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A long time ago, in the in ancient Egypt...

THOTH was a Moon god. The Moon not only provides light at night, allowing time to still be
measured without the sun, but its phases and prominence gave it a significant importance in
early astrology/astronomy. The perceived cycles of the Moon also organized much of Egyptian
society's rituals and events, both civil and religious. Consequently, Thoth gradually became
seen as a god of wisdom, magic, and the measurement and requlation of events and of time.”

...nowadays, in Europe

THOTH2 consortium focuses on energy measurement value chain and instruments’ ability to
accurately measure physical parameters of H2ZNG mixtures with increasing H2 percentages,
up to 100%, in order to make NG infrastructure resilient to the challenges of tomorrow.
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H, blending in existing gas infrastructure can play a central role
in unlocking the green transition.

« To date, H, blending is limited also due to uncertainties on the
impact of new mixtures on the already installed devices in
the gas value chain, such as measuring instruments.

 The normative framework, including testing methodologies for
Hydrogen and Natural Gas (H,NG) mixtures, is still under-
construction.

« Validated protocols are required to define the H, limits and
tolerances of the measuring devices installed in the NG grids.
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Project objectives

THOTH2 will focus on the energy measurement value chain and the instruments’ ability to
accurately measure physical parameters of H2ZNG mixtures with increasing H2 percentages, up to
30% in volume, and also pure hydrogen.

Provide recommendations
to International Standard
Bodies, gas TSOs and
DSOs, measuring devices’
manufacturers, and the R&D
community.

Cover the normative and
standards gaps relating to

Design dedicated
methodologies to test

methodologies and protocols
for measuring devices with
H2NG mixtures or pure H2.

different types of measuring
devices installed, at different
operative conditions
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Target devices categories

The THOTHZ2 project aims to experimentally investigate
the limits and tolerance of H2 content in NG for SoA Gas meters
measuring devices installed in gas transmission and
distribution grids.

chromatographs

- . . . Pressure and
Specifically, the following targets will be pointed out: Trace water

temperature

« the protocols developed for testing devices sensors

» the criteria for selecting the devices to be tested
« the main characteristics of the devices to be tested
« the characteristics of the testing benches in the

Consortium Volume
Leak detectors
converters

transmitters
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Gas meters in transmission networks

ix

Technology share Market penetration (Different colours refer to different TSOs)

100% - i . Turbine gas meters Rotary gas meters Ultrasonic gas meters
90% 13% e 0.25 Turbine 0.1 Positive displacament 0.025 Ultrasonic
80% 0.2 Q 0.08 0.02 Q
70% -

60% ’ 28% 0.15 —§ 0.06 0.015 T
13%
50% 0.1 0.04 0.01
40%
30% 0.05 I I 0.02 I 0.005 I
° I
20% 0 1l ... 0 1 = -- 0 -0 n__
SonIsensaed ST g e e n®ag SNmYmencagoay
10% BEBB828288g¢ REE2E8288a EEEEEEEEEE T
% 95% % % [ala)
o ST 88% $28888888¢0 %%%%%%%%%§ §§§§§§§§§§§§§
TSO1 TS02 TSO3 TS04
Turbine Rotary Ultrasonic 11 different models from 10 different models from 13 different models from
™ Diaphragm ® Coriolis “ Orifice 9 manufactures 7 manufactures 11 manufactures

® Not Specified 0,10 - 0,2 devices/km 0,01 - 0,10 devices/km 0,01 - 0,05 devices/km
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Ref.: D1.1, SoA of measuring devices installed in NG transmission and distribution networks
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Proposal Planned Tests (Type.

pre:;a;i?nn Number. KPls__)

Measuring devices
Characteristics,/
Models Preselection

] e allat=larts 41 ;
Data Analysis Frellmlrrldr} Tea_tlng
_ plan (Measuring
devices)

Available Test
benches Capabilities Advisory Board

Input ‘

Partners
WE3 facilities
ol o e
Availability _ Manufacturers Manufacturers Mw; LS Final Testing plan
? Input Collaboration Analysis asuring (Measuring devices)

device?

Other facilities
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Ref.: D2.1, Roadmap of the potential measuring devices, sensors to be tested by the consortium
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Devices selected for the testing campaign

T

TSO Gas meters

13 meters selected:

* Rotary meters:
» 4 models G100 & G250

* Turbine meters:
= 4 models G160 & G650

* Ultrasonic meters:

= 5 models DN100 &
DN300

DSO Gas meters

12 meters selected:

« Diaphragm meters:
e 6 model G4 & G6, G10
& G16, G40 & G65
« Thermal mass meters:
» 2model G6 & G25

 Ultrasonic meters:
* 4 models G4 & G6

Trace water sensors

7 sensors selected:

« TDLAS:
1 model

« Ceramic metal oxide:
* 4 models

» Capacitive:
2 models

Leaks detectors

5 sensors selected:
 TDLAS:7 model
« MOS: 1 models
« Catalytic: 1 models

* |R: 1 models

* TC: 1 models

¥ Clean Hydrogen
. Partnership

Flow computer

1 model selected

Ref.: D2.2, Testing protocols will be provided to WP3 as an input for testing
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TSO gas meters testing benches ﬂ-?

Meters calibration before and after agin

.

g with H2NG and/or pure H2 (at CESAME and NaTran facilities).

L.

Fluid Air NG NG NG
Operational mode Open loop Closed loop Closed loop Open loop
Pressure 1 - 50 barg 3 - 50 barg 8 - 54 barg < 30 barg
Flow rate > I-\l?n%(/)r? 0 10 r-nl/(LOOO 8 - 6000 m3/h 0'1Sr'n§/0h00
Uncertainty 0.21% 0.23-0.26 % 0.22 -0.29 %

Max diameter of the

- DN300 (+
DUT (dctavut:)e under 400 mm DN600 DN350 & 400) DN80
es

Clean Hydrogen
Partnership

- Co-funded by
the European Union
Ref.: D3.1, Test rigs preparation and reporting procedure for experimental activities
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DSO gas meters testing benches 2 m.zo

Meters calibration before and after aging with H2NG and/or pure H2 (at INIG and Natran facilities).

1 INIG 25% H,/CH, 2+8 ambient 4+4
(vol/vol)
2 INIG 100% H2 2+-8 ambient 4+4
%+ Clean Hydrogen Co-funded by
i PartnerShlp - the European Union

Ref.: D3.1, Test rigs preparation and reporting procedure for experimental activities
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(0]
1 INIG 25% 4+ 11

2.3 - PRESSURE REGULATORS T - OUTPUTS TO TEST EQUIPMENTS.

H2/CH4(vol/vol)
;-j PRESSURE CONTROLLERDRUCKPACEAR00 8- VACUM PUMP. 2 C ESAM E P ure H2 4 + 1 1

MANUAL VACUUM PUMP
A B - MEASURING CHANNELS

1- SDURCE OF PRESSURE (NITROGEN BOTTLE) & - TEMPERATUR/CLIMATIC CHAMBER

#% Clean Hydrogen
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Ref.: D3.1, Test rigs preparation and reporting procedure for experimental activities
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Trace water sensors test benches

DRY GAS ]
SOURCE
PUMP
Vi Pressure Pressure
A gauge-max’ ‘gauge-max
1MPa 6 MPa

Jel1onuo)
mol3 ssen | seo Suwosul Aig
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AN
BY-PASS
put XVALVE

i

Humidity N Prassure
Generator |Humid Outgoing Gas Controller

Expansion Valve
Purgingline

I Chilled-Mirror Hygrometer

HEAT EXCHANGER

Ry
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Cavity Ring Down Spectrometer

P Mormally Closed Valve

< Normally Open Valve
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SOURCE PUMP
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>

Thermostat
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Ref.: D3.1, Test rigs preparation and reporting procedure for experimental activities
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Leaks detection test benches T-|-|.H|.2°

1
Dlgltal Multimeter
Gas Bottles i Vent
Ge e Lot Set @ 2 barg
: : k 1/4° SS tubing [ a1

i oo eace

PSV: Pressure Safety Valve
PC: Pressure Controlier
BV: Bail Vaive

P1: Pressure Indicator
QC: Quick connector

FC: Flow Controlier

S: Solenoid Valve

ONI
[s)
O
Chamber
(o}
X
Bubbler

Electrovalves

Pneumatlc Valves gl

Certified Gas Cylinder
(300 barg)

h GasIn

6@@@@@

Bubbler Test Chamber
Gas cylinder . .
concentration | Gas flow [sccm] | Temperature [°C] | Injection time [s] Gas mlx.“'."e Gas concentrations RH% [%)]
composition [ppm mol]
[ppm mol]
" Clean Hydrogen Co-funded by
Partnershlp the European Union

Ref.: D3.1, Test rigs preparation and reporting procedure for experimental activities
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The testing procedure has the purpose of
checking the register of the selected flow
computer (compressibility factor,
conversion factor, errors, etc.) for
different hydrogen concentrations
(inside and outside of limits defined in
standards for  compressibility  factor
calculation).
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It is not considered detailed testing
according to standard EN 12405 ‘Gas
meters, Conversion devices, Part 1. Volume
conversion’.
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Ref.: D3.1, Test rigs preparation and reporting procedure for experimental activities
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EN 12480
EN 12261

EN 12405-1
EN 12405-2

EN 12405-3

TR 16061
EN 16314
EN 1359
EN 14236

EN 17526

EN 437

ENISO
£974-1

ENISO
£974-2

ENISO
6974-6

ENISO

Clean Hydrogen ik
Partnership

Gas meters - Rotary displacement gas meters
Gas meters - turbine gas meters
Gas meter - Conversion devises - Part 1=
Volume conversion
Gas meters - Conversion devices - Part 2:
Energy conversion
Gas meters - Conversion devices - Part 3. Flow
computer
Gas meters - Smart gas meters
Gas meters Additional functionalities
Gas meters - Diaphragm meters
Gas meters — Ultrasonic domestic gas meters
Gas meters — Thermal mass flow meter-based
gas meters
Test gases - Test pressures - Appliance
categories
Natural gas — Determination of composition and
associated uncertainty by gas chromatography_
General guidelines and calculation of
composition

Natural gas - Determination of composition and
associated uncertainty by gas chromatography_
uncertainty calculations

Matural gas -Determination of hydrogen, helium,
oxygen, nitrogen, carbon dioxide and C1 to C8
hydrocarbons using three capillary columns.
Natural gas - Extended analysis - Gas-
chromatographic method

* kO * Ot e
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EN ISO
6976

EN ISO
14912

EN ISO
15970

EN ISO
207851

EN ISO
20765-2

EN ISO
20765-5

EN 1776

1SO 10790

1SO 17083

Matural gas - Calculation of calorific values,
density, relative density and Wobbe indices from
composition
Gas analysis - Conversion of gas mixture
composition data
Natural gas - Measurement of properties -
Volumetric properties: density, pressure,
temperature and compression factor
MNatural gas - Calculation of thermodynamic
properties - Part 1: Gas phase properties for
transmission and distribution applications)
Matural gas - Calculation of thermodynamic
properties - Part 2. Single-phase properties (gas,
liquid, and dense fluid) for extended ranges of
application
MNatural gas - Calculation of thermodynamic
properties - Part 5. Calculation of viscosity,
Joule-Thomson coefficient, and isentropic
exponent
Gas infrastructure- Gas measuring systems-
Functional requirements
Measurement of fluid flow in closed conduits-
Guidance to the selection, installation and use of
Coriolis meters (mass flow, density and volume
flow measurements)
Measurement of fluid flow in closed conduits
Ultrasonic meters for gas

Ref.: D4.1, Preliminary guidelines and recommendations for new standards (under development)
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Conclusions and further steps

Launch of the R&D+i Hub (coming soon!)

Collection and processing of experimental results

Analysis of the testing campaign results with the manufacturers involved in the
project and with the stakeholders advisory board members

Ongoing coordination and engagement with standardization bodies and
technical associations involved in the standardization process
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Project website

The THOTH2 project website is part of the

commun i cati on an d d is sem i n ati on strategy m ABOUT THE PROJECT MAIN GOALS PARTICIPANTS NEWS & PUBLICATIONS  CONTACT
foreseen in WP5. ~
- @
The S Ite WI ” en abl e the prOJeCt to ga I n g re ater THOTH2 AIMS TO DESIGN DEDICATED METHODOLOGIES TOTEST
visibil |ty among insiders as well as amo ng a wider DIFFERENT TYPES OF MEASURING DEVICES INSTALLED IN THE
GAS TRANSMISSION AND DISTRIBUTION GRIDS FOR FUTURE

audience. In fact, it is meant to serve as the TRANSEORT OF HYDROGEN.
primary conduit for communicating with the \
public about the project.

The website will have regular updates on the many

received funding from the Clean Hydrogen Partnership under Grant

THOTHZ2 phases, the publication of specific ' » e e
deliverables, and a possibility to explore other '
project-related contents.

https://thoth2.eu/
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Thank you!

Ludovico Mazzocco (GERG)

THOTH2 Communication and
Dissemination Leader

ludovico.mazzocco@gerg.eu
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