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1 General context

Europe’s transition to a decarbonized energy system is underway. Member States of the EU have signed
and ratified the Conference of the Parties (COP21) Paris agreement to keep global warming “well below 2
degrees Celsius above preindustrial levels, and to pursue efforts to limit the temperature increase even
further to 1.5 degrees Celsius.” This transition will radically transform how the EU generates, distributes,
stores, and uses energy. It will require virtually carbon-free power generation, increased energy
efficiency, and the deep decarbonisation of transport, buildings, and industry. The currently situation of
the 27 European countries is summarised in Figure 1 below, where the situation of each country is
compared to it 2020 target defined in the COP21 report.
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Figure 1 - Share of renewable energies by EU country (2018 and 2020 objective)

Stakeholders must pursue all available options to limit energy-related CO, emissions to less than 770
megatons (Mt) per year by 2050. The European Green Deal is a response to these challenges. It is a new
growth strategy that aims to transform the EU into a fair and prosperous society, with a modern, resource-
efficient and competitive economy where there are no net emissions of greenhouse gases in 2050 and
where economic growth is decoupled from resource use. It also aims to protect, conserve and enhance
the EU's natural capital, and protect the health and well-being of citizens from environment-related risks
and impacts.

To achieve this energy consumption “paradigm” shift, one of the key factors is to have access to
metrological instruments able to perform “correct and traceable” measurements of the quantities
of these renewable energies.

It is within this framework that the EMPIR project NEWGASMET fits. Its objectives are to increase
knowledge about the impact of renewable gases on the accuracy and durability of commercially
available residential, commercial and/or light industrial use meters and to provide reliable data to
industry and metrology community and recommendations on renewable gas measurement to
adapt if needed gas meters standards.
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2 Context and methodology of literature overview

The first step to achieve the NEWGASMET goals is a “wide” literature study within the scope of work
package WP1 to gather available knowledge concerning the performance of existing gas meters; the
objective is to study meters enabling renewable gases use, with a focus on accuracy and durability, and
for all available technologies. This will also provide insight into the gas compositions of different
renewable gases that can be produced, transported and metered in Europe. This study will highlight gaps
in the global knowledge of the scientific community and industry and define the most important areas
which must be studied especially during NEWGASMET project WP2 and WP3 work packages.

Renewable gas comes in the form of biogas, biomethane, hydrogen, and syngas. Biogas and biomethane
are produced from a wide spectrum of sources such as municipal waste, landfills, sewage treatment
plants, agricultural residues or manure. Hydrogen and syngas are produced after conversion of electricity
through “power to gas” or steam methane reforming process which would normally be combined with
carbon capture and storage process, and eventual combination gasified coal for syngas.

These new gases are used in various local or broader applications and lead to the reconsideration
of whether the current metrology metering system in gas supply chain are still suitable. Currently
there are limited studies about global performance of existing gas meters when operating with
renewable gases

The main objectives of this work package are to:

1. Task1.1: collect all studies and experiences throughout the world that have been published by
laboratories, Metrology Institutes, universities, TSO (Transmission System Operator for gas) or
manufacturers about the impact of renewable gases (biogas, biomethane, hydrogen and syngas
and their mixtures with natural gas) on existing gas network and especially on gas meters.

2. Task1.2: Define an acceptable range of gas compositions for each renewable gas family that
matches the reality of the current production capabilities, the available technical capabilities and
the actual use cases for each European country.

3. Task1.3: Define, from the literature survey a mapping for each meter technology and each
renewable gas family, the gas compositions that have been tested and whose impact on
accuracy, time drift, lifetime and robustness has been properly analysed. This mapping may in
turn help to define for each gas meter technology which gas compositions belonging to gas
composition ranges listed (see Task1.2) have never been sufficiently tested and need to be
tested (and the impact analysed) belonging to the gas composition ranges established in task1.2.

The employed methodology is as follow:

1. In a first place, a survey has been shared with NEWGASMET partners, the stakeholder group
members and different European gas grid operators (TSOs and DSOs) mentioned as “others”.

2. In the second step, a literature study has been carried out by the majority of the partners to
gather available knowledge concerning the performance of existing metrology gas meters
(turbine, rotary, diaphragm, ultrasonic, thermal-mass and Coriolis meters) enabling renewable
gas use, with a focus on accuracy and durability, and for all available technologies.

3. In the third step a literature analysis of the existing national policies documents (web site of the
energy department of each European country) to define an acceptable range of gas composition
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for each renewable gas family that fits family the reality of the current production capabilities, the
available technical capabilities and the actual use cases for each European country.

4. Finally, a mapping of the missing tests and studies to complete the mapping within the limits
defined in task1.2. It will define for each gas meter technology which gas compositions have
never been tested.

3 Experiences for flow metrology of renewable gases

3.1 Turnout of the survey

The first step of this task was to widely share a survey (attached EXCEL file below) with all the project
partners, the stakeholder group members and the “other”: different Europeans gas grid operators (TSO1
and DSO?), meter manufacturers, the main European gas association (MARCOGAZ, FARECOGAZ) and
the NMI®. The aim of this work is to gather all the different experiences with renewable gases

metering/flow measurement.
(s
3=

SURVEY_
NEWGASMET_GRTga:

Overall, the survey has been sent to 15 partners (see Annex 1) of the NEWGASMET project and to other
interested parties (29 NEWGASMET stakeholders and 28 others). The result of the survey is given in
Table 1. Only 39% of the “Others”, 24% of the “Stakeholders” and 53% of the “Partners” have replied to
the survey. This represents 22 answers and 4 contributions (summaries or published articles).

7 22

11 17

Table 1- Turnout of the survey of the WP1/Task1

From all the collected surveys responses, the graph (Figure 2) below has been established.

1

TSO: Transmission System Operator, is an entity entrusted with transporting energy in the form of natural gas or electrical power
2

DSO: Distribution System Operator, is an entity entrusted with distributing energy in the form of natural gas or electrical power
3

NMI: National Metrology Institute
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Survey results
25

Received survey answers

H2 H2+Natural gas Biogas Syngas Biomethane

= Turbine meter mRotary meter = Diaphragm meter Ultrasonic meter = Thermalmass meter = Coriolis meter

Figure 2 - Distributions of the meter technologies
according to the renewable gas type and to the turnout of the survey of the WP1/Task1

Based on the results of the survey, it appears that:

— The received answers do not specify whether they refer to laboratory tests of conventional gas
meters or to some infield tests with renewable gases feedbacks.

— For the pure hydrogen, ultrasonic meters, without distinction between domestic a commercial
meter version, are most widely used (29% of the feedbacks), and all the other technologies are
equivalent with 14-15% of the feedbacks. This represents 14 feedbacks.

— For the hydrogen and natural gas mixtures, turbine, rotary and ultrasonic meters are the most
widely used (24% of the feedbacks each). The diaphragm meters ranked second with 14% of the
feedbacks and all other technologies are equivalent with 9%. This represents 21 feedbacks.

— For the raw biogas (without any treatment), rotary meters are the most widely used (32% of the
feedbacks). The turbine and ultrasonic meters ranked second with 25% of the feedbacks and the
thermal-mass meters finished third with 9%. This represents 16 feedbacks.

— For the raw syngas (without any treatment), rotary and turbine meters are the most widely used
(25% of the feedbacks each). The diaphragm and ultrasonic meters ranked second with 17% of
the feedbacks and all other technologies are equivalent with 8%. This represents 12 feedbacks.

— For the biomethane, rotary, turbine, ultrasonic and thermal-mass meters are the most widely used
(18% of the feedbacks each). The diaphragm and Coriolis meters ranked second with 14% of the
feedbacks each. This represents 22 feedbacks.
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There are agreements of all the feedbacks:

— The biogas composition depends on the substrate composition used during the anaerobic
digestion. It changes also over the life span of the landfill.

— When measuring raw biogas and raw syngas turbine, rotary and diaphragm meters are not
suitable. This because of the high levels of dust, corrosiveness and moisture. Due to the
variability of the biogas composition, it is important to ensure that this variability fits
within the limits given by the meter specifications. If not, in order to ensure low drift, the
biogas compositions should be measured accurately.

— Biomethane (as defined by the EN 16723-1) and natural gas are interchangeable because
they present the same properties. Biomethane can be transported, distributed within the
existing natural gas grids and burnt by equipment without any modification.

— Pure hydrogen addresses two main challenges to be acted upon: tightness and internal
leakage (a part of the flow that never cross the measurement cell of the gas meter) must
be actively managed and mitigated.

— All the reported information about hydrogen mixture with natural gas doesn’t exceed 23%
for some uses.

— Up to 10% of H; in the natural gas, big size (> 400m‘°’/h) turbine and ultrasonic meters are
slightly impacted. This last conclusion does not apply to the other gas meter technologies.

Based on these results the following recommendations can be made:

— All the meter technologies should be tested with different compositions of raw biogas and
raw syngas.

— Small size (< 400 m‘°’/h) turbine, ultrasonic should be tested with hydrogen and natural gas
mixtures to confirm the results for big sizes meters.

— All the other technologies (diaphragm, rotary, thermal-mass and Coriolis meters) should
be tested with hydrogen and natural gas mixtures.
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4 Literature overview for syngas flowmetering

Among the different “new gases”, covered within the project, this part focuses specifically on syngas.

4.1 Context and general background

Syngas is an abbreviation for synthesis gas, which is a mixture comprising of carbon monoxide, carbon
dioxide, and hydrogen. The syngas is produced by gasification of a carbon containing fuel to a gaseous
product that has some heating value.

7. Hydrogen

{ ’ Cleanup

8. Power

9. Carbon Dioxide

5. Gasifier

) 10. Liquid Fuels

11. Fertilizer

]
g ,E!?h 12. Chemicals

4. Solid Byproducts

Figure 3 - Gasification process (https:/netl.doe.gov/research/Coal/enerqy-systems/qasification/qasifipedia)

Syngas has on average 50% of the energy density of natural gas. It cannot be burnt directly but is used
as a fuel source. The other use is as an intermediate to produce other chemicals. The production of
syngas for use as a raw material in fuel production is accomplished by the gasification of coal or
municipal waste. In these reactions, carbon combines with water or oxygen to give rise to carbon dioxide,
carbon monoxide, and hydrogen. Syngas is used as an intermediate in the industrial synthesis of
ammonia and fertilizer. During this process, methane (from natural gas) combines with water to generate
carbon monoxide and hydrogen.

As part of the integration of renewable energy sources into the existing infrastructure, new gases are an
alternative to fossil fuels, and they can partly substitute natural gas to supply energy thereby reducing the
carbon footprint. A carbon-containing mass of coal or biomass can be gasified into the resulting syngas. It
shall be noted that syngas can be also converted into methane, so that we get the so called Synthetic
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Natural Gas (SNG) which remains however a hydrogen rich gas. This report will not focus on SNG: as the
composition of SNG is similar to the natural gas available in the network, the impact on metrology is
expected to be the same.

Syngas composition heavily varies depending on type and source and the gasification process (Table 3).
The main sources for syngas are given in Table 2. This includes town gas, coke gases, refinery gases,
but also gases resulting from the gasification of biomass. With treatment and purification processes,
these gases can be converted into SNG (Figure 4) that meets the specifications of the pipeline quality
SNG (EN 16723-1).

Biomass (wood,
crop, etc.)
Purification,
Organic waste/by Upgrading
product R Water gas shift
(agricultural, Gasification, SNG,
industrial or Chemical Bio-syngas Hydr‘Ogen-riCh
municipal) processes, gas
Reforming
Oil
Methanation
. Purification,
Hydrogen rich Upgrading
components
Table 2 — Main sources for syngas
Biomass Il Gasification Cleaning R

eUpgrade

Figure 4 — General process diagram of Syngas and SNG production via biomass gasification process
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Pinon
Wabash B Wabash| Pilot | Wabash Puertollan
- abas - - - Power - - abas ilo abas - - o
Project
. Coall | wyoming | North
General | Several | General | General | General | Several | Several | Several | Several Sulcis Several | Unknown Unknown Dakota Several
Petrocoke PRB o
Lignite
30-60 |42.2-46.7 56.4 49.6 15.6 23.91 1-14 4-14 274 31.03 453 39.09-43.44 | 13.89-20.14 59.9 39.7 35.6 57.2
25-30 [32.3-344| 297 26.3 15.1 1458 2-8 8-16 27.7 18.38 344 28.94-32.91 | 10.14-14.73 21.7 285 256 30.8
5-15 14.9-17.1 14 1.3 7.3 5.45 7-14 12-14 16.5 2.54 15.8 9.32-13.53 6.09-8.85 2.9 14.3 17.5 49
2-30 - 7 18.1 61 5.45 6-14 17-40 26.6 11.77 - 13.11-19.91 8.18-12.00 - 12.6 14.4 -
0-5 1-2.29 - - - 1.35 1-2 2-5 0.0939 297 1.9 .02-.03 .02 - .05 <0.1 4.3 6.1 6.2
0.2-1 - 0.7 0.6 0.56 0.7 0.51 0.6 0.06 .60 - .66 .08 .07 -
0.8 14.4

05-4 - 4.53 3.86 48.68 54-72 30-55 0.6 43.02 1.9 41-0.45 49.50-54.11 .09 .09 -

17.28- 100- 1300 2000-
02-1 107.2 0.24 0.21 - P 3000 0.1399 1.48 68 ppm .58-.64 .26 - .32 750 ppmV | 2007 ppmV =

ppm 0.12 ppm 1.1

9.03- . ’
0-01 162.13 0.02 2 - - - 0.0061 0.08 - .03-.04 0.02 40 ppmV 106 ppmV o

ppm
0-0.3 - 0.01 0.01 0.08 0.02 - - 0.2 - - - - - - - -

Table 3 — Range of Syngas Compositions across Different Gasifier Type, and Feedstock Produced by the Gasification of Coal Feedstocks

Hydrogen from Coal Program: Research, Development, and Demonstration Plan for the period 2008 through 2016 (Sept 2008)

Wabash River Coal Gasification Repowering Project: A DOE Assessment (Jan 2002)

An Overview of Coal based Integrated Gasification Combined Cycle (IGCC) Technology, Ola Maurstad, MIT (Sept 2005)

The Gas Turbine Handbook: Principles and Practices, Tony Giampaolo, Edition: 2, illustrated, Published by the Fairmont Press, Inc. (2003)

Demonstration of Hot Gas Filtration in Advanced Coal Gasification Sy stem, Xiaofeng Guan and al, Power Systems Development Facility, Southern Company Services (Mar 2007)

Technoeconomic Analysis of Hydrogen Production from Western Coal Augmented with CO2 Sequestration and Coalbed Methane Recovery, Pamela Spath, and al., National Renewable Energy Laboratory (Fall 1999)
Coal Gassification Pilot Plant f or Hydrogen Production. Part B: Syngas Conversion and Hydrogen Separation, Giovanni Raggio, and al., prepared for the Second International Conference on Clean Coal Technologies for our Future (May 2005)
Operating Experience at the Wabash River Coal Gasification Repowering Project, Thomas A Lynch, Dynergy Power Corp., prepared for the 1998 Gasification Technologies Conference (Oct 1998)

High Temperature Desulfurization of Synthesis Gas with Iron Compounds, Mitri S. Najjar & Dick Y. Jung, Texaco Inc. (Fall 1993)

10. Uhde Press Release, No. 02 (Mar 2008)

11. KBR'’s Transport Gasifier (TRIG™) — An Advanced Gasification Technology f or SNG Production From Low-Ranked Coals

12. Allied Syngas Marketing Document

OCONDOHWN =
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On the other hand, syngas contains some trace elements of impurities. The most relevant contaminants
are particulate matters (coming from ash and bed material), tars and sulphur, higher hydrocarbons, and
nitrogen compounds, halogens (mainly HCI), as well as alkali metals. Sulphur can be in the form of H,S
and COS in the synthesis gas. While syngas sulphur content varies from hundreds to thousands of ppm,
biomass has lower sulphur amount than other fossil sources. Nitrogen compounds (0,1 to 3,3 % in mass)
such as HCN and NH3 are formed during the thermal gasification step. The chlorine content in biomass
may differ from 0,01 to 0,9 % in mass. Chlorine compounds such as HCI, KCI, and NaCl are created
during the production of gasified biomass depending on the substrate type and its content in biomass
may vary from 0,01 to 0,9 % in mass.

2-20
10-100 g/Nm®
0,5-5 ppm
50-100 ppm
2-10 ppm
200-2000 ppm
0-300 ppm

Table 4 — Typical Contaminants Present in Biomass Gasification Synthesis Gas

4.2 Syngas impact assessment for gas meters

While a wide literature is available that describes the syngas characteristics and usage, very little
information on the impact of syngas on metering is available either in the documents collected, or from
manufacturers and testing bodies.

Some technical rules, that were analysed, deal with failure mechanisms that can affect the materials used
in syngas pipeline systems . These failure mechanisms can be extended to gas meters, to the extent they
are using the same materials, allowing an evaluation of their durability aspects. In these technical rules,
the only information related to accuracy aspects is relevant to some suggestions to frequently calibrate
meters, which might indicate that an impact is expected, however without further details.

Gas meters can be divided into two main groups: positive displacement, and inferential meters. The
positive displacement meters include the diaphragm and rotary meters because such meters have
measurement compartments that can accommodate the gas in its place and then measure the volume of
a gas trapped in the compartment with each linear or rotational movement. Afterward, by integrating each
measured unit volume allows the meter to read directly the total gas volume in cubic meters. Inferential
meters work by measuring a different quantity and integrating or converting it to calculate the volume or
the mass. Examples are the turbine meter (velocity), ultrasonic meter (transit time of sound), mass flow
meters (temperature differential due to mass flow) and Coriolis principle. In these last types influence
factors are density, speed of sound, heat capacity of the gas: they all depend on the gas composition.
Thus, an impact on metrology coming from the varying gas composition should be expected.

*TAR: complex oily liquid mixture generated by the condensation of volatile chemical compounds
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4.21 Accuracy

The accuracy of a gas meter can be affected by different factors. For the case of syngas, the main
identified factors are the gas composition variability, the presence of high content of sulphurous
components (H,S, COS), the high content of water, both vapour (saturation) and liquid and the presence
of contaminants.

The following table summarise the possible impacts of the previous factors on the accuracy of the
different considered gas meters.

— Change in gas
composition is expected
to have higher impact
due to the change in
density of the gas, which
directly impacts the
rotation speed of the
blades, and therefore the
accuracy of the meter.

— If high content of Ha,
possible leakage aspects
shall appear affecting the
accuracy by “diverting” a
part of the gas flow.

— Not expected to affect
accuracy in a significant
way.

— If high content of Ha,
possible leakage aspects
shall appear affecting the
accuracy by “diverting” a
part of the gas flow.

— Increase of the corrosion
phenomena of the
metallic parts such as the
blades, the rotaries, the
bearing and the meter
body.

— If pressure drop or cold
gas, formation of
deposits of crystal
sulphur.

» Both may lead to the
blockage of all the
mobile parts of the
measurement cell and
therefore impacting the
accuracy of the meter.

— Increase of the
corrosion phenomena
of the metallic parts
such as the blades, the
rotaries, the bearing
and the meter body.

»> It may lead to the
blockage of all the
mobile parts of the
measurement cell and
therefore impacting the
accuracy of the meter.

— Tar and solid particles
deposit on the different
mobile parts such as the
blades, the rotaries, the
bearing and the meter
body.

» It may lead to the
blockage of all the
mobile parts of the
measurement cell and
therefore impacting the
accuracy of the meter.

— The ammonia can react
with many plastic and
polymer parts of the
meter body.

> It may lead to the
modification of their
properties and therefore
impacting the accuracy
of the meter.
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— Not expected to affect
accuracy in a
significant way as long
as the speed of sound
(SOS) remains within
the manufacturer
transducer and
electronics specified
range.

— If the SOS is higher and
out of the specified
range, the accuracy of
the meter is highly
impacted due to the
inability of the
acquisition system

—Increase of the
corrosion phenomena
of the metallic part
such as meter body
and the transducers.

— If pressure drop or cold
gas, formation of
deposits of crystal
sulphur inside the
meter body and the
transducer modifying
the diameter and
increasing the
ultrasonic signal
attenuation.

» Both may lead to the
decrease of accuracy of
the US meter.

The fact that the SOS in
the water is much
higher than in the gas,
the presence of water
liquid flow leads to the
increase of the
overcounting phenomena
and therefore the
accuracy of the meter.
The same behaviour is
seen with wet gas.

— Tar and solid particles
deposit on the meter
body modifying the
inner meter diameter
and, on the
transducers, increasing
the dissipation of the
ultrasonic signal.

It may lead to a strong shift
of the meter accuracy.

— The thermal conductivity
is strongly dependent on
the gas composition.

» If no calibration with
the corresponding
composition or possible
modification in the meter
flowcomputer (gas
composition is
measured inline) to take
into account the
variability of the gas
composition, the
accuracy is strongly
affected.

— Increase of the corrosion
phenomena of the meter
body and the
measurement
compounds.

» It may lead to a strong
accuracy drift of the
meter.

— The water vapour and
liquid modify the
thermal conductivity.

Water strongly affects
the accuracy of the
thermal-mass meter.

— Tar and solid particles
deposit on the meter
body and the
measurement
compounds.

> It may lead to
decrease of the thermal
exchange with the gas
flow and therefore
impacting the accuracy
of the meter.

— The ammonia can react
with many plastic and
polymer parts of the
meter body.

> It may lead to the
modification of their
properties and therefore
impacting the accuracy
of the meter.
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4.2.2

— The Coriolis meter
measure the mass flow
rate. Therefore, it isn’t
expected to affect
accuracy in a significant
way.

— If the real composition
isn’t measured inline, the
accuracy of the
calculation of the
volumetric and
standard flowrate is
strongly impacted.

— Increase of the corrosion
phenomena of the
metallic part such as
meter body and vibrating
tubes.

— The pressure-drop
induces the formation of
deposits of crystal
sulphur inside the tubes
modifying then their
diameter and increasing
their weight.

Both may lead to
decreasing the accuracy
of the Coriolis meter.

The fact that the weight
of the vibrating tubes
increases because of the
water (vapour and liquid
phase) leads to the
increase of the
overcounting
phenomena and
therefore the accuracy
of the meter. The same
behaviour is seen with
wet gas.

— Tar and solid particles
deposit on vibrating
tubes increase their
weight and then their
vibrating frequency.

> It may lead to the
increase of the
overcounting
phenomena and
therefore the accuracy of
the meter.

Table 5 — Impacts of the syngas on the different gas meters technologies

Safety

Some products of the chemical and industrial processes can be explosive when in contact with oxygen or
with other components. Thus, such products must not lead to an explosion while being in contact with the
measurement and control equipment.

The main components of syngas show the following flammability characteristics:

Hydrogen: LEL®: 4% UEL®: 75%. The minimum ignition temperature of hydrogen-air mixtures is

500°C.

Carbon monoxide: LEL: 12.5% UEL: 74 %. The minimum auto ignition temperature in air is

630°C.

In Europe, the ATEX (explosive atmosphere) Directive details the safety and health requirements that
apply to the equipment and its protective systems. For the gas measurement, ATEX approval is important
as it defines the explosion protection measures that apply to the product’s design for safety; ATEX
approval must confirm the Quality Assurance of the manufacturer for every stage of production. It shall be
noted that changing the gas composition might explicitly affect the ATEX approval as the explosive
behaviour depends on the gas mixture.

> LEL: Lower Explosivity Limit: lowest concentration of a gas or a vapor in air capable of producing a flash of fire in the presence of
an ignition source
® UEL: Upper Explosivity Limit: lowest concentration of a gas or a vapor in air capable of producing a flash of fire in the presence of
an ignition source
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Even though this is out of the scope of this document, some considerations should be made. An available
study [1] proposes a model that suggests that adding up to 10% hydrogen to natural gas has nearly no
effect on safety characteristics for explosion protection. Even adding 50% hydrogen to natural gas has
only slight effects on these safety characteristics, although the dependency from the hydrogen fraction is
not linear. When referring to the measures for explosion protection, the study suggests that adding
hydrogen to natural gas in facilities designed for natural gas is technically possible without major
modifications at least for hydrogen fractions up to 25 mol%. While pure methane is allocated to the less
critical explosion group IIA, when more than 25% hydrogen is added, the mixture falls into explosion
group IIB. When hydrogen accounts for more than 75% the mixture is allocated to explosion group IIC.

However, this study, although it is a good reference for H, injection, considers methane as the main
component, while syngas has a composition poor in methane. Some extensions to the proposed model
should be then made.

Hydrogen may cause leakage problems in the gas pipeline systems. Plus, gas metering technologies are
affected by leakage issues depending on the volumetric percentage of hydrogen mixed.

Hydrogen diffusivity through the construction material of the equipment or polymer materials including
plastic pipes and seals is much higher than methane since hydrogen molecules are much smaller than
methane molecules. According to studies made on the leakage measurements of gas distribution
systems the leakage rate of hydrogen in volume is approximately a factor of three higher than natural
gas.

Additionally, we shall consider that Carbon monoxide is a toxic gas: 20ppm is the limit of tolerance for
long term exposure; furthermore, leakage of dangerous gases such as CO and Syngas may present high
environmental risks.

4.2.3 Lifetime

A lifetime of a meter is defined as an overall time for it to operate while keeping its features unchanged; it
is usually expressed in years of operation. For gas meters, the lifetime depends on their application and it
is affected by the composition and cleanliness of the metered gas. It is important to highlight that the
material of the equipment should be compatible with the medium (gas, fluids etc.) that is metered.
Consequently, in this assessment, it is needed to evaluate how materials are affected by new gases.

With reference to syngas, the AIGA (Asia Industrial Gases Association) specification suggests
embrittlement mechanisms as the main cause of failure in metals (e.g. meter case, blades, rotors etc.), so
similar criteria to the hydrogen injection should be applied. Embrittlement consists of a set of complex
phenomena that also depend on the material and the stress applied to it. Such phenomena are also
dependent on the pressure and temperature, so a very detailed analysis would be required.

It shall be noted that the high CO content has a compensation effect that reduces the embrittlement rate
compared to a similar H, content without CO. CO is a catalytic poison that adsorbs on the steel surface
in preference to the hydrogen and ultimately prevents hydrogen atoms to dissolve into the metal and
cause hydrogen embrittlement cracking.

Non-metallic components are also affected, meters often contain synthetic parts that show different
resistance to H, and CO (e.g. Teflon ® shows good resistance to CO while Neoprene ® has a poor
behaviour against it, and in turn it withstands well to H, exposure). The AIGA specification gives more
details on a wide set of plastic materials and elastomers. For elastomers, we should also consider H,
permeability that might induce extra leakage which will impact both safety and accuracy.

D1 - Literature overview for renewable gases flowmetering Page 16/16



EMPIR JRP 18NRM06 EMP'R m Eumu

NEWGASMET — Deliverable D1

R 1 cc ndsdby B Eivonsen akoss Horson 2020
ind INNOvation programme and the IIF RI3 iipating State:

In the other hand the high content of water (both vapour and liquid), sulphur compounds, tar, solid
particles and ammonia increase corrosion and the deposition phenomena on the meter body and the
different measurement part of the flow metering cell, that strongly impact the meter lifetime.

4.2.4 Maintenance Requirement

Operating conditions depend on the applications that meters are used for. Regular maintenance is
recommended or necessary for measuring equipment to grant or extend their lifetime. For some
applications, due to the design or technology used, this is not applicable, and a replacement of the device
will be preferred. An important maintenance activity is calibration, to assess that the metrology features
are kept over time. Recalibration period is not standardized at European level; rather it depends on the
country and often on the metering technology or even the meter type. The AIGA documents specify a
maximum calibration period for meters of 5 years.

4.3 Intermediate conclusions

It is important to notice that there are no relevant studies of the impact of the different syngas on gas
meters. The main conclusions are:

— Due to the hydrogen high content in syngas, the safety and the lifetime of the meters are strongly
impacted.

— The contaminants (Tar, Sulphur, particles and Ammonia) increase the corrosion and depositions
phenomena which lead to a rapid and high drift of the accuracy of all the meters.
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5 Literature overview for hydrogen flowmetering

All the partners have been looking for scientific publications on hydrogen and its mixture into natural gas
(especially with a focus on flow metering). A large database has been created since the topics on
hydrogen are broader than the flow metering itself. Indeed, there are at least 6 categories of publications
that can be listed:

1. Overview, safety and political rationales
Energy calculation or assessment
Combustion

Numerical simulations

Measurement of H,

o a0 b~ w N

Impact on meters regarding gas composition variations.

Hydrogen growth is expected to be 3.5% each year up to 2025. The worldwide consumption is
increasing, and it reflects the global interest of hydrogen for decarbonisation for example.

— Hydrogen gas is used in many industries and applications. It represents more than 90% of hydrogen
market share with a total consumption in Europe of 7Mtons of H,. The main sub-segments of
industries are: 63% chemical, 30% for refineries, 6% Metal processing and 1% others. The chemical
sector has the largest market share and its main sub-segment are: 84% Ammonia (3.6 Mtons of Hy),
12% Methanol, 2% Polyurethane and 2% Nylon. The second sub-segment is for refineries where
hydrogen is used for hydrogeneration process in order to produce lighter crudes [1].

— Hydrogen gas is also used for mobility and its applications. It is a key market to achieve a sustainable
growth. EU agreed that CO2 emissions needed to be cut down by 80% to 100% in 2050, thus, to
achieve the target transport road sector requires a 95% of decarbonisation. The transition to
hydrogen will have the largest impact with passenger vehicles (75% car fleet) through Fuel Cell
Vehicle (FCV). These cars will need Hydrogen Refuelling Station (HRS). They will (mainly) be placed
on existing conventional refuelling stations. According to McKinsey, by 2030 the HRS network is
foreseen to have 5.1 thousand retail stations giving a total dispatch volume of about 2615,000 tons of
H,. Prices will gradually decrease as market achieves its maturity and the technology develops. The
retail price in 2015 will be around 10 €/kg and by 2030 it could reach a value of 5-7 €/kg [1].

— Hydrogen gas is finally used for power to gas and its applications. Gas infrastructures are capable of
transporting energy over long distances with very low losses (0.7% vs. 2 to 6% for electricity). They
can also transport and deliver very large quantities of energy at a given time and are now key
allies in managing the winter spike in electricity demand. The gas network has intrinsic flexibility
thanks to pressure adjustment that is perfectly controlled by the network operators (line pack). This
means that supply and demand do not need to be balanced at all times. As an example, in the
European gas grid, an injection of 2% volume of H; could reach in Europe around 340 000 H, tons

[].
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The two main technologies for hydrogen production are:

— The Power to Gas, this technique principal is to transform the electric power excess to hydrogen
(gas phase) using the electrolyze (Figure 5). The obtained hydrogen is injected into the natural
gas grid. Thereby enabling the storage of the excess electric power.

— The Natural gas reforming: methane is converted to hydrogen due to reaction with either steam

(steam reforming or steam methane reforming SMR when methane is used), oxygen (partial
oxidation), or both in sequence

Excess renewable energy, due to periods of low demend, creetes chellenges for network
=t¢b|llhr_. Power to ges uzes existing inln_litn.ld'ure to Eh_mi thet excess fpr loter use

Excess elactricity generatad at low- Partially or fully decarbonisad mains

pprices is funnelled into electrolysers that o gas powers household appliances or is
spiit water into hydrogen and oxygen used in stationary generators
N
JEEE %@ Qo
] o0
Wind or solar-farm produces - Hydrogen is injected directlyintothe - Renewabla encrgy is offectivaly
more energy than needed due  _mains gas network and blended with | 'time shifted into hydrogen

to low demand -natural gas as a form of energy storage  for later use

Flue Gas HP Steam

Process Steam Heat

Recovery

Flue Gas
Fuel Gas

Tail Gas
Natural
Gas
Hydro- Reformer
desulfurization

Pre-Treatment Boiler Feed
Water

Figure 5 - Power to Gas principle (credit: https.//arena.gov.au/ - The Australian Renewable Energy Agency)
Recycle

H.
Product
PSA
Hydrogen .

Figure 6 — Steam Methane Reforming (SMR) principle (credit: https://www.engineering-airliquide.conv)
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5.2 100% hydrogen impact assessment for gas meters

In all the different sectors, hydrogen must be correctly measured. It has been found in the literature
(from flow meter manufacturers) that “Hydrogen gas has very unique characteristics and requires a flow
meter that has been calibrated in those same operating conditions. How do we know this? The
CESAME Exadébit calibration standards have been used to validate other flow measurement instruments
given to us by our customers where they suspected a Flow (K) factor was substituted in place of an actual
hydrogen gas calibration being performed. The flow instruments that were not calibrated under actual flow
conditions, were not accurate, and were causing production problems.”

In this section, papers dealing with hydrogen metering at 100% H, will be discussed.

5.2.1 Development and evaluation of calibration facility for HP hydrogen gas flow meters

[2] This presents a comparison between a multi-nozzle calibrator and a Coriolis flow meters for high
pressure, high flow rate gas (Figure 7). The nozzles have been calibrated using hydrogen at low pressure
and the comparison is realized in the low-pressure side of the test rig. The results are shown in the figure
below:

Flame Arrestor

Gas Storage Unit

Automatic Pressure Max. : 35 MPa
Controllsr

1

Figure 7 — Configuration of the calibration facility for 35 MPa high-pressure hydrogen gas flow meters. (a)
Photograph (b) flow diagram.
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Figure 8 - Residual error from the calibration curve of the Coriolis meter

The present result shows that there is a maximum 3% difference between the output of the Coriolis flow
meter and the mass flow rates of the multi-nozzle calibrator, even though the Coriolis flow meter was
calibrated using water. One possible cause of this large difference is that the zero of the Coriolis flow
meters may have drifted, but it also suggests that the Coriolis flow meter should be calibrated with
hydrogen gas, rather than water, when it is used to measure hydrogen gas. Therefore, for the
development of a calibration facility that can calibrate a flow meter under the same conditions as those
encountered in actual use, it will be important to develop a new flow meter.”

5.2.2 Compact Mass Flow Meter Base on a Micro Coriolis Flow Sensor

[3] Another paper presents a comparison of low flow rate (the full-scale flow is 1 g/h for water at a
pressure drop < 1 bar) measurements based on a micro Coriolis flow sensor. Its performance was
tested for several common gases (hydrogen, helium, nitrogen, argon and air) and liquids (water and
isopropanol).

They have tested the Coriolis mass flow meter for two different liquids (water, isopropanol (IPA)) in a
temperature-controlled environment (room temperature 20 to 25 °C). They also have tested the Coriolis
mass flow meter for several common gases (H,, He, N,, Ar and air) in a temperature-controlled
environment. Again, the temperature was kept between 20 and 25 °C. Figure below presents a schematic
overview of the setup.
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Figure 9 — Left: Schematic overview of the first setup. Right: Schematic overview of the second setup
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They have reported the results on the graphs below (Figure 10). On the first row, it is a liquid comparison
between water and isopropanol. These results are interesting since it shows how a meter can be affected
by the usage of several medium (liquid and gas). The first row presents the results in liquid (water and
isopropanol). The trend looks similar and the error is increasing when the mass flow is decreasing (as
expected in the literature). The order of magnitude of the error is similar over a large flow rate range
(expect for water at the lowest flow rate). In these results, the density is not the same so Reynolds
numbers are different. The second row presents results in gas phase. The left graph is for air when on the
right it is for hydrogen. A direct comparison based on Reynolds number is not possible because of
different viscosity / density properties of the used gases. It appears that the use of hydrogen modifies
significantly the accuracy of the flow meter since deviation up to 10% can be observed with H, whereas
maximum deviation is about 3% with air. Another aspect is the slope of the accuracy curve which has
been modified. Coriolis flow meters are known to undercount at low flow rate (like in air). The behaviour is
opposite in Hydrogen since the flow meter is overcounting at low flow rate. This behaviour can be
explained by a zero error as well, which affects strongly the low density/low mass of hydrogen. This result
is confirmed by the work of Oliver BUKER (FLOMEKO 2018 [12]). It is shown in Figure 11 that the
pressure impact is all the more important at low flowrates and the two tested Coriolis meters are
overcounting up to 9%.
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Figure 10 — Tests results. On the first row, it is a liquid comparison between water (left) and isopropanol (right).
The second row presents results in gas phase for air (left) and hydrogen (right).
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Figure 11 — Tests results (Credit: “Investigations on pressure dependence of Coriolis Mass Flow Meters used at
Hydrogen Refueling Stations”. Oliver Biiker, Krister Stolt. FLOMEKO 2019)

5.2.3 Test campaign on existing HRS & Dissemination of results

[4] This paper presents a comparison between a primary gravimetric test bench (from Air Liquide) and a
Coriolis flow meter for high pressure, high flow rate gas in hydrogen refuelling stations.

The results of accuracy tests performed on site are presented for the seven HRS tested. These tests
were performed using the reference test bench developed by Air Liquide and approved by PTB / LNE /
NMi Certin according to OIML R139:2014 requirements (uncertainty < 1/5 * MPE = 0,3%). This test
campaign was the first opportunity to use the testing equipment on site in real conditions, i.e. submitted to
various environmental conditions (hot and cold temperature, moderate wind speed). This test bench
showed good performances and a high reliability in the measurements.

During the test campaign, it was possible to perform 3 to 4 times the following test sequence (see Figure
below), to get a good idea of the repeatability:

Pressure
700 bar,
550 bar

450 bar|

350 bar|

Full filing
(20-700 bar)

180 bar

20 bar |

Time

Figure 12 — Sequence of tests performed 3-4 times per HRS
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Tests results can be summarized as follow:

— Very good accuracy for Full filling tests (from 20 to 700 bar): Error close to zero, and very
repeatable

— Negative deviation for Partial filling tests (from 20 bar to 350 bar)
— Positive deviation for Partial filling tests (from 350 bar to 700 bar)
— Variable deviation for 1 kg fillings (MMQ) depending on the initial pressure in the tank

The first conclusion for the pure H; is that, unfortunately, all the members of this task have only found very
few articles talking about hydrogen flow metering. This is a clear output from this survey that there is a lack
of knowledge and scientific evidence on the accuracy modification when flow meters are used with
hydrogen.

To conclude, all the results found in the literature are mainly related to Coriolis meters:

— There is a large deviation at low flow rate from -10% to 5%. This deviation must be analysed in
more details since it applies to the measuring system and not the flow meter itself. It appears that
the relatively large errors could be due to the Coriolis meter as there is an unquantified error from
using it with high pressure hydrogen when calibrated with water.

— With Hy, the Coriolis meter overcounts at low flow rate in contrast with its usual behaviour.

Finally, for the 100% H, gas, all the scientific papers dealing with metering show that flow meters
(specially the Coriolis meters) might deviate from the original calibration when this latter is not
realised within the process conditions and medium (fluid).

Natural gas infrastructures have five features that make them strategic allies in the development of the
hydrogen sector. These features reflect the efficient nature of the infrastructure as an energy carrier.
They also demonstrate a structural complementarity with the electricity network in the development of
“sector coupling” something that is currently being explored at the European level as a lever for
optimising the integration of renewable energies.

1. Gas infrastructures are capable of transporting energy over long distances with very low
losses (0.7% vs. 2 to 6% for electricity [9]),

2. They can also transport and deliver very large quantities of energy at a given time and are now
key allies in managing the winter spike in electricity demand,

3. The gas network has intrinsic flexibility thanks to pressure adjustment that is perfectly controlled
by the network operators (line pack). This means that supply and demand do not need to be
balanced at all times.
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4. Natural gas infrastructures have an unrivalled mass inter-seasonal storage capacity (European
gas grid ~130 TWh).This makes it the technology of choice for managing intermittent
renewable energies when they become predominant in the production mix [9],

5. Finally, 200,000 km natural gas network (the European gas transmission grid) serves a large
portion of the national territory, in particular, the main urban and industrial areas. The
infrastructure is for the most part buried and not visible, which helps make it acceptable to the
public.

Injection of H2 (or CH4)
Month into the natural gas

Hydrogen
(storage then use in heat pump or combustion turbine H)

o
o
<

Time constant ¥

Time

Minute

Super-capacitors / Flywheels /
Second ENER

1 kWh 10 kWh 1 MWh 100 MWh 1 GwWh <10 GWh
Energy capacity

Figure 13 — Available storage technologies, their capacities and discharge time (source: School of engineering,
RMIT University-2015)

5.41 Accuracy

In this section, papers dealing with hydrogen/natural gas mixtures metering are presented.

5.4.1.1 Impact of the hydrogen mixed with natural gas on domestic flowmeters

[5] The paper presents the impact of the hydrogen mixed with natural gas on diaphragm and rotary
flowmeters. Within the framework of an important French project for the development of the
renewable energies “GRHYD”, hydrogen, generated by water electrolysers using the electric energy
produced by wind turbines field, is injected with a concentration up to 20 % (in volume) in the natural gas
distribution grid of a new housing group in the north of France. Among the preliminary works prior to
starting the project is the metrological impact of such content of H, in the natural gas on the billing
flowmeter installed on new housing group.

This paper answers the flowing issues:
— the impact of 6% to 20% of hydrogen content in the natural gas on the diaphragm flowmeter,
— the impact of 6% to 20% of hydrogen content in the natural gas on the rotary flowmeter,

— The long-term impact on accuracy from 6% to 20% of hydrogen exposure of the tested
flowmeters.

For the laboratory’s tests, three different test benches have been used. The first one “PLAT” is a
reference flow metering test bench for all the natural gas meter technologies (turbine, rotary,
ultrasonic...). It works with natural gas from 10 stdm/h to 10 000 stdm*h and from 1.1 bar to 35 bar
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(x0.2% ® 1+0.3%). The second one is a reference flow metering test bench for domestic gas meters. It
works with dry air (Qunax < 16 stdm®/h, 10.4%): BS2. The third one is a test bench that can be used with
different gas mixtures, such as Natural gas + H,: CTI (x0.7%). At the outlet of this third test bench, the
used gas is burned in flare stack. Both, the PLAT and BS2 test benches are used to determine the
reference error curves of all the tested flowmeter.

For this study, three different meters had been selected (Table 6). These three meters are
representative (same sizes, manufacturers and models) of the meter installed on new housing group
(infield test).

METER 1 0,04 m*h to 6 m*h
METER 2 0,04 m%h to 6 m*/h
METER 3 1 m%h to 100 m%h

Table 6 — Selected meters for the laboratory’s tests

The laboratories tests have been achieved within 4 steps:

— 1st step: the two new (unused) diaphragm meters have been calibrated on the reference bench
BS2 with dry air. The rotary meter has been calibrated on the reference bench PLAT with natural
gas. Then, a reference error curve has been obtained for each meter.

— 2nd step: the 3 meters have been tested on the CTIl bench with 100% natural gas. These to verify
the absence of shift between the reference benches (BS2 and PLAT) and the 100% natural gas
(CTI).

— 3rd step: the 3 meters have been tested on the CTI bench with two mixtures of natural gas and
H,: 10% and 20% of vol. content. The impact of such content of H, is therefore determined by
the error shift compared to the reference curves.

— 4th step: after all these tests, the 3 meters has been re-calibrated on the reference benches
(same as 1 step). This to quantify the H, short term impact on the flowrate error of these meter
technologies (4 weeks of tests).

Calibration curves

on the reference

flowmetering - Verification curves Tests with 10%
benchs ("BS2" for ~ onthe "CTI" and 20% content

Re-calibration
curves on the
reference

the diaphragme bench with 100% of H2 in the flowmetering

: - benchs to quantify
meter and "PLAT natural gas natural gas
for the rotary . the H2 long term

meter) [ > effect

Figure 14 — Test protocol

The reference and the verification curves for the 2 diaphragm meters have been achieved at 1.02
bara (20 mbarg) and at +20°C. For the rotary meter only a reference curve at 1.1 bar (100 mbarg) has
been done because the PLAT bench is already working with natural gas. The tests result for the step 1
and 2 are as follows:

— The flowrate error of the two domestic meters is within the specifications of the EN 1359. The two
benches have very comparable and stable results. The shift is less than 0.8% and the
repeatability is less than 0.26%.
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— The rotary meter is very stable, and the error is between 0 to +0.38%. It is within the
specifications of the EN 12480.

The H, injection has been carried out using a gas reservoir (pure Hy). A calibrated (with H,) thermal-
mass flowmeter has been used in series with a pressure regulator. The H, is injected at 4 bar at 50D from
the gas meter in order to ensure a “perfect” mixture of natural gas and H,.

Two volumetric concentrations of H, have been tested: 10% and 20%. These two concentrations are
representative of the "new district" demonstrator, 6% is the concentration at the start of the
experimentation and 20% is the nominal concentration. The tests have been performed at the same
pressure and temperature as the reference curves in order to isolate the H, impact.

All the results are plotted in Figure 15. The direct impact of the H, injection is determined by the difference
between the reference error and the error obtained with 10% and 20% of H,. Then, two different
additional errors are obtained and summarized in the table below:

4 4
——100% Natural gas (CTI) 10% H2 (CTN) ——20% H2 (CTI) ——100% Natural gas (GTI) 10% H2 (CT1) ——20% HZ (GTI)

3 3

M
N

Error [%]
o
Error [%]
o

3
Qyy [Stdm¥h]

——100% Natural gas (CTI) 10% H2 (CTI) ——20% H2 (CTI)

Error [%]

0 10 20 30 40 50 60 70 80 90 100
Q, [Stdm?¥/h]

Figure 15 - 10% and 20% H> concentrations curves. Meter 1 and 2: diaphragm meters (G4) and Meter 3: rotary
meter (G65)

Finally, the last step is particularly important due to the known and unknown H, impact (such as
chemical reaction) on some plastic and polymers materials. To achieve this, the 3 meters have been re-
calibrated, after all the H, injection tests, on the reference benches (1st step). The results are
summarised in Table 7 below. The shift between the error results before and after the H, injection tests
are summarized in the next table.

These results show that the H, injection induces an overall undercounting of the 3 different meters. The
meter 1 is highly impacted compared to meter 2. The additional error has been calculated and it is about -
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2% to -1% for the meter 1 and -1.4% to -0.1% for the meter 2. The rotary meter 3 is low impacted. The
undercounting is less than 0.3%.

This overall undercounting effect can be explained by the irreversible impact of the H, on some plastic
and polymers materials. These materials are widely used in gas meters. To confirm and push further this
test, a long endurance test with 20% H, should be done on BS2 bench in June 2020. Also, 18 meters will
be recovered and re-calibrated at the end of the 18th month infield tests.

The general conclusions of these tests are:

— The injection of H, has a real impact on the metrological behaviour of all the tested and used (on the
distribution grid) meters.

— Not significant deviation between the error results obtained with 10% and 20% of H,. This is very
encouraging for the infield tests (started at the end of 2017 — November).

— A significant “long term” impact is measured on diaphragms meters. This effect is dependent of the
meter manufacturer and design. This can be explained by the difference of design and of plastic and
polymers materials uses in meters. This impact is substantially absent for the rotary meter. This can
be explained by the fact that the measuring cell is made of aluminium.

0.6 -2.412
2 -1.171
10 -1.053
20 -1.517
40 -1.495
70 -1.447

100 -1.192

0.6 -0.265
2 -0.102
10 -0.127
20 -0.231
40 -0.162
70 -0.448

100 -1.432

100 -0.181
70 -0.207
40 -0.304
25 -0.193
10 -0.219

Table 7 — “Long term” Impact of the >H injection in terms of additional error

These results show that the H, injection induces an overall undercounting of the 3 different meters. The
Meter 1 is highly impacted compared to meter 2. The additional error has been calculated and it is about -
2% to -1% for the meter 1 and -1.4% to -0.1% for the meter 2. The rotary meter 3 is low impacted. The
undercounting is less than 0.3%.

This overall undercounting effect can be explained by the irreversible impact of the H, on some plastic
and polymers materials. These materials are widely used in gas meters. To confirm and push further this
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test, a long endurance test with 20% H, should be done on BS2 bench in June 2020. Also, 18 meters will
be recovered and re-calibrated at the end of the 18th month infield tests.

The general conclusions of these tests are:

— The injection of H, has a real impact on the metrological behaviour of all the tested and used (on
the distribution grid) meters.

— Not significant deviation between the error results obtained with 10% and 20% of H,. This is very
encouraging for the infield tests (started at the end of 2017 — November).

— A significant “long term” impact is measured on diaphragms meters. This effect is dependent of
the meter manufacturer and design. This can be explained by the difference of design and of
plastic and polymers materials uses in meters. This impact is substantially absent for the rotary
meter. This can be explained by the fact that the measuring cell is made of aluminium.

5.4.1.2 Influence of hydrogen on the high-pressure error curve of natural gas meters

[6] In order to test the influence of hydrogen on the classical natural gas meters in high pressure,
measurements were carried out on the high-pressure meter test bench Pigsar™ in a project
commissioned by E.ON. In addition to the existing test bench infrastructure, a hydrogen infrastructure
was also required for the testing of the measurement behaviour of turbine wheel and ultrasonic gas
meters, which was installed exclusively for these tests.

Commercially available high-pressure gas meters were selected as test subjects: an ultrasonic gas
meter (1st meter in the flow direction) and a turbine wheel gas meter (2nd meter in the flow direction),
both nominal width DN 80, size G100 — 160 m*/h, pressure stage DP 70.

Special attention was paid to very long inlet lengths for both test specimens in order to ensure the best
possible mixing of the natural gas with the hydrogen and to exclude possible flow profile influences. The
hydrogen was injected into the natural gas volume flow in front of a 2-stage static mixer.

The Pigsar-own process gas chromatograph (PGC) analysed the gas composition downstream on the
hydrogen supply in 3 min rhythm. A special H, gas chromatograph (GC) determined the hydrogen
concentration. Gas samples were taken at the same location. The measurement uncertainty (MU) of the
Pigsar test bench™ is 0.13% to 0.14% (double standard deviation) for the flow rates driven here. The MU
of the H, mass flow measurement is given by the manufacturers as 0.35 %.

Tests were carried out at 4 different flow points. These amounted to 70%, 40%, 25% and 10% of the
maximum flow of the test specimens, which was 160 m*/h. A reference calibration ware achieved at 30
bar and with natural gas in order to set the base calibration curve. Each flow point, the tests were carried
out sequentially at 4 different H2 admixtures. These corresponded to 2.5, 5, 7.5 and 10% volumetric H2
share of the total volume flow. Control measurements with 0 % H, proportions were carried out directly
before and after the H, enriched test points. Under constant conditions, 5 to 9 individual measurements
with 60 s measuring time were carried out for each test point. The set points for the pressure and
the temperature in the measuring distance were 29 bar and 17°C.

The measurements are summarized in graphs below (Figures 16 and 17). The results are as follows:

— All measurement deviations, including those with H, admixture, were clearly within the calibration
error limits.

D1 - Literature overview for renewable gases flowmetering Page 30/30



EMPIR JRP 18NRM06 EM p| R m Eum@

NEWGASMET — Deliverable D1

— Regarding the turbine wheel gas meter (Figure 17), no influence can be detected by the H,
admixture. The TRZ shows the very good repeatability of the test results for a TRZ with and
without H, admixture.

— Also, for the ultrasonic gas meter (Figure 16) apart from the measuring point at 10 % Qpmax. NO
influence by the H, supply can be measured.

— At the measuring points at 0 %-Q.,, there is an apparent tendency for the ultrasonic meter: The
measurement deviation changes by approx. 0.9% with a change in the H, concentration. In this
case, however, this change may also be due to the high short-term repeatability of the ultrasonic
meter measurement results, especially in the case of small flows, and is therefore not a clear
indication of a gas species dependence.

20 —e—DBase 30bar e 0% H2 e 25%H2
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Figure 16 — Total volumetric flowrate for the ultrasonic meter
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Figure 17 — Total volumetric flowrate for the turbine meter

Some other EU projects such as NATURALHY [5] where diaphragm meters were tested with a mixture
(50% H, + 50% CHy,). Overall, the measurement error deviations were less than 2%.

In another experimental experiment, the high-pressure gas meter test bench Pigsar™ investigated to
what extent the measurement deviation is influenced by the enrichment of natural gas with H2 turbine and
ultrasonic meters, or whether it leads to a systematic influence. The results have shown that there is no
influence on the measurement behaviour of the turbine meter by the H, addition up to 10 vol. %. Similarly,
there was no sign of influencing the ultrasonic meter in the event of a good mix-up. Further tests are
recommended in which the influence of inhomogeneous mixtures (e.g. mixed flags, plug flow) on the
measurement behaviour is investigated. [6]

The report from Marcogaz [7] called “overview of available test results and regulatory limits for Hydrogen
admission into existing natural gas infrastructure and end use” presents a nice summary of what needs to
be addressed for this topic. In the grid / pressure regulation and metering, it is stated that below 10% of
H2, no clear impact is expected on the metering accuracy.

5.4.2 Safety

The main safety challenge with H; is its wide Explosive range: LEL= 4% UEL=75% (The minimum ignition
temperature of hydrogen-air mixtures is 500°C).

As explained for syngas, adding up to 10% hydrogen to natural gas has nearly no effect on safety
characteristics for explosion protection. Even adding 50% hydrogen to natural gas has only slight effects
on these safety characteristics, although the dependency from the hydrogen fraction is not linear. When
referring to the measures for explosion protection, the study suggests that adding hydrogen to natural gas
in facilities designed for natural gas is technically possible without major modifications at least for
hydrogen fractions up to 25%. While pure methane is allocated to the less critical explosion group IIA,
when more than 25% hydrogen is added the mixture falls into explosion group IIB. When hydrogen
accounts for more than 75% the mixture is allocated to explosion group IIC.
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Hydrogen may cause leakage problems in the gas pipeline systems. Plus, gas metering technologies are
affected by leakage issues depending on the volumetric percentage of hydrogen mixed. Hydrogen
diffusivity through the construction material of the equipment or polymer materials including plastic pipes
and seals is much higher than methane since hydrogen molecules are much smaller than methane
molecules.

5.4.3 Lifetime

The lifetime of a meter exposed to hydrogen is currently unknown. The only guidance elements are the
impact of H, on metal the hydrogen embrittlement cracking and on non-metallic components show
different resistance to H,. The AIGA specification gives more details on a wide set of plastic materials and
elastomers. For elastomers, we should also consider H, permeability that might induce extra leakage
which will impact both safety and accuracy.

5.4.4 Maintenance Requirement

The main manufacturer of gas meter suitable for H, applications state that the maintenance of their
meters is identical to a “normal” gas meter. This statement is insufficient and a wide experimental
study of the lifetime and maintenance requirement with hydrogen shall be achieved. A way to
achieve this is the durability tests.

This literature survey has shown that a very few articles treat the accuracy modification of flow meters
when calibrated with hydrogen or hydrogen mixture. There is a lack of knowledge and the experimental
campaign of WP2 and WP3 will provide clear output for the community.

The main results are:

— For the 2 tested diaphragm meters the impact of H, (10% and 20%) is significant and must be
taken into account.

— A “long-term” impact was noted for these diaphragm meters. The calibration curve of these
meters drifted substantially between before and after tests with hydrogen mixtures. This result
needs to be confirmed with a larger number of meters.

— There is no influence on the measurement behaviour of the turbine meter by the H, addition up to
10 vol. %. Similarly, there was no sign of influencing the ultrasonic meter in the event of a good
mix-up. Further tests are recommended in which the influence of inhomogeneous mixtures (e.g.
nonhomogeneous distribution, plug flow) on the measurement behaviour is investigated.

— The report from Marcogaz [9] called “overview of available test results and regulatory limits for
Hydrogen admission into existing natural gas infrastructure and end use” presents a nice
summary of what needs to be addressed for this topic. In the grid / pressure regulation and
metering, it is stated that below 10% of H,, no clear impact is expected on the metering accuracy.

— Some other EU projects such as NATURALHY [5] where diaphragm meters were tested with a
mixture (50% H, + 50% CH,). Overall, the measurement error deviations were less than 2%.
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Even if the tests seem to provide results within the MPE for different meter technology, the aging
of H, meters must be investigated in further details especially when plastic components are being
used in the sensor.
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1. “Overview of the market segmentation for hydrogen across potential customer groups, based on key
application areas”— CertifHy deliverable No. 1.2 (06/2015)
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6 Literature overview for raw biogas flowmetering

6.1 Context and general background

Renewable gases such as biogas and biomethane are considered as key energy carrier when the society
is replacing fossil fuels with renewable alternatives. Biogas is the third fastest growing renewable energy
source in the world, following photovoltaic solar and wind power (period 1990 to 2015). In Europe at the
end of 2018, more than 17000 biogas installations were installed, along with 610 biomethane units [4].

Biogas is a gas mixture composed mainly of methane (CH,4) and carbon dioxide (CO,), along with water
and other trace gases. It results from a natural degradation process of biomass performed by a large
variety of micro-organisms taking place in the absence of oxygen, a process referred to as anaerobic
digestion. Industrial anaerobic digestion can process a wide range of biomass varieties including sewage
sludge, animal and vegetable by-products, household biowaste and primary or secondary crops. The ‘bio’
aspect of biogas refers to its biological production process and renewable (biomass) origin, in opposition
to ‘natural gas’ which is of fossil origin [4].

Biogas is produced by anaerobic digestion or fermentation (Figure 18). Which means that biomass is
converted by microorganisms to biogas without oxygen. It is a mixture of methane, carbon dioxide,
nitrogen, water vapour, hydrogen, oxygen and hydrogen sulphide. The chemical composition of biogas
varies depending upon the feedstock material and different parameters like temperature and acidity of the
substrate. The process is described in Figure 19

A typical biogas plant converts biogas in a Combined Heat and Power unit (CHP) to produce electricity
and heat. The electricity is then injected into the existing grid, while heat is often used locally such as in a
district heating system or on site. The share of methane in biogas can also be increased to reach the
methane concentration in natural gas, a process known as biogas upgrading. The purpose is to inject the
newly produced biomethane in the local gas grid. The remaining of the degraded biomass, referred to as
digestate can be recovered as a by-product and applied as organic fertiliser allowing substitution of
conventional fertiliser and nutrient recovery.

Anaerobic Digestion

Digester Cover —

BIO GAS

Bubbles and
G Bouyant Mixing
Subtrates
CH, + CO;

Active Solids

Figure 18 — Lindfield biogas production process
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Figure 19 - The biogas process (Credit: Basic date on biogas — Swedish Gas Technology Centre Ltd)

The composition of biogas depends on a number of factors such as the process design and the nature of
the substrate that is digested. The main components are methane and carbon dioxide, but several other
components also exist in the biogas. The table below (Table 8) lists the typical properties of biogas from
landfills and digesters as well as a comparison with natural gas.

35® 65

0 0 5® 15

0 0®3 =
30 ® 40 15 ® 50 02®1.5
<1 5® 40 0.3®1.0

0 0®5 =
0®6 0®6 0
6.5 4.4 10® 13.2

Table 8 — Composition range of biogas

The contaminants found in the biogas depend also of the inputs. The mains are listed in the table below
(Table 9).
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0 to 100,000
0 to 5500
0 to 1500
0 to 2000
0to 700
0 to 1200
0 to 100

<100
0 to 200

Table 9 — Contaminants in the of biogas [6, 7 & 8]

6.2 Raw biogas impact assessment for gas meters

Because of the lack of literature on this subject, the state of the art consists on some feedbacks from
European countries and some scientific publications.

6.2.1 Accuracy

6.2.1.1 Denmark experience:

In DK biogas is injected into the grid, but before the injection the biogas must be cleaned and upgraded to
a specified quality. The energy of the raw biogas is measured to calculate the subsidy to the producer of
the raw biogas.

6.2.1.2 Biogas meter with adjustable resolution and minimal back pressure

This paper describes a biogas meter in which a timed bellows pump serves as the metering device, a
floating cap serves as a sensor, and a rain-gauge data logger serves as the recorder. These three
components can be combined as an alternative biogas meter or could be applied separately to extend the
capabilities of existing meters. This design meets the consensus definition of the ideal meter but also
offers greater flexibility because the flow measurement range and the resolution of individual gas units
are both controlled by an easily adjustable timer. The meter design and works as follows: Gas lifts the
counterweighted floating cap until a sensor is triggered (Figure 20). The sensor activates a circuit (Figure
21) which starts a delay-off timer, which in turn starts a gas pump. The gas pump runs for a fixed interval
which is set on the adjustable timer, and pumps gas past a gas seal. This gas seal is needed to prevent
gas leaks between pump runs. Every time the pump activates, a single unit of gas is removed from the
reactor, and the data log is timestamped. As the data logger shows exactly when the pump ran, it is
straightforward to convert the unit volume and time data into a flow rate. A control circuit schematic
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(Figure 19) shows how the optical sensor (Omicron EE-1001) is powered via the interval timer
(Macromatic Interval-On TR-60522 Relay). When the sensor activates it triggers a solid-state relay (Idec,
10 A 48-660 V AC) which starts the interval timer.

As a conclusion, this biogas meter design allowed precise low gas flow measurements and recorded
each flow volume unit as a time-stamped event. The prototype meter was capable of distinguishing
individual biogas pulses of less than 2 ml which is equivalent to 3.3 mg COD (65% methane at 32 °C) and
measuring up to 3000 | of biogas a day (125 I/h).
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Figure 20 — Meter schematic: gas lifts the counter-weighted, floating cap which triggers the sensor which
activates a timer (not shown). The timer runs the gas pump for a short fixed interval before resetting itself.
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Figure 21 — Circuit schematic: closing the sensor switch powers a relay which starts the gas pump and
maintains power for the selected interval. Activation of the timer is recorded by a data logger and the record can
also be marked using a push-button switch. NO is “normally open” and NC is “normally closed”.
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6.2.1.3 Volumetric meter for monitoring of low gas flow rate from laboratory-scale biogas reactors

This paper presents an in-house developed gas volumetric meter based on the liquid displacement
principle as discussed in 6.2.1.2. However, some new features have been endowed to this meter with
improved functions not only to overcome the above-mentioned problems, but also to measure and display
the gas flow rate directly.

The gas meter consists of a volumetric cell, a sensor device for liquid level detection, and an electronic
control circuit for data processing and display. Figure 22 illustrates schematically the major components
of this gas measuring system. The volumetric cell is responsible for gas—liquid displacement. It consists of
a U-shaped glass tube with an inside diameter of 8 mm. One port of the glass tube is connected to a
three-way solenoid valve, whereas the other one is open to the atmosphere. Paraffin oil is selected as the
displaced liquid due to its low evaporation rate in comparison with an aqueous solution. Although an
experimental study shows that the solubility of a mixed biogas (60% CH, and 40% CO,) is higher in
paraffin oil than in deionized water, there is no further detectable effect of gas dissolving in the oil after
the first exposure when the dissolved gas and the gas in a vessel headspace are in equilibrium.
Furthermore, the volume of the dissolved gas is limited since there is only 4 ml paraffin oil in the glass
tube. Therefore, effects of dissolving biogas in the displaced liquid can be ignored. A couple of optical
couplers serve as liquid level sensors for trigging the solenoid valve in order to control a shift of the liquid
meniscus in the tube between fixed lower and upper levels.

This meter is a reliable and convenient device for on-line monitoring of gas production from an anaerobic
fermentation process in laboratory scale (1 ® 950 mi/h). The meter is relatively inexpensive and easy to
assemble and can be a valuable tool for scientists and process engineers to study the process dynamics
in real-time. Its resolution | about 1 ml. The measurement accuracy and repeatability were within £3.3 and
1+1.0%, respectively.
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Figure 22 — Schematic presentation of gas-measuring system.
Ports of solenoid valve: (A) the common port; (B) normally closed port; (C) normally opened port.
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6.2.1.4 Crude Biogas flowmetering

This paper consists of 4 parts:

First part: A wide state of the art on the non-conventional gas metering technologies adapted to
crud biogas, as well as a benchmark, near the waste stations and operators in Europe. This led to
identify the “adapted” technologies of flowmeters: differential pressure flowmeter, mass
flowmeter, averaged pitot, a thermal-mass flowmeter and a vortex flowmeter.

Second part: An important experimental study on test benches (with natural gas and dry air) in
order to metrologically check the selected flowmeters. To complete these tests, flowmeters had
been installed and tested on three biogas production sites lasting more than 6 months. As a
result, numerous parameters had been identified to be impacting the flow metering such as the
biogas composition, the biogas temperature...

Third part: The analysis of all these experimental results allowed the CRIGEN to identify:

= The impact of each parameter: gas composition, pressure, temperature...
= The “actual” adapted flowmeter to each type of biogases.

Recommendations for infield installation and operating these metering station.

Four flowmeters, identified in the part 1, had been selected to be tested at a laboratory and installed after
that in three different biogas productions sites.

03 x averaging Pitot (2x 4” + 1x 3"),
01 x Venturi (3”),
01 x V-cone (4”),

01 x oscillations (4”).

The flowmeters were tested two at a time, with an averaging Pitot at each time. The same configurations
were used for testing on the biogas production sites. On the field, the APT is considered as a flow
metering reference. The test configurations are described below.

a) b)
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Figure 23 — Installation diagram of the 3 tested couples of biogas flowmeters
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The tests with the two gases had been done with the same configuration, at the same temperature
(20°C), the same pressure (1050 mbar) and the same Reynolds number. Every flowmeter was equipped
with its own flow-computer. For the lab tests, the gas composition was fixed to a standard natural gas and
dry air composition. For the infield tests, every site defines it standard biogas composition.

Only the three averaged pitot was able to adjust the standard flowrate with pressure and temperature
measurement. For all the other flowmeters, this adjustment had been done afterwards. For the gas
composition it was done for all meters afterwards.

The results were analyzed in terms of standard flowrate error to the bench flowrate reference (sonic
nuzzle) according to the Reynolds number. On the figure 24 are plotted the flowrate error of three
different averaging pitot (2x 4” + 1x 3”) according to the standard flow rate and to the Reynolds number.
The gas flowrate Q varied from 30 Nm®/h to 400 Nm*h and the gas velocity from 0.7 to 18 m/s. The first
observation is that the three averaging Pitot have an error less than £1% on all there rangeability range:
100 to 400 Nm*h (as specified by the manufacturer). In the other hand, the error increase to 5% when
the flowrate is less or equal to Q,;,. The gas composition has a little impact.
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Figure 24 — Flowrate error of three different averaging pitot according to standard flowrate
and to the Reynolds number.

On the Figure 25 are plotted the flowrate error of three different differential pressure flowmeters: Venturi
(3"), V-cone (4”) and oscillations (4”) according to the standard flow rate and to the Reynolds number.
The gas flowrate varied from 30 Nm®/h to 800 Nm*h and the gas velocity from 1 to 30 m/s. The first
observations are that the three flowmeters have an error less than 5% for Qy up to 100 Nm?®h and they
are low impacted by the gas composition. The Venturi as well as the oscillations has an average error
less respectively to, 0, 5 % and 5 %, which respects their specification. On the other hand, the V-cone
flowmeter over-meter in every case and its average error is higher to its specifications: 1 % instead of
0,5%.

To summarize, the averaging Pitot, the Venturi and the V-cone are more precise than the oscillations with
an error about 1%. The oscillations error is about 5%. This error increases when the flowrate Qy is less
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than 100 Nm®/h. Also, laboratories results show that for the density and dynamic viscosity tested ranges,
all the tested flowmeters are almost insensitive to the variation of the physical properties of the gas.

For the tested flowmeters, 3 technologies stand out: the APT and the V-cone because of their low error (1
%) and their high stability; the Venturi because of its very low error (0,5 %) and its low small installation
size (see the table at the end of the paper).
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Figure 25 — Flowrate error of three different differential pressure flowmeters according to the standard flowrate
and to the Reynolds number (biogas site n°1).

After the laboratory’s tests, all the flowmeters had been tested infield. Three different biogas production
sites had been chosen, all in France. These sites had a production about 150 to 500 Nm%h of crude
biogas and hadn’t valorization systems. The same flowmeters coupling had been installed on every site
(Figure 23). For two of these three sites, two supplementary insertion flowmeters had been installed: a
Thermal-Mass flowmeter and a vortex flowmeter. The infield tests had lasted 3 to 5 months. As for the
laboratory’s tests, only the averaged pitot standard flowrate is automatically adjusted, in its flow computer,
with the actual biogas pressure and temperature.

Different parameters had been acquired with different frequencies:
— standard flowrate of each flowmeter every 5 minutes,
— gas temperature and pressure every 5 minutes,
— gas composition every two weeks for 2 sites,
— CHjy concentration every 5 minutes for 1site,
— meteorological data (atmospheric pressure, ambient temperature, humidity), every 1 hour.

All these results: laboratories and infield ones show that, even the crud biogas is a very wet gas with a
high composition variation and important fluctuation of the temperature, it is possible to correctly measure
it flowrate. They allow, also, comparing and studying the behaviour of the different tested flowmetering
technologies. It is evident that the corrosive and wet characteristics of the crude biogas ask for the use of
a robust and without mobile parts flowmeters. But, even, all the tested flowmeters meet these
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requirements; they behaviours are very different considering the high fluctuations of the crud biogas
properties, such as composition, liquid presence, pressure and temperature.

An important conclusion is obtained from these experiments: the flowmetering technology and robustness
are not the only guarantee of the accuracy of the flowrate measurement. The temperature and the biogas
composition are also key factors to improve the flow measurement. This because these factors are the
most impacting the thermodynamic characteristics of biogas, such as density, heat capacity and viscosity,
which are the key parameters for the flowrate calculation for both, pressure difference, vortex and
thermal-mass metering technologies.

6.2.2 Safety

The main safety aspects for biogas are:

— Biogas: LEL: 4.3% UEL: 16.3%. The minimum ignition temperature of hydrogen-air mixtures is
260°C [9].

— The H,S high content poses a health risk since the toxicity level is 20 ppm. Which is far below the
actual biogas H,S content.

Therefore, to ensure an appropriate use of biogas it is important to pay particular attention to its strong
environmental and health risk.

6.2.3 Lifetime

The lifetime is a key parameters for the biogas meters. Many elements, such as the high corrosive
aspect, the presence of solid and liquid which can be deposited on different parts of the meter body, can
strongly degrade the meter integrity and therefore its lifetime.

Before wide use of a specific meter, It is essential to ensure that its lifetime is well-known.

6.2.4 Maintenance Requirement

Some maintenance studies had been achieved if France [10]. It comes out that:

— The zero flow, the water presence, the stability of the measurement (flow meter and the different
sensors P & T) must be controlled monthly.

— The verification of the general behaviour of the meter (signs of corrosion, existence of solid and
liquid deposits and of condensate...) and the meter should be cleaned twice a year.

— An accredited organisation shall be appointed so as to achieve complete control of the metering
system annually.
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6.3 Intermediate conclusions

Many technologies are proposed to measure raw biogas. The most suitable are the technologies without
mobile parts, low-impacted by the composition variability and insensitive to the corrosion and deposit
phenomena. The accuracy of a gas meter working with raw biogas can be affected by different factors.
The main identified factors are:

the gas composition variability

the presence of high content of sulphurous components (H,S, COS),
the high content of water (both vapor (saturation) and liquid)

and the presence of contaminants.

O O O O

The following table summarise the possible impacts of the previous factors on the accuracy of the
different considered gas meters.

— Aromatic hydrocarbons,
terpenes, siloxanes and
halogenated

— Change in gas
composition is expected

to have higher impact — Increase of the corrosion

due to the change in
density of the gas, which
directly impacts the
rotation speed of the
blades, and therefore the
accuracy of the meter.

— Not expected to affect

accuracy in a significant
way.

phenomena of the
metallic parts such as the
blades, the rotaries, the
bearing and the meter
body.

— If pressure drop or cold
gas, formation of
deposits of crystal
sulphur.

> Both may lead to the
blockage of all the
mobile parts of the
measurement cell and
therefore impacting the
accuracy of the meter.

— Increase of the
corrosion phenomena
of the metallic parts
such as the blades, the
rotaries, the bearing
and the meter body.

»> It may lead to the
blockage of all the
mobile parts of the
measurement cell and
therefore impacting the
accuracy of the meter.

hydrocarbons and solid
particles deposit on the
different mobile parts
such as the blades, the
rotaries, the bearing and
the meter body.

> It may lead to the
blockage of all the
mobile parts of the
measurement cell and
therefore impacting the
accuracy of the meter.

— The ammonia, fluorine

and chlorine can react
with many plastic and
polymer parts of the
meter body.
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» It may lead to the
modification of their
properties and therefore
impacting the accuracy
of the meter.

— Not expected to affect
accuracy in a
significant way as long
as the SOS remain
within the manufacturer
transducer and
electronics specified
range.

— If the SOS is higher and
out of the specified
range, the accuracy of
the meter is highly
impacted due to the
inability of the transducer
set and associated
circuitry to treat the
information received ;

— Increase of the corrosion
phenomena of the
metallic part such as
meter body and the
transducers.

— If pressure drop or cold
gas, formation of
deposits of crystal
sulphur inside the meter
body and the transducer
modifying the diameter
and increasing the
ultrasonic signal
attenuation.

» Both may lead to the
decrease of accuracy of
the US meter.

— The fact that the SOS
in water is much
higher than in the gas,
the presence of water
liquid flow leads to the
increase of the
overcounting
phenomena and
therefore the accuracy
of the meter. The same
behaviour is seen with
wet gas.

— Aromatic hydrocarbons,
terpenes and
halogenated
hydrocarbons and solid
particles deposit on the
meter body modifying the
inner meter diameter
and, on the transducers,
increasing the dissipation
of the ultrasonic signal.

»> It may lead to a
significant shift of the
meter accuracy.
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— The thermal conductivity
is strongly dependent on
the gas composition.

» If no calibration with
the corresponding
composition or possible
modification in the meter
flowcomputer (gas
composition is
measured inline) to take
into account the
variability of the gas
composition, the
accuracy is strongly
affected.

— The Coriolis meter
measure the mass flow
rate. Therefore, isn’'t
expected to affect
accuracy in a significant
way.

— If the real composition
isn’'t measured inline, the
accuracy of the
calculation of the
volumetric and
standard flowrate is
strongly impacted.

— Increase of the corrosion
phenomena of the meter
body and the
measurement
compounds.

» It may lead to a strong
accuracy drift of the
meter.

— Increase of the corrosion
phenomena of the
metallic part such as
meter body and vibrating
tubes.

— The pressure-drop
induce the formation of
deposits of crystal
sulphur inside the tubes
modifying then their
diameter and increasing
their weight.

> Both may lead to the
decrease of accuracy of
the Coriolis meter.

— The water vapor and
liquid modify the
thermal conductivity.

» The water strongly
affects the accuracy of
the thermal-mass
meter.

The fact that the weight
of the vibrating tubes
increases due to the
presence of the water
(vapor and liquid phase)
which can lead to the
increase of the
overcounting
phenomena and
therefore the accuracy
of the meter. The same
behaviour is seen with
wet gas.

— Aromatic hydrocarbons,
terpenes and
halogenated
hydrocarbons and solid
particles deposit on the
meter body and the
measurement
compounds.

> It may lead to
decrease of the thermal
exchange with the gas
flow and therefore
impacting the accuracy
of the meter.

— The ammonia and
chlorine can react with
many plastic and polymer
parts of the meter body.

» It may lead to the
modification of their
properties and therefore
impacting the accuracy
of the meter.

— Aromatic hydrocarbons,
terpenes and
halogenated
hydrocarbons and solid
particles deposit on
vibrating tubes increase
their weight and then
their vibrating frequency.

> It may lead to the
increase of the
overcounting
phenomena and
therefore the accuracy of
the meter.

Table 10 — Impacts raw biogas on the different gas meter
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7 Literature overview for biomethane flowmetering

Among the different “new gases”, covered within the project, this part focuses specifically on biomethane.

Apart from conversion to electricity in a CHP unit, biogas can be upgraded to biomethane. Upgrading is
the process of separating unwanted components in biogas such as CO, to increase the total methane
content and meet the natural gas specifications. The produced biomethane can consequently be injected
into the existing gas grid and be used in all commonly known natural gas applications, with virtually no
effect on the existing infrastructure, as its composition is very close to natural gas.

Biomethane represents one of the most flexible renewable energy carriers as it can be produced
throughout the whole year with no intermittency, it is directly applicable in numerous sectors (heating and
cooling, transport, chemical industry) and can be easily and cost-efficiently stored for long-term periods.

In Europe end of 2018, 610 biomethane units are operative [2]. Figure 26 presents the distribution of the
biomethane units in the different European countries.

To upgrade biogas to biomethane two steps are needed (Figure 27):

— The pre-treatment and cleaning are necessary for the further processing and subsequent use of
biomethane. If biomethane is to be injected into the gas grid, it must be compatible with the
properties of natural gas. If it is to be used as vehicle fuel it must comply with the requirements for
fuel quality. The presence of potential impurities in raw biogas depends essentially on the
feedstock used and, on the technology, applied in the production process. In compliance with the
national legal quality requirements for biomethane (fuel, feed into the natural gas grid), pre-
treatment procedures must be applied.

— The upgrading of biogas to biomethane quality. The aim of all upgrading technologies is to
achieve high methane purity and low methane losses with low energy consumption. To achieve
this the CH, from the CO, using several mature upgrading technologies available on the market.

Figure 26 — European distribution of biomethane units (Credit: https.//france-biomethane.fr/)
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Figure 27 - Upgrading biogas to biomethane process (Credit: https.//www.kobelco-eco.co.jp/)

The typical biomethane composition is described in the table below (Table 11). The contaminants are
also listed in the Table 12. In this table both the requirement of the EN ISO 16723 and actual
contaminants measurements for 10 different biomethane units.

0 —
0 0
10.84 [1] 10 ® 13.2

Table 11 — Composition range of biomethane
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<025 | <05 <05 | <0,35 <0,44

073 | <23 | <011 | <05 <05 |<020| <0,17 | <0,22 | <0,14 | <0,18 -

0.11 | <0,12 | <0,13 | <0,2 | <0,25 | <0,60 | <0,67 | <0,67 | 0.015 | <0,45 =

0.88 | <0,99 | <0,2 <02 | <089 | <0,18 | <0,20 | 0.20 <3 <0,15 =

339 | <049 | <025 | <0,25 | <0,14 | <21 <6 <0,1 | <040 | <21 10

0.00 | <0,001 | <0,001 | 0.0007 | 0.0014 | <0,03 | 0.0001 | <0,03 | <0,0001 | <0,03 0.1

<0.1| <01 |<0,001| <0,1 <0,1 | <0,07 | <0,001 | <0,07 | <0,0001 | <0,07 | Easee-gas

Table 12 — Contaminants in the biomethane (RICE internal study)

7.2 Biomethane impact assessment for gas meters

No scientific papers or literature which deals with the impact of biomethane on gas meter was found. The
main reason on this lack of studies is due to the fact that based on the EN16723, biomethane that comply
with its requirements is interchangeable with natural gas as they have the same properties. Therefore,
biomethane can be transported, distributed and consumed within the existing natural gas grids and
equipment without any modification.

7.21 Accuracy

In this part a table (Table 13) is provided with the different elements within the biomethane that can affect
the accuracy of the gas meter.

7.2.2 Safety

The main safety aspects for biomethane are:

— Biomethane: LEL: 5% UEL: 17%. The minimum ignition temperature of hydrogen-air mixtures is
580°C.

— The possible chemical reaction of the odorant (THT in France) and mercaptans can leads to a
strong modification of the odour making difficult the “human” leak detection.

— The possible existence of pathogenic germs and heavy metal in the biomethane, leads to a
health risk.

Therefore, it is important to continuously control the contaminants that can affect the biomethane odour.

"EN 16723-1 (05/2917): Natural gas and biomethane in transport and biomethane for injection in natural gas network. Part 1:
Specifications for biomethane for injection in natural gas network.
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— The ammonia and chlorine can react with many plastic and polymer parts of the meter
body.

» It may lead to the modification of their properties and therefore impacting the
accuracy of the meter.

— Not expected to affect accuracy in a significant way.

— The ammonia and chlorine can react with many plastic and polymer parts of the meter
body.

» It may lead to the modification of their properties and therefore impacting the
accuracy of the meter.

— Not expected to affect accuracy in a significant way.

Table 13 — Impacts contaminant of the biomethane on the different gas meter

7.2.3 Lifetime

Until now nothing from the operators and in the scientific literature which may indicate a lifetime difference
with the case of natural gas.

7.2.4 Maintenance Requirement

The same maintenance requirement for biomethane applications are requested with the biomethane.

7.3 Intermediate conclusions

The main conclusion is that biomethane that complies with all the EN16723 requirements is
considered interchangeable with natural gas. Therefore, biomethane can be transported,
distributed and consumed within the existing natural gas grids and equipment without any
modification.
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7.4 Credits and references

1. Calorific value of biomethane: Comparative measurements using reference gas calorimeters, J. Rauch and
F. Haloua. 22" World Congress of the International Measurement Confederation (IMEKO 2018).
2. Biogas Basics. Report of European Biogas Association (2019).

3. EN 16723-1 (05/2917): Natural gas and biomethane in transport and biomethane for injection in natural
gas network. Part 1: Specifications for biomethane for injection in natural gas network.
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8 Conclusions

The EMPIR project NEWGASMET is an important step in the development of the renewable gases uses
in Europe. It represents the first wide study on the main renewable gases: biogas, syngas, pure
hydrogen, hydrogen mixture and biomethane.

This report is the first step of the project; it consists on a wide survey and literature overview on the
impacts of the different renewable gases (listed below) on the different gas meters used for metering.

The survey conclusions are:

— The biogas composition depends on the substrate composition used during the anaerobic
digestion. It changes also over the life span of the landfill.

— When measuring raw biogas and raw syngas turbine, rotary and diaphragm meters are not
suitable.

— Biomethane (as defined by the EN 16723-1) and natural gas are interchangeable because
they present the same properties. Biomethane can be transported, distributed within the
existing natural gas grids and burnt within existing equipment without any modification.

— Pure hydrogen addresses two main challenges to be acted upon: tightness and internal
leakage must be actively managed and mitigated.

—~ Up to 10% of H, in the natural gas, big size (>400 m°/h (G250)) turbine and ultrasonic
meters are slightly impacted. This last conclusion does not apply to the other gas meter
technologies.

The literature overview conclusions are:

— For syngas

= Due to the hydrogen high content in syngas, the safety and the lifetime of the meters are
strongly impacted.

= The contaminants (tar, Sulphur, particles and Ammonia) increase the corrosion and
depositions phenomena which lead to a rapid and high drift of the accuracy of all the meters.

—  For pure H,

= All the scientific papers dealing with metering show that the flow meters (specially the
Coriolis meters) might deviate from the original calibration.

=  With H,, the Coriolis meter overcounts at low flow rate in contrast with its usual behavior.

— For Hydrogen mixture with natural gas

For diaphragm meter, the available results show some possible impact of H2 (10% and 20%), so further
analysis and testing is needed. Indeed a “long-term” impact was noted for the tested diaphragm meters.
The calibration curve of these meters drifted substantially between before and after tests with hydrogen
mixtures. This result needs however to be confirmed with a larger number of meters.
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= There is no evidence of any influence on the measurement behavior of the turbine meter by
the H, addition up to 10 vol. %.

=  Similarly, there was no sign of influencing the ultrasonic meter provided the hydrogen was
well mixed with the natural gas.

= Even if the tests seem to provide results within the MPE for different meter technology. The
aging of H, meters must be investigated in further details especially when plastic
components are being used.

— For raw biogas

= Many technologies are proposed to measure raw biogas. The most suitable ones are the
technologies without mobile parts, low-impacted by the composition variability and
insensitive to the corrosion and deposit phenomena. The accuracy of a gas meter working
with raw biogas can be affected by different factors. The main identified factors are:

— the gas composition variability,
— the presence of high content of sulfurous components (H,S, COS),
— the high content of water both vapor (saturation) and liquid

= and the presence of contaminants which have a strong impact on the accuracy and the
meter lifetime.

= Lifetime is a key parameter for the biogas meters. Many elements, such as the high
corrosive aspect, the presence of solid and liquid which can be deposited on different parts
of the meter body, can strongly degrade the meter integrity and therefore its lifetime. It is
then essential that before wider use a meter to ensure that its lifetime is well-known.

= Some recommendation for the maintenance are proposed to ensure the robustness and the
stability of the meter accuracy.

—  For biomethane

= The main conclusion is that biomethane that comply with all the EN16723 requirements is
considered interchangeable with natural gas. Therefore, biomethane can be transported,
distributed and consumed within the existing natural gas grids and equipment without any
modification.

= The contaminants may impact the accuracy and the meter lifetime.

= The possible chemical reaction of the odorant (THT in France) and mercaptans can lead to a
strong modification of the odor making difficult the “human” leak detection. Therefore, it is
important to continuously control the contaminants that can affect the biomethane smell.

= The possible existence of pathogenic germs and heavy metal in the biomethane, leads to a
health risk.

= The same maintenance requirement for natural gas applications are requested with the
biomethane.
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Annex 1: List of the consortium partners

Internal Funded LNE Laboratoire national de métrologie et France
Partner d'essais
Internal Funded LNE-LADG® | CESAME-Exadébit SA — LNE-LADG France
Partner
Internal Funded L . .
Partner CMI Cesky Metrologicky Institut Czech Republic
izl Fensta? FORCE FORCE Technology Denmark
Partner
Internal Funded . . )
Partner NEL TUV SUD Limited United Kingdom
izl Femsto? PTB Physikalisch-Technische Bundesanstalt Germany
Partner
Internal Funded vsL VSLB.V. Netherlands
Partner
External Funded .
Partner ENAGAS ENAGAS SA Spain
Fundacion para el desarrollo de las
=9l FURGEE FHA nuevas tecnologias del Hidrogeno en Spain
Partner
Aragon
St e GRTGAZ | GRTGAZ France
Partner
External Funded ISSI Azienda Speciale Innovhub - Stazioni ltal
Partner Sperimentali per L'industria y
Unfunded Partner HONEYWELL Elster GmbH / HONEYWELL Germany
Unfunded Partner ITRON ITRON GmbH Germany
Unfunded Partner METERSIT METERSIT srl Italy
Unfunded Partner SICK SICK Engineering GmbH Germany

8 Laboratory LNE-LADG is legal entity name of French Designated Institute which is member of the French Metrology association. In
some EURAMET documents, this laboratory can be registered as Cesame Exadébit which is actually the entity managing private
activities of the company.
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