown in Figure 14. 
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Figure 14  Thermal Mass Flow Meters of Manufacturer 3: effect of durability tests on the inner parts 
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