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Agenda

& THYGA

13h30 Welcome, Introduction and rules to the webinar Alexandra Kostereva /
Patrick Milin
13h40-14h25 Experience sharing: GRHYDHIiggs, HyDeploy Isabelle Alliat

Javier SanchezLainez
Adam Madgett

14h25-14h30

THyGA- Obijectives of the project

Patrick Milin

14h30-14h50

THyGA- Theory on the impact of H2 admixture in NG
on combustion aspects

Jorg Leicher

14h50-16h15

THyYGA- Interim test results

A Focus on some specific results (flashback,
ljonization current, adjustment, etc.)

A QIA session between each thematic session

A GERG PNR project and link with orgoing work

Jean Schweitzer

16h15-16h30

Experience sharing: HyDelta

Julio C. GarciaNavarro

16h30

THyGA- Next steps and end of the Workshop

Patrick Milin
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GRHYD : a successfull demonstration
for the new gas H2NG

Isabelle ALLIAT (ENGIE Lab CRIGEN)

THyGA webinar, June 15, 2021

(>GRHYD

Let’s renew our energies




The GRHYD project
Grid management by
Hydrogen injection for
Decarbonizing the energies

Context and aim




@Gguyp The 1st Power-to-Gas H2 demonstror
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= Part of the French Program ‘Investment for the Future’ : Hydrogen for a

Sustainable City @ @
= Valorize, through the production of H2, renewable overcapacity and promote il | YOy
a new energy in urban areas to decarbonise the networks and uses of - -
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v Evaluate in real conditions the new H2NG energy in the usual uses of gas at home CcETIAT
and in transport, on technical, environmental, regulatory and societal aspects |

C©GRHYD




Two pilots based on Hydrogen to assess the relevance of
H2NG chain for sustainable cities

= GRHYD objective : produce H2 from renewable electricity, inject this H2 into the gas distribution
grid and consume the new H2-NG gas locally (heating, cooking, hot water, CHP, and mobility)
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A NEW GAS : H2NG SUSTAINABLE MOBILITY

A new kind of gas for homes A new fuel for urban buses

A new 100-home district and the boiler of From feasibility Through a pre-commercial

a health center, are supplied with a new SN demonstration demonstration, NGV station and 30
type of gas H2-NG. urban buses will be adapted to

: to
The H2 cor;t)((e:et(:(lju;(t;:/at\t’e:l but doesn’t soirirareialisaticn Hythane® fuel (5% and 20% H2 vol)
0 -




The main results
of the new gas

H2NG
demonstration




Good social acceptability among user residents

= A priori favorable experimentation area: a population
accustomed to an industrial environment

= An information system combining public meetings with

future residents, targeted communications, posters in
housing buildings

Feedback from sociological studies carried out with residents
(focus group, interviews):

» Confidence in the project partners to manage the industrial
safety issue

» Their main concern: impact on the energy bill (neutral in the
context of the project)




The demonstration lasted 22 months, and applied the
fluctuating H, content in gas during the winter 2019-2020

2018 2019 2020
® ® ® ®

June to December 2019 December 2019 to March 2020

February to May 2019

Fixed 20% Variable rates

June 2018 to February 2019 up to 20%

\ )\ )
Y Y
Checking process: Strategy for driving H2 equipment:
v’ Grid exploitation & safety procedures
ploftat yproc . REN availabiliy ~ C1¢/9y demand
v" H2 electrolysis, storage, injection: exploitation (green electricity) fmf_ﬂ _Gusfﬂmers
v’ Societal acceptance: habitants enquiries \ to produce H2 }X \ fo inject H2NG )
v' Domestic boilers, cookers: efficiency, combustion |

v Central heating boilers: efficiency, combustion / H2 hydride storage = buffer \

©GRHY
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= The fluctuating H2 %

36

H2NG gas quality

= The delivered H2NG fulfilled the DSO

—t

run during the winter : : é W
times (Dec-March) 3s | requirements in France (L-gas), g
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* 1 gt ST - - 119 e —
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Test results on
domestic boilers

(TCETIAT
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Tested domestic gas appliances

In the lab (CETIAT)
] 2 new boilers (Saunier, Chappée) 3 new boilers (Saunier)
Egirlrc‘;:tlc 3 old boilers(Frisquet, Chaffoteaux, Saunier) |6, 10 and 20 %vol. H2
0, 10, 15, 20, 25 and 30 %vol. H2
Cookers and 1 new 1 old (6 and 10 %vol. H2)
avenc 1 old 1 new (6 and 10 %vol. H2)
0, 10, 15 and 25 %vol. H2 1 new at 20 %vol. H2

Tests in laboratory Measures on site




Results in lab and on-site (Saunier boiler)

v' Useful efficiency (water) increases
with the H2 content (lab tests)

v Higher values with G20 reference gas

v" Reduction of NO, emissions with H2
content (lab and on-site)
v On-site with L-gas («B+») gives higher
values versus G25 in lab

G20 11 G25

Gain in useful efficiency (water) (%)

6 10 20
H, content (%)

Boiler (Rue Dolto)

60

55 O 5 + NOx LABO G25
50 B NOx site B+

45 Py ] A NOx LABO G20
40

35 \

NOx (mg/kwh)

30 Ao\

> A
A

20

15 \kk /

0 10 20 30 40

H, content (%)

10
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Conclusions of tests on domestic boilers

v These results are specific to the boilers tested, they confirm the literature,
but they cannot be directly extrapolated to other boiler models

v Reduction of the useful power and the heat output

v' Maintain of combustion efficiency and increase of useful efficiency
v Reduction of emissions : CO,, CO and NO,

v" No problems relating to safety, noise, shutdown, securing, declared during
technical inspections on site

For future deployvment

* Long-term impact of hydrogen (aging, endurance) is to be verified in future projects

= There is a need for large-scale test campaigns to adapt the standards to the new
H2NG gas

CGRHYD



On-site test results
on the tertiary
boilers
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The tested tertiairy boilers

* The care center (EPSM of Flandes) has 2 boiler rooms, equipped with:
1 old Guillot boiler
2 recent Viessmann boilers

* The interesting parameters to measure
are:
» The polluant emissions

» The useful efficiency
« But it was impossible to measure it
» The combustion efficiency




The Viessmann boilers show better performances

» Operation with H2ZNG complies with current
regulations
* No dysfunction was observed

* The presence of 20 %vol. H2 in the natural gas
decreases :

» the CO2 emissions by 12%
» the NOx emissions by 57%
» the CO emissions by 20%

- Combustion efficiency:

» Slight increase with 6% H2 and 10% H2

Valeurs des émissions de CO et NOx en mg/Nm? '
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No negative impact on the old boiler Guillot

« The Guillot boiler is an old model without the possibility of regulation (operation in "All or
Nothing” mode)

» Therefore, it was not possible to perform relevant performance measurements
 The emissions measured at the various levels of H2 in the gas comply with current regulations
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Conclusion of the
new gas H2NG
demonstration




A demonstrator that guides future work

Continue to optimize the Power-to-Gas chain by Work on European regulations, standardization & certification with
relying on improved solutions for operation and consideration of hydrogen in gas infrastructures and gas uses to prepare
monitoring of the equipment for industrial deployment (network equipment, gas analyzer and meter,

equipment and installations downstream meters, gas appliances, etc. )

Develop equipment and operation- Continue R&D work on protection
maintenance procedures adapted to Extend the compatibility analysis of the solutions for sensitive network
the new c::_:mpnsmon of the gas natural gas chain by carrying out tests on the installations or customers (e.q.
supplied (inspection method and existing devices (distribution network, indoor membranes separating H2 from
freque_zncy, leak detectors adapted to installations, downstream meter equipment in natural gas)

the mixture, etc.) the residential, tertiary and industrial sectors)

As a conclusion
= In France, Territorial Communities have an interest in this new green gas

= The GRHYD project is preparing the ground for the pre-industrialization and deployment of the
new H2NG gas: the next project will increase in size!




Hythane®
as fuel
for urban buses

A pre-commercial
demonstration

—
CNGIC

Solutions




Conclusion on Hythane® demonstration

Where we are as GRHYD close out:
= An interest in Hythane® fuel, as H2-CNG and H2-bio-CNG blend
= A parallel rise of the H2 mobility market during the GRHYD project lifetime

= But an overall cost analysis (TCO) showing the competitivity of the Hythane® fuel vs CNG and FC

= Questions raised by the GRHYD project are current hot topics due to Power-to-Gas H2 projects
development

» Adaptation of the European or International regulation to Hythane® fuel & vehicles

» Potential interesting synergies between H2 and Hythane® due to the development of

Power-to-Gas projects on the French grid, assuming environmental and economical
performance of Hythane® are confirmed




OPERATION REALISEE AVEC LE CONCOURS
DES INVESTISSEMENTS D’AVENIR
ET DE LETAT CONFIES A ADEME

Ville pilote :

Villa pilota

Cappelie




THANKS FOR YOUR
ATTENTION

Isabelle.Alliat@engie.com
Helene.Plerre@engie.com
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HIGOS

Hydrogen in Gas Grids

FCH FUEL CELLS AND HYDROGEN
JOINT UNDERTAKING

e This project has received funding from the Fuel Cells and Hydrogen 2 Joint
Undertaking (FCH JU) under grant agreement no. 875091. This Joint Undertaking
OOST receives support from the European Un i o Hoéizen 2020 research and innovation

programme, Hydrogen Europe and Hydrogen Europe research.

tecnalia J sz
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Redexis '

ADuration: 36 months Start: 01.01.2020
AFunding:2, 107, 67 .

Goal

HIGGS project aims to pave the way to decarbonisation of the gas grid and its usage, by
covering the gaps of knowledge of the impact that high levels of hydrogen could have
on the gas infrastructure, its components and its management.

2 8 www.HIGGSproject.eu




HIGOS

Hydrogen in Gas Grids

How? B T T e -
| WP3+WP4 ‘Management

A Mapping of technical, legal and regulatory barriers
and enablers C survey of state of art

A Testing and validation of systems and innovation
C building a testing facility

A Techno-economic modelling to develop operation | wpP7
. WP2+WP6 WP5 Dissemination &
Strateg Ies B gy PR communication

C Defining a set of conclusions as a pathway towards enabling the injection of
hydrogen in high-pressure gas grids ¢

2 9 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

Specific objectives

1. Investigation on the present regulations, standarizations and certifications
(RSC) of the EU for most critical bottlenecks

a) on limitations with respect to hydrogen concentrations in the gas
system,

b) on the corresponding standards.

2. Provide updated information on equipment and infrastructure of the
existing high-pressure NG grid in EU, to identify the most representative
facilitiesC detailed survey on pipelines, facilities, installations and
equipment

3. Setup of mitigation measures for existing gas appliances and gas system.

30 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

Infrastructure analysis results: Target elements to be tested in the platform |
r :

A Predominantpi pel i ne6s :9API&LeAr B,gKa2axb2 X60 and X70.

A Most common facilities: valve nodes, metering and pressure reduction stats.
o Composed of pipes, valves, filters, regulators, meters and instrumentation.
o Installed by welding or using flanged joints.

C Transfer to R&D platform design in WP3

All the Legal, regulatory and technical information is on HIGGS Project public deliverable
D2.3. Available soon on the HIGGS Project website (hitps://www.higgsproject.eu/)

3 1 www.HIGGSproject.eu


https://www.higgsproject.eu/

HIGOS

Hydrogen in Gas Grids

Infrastructure analysis: pipelines RSC analysis: Allowed H, concentration in

NG
Materials

I _ MGrA BGrB wGrX42 MGr X46 W Gr X52 W Gr X56

W GR X60 W Gr X65 @ Gr X70 W Gr X30 @ Other # Unknown

Northem Europe |

Total collected

13.5% 11% 22% 14% 27%

. mm we em wem ue ww e RENEWAal time

W 2010-2019 W2000-2009 o 1990-1999
W 1980-1989 W1970-1979 Mbefore 1970

Middie Europe o s N @ >60s10%
Northern Europe | o e
20% =20% =20% 3% =20% =20% . >1to=H%

. : : z i; : :; s0tos1%
Total collected

0 10,000 20,000 30,000 40,000 $0.000 E0, 000 10,000
km

0 % (considered countries)
3 2 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

Overview of the R&D platform

Alt recrates the injection of hydrogen in transmission natural gas grids

AKey elements in the experimental platform
A Admixture system
A Testing platform
A Purification prototype

ADesign to work at 80 barg

ASeveral levels of blending possible
(0-100 %vol H2)

www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

It recreates the injection of electrolytic H, into a
Asi mpl i fi edoCHy#HiS#CGOg)! gas

/4

34 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

A No Flow: lines filled and pressure mantained during the tests

A Leackeage tests

/4

Component Tests conditions
Ball Valve

Butterfly Valve

Plug valve

Needle valve + screw cap
(purge)

Ball valve + screw cap (purge)

Static

35 www.HIGGSproject.eu



A Constant flow of gas at high pressure in closed loop

A Degradation issues (e.g. hydrogen embrittlement)

HIGOS

Hydrogen in Gas Grids

Component

Pressure regulator
Filter

Flow meter

Pressure switch
Pressure transducer
Temperature transducer

Tests conditions

Dynamic

3 6 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

- : Test
A Constant flow of gas at high pressure in closed loop API 5L steel grade conditions
. . . B
A Degradation issues (e.g. hydrogen embrittlement) e
X52 Dynamic
X60
N P X70
., AN
4 \\
/ >

> o
~ -
>
~ v
>
>
>
>
>
~

~
>

N Pig trap
Dynamic section >s_

U  C-ring specimens
U 4-point bend specimens

U Precracked fatigue compact tension (CT) specimens

3 7 www.HIGGSproject.eu \



HIGOS

Hydrogen in Gas Grids

A Gas separation tests with membrane technology

MEMBRANE PROTOTYPE

|

/4

38 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

vy

Results validation

DYNAMIC SECTION

A Characterization of materials after exposure: visual
inspection for crack detection, metallographic and
mechanical investigation

STATIC SECTION

A Monitoring H, leakeages (pressure control &

A - chromatography)

A At least 3 conditions: i) 20 %vol H, in CHy,, ii) 20
%vol H, in CH,+H,S+CO, and 100%vol H, MEMBRANE PROTOTYPE

A Analysis of composition of gas permeate by gas

A 4 months gas exposure @ 80 bar
chromatography

39 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

Test ongoing: 20 %vol H, in CH,

Preliminary results:

C Over 1000 h operation right now

C No significant change in the gas
composition

Pressure monitoring in static section

re (barg)

Press

463
5.03
a9
29.13
53.37
83.28
009
03.6
15.7

——Linel =——Line2 -——Line3 Line4d =——Lline5 =—Linef6 =—lLine7 =—Line8

40 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

Network modelling of TENP/MEGAL pipeline sections Pure natural gas Premixed gases at

model inlet nodes

AVlodelling scope: Pipelines, compressors, regulator stations

Ao be analyzed: 10, 20, 30, 60, 100 (H, vol.-%) P - W
A Not considering future gas separation technologies [Fiatwn] :
A Including technology innovations needed

Aarget parameters:
Aixed OPEX:
Avaintenance and operation cost for transport
systems
Avariable OPEX:
ACompression work for gas transport

AEnergy expenses for preheating at regulator
stations

ACAPEX for system retrofit

4 1 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids
- - - L] - 7
Preliminary results: Simulations ongoingé
c6 Hydrogen Backbone 2020
x 6
o
o
o
-5 5
= S
; X
s o
- © 4
S 4 o
© —
o ~
@ <
S =3
b= R R R s
g° Membranes not included yet! : =
o =
<
22
S 1
e}
i
<
51 0
Low Medium High
CAPEX/OPEX configurations
0 0 20 40 60 80 100 u 100 % new infrastructure 100 % retrofitted infrastructure u 75 % retrofitted infrastructure

Vol.-% H, in the Grid

42 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

Legal, regulatory and technical aspects

AThere is a quite diverse picture on the current status of national legal and technical framework in
regards of hydrogen implementation in Europe.

AThe analysis of the European NG transmission network has made it possible to:

- ldentify the most representative steels and facilities. Establishing those
- Identify the main components and characteristics of these facilities. to be tested

Experimental platform

ATests with blends and pure hydrogen condition @ high pressure.
AHydrogen embrittlement + leackeage issues.

ADesigned to be updated and support future needs and trends.

Tecno-economic modelling
AOngoing network modelling of TENP and MEGAL pipeline sections

43 www.HIGGSproject.eu



HIGOS

Hydrogen in Gas Grids

* * ok
*
RIS, osT . ) tecnal:a i
HADNOGEN TECHNDLOGIES R Red eXI s VENRES OF RASDUE RFEARH

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking
under grant agreement No 875091 'HIGGS'. This Joint Undertaking receives support from
the European Union's Horizon 2020 research and innovation programme, Hydrogen Europe
and Hydrogen Europe research.
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(©) HyDeplay

HyDeploy ¢ NE trialWinlaton

Adam Madgett; Northern Gas Networks




Project Leads and Partners

Cadenf Northe}‘r:,//%

Gas Networks

Q) I'TM POWER Keele &

Energy Storage | Clean Fuel
& gel UNIVERSITY

Supported by

kiwa! davelander (\9;

consulting

(©) HyDeploy

& o
Progressive energy

BESPOKE RESEARCH AND (%=
CONSULTANCY FROM HSE

And many contributors and
supporters from the industry




‘v @ HyDeploy

Stage 2 Project Objective

To enable a hydrogen supplier to apply for an
exemption and inject up to 20% hydrogen into the gas
network just as biomethane can today.

@ HyDeploy

t NE2SO0 Cdzy RSKeVITRF D9aQa
Network Innovation Programm io wlv;Ng.!gucg»(I
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Overall Timeline

NGN Network Cadent Network
Time limited Establish basis

Initial trial & Keele

Universit : _
. public network tri for enduring UK

roll out

Pathway to Deployment




¥

Safety Case

A Building on the work fronKeelethe exemption foilWinlatonneeded to gather wider
evidence on;
A Appliances
A The safety case based on representative GB appliances,
A No safety or performance issues identified
A Use of hydrogen blended gas resulted in lower levels of CO in flue and
substantially Tower CO produced during fault conditions
A Gas Characteristics
A Extensive modelling and experimental showed that potential leaks of blended
gas within buildings will produce practically identical gas concentrations to NG
A Materials
A Extension the materials assessment frieeleto address materials on the
public network
A Operational Procedures
A Embodiment of the procedural requirements into NGN operations

A ORA

A The updated QRA continues to support the premise that safety is not prejudiced
by the use of a blend.




‘I (©) HyDeplay

NGN Trial Area

Located in the North East outside
Gateshead.
Isolated network for injection
668 Trial properties

A Including a church and School.
Wide spread of materials

o oo I»

NGN Low Thornley Site for
Hydrogen compound




g

Customer perceptions

AOnline and face to face survey 802 people
surveyed

AKey findings
A Reasonably high overall support around active
participation in a trial

A Support contingent on customers prior
hydrogen knowledge and reassurances
regarding the perceived impact on safety, home
appliances, cost, and environmental benefits

A Two thirds of I|%)articipants unwilling or unable to
pay more for hydrogen

AHelped inform customer engagement fat 1
public trial

(&) HyDeploy

% Engineering s Newcastle
B e ¥/ University

Blended Hydrogen:
The UK Public's
Perspective

Cadent

four Gas Networ'




Customer engagement




Physical works

A New mains and district governor
Installed.

A Network isolations carried out to ensure
the blend is only distributed to those in
the trial area.

A Hydrogen compound construction
complete.

A New Hydrogen Grid Entry Unit (HGEU).



(©) HyDeplay
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‘v @ HyDeplaoy

Overall Timeline

NGN Network Cadent Network
Time limited Establish basis

Initial trial & Keele

Universit : :
Y public network tri for enduring UK

roll out

Pathway to Deployment




‘v (©) HyDeplay

Key Differences froniKeele

T Household number & appliance diversity
T Supply chain & regulatory engagement
l Intervention

== Roll out evidence gap




(©) HyDeplay

@ HyDeplaoy

Delivering safe and nedisruptive carbon reduction for
gas customers




Z THyYGA

THYyGA Workshop

Presentation of the project

December 151" 2021 -
Patrick Milin, ENGIE

Testing Hydrogen admixture for Gas Appllcatlons

This project has received funding from the Fuel Cellsand Hydrogen 2 Joint Undertaking under grant
agreement No. 874983. This Joint Undertaking receives support from the European U n i oHoiGzsn . FCH )
2020 research and innovation programme, Hydrogen Europe and Hydrogen Europe research. " kA f
o




THYGA project: some reminders
Context: Hydrogen in the gas grid to decarbonise the European energy system

& THYGA

Hydrogen, along with green electricity from wind and solar power, is currently being discussed as a
pathway to decarbonise the European energy systems. In this way, the CO, footprint of gas utilisation
would be reduced, contributing to an overall reduction of greenhouse gas emissions

INJECTHYDROGEN
IN THE GASGRID

One way to use hydrogen as
an energy vector is to
inject it directly into the
existing natural gas
grids.

.4
all

INCREASH.EVELS
OFHYDROGEN

End-use equipment across all
sectors need to deal with higher
levels of hydrogen in natural gas

in a safe, efficient and
environmentally friendly
way.

®
NEWCHALLENGH-OR
END-USE EQUIPMENT

Hydrogen is not part of natural
gas compositions, i.e.
equipment was never
designed with hydrogen in
mind.

%

200 MILLIONGAS
APPLIANCES

There are an estimated
200 million gas
appliances installed in
the European residential
sector alone
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THyGA project: some reminders 2z THYGA

Project consortium: 9 partners in response to the Horizon 2020 call FCH-04-3-2019

nGC )

BDRTHERMEA GROUP

——
CNGIC

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking under grant
FCH agreement No (No. 874983). This Joint Undertaking receives support from the European Un i o Hodizon

2020 research and innovation programme, Hydrogen Europe and Hydrogen Europe research.



THyGA project: some reminders
Expected results

[\
%
(N O
CLOSINGKNOWLEDGE IDENTIFYING CLARIFYINGTHE

GAPS ADAPTATION
OF STANDARDS

Identify standards that should
be modified or adapted to answer
the needs for new appliances and

proposals on test gases.

Closing knowledge gaps regarding
technicalimpacts on residential and
commercial gasappliances.

ACCEPTABLEHYDROGEN
PERCENTAGE

Clarify the acceptable hydrogen
percentagethat wo u | dompromise
safety and performance.



THyGA project: some reminders
Work Packages

WP6
WP5 Communication
WP1 Recommendation dissemination
for mitigation , exploitation

measures Z Dissemination

How can we increase the . Gréewnoggsrggjma
acceptable H2 rate? e Pnt
Z ldentification of om the end-user pol

mitigation measures of view
Z Validation tests

Project

management
Z General
coordination
Z WP coordination
Z Relation to FCH JU

WP2
Status of gas WP4 3‘

utlllsatlo_n Standardisation
technologles How can we certify an
Zlmpact of H2 on appliance according to Advisory
combustion : H2 rate in NG?
Z Segmentation and WP3 7 Current framework of Panel group
selection of Experlmental N standards Challenge of the
technologies Il 7 Test procedures processed results

7 Test program development and support Associations,
What happens on the S Validationttests Appliances, through wide DSO, research

field with H2 burners, dissemination centers
injection? controls,
Z Test protocol sensors
Z Tests on various manufacturers
appliances (~100)



THyGA project: some reminders
Planning: several works on-going

)

|: S I EE
WP2: status-or'gas utilisation 5
technologies /

Wiz
3

e e

& THyGA

Public deliverables

% Public events: slides and replays

WP3: testing

Testing period

available on the website

[rer v

WP4: standardization and certification

> WPS: Mitigation >
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Z THyYGA

Any guestions?



Z THyYGA

Workshop WP3: Input from

combustion theory
December 15" 2021  Jorg Leicher w1

Testing Hydrogen admixture for Gas Appllcatlons

This project has received funding from the Fuel Cellsand Hydrogen 2 Joint Undertaking under grant
agreement No. 874983. This Joint Undertaking receives support from the European U n i oHoiGzsn
2020 research and innovation programme, Hydrogen Europe and Hydrogen Europe research.
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GCV,WI in MJ/rh

60 0,6
N \\/ -
40 0,4 >
wn
[
(D)
©
30 0,3
=
<
[¢D)
20 0,2~
10 0,1
ISOReferenceconditions15°C / 15°C
0 0
0 20 40 60 80 100
H, in vol-%
GCV —-WI| d

16-12-2021

THY_ _WP3_MidTerm review

& THyGA

H, admixture and gas quality

A Relative density : Q

3¢

A GCV: gross calorific value
(the energy content of a fuel gasin
volumetric terms)

A (superior) Wobbe Index :

7) —
A H, vs. CH,:
d a-88%
G C V-68%
Wl -95%

©QQQ¢ T

68



& THYGA
Other aspects: temperature

2200 A To assessthe impact of a fuel change on the
2150 temperatures, it is often useful to look at the
adiabatic combustion temperature T, gipatic:
2100 A The adiabatic combustion temperature is the
5050 theoretical maximum temperature that can
& occur in a combustion process.
£2000 A It is assumedthat the entire thermal energy that
,_'%51950 IS released is used to heat the flue gas, i. e. there
are no heat losses.
1900 A T ibaic IS Only dependent on the compositions
of fuel and oxidizer, their temperatures,
1850 N the system pressure and the air excess ratio <.
ISOReferenceconditions15°C/ 15°C A KT .. F Yool
1800 adiabatic
0 20 40 60 80 100
H, in vol-%
T_adiabatic
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' 2 THYGA
Other aspects: combustion velocity

350

A The laminar combustion velocity s, indicates
300 how fast a flame front will propagate into a resting
fuel-air mixture.

250 A It is therefore crucial for flame stabilization |

especially for premixed burner systems.

2}

= 200 ;

§ A s, is dependent on the compositions of fuel
150 and oxidizer, their temperatures, the system

pressure and the air excess ratio <

50 ’....r\ U
s —
ug=1/1 fuel-air mixture = € flue gas

100

0 SL
0,5 1 1,5 2 2,5 3 3,5 4 4,5

CH4 —-70% CH4/30 % H2 50% CH4 / 50% H2 —e—H2
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MJ/m3
MJ/m3
MJ/m?3

m3/m3
°C

cm/s

100 %
CH, (G20)

34.06
37.80

0.5571
9.524

1982

38.57

100

94 % CH, '

45.28

32.02

35.53 34.78
0.6157 0.5901
8.952 8.762

105

THY_WP3_MidTerm review

92 % CH,/
6 % CO, 8 % N,

45.27

Gas quality in the context of H,

I

& THYGA

80 % CH,/
20 % H,

48.17
29.30
32.66

0.592
8.095

1990

46.67

80
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®©
£

, Ge

sity of Duisburg-Essen

: Univer

Impact of H, admixture on laminafe THYCA

premixed flames (P, constant)

P=750W, 1 =1 P=750W, 1 =1.2
Natural 25 % 50 % 75 % 100 % Natural 25 % 50 % 75 % 90 %
gas H gas H
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'Impact ONn process parameters i

Air execesgatio [-], firing rate in kKW

& THyGA

Nno combustion control

1,8 0,3
1,6

0,25
1,4
1,2 0,2

1

0,15
N ‘//‘//‘
0,6 0,1
0,4

0,05
0,2

o
o

0 10 20 30 40 50 60
H, content in vol-%
P [kW] lambda [-] —e—Vgas [m3/h]
16-12-2021

Fuel volume flow in r#/h

A Firing rate:

A Fuel volume flow: W

A Air excessratio:

A In the case of H, admixture, the firing rate of
the burner decreaseswith higher levels of H,,
while the fuel volume flow increases

A The air excessratio shifts towards higher
values. This shift compensates some of the
effects of H, admixture in uncontrolled
premixed combustion processes but also has
consequencesfor adjustment.

THY_ _WP3_MidTerm review 73



L . . = THYGA
'Flame stabilization in premixed % '™

burners i no combustion control

70 % CH,/ 30 % H,:

60 11 =1.385
o 87 30 cm/s
X T ,=1618°C
£ 40
i 30
20 100 % CH,:

1=1.25

10 S =28 cm/s
: T.4=1722°C
Fully premixed 0 ad
burner, e. g. heating 0,5 0,7 0,9 1,1 1,3 1,5
appliance v B =1N

CH4 —-709% CH4/30 % H2 50% CH4 / 50% H2
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L . . = THYGA
'Flame stabilization in premixed % '™

burners i with combustion control

70 % CH, /30 % H,!

60 1 =125
50 s =37 cm/s
T.4= 1740°C
£ 40
30
20 100 % CHy,;
1 =1.25
10 S =28 cm/s
: T,4=1722°C
Fully premixed 005 . o - ) .
burner, e. g. heating ’ ’ : . : : :
appliance B =1/

CH4 —e-70% CH4/30 % H2 50% CH4 / 50% H2
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'Flame stabilization in partially
premixed burners i no control

<o 70 % CH,/ 30 % H,:

1 =0.886
50 S =49 cm/s
T,4=1938°C
@ 40
5
@30
100 % CHy:
0 1=0.8
10 s. =30cm/s
T,q=1822°C
0
: . 0,5 0,7 0,9 1,1 1,3 1,5
paryally premixed 5 1]
burner ( d&mospheric burnerfi ) , 3 =1/
e. g. cooking hob CH4 —-70% CH4 /30 % H2 50% CH4 / 50% H2

16-12-2021 THY_ _WP3_MidTerm review
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'Combustion control in a heating ¥ '™
appliance

< Qmin P Qmax .
3,2 100
3,0 90
2,8 Xcha
. 80
2,6 S—
2,4 r“" 70
E o
‘c 2,2 602
£ 2,0 509
$18 | completel-control partiall -control =
1,6 405
b ] O
v ]
1,4 30
1,2 20
1’0 M
0,8 = ,
o w/o control:1 =1.7!
0 5000 10000 15000 20000 25000
tins
16-12-2021 THY_ _WP3_MidTerm review

A Combustion control systems are usually
designed with certain fuel types in mind.

A If the fuel changes too drastically |,
they may respond in unexpected ways.

A These measurements show results for an
appliance with combustion control, based
on flame Ionization measurement

A It can be seen that the appliance
manages to maintain a constant <with

varying levels of hydrogen at minimum
load (Q,,,), but fails to do so at
maximum load (Q,,..)-
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H, admixture

1.6

1.5

=
»

1.3

Air excess ratio A

[T
[

1
30 35 40 45

Wobbe Index in MJ/m?3

Source: DGC/ENGIE/E.ON
OH#H1l M#2 A#H3 X#H4 + #5
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50

WI change due to
H, admixture

55 60

15°C 115 7C
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(dry) CQin flue gas in vol%

& THyGA
Adjustment

14 : : 9 : :
Adjusted to 8 % CO, with 30 % H,, 8 Adjusted to 6.5 % O, with 30 % H.,,
12 i 6 CHy: E _ | then switched to 100 % CHy:
10 £ | =1.26!
n 6
@®
8 — 25
+ S
6 —& =4
£ 3 /
4
95
2 2 : /./
©
0 N
1 1,1 1,2 1,3 1,4 1,5 1,6 1 1,1 1,2 1,3 1,4 1,5 1,6
Air excess ratio Air excess ratio
——-CH4 -#-70 % CH4 /30 % H2 ——-CH4 --70 % CH4 /30 % H2

On-site adjustment via CO, causesadditional uncertainty about the actual setpoint value of |
Adjustment via excessO, in the flue gas is more robust => better safety margin!
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& THYGA
Conclusions

A Hydrogen is, chemically speaking, a very different fuel from natural gas. Justlooking at one gas
guality criterion is not enough.

A It is important to take into account how the combustion processis implemented. Premixed combustion
systems (most residential / commercial appliances) behave very differently than non-premixed
combustion processes(most industrial applications).

A In uncontrolled premixed processes many effects of H, admixture (T, s;) are compensated by the

shift in the air excessratio.
Systemswith combustion control cannot exploit this effecté assuming that the control system actually

works.

A Adjustment becomes (even more of) an issue. On-site adjustment with an unknown gas via CG,
setpoints creates additional uncertainty.
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Any guestions?



'Premixed VS. hon-premixed

combustion

Premixed combustion

AR ———————

n__

~——— et

FUEL ———»

)\Iocal =A

16-12-2021

THY_ _WP3_MidTerm review

& THyGA

Non-premixed combustion

o — 7 Nocat = 1
Aioeat = ©°  OXidizer : local
)\Iocal =0 1 gas

' [ )\Iocal<1 | )\8]0b3|

>

Aoca = ©°  Oxidizer —
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SN

O, 4ryin flue gas [vokYo]

Adjustment

—

1

1,05

16-12-2021

1,1 1,15 1,2 1,25 1,3 1,35 14
air excess ratic<[-]

——-CH4 -850 % CH4 /50 % H24-H2 —=<CO -=+C3H8

THY_WP3_MidTerm review

1,45

1,5
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Z THyYGA

THYyGA Workshop

WP3 Experimental Work

December 15t 2021
Jean Schweitzer. DGC

This project has received funding from the Fuel Cellsand Hydrogen 2 Joint Undertaking under grant
agreement No. 874983. This Joint Undertaking receives support from the European U n i oHoiGzsn
2020 research and innovation programme, Hydrogen Europe and Hydrogen Europe research.
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Agenda

Introduction: Scope and work organization
T3.1 Elaboration of the test protocols / template

Test results
3.1 Flashback
3.2 Adjustments
3.3 Adjustments of appliances equipped with combustion controls
3.4 lonization current
3.5 Efficiency and Emissions
3.6 Heat output
3.7 Other results

Exploitation of the first results
Conclusions

& THYGA

WP3 - Experimental Work (combustion tests)

Please ask your questions on the
chat

Some will be selected and answered
after each discussiontopic

All will be answered on a Q/A
document available later on the
THyGAwebsite

85



Z THyYGA

1- Introduction:
Scope and work organisation



Introduction: Scope and work organisation
Description

Scope of the project (reminder)
A Domestic & commercial equipment
A Not in the scope: industrial applications, mobility, power generation
A Hydrogen -natural gas blends (H2NG)
A Not 100% H2 (if provided appliancescan cope from 0 to 100%, it can be tested)

The main goal of WP3, for the combustion tests, are

A To define a detailed test protocol based / define accurately the details of the testing and to guarantee the best possible
reproducibility.

A To execute short and long term testing on as many appliance as possible in order to achieve conclusions on sensitivity to H2 by
segments of technologies.

Partners in WP3.
A Labs ENGIE,DGC,GWI, GASBE, DVGWEBI
A Manufacturers: BDRTHERMEAELECTROLUX

+ « external » Labs

87



Introduction: Scope and work organisation
Tasks & Timeline

January 2020 From June 2020 From August 2021 Finalised end of 2022

Elaboration of the Testing Data compilation Logistic Management and
test protocols and validation overall analysis of
¢ pT2 5 q A Subtask 3.2.1: Short term combustion " fyt t
LRI T2.5)) £l tests - tests for the evaluation of safety, A Subtask 3.3.1: Test reporting ot tes
templates efficiency, environmental performance result and analyse results
(NOx, CO, UHCemissions) Short term test
A SubTask3.2.2: Long-term combustion A SubTask3.3.2:
test Test result analyse
A SubTask3.2.3: Leakage tests on indoor long term test
installation (long term)
Report D3.1, D3.2, Report D3.4, D3.5,
D3.3 D3.6, D3.11

work package lead: BGC



& THYGA
Introduction: Scope and work organisation
Evolution in the industry

Since the project was designed, a lot has hapened on H2 front!

"H2 ready " concept discussedin regulation ErP

CEN TCs starting to work on "H2 ready" certification (Ecodesign & Labelling)

Manufacturers  H2 road maps publication pushed xDSO ITSO clearer about of possible H2% in the NG grid
by the "Primemovers " initiative (up to 20 to 30%)

-

-

A: NO H2 _
- CERTIFICATION B: H2 CERTIFICATION (> 2021)

B2: H2 ready
Al: Existing  A2: Existing B1: H2 read flex (from 20%

RE-ADJUSTING THyGA testing

U e technology < technology > to 100%) (with B3 H2 ready . . .
appliance  JRRPISR 2005 2% areplacement  100% Objectives to give the best
kit) .
value to the industry (focus on
Tolerance 0-20%
to H2 (boilers)or  0-20% and 100% (not O - 0)
(Theoretic SeeTHYGA  SeeTHYGA S5y (other 1005/0 180%) 20 to 30% H 2)

al) appliances)?

16-12-2021 89



& THyGA

Introduction: Scope and work organisation
Support of the stakeholders

The role of the Advisory Panel Group members is to advise the project to best achieve its goals of and fulfil expectations
around THyGA, it implies a close follow-up of the project and its published results.

A More than 40 members : Association, manufacturers, research centers, DSO/TSO, utilities

A Strong link with CEN Technical Committtees

A Network of i Ex t e 1L IsThrough the many exchanges organized in Y1, the project saw interest of many
stakeholders to participate directly by making their own tests with the THyGAprotocol A these additional test results
are already used in the interim results analysis

For External labs For All

APractice on H2NGthrough a protocol already ACommunity of exchanges on the topic, « we
discussedwith stakeholders by THyGA all grow together »
ADirect support from the THyGA partners on AHigher field of expertise available

For ThyGApartners

AHelp to get us as many as possible results
over the « 100 appliances target »
AHelp improving of the protocol by external
analysis
ABest knowledge on their own appliances
(manufacturers)

labs

A Leads, questions and analysis that can be
included in WP4 and WP5work program

16-12-2021 90



& THYGA
Introduction: Scope and work organisation
lterative process to optimize the test protocol

N
ot ATHYGA WP3 meetings and brainstorming
protocol a Y,
Evolutions in the N
Industry AReview of the protocol shared to TCsand Industry
- APublic Workshop (6th of May 2020)
protocol b Y,
New Learnings ™
fro.m Other_ AReview in light of the first test results
projects (ex: Test
GERG) protocol ¢ J

ACommunication with other labs (not in THyGA) that will perform test
ACommunication with manufacturers before / after testing (continuous)

ACommunication with labs (internal and external) on specific topics (ex: unburned CH4 and
unburned H2 measurement)

Analysisfrom
WP2 (combustion

theory ACommunication with labs on specific topics when needed (ex: Test of adjustment for boilers

AContinous adaptation and improvment

16-12-2021 9T



Z THYGA
Introduction: Scope and work organisation
Feedback from the advisory panel group

A Opinion of the Advisory Panel Group on the WP3 test protocol elaboration (Survey, July 2021)

WP2&WP3: Elaboration of the test protocol (D2.5 &
D3.1) (over 17 out of 35 answers)

The test protocol answers your expextations as

Advisory Panel member ess— o/

The test protocol fulfill its purpose (according to the

Grant Agreement) _ 93

The project took into consideration your feedbacks

and suggestions b 88

Process of information collection from the THyGA

partners 6 —100

0 10 20 30 40 50 60 70 80 950 100

M Inadequate M Could be improved ™ Adequate
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& THyGA

Introduction: Scope and work organisation
Q/A session

|
\‘ A Tepyv e -
W

16-12-2021 THyGA Workshop on interim test results
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Task 3.1 Elaboration of the test
protocols (from T2.5) and
templates



& THYGA
T3.1 Elaboration of the test protocols / template (from T2.5)

Obijectives

THyGA tests shall bring light on impact of NG/H2 blends on end-use
Including:

ASAFETY

AEFFICIENCY

AEMISSIONS

AOPERATION

16-12-2021 95



Z THYGA
T3.1 Elaboration of the test protocols / template (from T2.5)
Philosophy of the work package tests

OVERALL WORKING CONDITION USED IN THYGA

Appliance working
conditions, pression etc..
H2 remains as it is (no
injection compensation with H2 %,
unless there is a system in
from O to the appliance thﬁaue
60% such compensation

(variating) system built in....

Natural gas HGas 47,63 to 52,78 MJ/m3

We try to reproduce in the lab what is
16122091 happening on a real installation o




Protocol and gases used for tests

100% percentile = 47,63 (EU LOW) a 52,78 (EU HIGH) MJ/m3 56

Alternative bands view

- Superior Wobbe Index - 34

52
50

48

WOBBE (MJ/m3) {15/15)

Capacity 42

Givhrd

m@m
<50

@ Inside Class N1 [48.5;52.2] M)/m*
@ Outside Class NL

40
0,2

SNt L bt ENFSUG s sniey S0

16-12-2021

& THyGA

T3.1 Elaboration of the test protocols / template (from T2.5)

W=1(d)
G21 @saz
EU high & Low calculated with
H2=60% H2=30% H2= 10% 528
Binary mix CH4 + C3HS H gas
_ o 417
@ 45,7
G23
"ul"
- . .
e Binary mix CH4 + N2
-~
-
e 416
0,3 0,4 05 0,6 0,7 08

Rel density
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Protocol content & testing program

Combined TESTswith different H2 (up to 60%)
blendsincludingCHt, G222, EULowand EUhigh:
ASafety

AEfficiency

AEmissions

AOperation

Appliancesadjustmenttests

16-12-2021

& THyGA

T3.1 Elaboration of the test protocols / template (from T2.5)

Specificsafetyand operation test
AColdstart.

AHot start.

A Lowair temperature(- 10 C)
AFluegaspipe length
AROQPLUGGELOW)

Almpactof H2 on flame detection
A Delayedgnition test.
ASoundness

A Quickvariation QminQmaxShutoff
AOverheat Meas of temp.

A Cookerhob test with 4 burnerson
AlInfluenceof wind

ALongterm (limited time)
AFluctuationof the aux energy
AFluctuationof pressure
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The test protocol is gathering detailed
instructions to the labs on how to perform the
test in practice.

é THQGA Testing Hydrogen admixture for Gas Applications

THYGA
INSTRUCTION FOR THE TEST PROTOCOL
for testing in laboratories

WP3

ANt Ehat it dodament |y tepubiiely patnd with Imorowertwrty of B beet oromesene i gt of this esutts of the Tt testy,
Thie docsment THY WS 019 DataSheat s b thn ditasimet 11 by usied for tesing (st varsinn 14 48 Thi momen! noy N

The presend ppt dodurmint i matnly fiv communkatian and expeanafion ard may Aot he further undatod once the lobs ure Lting the gotashet
documont (Thar wil be updared regularety)

Thes projens Mes recwmvedt hurebag hom the Pusd Co lun!‘nﬂnanflm Ursbertabh g wndut grart sgrewme No, 574353, Mha bawt Urdortebing cecenes
Sappnnt B en Farigmnn Lyaae’s Hareos ) , Hih g Eurige arnd Hadogen batige cosemd \-/
Vo3 A a3 TP WTY_IY Tt prrtsacad _teetrusiaes bo beimn0R

& THyGA

T3.1 Elaboration of the test protocols / template (from T2.5)

Protocol and testing instruction (examples)

& THyGA © =

Flashback (FB) is one of the main parameters: we need to be certain to reproduce as best as
possible during the testing.

This is more likely to happen with atm. appliances
‘We will use basically two methods:
1) Detection with TC at top & below burner when possible. FB will typically result in a strong
increase of temperature
2) Visual Labs are requested to film open flames.
There wil be Irvtations to the methods sbove and wie will not be able 1o Instrumees applisnces with cleded combustion chambers and
on those we will not 1ee the flame echer We will have to rely on natse or increase or varanon of another measired parameters in the
flue gz
wmnmmnummumm‘uommesMu&u

passitle check the pouile » Petures of d: P

sholl be uken 3 % with ma s'ﬂlbe bd ﬂtwwkdu:

dacurion shyl b reported

For cockerions the is done with the 2o s s is the real situation and this s dso § more
{

Weem d h partial flashback ple on the flame cn the right uidea) and

conmwmxummehmsmnmyuo-mmduw

Peture THYGA application 2019

THYGA CN |
4.3 Instructions to perform the test following the sheet “DATA SHEET)
TESTING

1.1 SAFETY- EMISSIONS and EFFICIENCY with CH4 (NOTE that for cocker; Eficency = trevted spart dus to S test procodure)

Shart Description The test Is alming at detecting FIi, Or safety lssues + checking impact of H2
on efficiency and emissions. For cookers efficiency is treated apart due to
the test procedure

More detalled description The test is first carried for Qmax at Prom and with an increasing % of H2. The same
tests are repested for Qmin (see H2 % at next slide)

Gas 1o be used CH4 (NG OK for getting stabilization)

Execution CH4 with Increasing H2%. STOP IN CASE OF FLASHBACK The test shall be FILMED
for open flames and high H2 where FB can accur.

Appliance set up W adjustable, appliances are sot up according manufacturer instructions

Other test conditions Soe TEST SHEET

Time Test shall be carried out with 3 period of stabilization long encugh o guarantas

repeatability of efficiency test. The duration of @ach of the tests shall bo registered inthe |
datasheet as time is an impartant factor for FB.



THYGA
T3.1 Elaboration of the test protocols / template (from T2.5)

Reporting templ ateb6s main data sheet

16-12-2021

aboratory: _DGC lance type : En 15502 Gas fred hesthg noiie Hnawuu | [mandatory
‘TWGA D 20 [Test constions X of oad wihost s |
SETﬂNG TESTOM'HONS.&-.- 5. unless Date & time Gas Gas | . Amgant
d test are to be pech it dng | Tom Gas composition (measured) vol (%) Gas Parameters (Calculated) (Measured) o i [Maysured;
mmmt,m-au—scm ) iz
pp— - [ T e [ ] - IR
STl o, | Ges  [firma i) [Cookers| W | Boders [Nonal o | ad preed i 2 1
Ne Presaurw i U] Test wabdient NS, 000 sinhii
TeiTew | Ges [evol ool VR0 G B I (U I L T L B T =T s W R
-
Dont modify those columns I oo
1.1 SAFETY- EMISSIONS and EFFICIENCY with CH4 (NOTE that for cooker; EMdoncy Ith apm due to the test procedure- see below)
‘Mn GASCMMNI’MKI\. STOP IN CASE OF FLASHBACK BEFORE 60% W2 11V] N1
dctaceg 1
STABIL - Jur} crarge (b pelin cels | atcslaions |
exizde zror220ssesfses| o [ s [ oo e[ ol ofeal ol o] s sose Vosse[esersfanranlirams|z08] 198e {2017 [ aoes | 125]s00s] 102|507 | e77 [ mes
woramojoatieos] o [ el ool e ol oozl oo es] swae foin [nemfwacsinset|oas] wealaoes [ mae [iws]or|na|sselssafass
2agran2ofvoeiiart] o [ s ol e e o] ofer] o] o] 4823 [osss[mrzafumsnlnors| o] saizme| wer [1es] s | 123|702 |sse s More
arorauolmosfree] o [ s ol ol el ol ofet] o] ofas] aroe [odszoenafssssoNogme[ 2021 [ 1was]220 [ same |95 scos] 107|775 (618 | 24
zor2020i0esei7ie| o | el ool efofofer]| o] o] av0s Jearafaarsfaziinfiorer| 20| 159s {2206 w0 |2oe|oee [ 152|726 |esaf 0 columns
amorawojmseiers| o [ el o [ofefofofer] ofo|ssl 458 Josw [eanfoesashiosss|oss|19sa 2456 vam [197] wor | 134 |ees|v36] 3¢
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Source: electrolux Source: wellstraler

Source: GoGaS

Source: Brulers AEM

Appliances included in the test programme (from WP2)
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Supposed Can be Diversity of Existing Market Estimation of PRIORITY % Number | rounded
Sensitivity to |adjusted (1) or| technologies | experience Orientation Total EU FACTOR of results
H2 (1 low not (0) (1 will Jand materials| Reduction Factor 2030 Appliance applianc
(premix), double the factor due to Population esto test
2medium sensitivity). (useful) tests 2020 (in .000) following
(partial premix); (actual from previous market
3 high (atm. + | situation for projects segment
no info on GASQUAL ation
burner) TEST only 2
segments
could be
adjusted!)
2 0 0.5 1 0.5 13,588 6794 2% 0.84 1
2 0 0.3 1 0.3 2,012 362 0% 0.04 1
1 1 0.5 1 0.5 152 76 0% 0.01 1
2 “ = 3% 1.56 2
2 Combining market data with other parametersex:_| oo | 1
1 . 1% 0.31 1
2 to calculate the number of appliances to be = | 1= [ >
1 23% 11.68 12
- tested by segments e o T
2 0 0.5 1 0.3 43,242 12973 3% 1.6 2
2 0 05 1 0.6 38,796 23278 6% 2.86 3
2 0 0.5 1 0.3 5,397 1619 0% 0.2 1
2 0 05 1 0.6 2,292 1375 0% 0.17 1
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T3.1 Elaboration of the test protocols / template (from T2.5)

Appliances included in the test programme (from WP2)
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& THyGA
T3.1 Elaboration of the test protocols / template (from T2.5)

Q/A session

STIONS

Ingd/ >

Answers

16-12-2021 THyGA Workshop on interim test results



Z THyYGA

3.1 Flashback

3.2 Adjustments

3.3 Adjustments of appliances equipped with
3 - TeS 't r eS u I tS combustion controls

3.4 lonization current

3.5 Efficiency and Emissions

3.6 Heat output

3.7 Other results



& THYGA
Subtask 3.2.1: Short term combustion tests
Objective and content of the tests

Objective : understand how appliances react in the short term (few minutes to few hours) on different
H2NG blends . The evaluation covers safety, energy efficiency, emissions, operational aspects

A Parametersto measure are:
V Combustion/emissions
V Efficiency
V Safety
V Operational aspects (Normal operation of the appliances or not)
A Parametersto vary are:
V H2 % according the levels indicated in the call (in addition, 100% H2 will also be tested when possible, for a short time.)
V H2 Rate of change (ROC)
V Natural gas composition

V Addition of H2 with constant pressure and with increased pressure (when possible) to keep the heat input constant

V Pressure
V Adjustment or not. (Appliances adjusted to NG in the highest range of the H gas range are expected to be more sensitive to
hydrogen compared to appliances adjusted in the lowest range)
16-12-2021 105



& THYGA
Subtask 3.2.1: Short term combustion tests
Interim test results: Analysis based on about 20 appliance tested

Report SEGMENT Appliance |Appliance Burnertype For Modulatin (Pressure |Canthe Com busti |Max. Min.
Nr category (type(2) cooker g burner (regulator |appliance (on control |power power

hobs: (YIN) (YIN) be (YMN) input (net) (input (net)
bumer adjusted kW] [kW]
tested? (Y/N)

GA1 SEGM)| 101 Boiler Atmospheric Y Y M M 258 11.0

GW2_SEGM 102 Boiler Low Mox hd hd hd M 222 8.9

GWO3 SHES 103 Boiler Atmospheric N ki Y M 17.0

BAD1 SEGM 107 Baoiler Low NOx ki ki Y Y 248 10.6

D4 SEGM 1 108 Boiler Premix Y Y Y Y 200 48

GWH_SEGM 108 Boiler Premix Y Y M Y 240 6.9

GAS_SEGM| 201 Water heater Atmosperhic N N M M 10.5 53

GAS SEGM 201 Water heater Atmosperhic N N M M 10.5 53

Atmospheric (%)
D1_SEGM 3 301 Cooking Hob Large N N M M 3.0 08
Atmospheric (*)

D2 SEGM 3 301 Cooking Hob Small N N M M 1.0 05

D3 SEGM 3 301 Oven Cven N N M M 25 1.0

D7 _SEGM 3 301 Cooking Hob Atmospheric Large N N M M 27 07

DE_SEGM 3 301 Cooking Hob Atmospheric Small N N M M 048 0.3

D3 SEGM 3 3N Cwven Cavity burner Cwven M N M M 24 038

D10_SEGM | in Oven Grill Cavity burner Owen N N M M 1.7

GA4 SEGM 406 Catering Fryer Fremix Y Y Y Y 31.0 16.0

GA3 SEGM 407 Catering (0} |Gas gril Atmospheric N N M M 59

GAZ2 SEGM 503 Fire - Convection heater  [Atmospheric Y A M M 58 31

(*) Atmospheric Fartially Aerated Single Ring burner” (hob)
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& THYGA
Subtask 3.2.1: Short term combustion tests
Interim test results: Overview of the main results (for most domestic appliances)

In general, the increase of air excess will:

When replacing Almpact the flame velocity (it will increase for |
natural gas by H2 atmospheric burners and be stable or slightly decreasing
without changing the for premix burners)

air quantity, the air Almpact the flame temperature (decrease) and then
excess will increase NOx emissions (decrease)

(as less air will be Alncrease the relative flue gas losses
needed for the 9

busti For condensing boilers, the additional loss due to more flue gas loss may be
combustio n) compensated by larger amount of latent heat recovered (condensation).

16-12-2021 107



Subtask 3.2.1: Short term combustion tests
Interim test results: Overall impact (for most domestic appliances)

Injecting H2 in NG

¥ ¥

Higher FS (*) Higher air excess

- -

Lower heat input Lower flame Lower
Efficiency

NOXx
Lower heat output Potential safety risk
Flashback / Flame supervision / Temp.
Decreasing performances ~Increasing safety risk High Lower Stable efficiency
emissions

Y-

Lower Wobbe Index

Z THyGA
¥
.

(*) flame speed
16-12-2021 108
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Globally

A The atmospheric technologies tested so far have been
able to cope with 30% of H2.

A The main issues above 30% with atmospheric  burners
like cooking hobs is the flashback and high
temperature  due to a lower flame size. This was also
expected as it is in phase with literature and theory.

A The principal reason for issues for the premix
appliances is the adjustment . If we considerthat this can
be solved (eg. making adjustment by third party impossible),
most appliances will have no problem anymore and can burn
up gas with at least 40% H2.

16-12-2021

Subtask 3.2.1: Short term combustion tests
Interim test results: Overview of the main results

& THYGA

APPLIANCE

H2 % Tested

At what level the problem may

f QCCUr

Code Applia Burn |Origi S5eg Gma ol 10l 20/ 23| 30| ao| so0| B0

nce er n men X

t

PREMIX BURNERS
GADS | Catering P'remeNen‘deI-er‘E- a1
GWO02= LowNQok/us{ 02 (222
GW01(= allpreroduss{ D8 |24
BAD1 |= LowM]Newap| U7 [242 X X
D4 ] FremidSentby 08 |20 X x
D5 Boiler P'remb:l&ent w02 |08 X b4
ATM BURNERS
D3 EN3D free|atmosg Boughl 21 [25 X X X X
D2c  |En30 free|stmosgBough]20t |4 X X
D1 EN3D fres|atmosg Boughl 201 [2 X X
D7 CH Surf at|sentby{201 2702 | X X X X
D8 |cH Suri at|sentby301  |0501 | X X X
D9 |cowen |Caviylzentbelan [z43z | X X X
D10 |cowen |Cavindssntbod3nt  |17E2 X X
GAD3 Catering ({ Atmos| New ap(40T |53 X X
GADS |wH Atmos|Akead201 D5 X X X
GAD2 |EnsE ColAtmos|Already 502 |58 X X X X | X
GAM (= Atmos|Al=ad|{ D1 (258 X X X X
GWO03= atmo sy o ldiusg 13 T X X X X X X X X




Subtask 3.2.1: Short term combustion tests
Interim test results: Overview of the main results

Tests at DGC May 2020

70% H2
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& THYGA

Subtask 3.2.1: Short term combustion tests
Interim test results: no Q/A session

Deep dive inthe results inthe next slides'!

16-12-2021 THyGA Workshop on interim test results






| & THYGA
WP3 - Experimental Work

Progresses, status and achievements: Task 3.3 Data compilation and validation
Subtask 3.3.1: Test result and analyse Short term test Intermediate results

Air excess is increasing with the addition of H2 for most of appliances
But flame speed will only increase with H2 when initial lambda < 1.2 (= mostly atm . burners)

Sl = F(lambda)

Flash back is

Combined effect H2 on SL for increasing H2 % (from O to 80%)

70,0
g @
the refO l'e I I l I'e ° ® and for different nominal air excess
° o ©
60,0 L J
expected for atm. " -
= ® o ®
. — o e
Wt @
appliances Z s00 * . .
— =2
- . o 9
2. e e L ¢ ® e
S 400 é e o
o, - o
o pu s © © o
E © <o e ® 2 ®
& 3
= = e ¥ & U §F g ® o
© e & & o ° © =
=
20,0 ° ° ™
a
o
100 © .
Atm. Premix
00
0,60 080 1,00 1,20 1,40 1,60 180 2,00
lambda
® nominal lambda=0,6 @ nominal lambda«0,7 ® nominal lambda=0,8 ® nominal lambda=0,9
@ nominal lambda=1,0 @ nominal lambda=1,1 ® nominal lambda=1,2 @ nominal lambda=1,3
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& THyGA
Subtask 3.2.1: Short term combustion tests
Flashback: Results

Flashback or partial flashback was observed on 5 appliances, 4 of them being atmospheric appliances .
A Partial flashback for a full premix boiler (BA01) was observed at 60% H2 (but not at 50%).

A For the atmospheric appliances, signs of partial flashback (e.g., increasing of combustion noise) was observed from
40%H2. Flashbackwas generally observed above 40%H2 (40, 50, 60% tests).

The flashback occurrence may sometimes be difficult to
identify for appliances where the burner is not visible
(typically for premix appliances).

Consequently, there may have been some partial flashback
Source : University of Michigan at the 2014 University Turbine Systems Research Workshop In SOMe Case’ that We are nOt aware Of'
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& THyGA

Subtask 3.2.1: Short term combustion tests
Flashback: impact of time

Pretune ovner afer Fissh Dock The small burner lesled haro) i COmapnsd 1
1 harge 00 (not teated). CHANge In Cokr it nodicadie. but thoro (s also i

of the Durne

FB may appear after long operation time!

t=15s

t=5min
Present procedure from standards for flash back is not
adapted to H2.
A THyGA has updated own procedure
A THyGA results are already shared with CEN
t =8 min

Test showing FB under following test conditions, Qmax, Pnom, CH4 = 40% H2 = 60%
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& THyGA
Subtask 3.2.1: Short term combustion tests
Flashback: can be accompanied by an increase in CO

D2 EU low + 60% H2 at Qmax

CO{ppm) Vvgas|l)
CO2 (%), 02 (%), NOX (ppm)
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& THyGA

Subtask 3.2.1: Short term combustion tests
Flashback: Q/A session




Z THyYGA

3.2 Adjustments

Adjustment of air excess during maintenance or
commissioning.

Done on Premix burners appliances = Condensing boilers +
some catering equipment + other



& THyGA
Subtask 3.2.1: Short term combustion tests
Adjustments: Example of manufacturer instruction

TABELLE 1: Ventilator-Drehzahlparameter und CO,-Werte (%)

Adjustment on CO2

PARAMETER - Drehzahl [U/min]

—_ Vorderer Gehdusedeckel geschlossen
= | I = 11
P min
Prime Prime . . . .
1.24 1.24 Prime 26 | Prime 30 | Prime 26 | Prime 30 co2%
CO max
Nenn und Toleranzen
DP003* GPOO7* DP003* DP0O03* GP007* GPOO7* GP008*
28kKW 24kW 26kW 30kW 20kW 24kW 4, 8kW Pn Max P min ppm
9,0% 8,5%
G20 8300 7300 7800 9150 6200 7300 2200 (8.8-0 4) (8.1-8.6) <250
10,4% 9,8%
G30 7700 6800 7500 8700 5800 6800 2200 (10.2-10.8) (02+0 8) <250
10,3% 9,7%
G31 7700 6800 7500 8700 5800 6800 2200 (10.2-10.8) (02+0.8) <250

* Parameter fir Drehzahlanderung

Boiler D4 instruction manual

16-12-2021 119



Subtask 3.2.1: Short term combustion tests
Adjustments: THyGA scenarios

For test A:
A appliances are adjusted with EU high
A and tested with EU low, and EU low + H2  (10%, 30%, 60%)

For test B:
A appliances are adjusted with EU low
A and tested with EU high, and EU high+ H2  (10%, 30%, 60%)

Hesom Ut o EUow
S O
| eionooano

H2 from 0 to 20% (*)

For test G:

(*) During adjustment and 0 to 20% or A appliances are adjusted with EU low + 20%H2

more after A and tested with EU high, and EU high + H2  (10%, 30%, 60%)
For test H:

A appliances are adjusted with EU high + 20% H2
A and tested with EU low, and EU low + H2  (10%, 30%, 60%)

EU low + 20% EU low +0 to EU high + 20% EU high + 0 to
H2 60% H2 H2 60% H2
G Adjusted I | /sed
H Used Adjusted

1ZV
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