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1. General context

Europe’s transition to a decarbonized energy system is underway. The 28 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 consumes energy. It will require virtually carbon-free power generation, increased
energy efficiency, and the deep decarbonization of transport, buildings, and industry. The current situation
of the 27 European country is summarised in the figure 1, where the situation of each country is
compared to its 2020 target defined in the COP21 report.

Stakeholders must pursue all available options to limit energy-related CO2 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.
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Fic 1 - Share of renewable energies by EU country (2018 and 2020 objective) — Credit:

https.//ec.europa.eu/eurostat/statistics-explained/index.php/Renewable_energy_statistics

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 European Metrology Programme for Innovation
and Research (EMPIR) project NEWGASMET fits. Its objectives are to increase knowledge about the
impact of renewable gases on the accuracy and durability of commercially available meters and to
provide reliable data to industry and the metrology community and recommendations on renewable gas

measurement to adapt, if needed, gas meters standards.

! Directive 2004/22/EC of the European Parliament and of the Council of 31 March 2004 on measuring instruments
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2. Context and methodology of the task 1.3: “Mapping of the
tests performed on gas meters with renewable gases”

The first step to achieve the NEWGASMET goals: “improve knowledge and understanding about impact
of renewable gases on gas meters along the gas network and to get reliable data to give confidence in
measurements used for billing”, is a literature study to gather available knowledge concerning the
performance of existing gas meters with renewable gases, with a focus on accuracy and durability, and
for all available gas metering 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 is
highlighting gaps in the global knowledge of the scientific community and industry and defines the most
important areas which must be studied in WP2 and WP3 and other projects.

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 using electricity in a “power
to gas” process, and eventual combination gasified coal for syngas. These new gases are used in various
local or broader applications and lead to reconsider the metrology of metering systems in the gas supply
chain, but an overview of studies about global performance of existing gas meters with renewable gases
is today not available.

The main objectives of the task 1.3 is to define a clear mapping of the tests that have already been
performed for each meter technology, and renewable gas family/gas compositions. For some meter
technology, renewable gas composition combinations results impact on accuracy, time drift, lifetime and
robustness are provided. This, to guide WP2 in the definition of the test matrix.

This task will define missing tests and studies to complete the mapping within the limits defined in task
1.1 and task 1.2. It will define for each gas meter technology which gas compositions have never been
tested. The output of this last task will be shared with partners in order to ensure that the test matrix
established by WP2 matches the real requirements identified by WP1.

The employed methodology to achieve the task 1.3 is to gather all the tests that have already been
achieved for each meter technology and taking into account manufacturer, renewable gas family and gas
blends. This mapping will show the impact (or not) on gas meters of the use of the defined renewable
gases blends, as detailed in the deliverable D2. This study, as a second step, will define needed accuracy
and durability tests that still need to be completed compared to the expectation of the relevant CEN/TC
237 standard and of the OIML R137:2012 recommendation. This study proposes a mapping giving an
overview of these missing tests and experiments

3. Mapping of the tests performed on gas meters with
renewable gases
In this section, the results of the D1 deliverable are summarised. All the known impacts and potential

impacts on gas meters of the different renewable gases studied by the EMPIR project NEWGASMET are
given below.
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3.1 Raw biogas

The corrosive and wet characteristics of
the crude biogas ask for the use of robust
components with a minimum of mobile
parts in the meters.

None None

The Danish experience in injecting and
measuring raw biogas results are,
None None unfortunately, not public but the
conclusion of the tests was that the
turbine meter was not suitable and were
destroyed after, about, 24 hours.

Tests in injecting and measuring raw
biogas in Denmark indicates that the

None None ultrasonic gas meters are especially
suitable for measuring raw and dirty
biogas

None None None

None None None

35.7% (Vol)’ . -

CH4 o7 4‘2 EVEI;3 Laboratories and infield tests show that, None

2 Compo n°1 (09/11/2012 — Biogas site n°1)
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C02

N2

02

Ar

H2S

H20

29.2 (Vol) *
27.1% (Vol)
37.4% (Vol)
22.8 (Vol)
31% (Vol)
32.5% (Vol)
38.7 (Vol)
5.8% (Vol)
2.3% (Vol)
8.8 (Vol)
0.5% (Vol)

484 mg/Std m®
5829 mg/Std m®
360 mg/Std m®
73% HR
18 g/Std m°

362 Std m%hr
512 Std m°/hr
365 Std m°/hr
1.016 bara
0,99 bara
1.013 bara
23.2°C
12.8 °C
24 °C

Table 1 - Overview of the raw biogas impacts on gas meter

crude biogas is a very wet gas with a high
composition variation and important
fluctuation of the temperature. It is
possible to correctly measure it's flowrate
using averaging Pitot tube, venturi, V-
cone and thermal mass (insertion) meters.

An important conclusion is that 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 a key factors to take into
consideration. These factors are strongly
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.

3 Compo n°2 (30/07/2012 — Biogas site n°2)
¢ Compo n°3 (19/11/2012 — Biogas site n°3)
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3.2 Biomethane

None None No scientific papers nor other literature
which deals with the impact of
biomethane on gas meters was found.

None None The main raison for this lack of studies is
the fact that based on the EN16723
NEne N (“Natural gas and biomethane for use in

transport and biomethane for injection in
the natural gas network”) and all the CEN
None None TC237 and 1ISO TC30 standards,
biomethane that comply with its
requirements is interchangeable with

None e natural gas and are considered to have no
additional impact on the existing

None None metrology meters.

None None None

Table 2 — Overview of the biomethane impacts on gas meter
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3.3 Hydrogen

3.3.1 Case 1: Decarbonization of natural gas grid through blending

6%, 10% and 20% (vol.) H2

The injection of H2 has a real impact
(>0.5%) on the metrological behaviour of all
the tested diaphragm meters. This result is
the same with 10% and 20% of H2.

Table 3 — Overview of the hydrogen blend (up to 20%) impacts on gas meter

None
ifferent meters significant “long term” impact is measure
(3 diff t meters) A significant “| term” i ti d
on diaphragms meters. This effect is
dependent on the meter manufacturer and
the design of the metering cell of each meter.
Up to 10% vol., there is no influence on the
0, 3
10(f)r(nveilc..a)r|)-|2 measurement behaviour of the turbine meter None
by the H2 addition.
Very low impact of H2 injection on the
0, 0, 0,
Gfen 107 (ﬁnr(:lst?a f; (elk) measurement behaviour of the tested rotary None
meter.
Up to 10% vol., there is no influence on the
0, )
10(4’ r;V(S(Ie.)r?z measurement behaviour of the ultrasonic None
meter by the H2 addition.
None None None
None None .3None
None None None
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3.3.2 Case 2: Upgrade of natural gas to pure hydrogen grid

None

None None None
None None None
None None None
None None None
None None None
None None None

Table 4 — Overview of the “pure” hydrogen impacts on gas meter
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3.4 Raw Syngas

Very little information was found on the

None None impact of syngas on metering from the
documents collected, nor from
None None manufacturers and testing bodies.
Some technical rules that were analysed
suggest failure mechanisms that can
None None

affect the relevant material of a generic
gas installation. These concepts can be
None None extended in an evaluation of durability of

gas meters, by considering the same

materials. The only information related to
None None accuracy aspects are some suggestions
to frequently calibrate meters, which might
indicate that an impact is expected,

None None however no further details were stated.

None None None

Table 5 — Overview of the raw syngas impacts on gas meter
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4. Target gas compositions

4.1 Biomethane composition ranges

As explained in the D2 deliverable, the target gas compositions range in Europe for the biomethane is
achieved using a statistical study of all the European biomethane production stations (based on the GIE
2020 - European Biomethane map “infrastructure for biomethane production”). Based on this data, the
gas composition range of biomethane in Europe is:

<2.5%
5mg/Std.m*

< -60 °C at 4bar

Table 6 — Biomethane typical composition [1]

The exhaustive list of contaminants found in the biogas is given in the table below.

- Chlorine (mg/Stam?) 06 :
| Meroury ugistamy 067 :
Easee-gas
_ ISO 8573-2 :2007° .
_ ISO 8573-4 :20197

Table 7 — Measurements of contaminants in the biomethane (RICE internal study)

® 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.

1ISO 8573-2:2007: Specifies test methods for the sampling and quantitative analysis of oil aerosols and liquid oil that can typically
be present in compressed air

1ISO 8573-4:2019: Compressed air - Contaminant measurement - Part 4: Particle content
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4.2 Raw biogas composition ranges

For the biogas gas composition, we proceed from the assumption that the biogas station feedstock types
are equivalent to the biomethane stations. Therefore, the biogas stations in Europe are distributed as
follows.

Based on this distribution (feedstocks), and using the typical gas composition ranges given in literature
(see table caption), the following gas composition range is established:

6 No data
(at40° C)

Table 8 — Established typical biogas gas composition range [5, 6, 7 & 8]

The contaminant list and their ranges depend on the feedstock and the methanation process. The
exhaustive list is given below in the Table 9.

0 — 100,000
0 — 5500
0 — 1500
0 — 2000
0 — 700
0 — 1200

<100

0 — 200
Table 9 — Contaminants in the of biogas [9, 10 & 11]
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4.3 Raw syngas composition ranges [12 to 27]

The following table (Table 10) provides a typical range for the composition of syngas. This will be
dependent upon the specific chemical composition of the feedstock to the gasifier.

20 - 40
35— 40
25— 35
0—>15

255
Table 10 — Syngas gas composition range [12]

4.4 Hydrogen Gas composition ranges
Two cases are specified for the hydrogen:
— Case 1: an injectable renewable gas in the existing gas grid.
— Case 2: a pure (100% (vol) hydrogen) renewable gas used directly for energy production,
transportation or any other industrial process.
4.4.1 Case 1: Decarbonization of natural gas grid through blending [28, 29 & 30]

The current regulatory framework for nine of the most advanced European countries in renewable gases
uses, relative to the maximum blend level of H2 in the natural gas grid is given in the flowing figure.

Belgium Switzerland
BE =
| :Austrja
. Germany 4 ----- p  Germany .. higher injection levels

i i ; ; technically (in principle)
E | 5 5 possible, but requiring gas

i | infrastructure investments
Sweden . | France ! Netherlands to varying degrees. Local

L ! : : : : alignment with gas TS0/
D -I oo .:. : | = DSO is key for every project

Pt Volimel

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 13% 14% 15% 16% 17% 18% 19% 20%  molar
percent

0% 02% 04% 06% 08% 10% 12% 14% 16% 18% 20% 22% 24% 26% 28% 30% 3.2% percent

Fi6 2 - The maximum (local) blend level of hydrogen into the natural gas grid [31]
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Therefore, the relevant hydrogen blend level threshold injected into an existing natural gas grid is
20%. Of course, assuming that in the past with the use of town gas containing hydrogen up to
50% [33], a higher content of H2 is conceivable.

4.4.2 Case 2: Upgrade of natural gas to pure hydrogen grid

For this case, it is very simple to establish a hydrogen concentration. It is almost 100%.

The contaminants nature and content depend on the used process to produce and to purify the hydrogen.
The three main process of pure hydrogen production are : SMR processs+ PSA®, Water PEM electrolysis
process'® + TSA' Chlor-alkali process' + TSA. In the following table (Table 11) are listed all the
contaminants that can be found in the produced pure hydrogen and their probability of occurrence [32].
The content of each of these contaminants is given in [32] and they are less than 100 ppm.

CcO 02 None identified

N2 None identified None identified
CH4, H20 and Ar N2 and H20 N2, O2 and H20
CH20 C02 C02
He, Ar, CO, CH4, He, Ar, CO, CH4,
He’sﬁfghﬁzéfﬁpzoouﬁagm” CH20, CH202, NH3, CH20, CH202, NH3,
hydrocarbons compounds, A dsulpht;)r compounds,d A dSUIphll;r compounds,d
halogenated compounds ydrocarbons compounds, ydrocarbons compounds,
halogenated compounds halogenated compounds

Table 11 — Probability of contaminant presence in the three models presented in this article (SMR + PSA, PEM
water electrolysis + TSA and chlor-alkali membrane electrolysis + TSA).

8 SMR: Steam methane reforming

° PSA: Pressure swing adsorption

10 Water PEM electrolysis process: Water polymer electrolyte membrane electrolysis
n TSA: Temperature Swing Adsorption process

2 Chlor-alkali process: process in which chlorine and caustic soda (sodium hydroxide) are produced simultaneously by electrolytic
decomposition of salt (sodium chloride) — Source: BRITANNICA. TSA: Temperature Swing Adsorption process

D3 — Report on the tests which need to be performed during calibration Page 14/26
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4.5 Interim Conclusions

The following table summarizes the relevant gas composition ranges set for each of the studied four
renewable gases:

Case 1 Case 2
ot o
o ozteve) : :
020
(50% is the 100
maximum [33])
_ < 5mg/Std m° 100 — 10000 0 — 100 - < 5mg/Std m® 0

Table 12 — Gas composition range for the four studied renewable gases

5. Mapping of the renewables gases blends to be studied

The goal of this section is to clearly define, for each gas meter technology, the renewable gas (mixtures)
that remain to be considered by the NEWGASMET project and all the future projects studying the impacts
of these gases on the existing gas meters. The method is to cross the results of the D1 and D2
deliverables.

It is important to keep in mind that even if some meters (from some manufacturers) of different
metering technologies have been tested, it is objectively insufficient to draw all required
conclusions including all the sizes and all the meters manufacturers.

That is the reason why for the studied renewable gases, all the gas composition ranges need to be
re-considered.

NOTE: to clearly present the results, a section is dedicated to each gas meter technology. That means
that some tables and conclusions have the same appearance.
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5.1 Diaphragm meter

For raw biogas, , is to study the impact of the high variability of the composition on thermodynamic properties (density, viscosity, compressibility)
and lastly its effect on the metrological behaviour of the meter.

C omee 35075 0t oom :
C cozehe) 1550 mow  0zois :
Because the
C N@ve) | bomeianes 040 255 03510 0
T el e it 05 0
interchangeable with - i i
the natural gas, only 0—>20
the contaminants 0->5 20 —» 40 (60% is the 100
impacts need to be maximum [33])
(at 40 °C)
Chlorine3 1
(mg/Std m”) Particles
Fluoride . (mgistamy 10009
(mg/Std m®)
Mercury3 1
(ng/Std m”) Ammonia .
Ammonia 10 (ppm) 100 No data = (,ﬁ;}g]tzn:fa) 10
(mg/Std m®)
Amine 10
(mg/Std m®) Total chlorine
Total volatile as CI' s 200
Silicate 1 (mg/Std m~)
(mg Si/Std m®)

Table 13 — Renewable gas composition ranges to be considered for their potential impact on the diaphragm meters
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5.2 Turbine meter

For raw biogas and syngas, it is important to study the long-term impact of the chemical contaminants that can react with the inner parts of the
meter and the high variability of the composition and its effect on thermodynamic properties (density, viscosity, compressibility) and lastly the
effects on the metrological behaviour of the meter.

Because the
biomethane is
considered to be an
interchangeable with
the natural gas, only
the contaminants
impacts need to be
deeper investigated

Chlorine
(mg/Std m®)
Fluoride
(mg/Std m®)
Mercury
(ng/Std m°)
Ammonia
(mg/Std m®)
Amine
(mg/Std m®)
Total volatile

Silicate 1
(mg Si/Std m®)

10

10

35> 75
15 — 50
0—40
055

0—>5

6
(at 40 °C)
100 —> 10,000

Particles

(mg/Std m®) 100,000

Ammonia

(pPm) e

Total chlorine
as CI 200
(mg/Std m®)

0—>15
25 > 35
2—>5

20 —» 40

35— 40

No data

65 — 92
02515
0.3—->1.0

020
(50% is the
maximum [33])

< 5mg/Std m®
0
5—> 15

Table 14 — Renewable gas composition ranges to be considered for their potential impact on the turbine meters

o O o o

100

o O o o

Ammonia

(mg/Std m°) o
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5.3 Rotary meter

For raw biogas and syngas, it is important to study the long-term impact of the chemical contaminants that can react with the inner parts of the
meter and the high variability of the composition and its effect on the thermodynamic properties (density, viscosity, compressibility), and lastly the

effects on metrological behaviour of the meter.

. CHe(evo) 3575 015 65> 92 0
. cozkve) 15 - 50 2535 0215 0
Because the
| N2(%ve) |  biomethaneis 040 255 03510 0
interchangeable with
the natural gas, only 0-20
the contaminants 0->5 20 — 40 (50% is the 100
impacts need to be maximum [33])
(at 40 °C)
. HeS(mgstdm’) 100 > 10,000 : <5mg/std m’ 0
. CO(kve) : : 35— 40 0 0
 Other hydrocarbons (% vol) - : : 5> 15 0
Chlorine3 1
(mg/Std m”) Particles
Fluoride 1 (mg/Std m’) 100,000
(mg/Std m®)
Mercury3 1
(ug/Std m”) Ammonia .
Ammonia 0 (pPM) 100 No data - (,’;g‘,g‘t‘;“:s, 10
(mg/Std m®)
Amine 10
(mg/Std m®) Total chlorine
Total volatile as CI' s 200
Silicate 1 (mg/Std m~)
(mg Si/Std m®)
Table 15 — Renewable gas composition ranges to be considered for their potential impact on the rotary meters
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5.4 Ultrasonic meter

For raw biogas and syngas, it is important to study the long-term impact of the chemical contaminants that can react with the ultrasonic
transducers in contact with the gas and the high variability of the composition and its effect on the thermodynamic properties (SOS, density,
viscosity, compressibility), and lastly the effects on the metrological behaviour of the meter.

Because the
biomethane is
considered to be an
interchangeable with
the natural gas, only
the contaminants
impacts need to be
deeper investigated

Chlorine
(mg/Std m®)
Fluoride
(mg/Std m®)
Mercury
(ng/Std m°)
Ammonia
(mg/Std m®)
Amine
(mg/Std m®)
Total volatile

Silicate 1
(mg Si/Std m®)

10

10

35> 75
15 — 50
0—40
055

0—>5

6
(at 40 °C)
100 —> 10,000

Particles

(mg/Std m®) 100,000

Ammonia

(pPm) e

Total chlorine
as CI 200
(mg/Std m®)

0—>15
25 > 35
2—>5

20 —» 40

35— 40

No data

65 — 92
02515
0.3—->1.0

020
(50% is the
maximum [33])

< 5mg/Std m®
0
5—> 15

Table 16 — Renewable gas composition ranges to be considered for their potential impact on the ultrasonic meters

o O o o

100

o O o o

Ammonia

(mg/Std m°) o
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5.5 Coriolis meter

For raw biogas and syngas, it is important to study the long-term impact of the chemical contaminants that can react with the vibrating tubes on
the metrological behaviours of the meter.

oMt 65575 0-»15 6592 o
. coz(kve) 15— 50 25 35 0215 0
Because the
. N2(%vel) |  biomethaneis 040 255 0.3 510 0
interchangeable with
the natural gas, only 0-20
the contaminants 0—>5 20 —» 40 (50% is the 100
impacts need to be maximum [33])
(at 40 °C)
. COo(kvo) - - 36 40 0 0
 Other hydrocarbons (% vol) - : - 5 15 0
Chlorine3 1
(mg/Std m~) Particles
Fluoride ) (mg/Std m®) ~ 100.000
(mg/Std m®)
Mercury3 1
(ng/Std m”) Ammonia .
Ammonia 10 (ppm) 100 No data - (rﬁ:/gtzn.:% 10
(mg/Std m®)
Amine 10
(mg/Std m®) Total chlorine
Total volatile as CI' s 200
Silicate 1 (mg/Std m~)
(mg Si/Std m®)

Table 17 — Renewable gas composition ranges to be considered for their potential impact on the rotary meters
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6. Conclusions

This deliverable proposes, for each gas meter technology, the renewable gas (mixtures) that remain to be
considered by the NEWGASMET project and all the future projects studying the impact of these gases on
the existing gas meters. The method employed is to cross the results of the D1 and D2 deliverables.

The main conclusion of this work is that it is important to study the long-term impact of the chemical
contaminant that can react with the gas meters in contact with the gas given the high variability of the
composition. Secondly renewable gas thermodynamic properties (SOS, density, viscosity,
compressibility) are affected by:

— the metrological behaviours of the meter (drifts, accuracy),
— the robustness of the meter

— the lifetime of the meter

— the maintenance of the meter.

It is important to notice that results presented in section 3 cannot be extended to all gas meter
manufacturers. That is why it is important to perform extensive tests on the most occurring
(European) gas meters.

In the other hand, it is substantial to differentiate between the test gas blends given in ISO437 and
with the test gases blends that will be considered by this project (gas blends to be tested with gas
meters)

In the annex is a note is presented providing the renewable gases mixtures (proposed for the test phase
in WP2.
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Annex

Criteria and proposals for test gas definitions in the scope of NEWGASMET
Prepared by: NEGASMET expert group for evaluating the CEN/TC237 gas meter standards for renewable
gases, 16/09/2020
Scope
This document’s scope is to make a proposal for a set of test gas definitions, arising from the studied
literature, to resolve the action 2TD59 of the NEWGASMET EU research project.

Current situation
Existing definitions of gas compositions are dealt with in EN 437. In this reference standard gas families are
defined, and different appliance test gas compositions are given.

In the scope of EN 437 we can read:

This standard specifies the test gases, test pressures and categories of appliances relative to the use of
gaseous fuels of the first, second and third families. It serves as a reference document in the specific
standards for appliances that fall within the scope of the Council Directive on the approximation of the laws
of Member States concerning gas appliances (90/396/EC).

The standard makes recommendations for the use of the gases and pressures to be applied for the tests.

Note: The Directive 90/396/EC and now been superseded by Regulation (EU) 2016/426 on appliances
burning gaseous fuels

All current metering standards make reference to the EN 437, however the listed gases are intended as test
gases, not gases necessarily found in the network, and the choice as a reference in the metering standard
was dictated more by historical reasons (as no other specifications were available) than for the proximity of
the application (gas appliances).

As a reference, in the following the applicable gas families’ compositions, based on metering standards, are

specified:
Diaphragm EN 1359 EN 437 families 1,2,3
Turbine EN 12261 EN 437 families 1,2
Rotary EN 12480 EN 437 families 1,2,3
Ultrasonic EN 14136 EN 437 families 2,3, but no G222 (explicitly excluded)

Thermal mass preEN 17526 EN 437 families 2, 3

Currently three other standards are available that define (directly or indirectly) the possible gas
compositions in the network:

EN 16723-1 Natural gas and biomethane for use in transport and biomethane for injection in the natural
gas network — Part 1: Specifications for biomethane for injection in the natural gas network

EN 16726: Gas infrastructure - Quality of gas - Group H
CEN/TR 17238: Proposed limit values for contaminants in biomethane based on health assessment criteria

It shall also be noticed that the scope of these standards is limited, by application (biomethane) and by gas
family (Group H only).

Moreover, those standards depict the current gas grid situation, not possible future compositions, let alone
the limits for contaminants set by the CEN/TR 17238 that stays valid also in future. It shall also be noticed
that currently individual countries place additional restrictions on some components (e.g. Hz).

Page 10f 3
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Criteria and proposals for test gas definitions in the scope of NEWGASMET
Prepared by: Emilio Consonni, Jim Sibley, 16/09/2020

Defining a proposal

Many activities especially from the research project side have taken place so far in the assessment of
renewable gases injections, however the gas composition references are quite wide in their definition and
we do need to consolidate all the available information.

Currently CEN/TC 234 — “Gas infrastructure” is working on aspects relevant to Hydrogen and
biogas/biomethane injections and one important document (in draft) is (WI1=00234080) Consequences of
hydrogen in the natural gas infrastructure, released as draft in March 2020.

In this proposal however it is still far from being a consolidated standard reference.

Moreover, we have the need to limit the number of gas mixtures to be used in the project for time and cost
reasons.

In the literature analysis we studied biogas, biomethane, syngas and hydrogen and their compositions.

Hydrogen

For hydrogen, the main discussion is on how much of it can we inject into the existing infrastructure while
minimizing its effects. In this field a very useful document is the Marcogaz “Overview of available test
results and regulatory limits for hydrogen admission into existing natural gas infrastructure and end use”.

It is then proposed here to consider as test gas reference a set of NG / Ha mixtures in increasing
percentages of Ha.

With reference to the Marcogaz document a first significant step is 10% H,. This is considered as a quantity
of hydrogen that could be injected right now with minimal impact to the grid and its users. A content of
10% H, can also be immediately justified by the studies made in F (6%), DE (10%), IT (5% then 10%).

To achieve more, additional investments might be needed, but they should be sustainable if we consider
the de-carbonization targets set by the EU Commission.

Again, in the Marcogaz document we can note that the next step is placed at 30% H.. Above that limit, it
can be noted that highly significant impacts are foreseen.

The agreement on this point is less clear in literature: France says 20% H; is envisaged from 2030, other
projects have different numbers, TC 234 analysis document contains in some cases a step to 20% as well,
noting that within EN 437 there is a test using the G222 gas as a limit gas at 23% H, to stress the appliances.

It is also worth noting that a value of 20% H: is a value that many countries are using as an upper limit e.g.
as currently being trailed by the HyDeply project in Great Britain at Keele University. It would appear the
main driver for the value of 20% is to allow a safety margin when considering that many existing gas
appliances were originally converted to operate on Natural Gas.

In a recent survey made in the framework of the THyGA EU research project, a significant percentage of
votes consider possible a 30% H. in the gas grid by 2030.

NOTE: The 20% limit is set by residential appliances applications, although the MARCOGAZ infographic sets the “next step” at 30%.
Also the ENTSOG report claims for the same limit of 20% for residential, although it adds that for industrial applications there is the
possibility of a limit between 15% and 50%. The Thyga project, in a poll among members, sees the majority setting the limits
for the near future at 20%, yet with a significant number electing 30%.

As the NEWGASMET project technical proposal is to be open for the future, the limit of 30% for all meters makes sense.
As ENTSOG states in their report, in between there is a number (“tipping point”) after that the investment would not make financial
sense, rather it would be financially beneficial to switch to 100% hydrogen.
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Prepared by: Emilio Consonni, Jim Sibley, 16/09/2020

In light of the above conclusions, if this project tests meters with 30% H. then this is the current upper limit
where some organizations believe the current appliances can operate safely and efficiently. It would be
prudent to perform an intermediate evaluation with 20% H; first. If the meter does not meet the accuracy
limits at this point, there is no value in testing with an admixture at 30% H,. Nevertheless, an admixture
with 30% H, stays as the ultimate goal.

Finally, it makes the little sense (also in terms of project cost) to investigate additional intermediate steps
other than the final one, i.e. 100%.

Biogas / Syngas

Biogas, Syngas share a high number of components as well as of contaminants. In spite of the high number
of components, we can reduce their impact to the definition of test gases based on the fact that some of
these components are dangerous for human health and for the grid components, so there is no other
choice than filter them out. This is the case for Sulphur compounds (especially H,S), siloxanes,
limonenes/pinenes etc.

Components that can (and shall be retained) are CO and CO,.. CO as these are flammable gases, so it
contributes to deliver energy. Moreover, it is interesting to test the impact of CO on durability, knowing its
effects in inhibiting hydrogen embrittlement cracking. For syngas it is proposed to test a percentage of 30%
CO (what is the minimum value in the gas compositions that were analyzed) while keeping 30% of H. (that
is the intermediate step described above for NG / H2 mixture) and being this also a limit value.

As far as biogas is concerned, in agreement with the definition of the range of compositions from D2 in
WP1 (CH.: 30 to 70%, CO2: 30 to 45%, H,S: up to 2500 mg/Stm?) we can define another test gas including
methane and 40% CO,. Other components such as H,S shall be filtered out for safety reasons, so they are
not considered in this test gas mixture. Water shall also be filtered out, that is why we can better refer to
dry, clean biogas.

Note: we might refine this last composition by making sure that its Wobbe index falls into the current
allowed limits. If the budget allows, we could explore other compositions by taking H. and CO to respectively
the upper and lower limits.

Biomethane
Biomethane shall comply with both EN 16723-1 and CEN/TR 17238.

Although biomethane may have more or less the same calorific value as natural gas it may also contain
additional contaminants from the feedstock, therefore this gas may affect the meter’s durability.
CEN/TR 17238 provides limits to these additional contaminants.

Conclusions
To sum up we suggest the following test gases:

Name Composition Note
Hydrogen injection1 | CH.+ 10% H,
Hydrogen injection 2 | CHs + 20% H>

Hydrogen injection 3 | CH; + 30% H. Test not required if meter fails at the previous point
(20% H3)

Hydrogen injection 4 | (100%) H,

Biomethane From the field In any cases the test gases shall be compliant with
CEN/TR 17238 and EN 16723-1

Clean Biogas CHaz + 40% CO; only dry, clean biogas is considered

Syngas CH,4 + 30% H. + 30% CO

Note: If natural gas in used in place of CH, it has to comply with EN 16723-1

Page 3 of 3

D3 — Report on the tests which need to be performed during calibration Page 26/26



