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& THYGA
Important notice

Please note that this presentation is slightly different from the

document disclosed during the THyGA final workshop of the

24th of March 2023

Indeed, late results came up, especially regarding delayed ignition,
which incited us to slightly modify the project’'s conclusions.

Slides 111-113 are modified and slides 163-164 are added

We greatly encourage interested stakeholders to read the project
reports, especially D3.8 to have a complete understanding of our
analysis.

01-06-2023 THyGA — Final Workshop 2



Agenda

9h00/ 9h15 Welcome, Introductionand rules to the workshop Alexandra Kostereva
9h15/ 9h30 THyGA - Objectives and organization of the project Patrick Milin
9h30/ 10h00, inc. question WP4: certification for new appliances Kris De Wit

10h00 / 11h20, inc. question

WP3: H2NG blendsimpact on appliances

Jean Schweitzer ; Henri Cuny

11h20 / 11h40

Coffee break

11h40 / 12h30, inc. question

WP5: appliances on the field

Lisa Blanchard ; Stéphane Carpentier

12h30 / 13h00

Conclusionsand perspectives

Alexandra Kostereva ; Patrick Milin

THyGA — Final Workshop



. & THYGA
Welcome, Introduction and rules to the workshop e Y
Some information

©
1 The workshop is recorded and will be available on the THyGA website by the end of March.

A
You will find the reference to the related public deliverable in the corner of slides:

Building a roadmap for gas appliances
Segmentation

g Questions: please add your questions on the online chat. Speakers will take questions as time
permits, and the team will respond to all questions in writing after the workshop.

‘! Online survey: we will be using a sli.do to get some opinions from the audience

01-06-2023 THyGA — Final Workshop 4
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Objectives and
organization of the THyGA
project



=
Objectives and organization of the THyGA project = THYGA

Context: Hydrogen in the gas grid to decarbonise the European energy system

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.

o 2S¢
all

Hydrogen New challenge ...in particular for >200 million
injection in the for end-use higher % of H, in residential and
gas grid equipment... blends commercial gas
appliances in
Europe!

01-06-2023 THyGA — Final Workshop 7



. o | =
Objectives and organization of the THyGA project <
Project consortium: 9 partners in response to the Horizon 2020 call FCH-04-3-2019

DGC

BDRTHERMEA GROUP

—
CNGIC

This project has received funding from the Fuel Cells and Hydrogen 2 Joint Undertaking (now Clean Hydrogen
lglaeatn Hrvéupqon Partnership) under Grant Agreement No 874983. This Joint Undertaking receives support from the European
rtnership

Union’s Horizon 2020 Research and Innovation program, Hydrogen Europe and Hydrogen Europe Research

THYGA



Expected results

O\

Objectives and organization of the THyGA project

=

& THyGA

76

CLOSE KNOWLEDGE SUPPORT CLARIFY THE ACCEPTABLE
GAPS STANDARDIZATION HYDROGEN PERCENTAGE
related to technical ACTIVITIES that would not compromise

impacts on residential
and commercial gas
appliances.

01-06-2023

to answer the needsfor new
appliance operation, test
gases, etc.

THyGA — Final Workshop

safety and performance.



Objectives and organization of the THyGA project
Work Packages

WP3 WP4

Experimental Standardisation WP5
How can we certify an -

work appliance according to Recommendati
What happens on the H2 rate in NG? on for

field with H2 mitigation

injection?
measures
WP2 How can we increase

Status of gas the acceptable H2 rate?
utilisation

technologies
Status of knowledge
on H2NG blends @ WP_6 .
: Communication

dissemination
exploitation

Advisory

Panel group
Challenge of the
PWI_:]- ‘ e a—— ssgd results Associations,
rojec burners, and support DSOs, research
management controls, through wide ilentﬁ_rsl .
SEnsors dissemination standardization
committees

manufacturers
10



Objectives and organization of the THyGA project

An extensive Advisory Panel Group and supporting manufacturers

CogenEurope

Marcogaz

AGA Rangemaster

AristonThermo

Associations, manufacturers, research centers, notified body, DSO
(Europe and International)

Assotermica (IT)
BDH (Germany)

HHIC (UK)
ICOM (UK)
SYNEG (FR)
UNICLIMA (FR)
APPLUS (SP)

Electrolux professional MTT

Cadent (UK)
Enagas (SP)
GRDF (FR)
Immergas
Carlieuklima Kalfire
Lacanche
Ebmp-papst MEMS
EC Power MKN
Nortek

Groupe Atlantic Qtec
Percy Doughty

AGA (USA)
CGA (Canada)
JPA (Japan)

ARPA-E (USA)
GTI (USA)
Tokyo gas (Japan)

Viessmann

_ Weishaupt
SolidPower

= nal Workshop

& THyGA

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

But also Standardization Committees

CEN TC 49 CEN TC 131
CEN TC58 CEN TC 180
CENTC62 CEN TC 238 — Liaison
CEN TC 106 Sector Forum Gas —
CEN TC109 Utilisation - Liaison

And strong links with other European projects

d \'-.-) Removing the technical barriers
to use of hydrogen in natural gas

GERG networks and for (natural) gas
NS Ar B end users.

* >
-

SUPER Y
4 { HyDelta

o) HyDeploy 11

N
YR
HIGOS

Hydrogen in Gas Grids



ecti zat & THYGA
Objectives and organization of the THyGA project = J
History of the project

Grant Agreement 3months extension

&
<« L}

2020

|

Last
reports
publication

01-06-2023 THyGA — Final Workshop 12



=
Objectives and organization of the THyGA project = THYGA

The targets of the projects...

The consortium of the THyYGA project has been built to answer a call from the Fuel Cells and Hydrogen 2
Joint Undertaking (now Clean Hydrogen Partnership) published in 2019.

= European and National strategies were not ready to provide insight on acceptable percentage of blended
hydrogen

= The target set by the European Commission were to assess up to 60%vol H2 in NG

Low, medmm and ligh hydrogen
concentrations m natural gas should be
imvestigated:

Low = <10% Vol.
Medimum = 10-30% Vol
High = 30-60% Vol.

= In 2020, when the project started, the FCH 2 JU already asked for a focus on « below 40% »

01-06-2023 THyGA — Final Workshop 13



=
Objectives and organization of the THyGA project = THYGA

... and the Stakeholders’ opinion

During the first public event, in 2020, a survey was sent to the attendees: 93% of the answers predicted
blends lower or equal to 30%H2

Which level of hydrogen admixture do you consider Which level of hydrogen admixture do you consider
realistic for 2030 in the distribution grids? redlistic for 2050 in the distribution grids?

S51%

And today, in 2023, which are your perspectives ? Q

01-06-2023 THyGA — Final Workshop 14
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Existing appliances
and H2NG blends

on the field (WP3,
Existing WP5)

appliances’s
behavior faced with
H2NG blends in

.New appliances laboratory (WP3)

and
standardization
(WP4)
.Stalting point:

segmentation

and state of

the art

(WP2)

THyGA — Final Workshop

Objectives and organization of the THyGA project

Plan of today’s workshop

Project conclusions

& THyGA
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Starting point: segmentation and state-of-the-art
Segmentation (1/2)

= A wide variety of applianceson the field
= They have each their own specificities (combustion, controls, design, usage...)

Snurce: GANDF/CFGIRAT

01-06-2023 Workshop o Source:prlers AEM 16
01-06-2023 ;



| | | & THYGA
Starting point: segmentation and state-of-the-art g Y
Segmentation (2/2)

= We defined ~60 appliances type/technologies segments (Boilers, water heaters, cookers, catering, space
heaters, CHP, GHP, others)

THyGA  |Type of Total Appliance TyGA  |Type of I Total Appliance
Segment_|appiiance |C3*89Y [Barner ypa Sandnsd Population ment ance |C24099Y [Bomer ype Swndand Population
L R
101 Partial p CONY (A0S, & tanesd) 13388 801 | Conumercial Dryers {EN 127529 ana 2 unknown
0z Open Nued (Rarmes EX 297} Low NOx technology burners 2012 802 mmmma ORI, Sais yaliait Rath T I“m
103 Full presnio 152 Tadias ot
104 Partiat pi |atmos. & tany 2531 803 01 WormereN | ragdiant IEI«! 1000
:: looners  |Room-seuled (former EN 483) ::.uomcwnmn N 15502 i:ﬁ 806 =i Radiant Heatars (former EN onieatic. e fadet e
o1 Parttal premiz fenned 2920 B0dbis O TR | Radiant sanp WS fant (rwen DUTDRrS 00 recircuason fans {En 37175
Condensing boder (Sonmer ENO77)
108 Full presnts (Inclading CCH) 56492 005 Air heaters {formet EN 1020) [non domestic, torced fun, <300KkW JEN 17002
e Forced-draupht | Jat burses bodar | G 806 Air neaters (former N 52%) [non-domesnic, forced coavection, <00RW {en 11082 1000
(former EN 303-3) 807 | Alr Hoaters <70KW (former ENTZE) | Dected warm air; forced convoction air heaters EN 17082
o Instantaneous open Nued Partis premuosatmos N 26 14545 a0 | Bomostic wasting machines [E' 1510 2
202 |WATER Instantanooos room-sealed Partis promtutanned I 800 Oumnestic dryers JEN 1590 2
203 |HEATERS  |Siorage open Meed Partial presnieatmes IB'" . 301 Surtace bemer {Cookiops) with Singhe ring
24 Storwge room ssaled Partal premivtanned 02 | atmosphenc burmes or Voaturr™ Sanghe crown 2574
0 ; - wating & decocation 4678 03 RIS P A Vi S | {&-mma-h-mmg
i, d - SRS y
: indapendent gas.Brod coavecton ; 304 Sy butmer {cookiops) with Single ring
Sl 1A I‘*‘mm 1833 305 parstly presrex burmes (10ng horteontalf Single crows 1352
—{M : DoC 0as l o ok S ::: . rentur) :m|m~-mw |
[ince Cawty burner “tubuls” (ovens, ‘ 3853
b nex L |reestanang rasges) e LE L —
~ 300 Partaly pramixed 22712
-_ 0 AMOSbEIC D
n [Cavity buner “matal shael™ fovans, oo s 13056
froestandng ranges) Somer
312 | Partaty premixed 14 658
401 Circular burner with vestical siots
Opes burners N203.2.
402 — {Circular buroer with holes I‘ !
40 [Mixed ovens burness
@ EN203-2-2
404 |Ovens | Tubwiar or circetar temars I
405 [Botsng pans | pasts cookers [Micropertorated burner JEN 20023 EN203.2.11
406 |CATERING  fyrery |Premix burner [En 20324 unknown
a7 | salamanders | Rotissones |Ceramic or bioe fame bursers {en20327
408 |Brat pans mult). ramp fubeitr 30t burmers {EN20323
408 Ic""“! “"""'!"I aalas, SOKT TIPS, |1 butar burner or melt-ramp tubulsr burser |mma.o
410 Barbocoss Coargrit with Dumes (bes w hales on 1op JEn203.2.10

01-06-2023 THyGA — Final Workshop 17



N . & THYGA
Starting point: segmentation and state-of-the-art e Y
Expected impact of hydrogen admixture on combustion processes

= Many phenomena were discussed in literature, but a lot of discrepancies between researcher’s opinions or
discoveries = it confirms the need for an extensive and documented test campaign and sets tangible
potential impacts to clarify & this is THyGA's strength

flame stabilty range
extends towards

leaner conditions

air ratio moves
no ignition delay towards leaner

conditions

combustion control agree

efficiency decreases

working flawless

disagree

components power output

overheat decreases

flame i1onization
current decreases

01-06-2023 THyGA — Final Workshop 18



O

Z THYGA

New appliances —
certification &
standardization (WP4)



Earlier use of hydrogen

Relevant H, concentrations have already been supplied to gas appliancesin the past
Town gas = 15t family of gases of EN 437

Town gas contains about 50 % of H2

Not used anymore in EU
Lower supply pressure!

Worked well, but requirements became a lot stricter, and technologies changed

01-06-2023 THyGA — Final Workshop

20



—
CERTIFICATION 2 THYGA

— regulatory framework —

1. Product certification

= gas appliances: GAR
gas safety risks & energy efficiency

General Product Safety Directive
2001/95/EC

Gas Appliances Regulation @ ]

ECO-design directive & Energy Labelling Regulation
(EU) 2016/426 = . . .
Low Voltage Directive } energy efﬁCIency & emISSIOnS

2014/35/EU N
EMC Directive 1
2014/30/EU ‘ .
ECO-design Directive )
2009/125/EC @ ‘ .
Energy Labelling Regulation ) applicable
EU 2017/1369 @ ‘
Pressure Equipment Directive
2014/68/EU } /

Onsite adjustment
J of combustion

settings!

2. Regulation applicable to installed gas appliances
= national/regional regulation imposing efficiency and/or emission limits to be measured onsite

01-06-2023 THyGA — Final Workshop 21



CERTIFICATION
— Gas Appliances Regulation (GAR) —

H,NG is in the scope of Gas Appliances Regulation (EU) 2016/426

The composition and specifications of the types of gas and the supply pressures at the place
where an appliance is put into service is very important for its safe and correct
functioning, therefore that aspect should be taken into consideration at the design phase of
the appliance in order to ensure its compatibility with the gas type(s) and supply
pressure(s)it is intended for

Appliances shall only be made available on the market and put into service if, when normally used,
they comply with the GAR = used with a normal variation in the gas quality and a normal
fluctuation in the supply pressure as set out by Member States (MS) in their communication
(cf. GAR annex II)

H,NG supply may compromise an existing appliance’s conformity to one or more essential
requirements of GAR

existing appliances did not have to be designed for H,NG supply = H,NG supply cannot be
considered as ‘normal use’ = no product liability by manufacturer

appropriate H, concentration ASAP to be adopted in quality specifications for distributed
gases (cf. annex II of GAR) for which new appliances need to be designed is recommended for
preparing the market ASAP for H,NG supply

NOTE: light back gas G222 (77% CH; + 23% H,), used for decades in the current certification
framework, does not demonstrate compliance with all ER as it is only a limit gas used for assessing a
specific risk (i.e. light back)

01-06-2023 THyGA — Final Workshop

DE <10
FR <6
ES! <5
AT <4
LT <2
others °

Information,
not regulated,
not measured

1: for non-conventional gases

H, concentrations communicated by
MS in GAR annex II framework.

22



=
STANDARDIZATION e THgGA

— current framework and H2(NG) impact —

= Test gases, test pressures & appliance categories
= TC 238 —» EN 437

= as appliance standards
= TC 49 — gas cooking appliances
TC 62 — independent gas-fired space heaters
TC 106 — large kitchen appliances
TC 109 — central heating boilers
TC 180 — decentralized gas heating
etc.

= Fitting standards
= TC 58 — safety and control devices

01-06-2023 THyGA — Final Workshop 23



—
STANDARDIZATION = THgGA
— EN 437 definitions vs. H2NG — = Gas family

= group of gaseous fuels with similar burning behaviour
linked together by a range of Wobbe indices

= (Gas group

W;in function of added H, concentration = specified range of Wobbe index within that of the family
concerned
= this range is determined on the general principle that appliances

using this gas group operate safely when burning all gases
<00 within this range without adjustment

55,0

* adjustment of the appliance may be permitted in accordance
with the special national or local conditions that apply in some
countries

= H-group: 46,44 M]J/m3 (= lower limit of the EASEE-gas
CBP on H-gas) only allows for injecting 7 % of H,

= Appliance category

" e e e = means of identifying the gas families and/or gas
H2 content [vol%] groups for which a gas appliance is designed to
- o s operate safely and to the desired performancelevel

—a—G25 —— G27 — — lower imi 2nd gasfamily

Wobbe index [M1fm?]

= a fluctuating H, concentration may compromise the
above definition as

= it widens the potential WI range of the gases supplied to the
appliance

------ upper limit 2nd gas family == . = lower imi gasgroup H

*= relevant H, presence increases existing risks (cf. light-back,
delayed ignition, ...)
01-06-2023 THyGA — Final Workshop 24



STANDARDIZATION

— EN 437 test gases: limitgases —

Limit aas Natural gas H,NG
rooes (2 famiy —  (with 20% Comment
PUEP group H) H>)
incomplete G21 G21 as H, concentration may vary
combustion (87% CH4 + between 0 and 20%)
and sooting ~ 13% C3Hg)
flame lift G23 G23 or Gxx H, lowers WI, but flame speed
(flame (92,5% CH4 + increase compensates= to be
instability ) 7,5% Ny) calculated
light-back G222 G22 only for partial premixed
(flashback) (77% CH4 + (65% CH4 + burners + fully premixed
23% Hy) 35% Hy) burners equipped with
combustion control
Gyy for fully premixed burners
(G21 and/or
G24 proposed)
overheating G24 G24 ? overload + increased flame
(68% CH4 + speed
12% CsHg +
20% H,)
01-06-2023

w40 o~

Premixed burner with comb. control

70 % CH, /30 % H,: —"
€0 A= 125 :
s, =37 cmls

T, = 1740 °C , -~

wd /'// \
/ - ‘\ ..

0 |~ - 100 % CH,: R

L S A= 125
0 s, =28 cmis
0 Ta=1722°C
0s 07 09 | 13 |5
@ D= /A
CHEe —-T0ONCH4/30% 2 S0% CH4 /500 H2

Same flame speed
increase to be

calculated as
between G20 and
G222?

THyGA — Final Workshop

& THyGA

Premixed burner withoutcomb. control

70 % CH,/ 30 % H,:

80 )= 1385 > '
. 30 em/s -
O Tu=1618°C I i
40 // e
0
‘\
0 LA 100 % CH,: =
LA A= 125
0 s, =28 cmis
Ta=1722°C
Q0
os 0 09 I3 |5
W (] @ = I/A
CHE —«-T0%NCH4/30%H2 SONCHE /508 H2

Partially premixed cooking hob

70 % CHJ/ 30 % H;:
A = 0.B86

“ - - N
% s =49 emfs e
T,=1938°C .~ AR
w0 e . \
- / - \

0
100 % CHg ™ \

2 / 1 3= 0.8

3 =30 emis
T.=1822°C

O =/A

o SN CHA S0 H2
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—
STANDARDIZATION 2 THYGA

— EN 437 test gases: reference gases —

= Test gases: referencegas

test gas with which appliances operate under nominal conditions when they are supplied
at the corresponding normal pressure

current reference gas (for groups H and E):

= G20 100% CH4 — used for assessing most of risks apart from extreme variations in
characteristics of gases the appliance has been designed for

H, presence may impact risks assessed with G20 = need for a 2™ reference gas
2nd ref, gas: CH, with max. H, concentration

But what about
nominal settings?

Specific for each ref.
gas or 1 setting for
both?

01-06-2023 THyGA — Final Workshop 26



STANDARDIZATION
— risks related to H2NG supply —

= Starting from the properties differences between H, and CH,

= Risks related to
= safety
= performance
= fitness for purpose

o of appliances not specifically designed for H,NG supply with H, concentration varying between 0 and 20
0.

= linked to table of GAR essential requirements and the findings of WP3 testing for 20% H,NG

= NOTE: some of the risks may be (partially) compensated by other H, properties

01-06-2023 THyGA — Final Workshop 27



Atomic radius

Bond length

Gross Calorific Value

Net Calorific Value

Relative density

Wobbe index (using GCV)
Laminar flame speed at A = 1
Adiabatic flame temperature A = 1
Flammability range in air

Min. air quantity for complete comb.
Min. ignition energy
Auto-ignition temperature
Dewpoint temperatureat A = 1
Explosion pressure (stoichiometric mixture)
Methane number

100 year GWP

Other

15/15°Cand 1013,25 mbar

01-06-2023

Hydrogen vs. methane

A
MJ/m3
MJ/m3

MJ/m3
cm/s
°C
vol%
m3/m3
mJ
°C
°C
bar

x CO,

H 0,25
C0,70

1,09 (c-H bond)
37,78
34,02

0,56
50,72
38,6
1.946
5-15
9,52
0,28
595
59
8
100
28

THyGA — Final Workshop

m-:-

H 0,25
0,74
12,1
10,2
0,07

45,88
209,8

2.101

4-75
2,38
0,02
560

72

0
11
pale blue flame

concentrations!

=

Significantly
different
properties of H2
introduces
risks for
appliances not
designed for

supply with gases

containing
relevant H2

28




—
STANDARDIZATION £ THYGA
— risks related to H2NG supply —

Air_min

12 2

10 (8 l"fue, = const
T Vair = const
;8 o (academic)
k 1,6 5.
= . Prozzie = cOnst
Z ¢ g | Vqir = const
3 b 4 (residential)
{ -

2 - e

iti ° © | s 3
ISO Reference conditions 15 °C/ I5°C T T —
i 0 20 40 60 20 100 08 (combustion control)
H, in vol.-% 0 10 20 0 40 %0 %o

H, content in vol.%

——Air_min

Air_min_CH4/Air_min_Mix «-CAR|_CH4/CARI_Mix «-lambda = const
. Flame instability due to increased 20% H,NG: generally no issue on factory
b Ewie. 19 g air excess settings
0 ) .
Lower min. air requirement Shutdowns Flame lift due to air excess 207 [nANEE gene:e"t{ingg Esue on factory

Increased air excess lowering

Lower efficiency combustion (product) temperature

01-06-2023 THyGA — Final Workshop 29



STANDARDIZATION
— risks related to H2NG supply —

60 06 18 03
= 1.6
50 TS 05 2 025
T—___‘—“‘- -~ = 1.4 —
— — . £
— 40 04 T =02 02 £
£ | & £ -
z g e 1 3
s 30 03 3 D . | L olse
3 g 908 e g
> o R ———— 5
U = L IS 3
02 02 2 206 e——* ol 2
o o
g i
504
10 0. - 0,05
<

o
¥

ISO Reference conditions |15 °C/ 15°C

o
o
o

o

0 20 40 &0 80 100 0 10 20 30 40 50 60
H, in vol-% H, content [vol.-%]
- GCV =W P kW] = lambda [-] —=Vgas [m3/h]

H, property ““ Comments + evaluation for 20% H;NG

20% H,NG: 14% lower GCV partially

Insufficient heat output Lower heat input compensated|by ncreased gasfiow = heat
output — 5%
H, lowers Wobbe index — no issue for most appliances
(W) of NG CO conc. too high
Overheating Inappropriate onsite adjustment FulFpremixed appliances: 20% H,NG leads to

due to wider local W, range issues. 10% H,NG seems to be OK.
No ignition/extinction

01-06-2023 THyGA — Final Workshop 30



STANDARDIZATION
— risks related to H2NG supply —

& 8

Adequacy of G-222 as test gas for flashback for leanspresnixed burners?

locity (cm/s)
& 8

8

bumha ve

=

07 02 08 1 11 12 13 14 15
oquivalence raso
[evommasu  ——G® = =iotbeS2sjmetrareetune 33 |

High flame speed

01-06-2023

Light-back
(flashback)

Material/product
deterioration

Flame entering into burner due to Partially premixed appliances and appliances

faster propagation of fame front =  with combustion control more sensitive. Full-

disturbed equilbrium between premixed appliances more sensitive for light-
flame speed and gas flow speed back with gases with higher W

Higher burner surface temperature
due to flame front closer to
orifice(s)

20% H,NG: no issues detected, but case by
case evaluation required

THyGA — Final Workshop
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STANDARDIZATION
— risks related to H2NG supply —

Premixed burner withoutcomb. control Premixed burner with comb. control
2200 2000 sse
o =
430 1500 &=
2100 T 1800 £ T
o "-':_ o
2050 - 1700 E =
o o £ 3
- r 1600 5 *
& 2000 o < o
i @ 1500 & @
1950 , 0 5 0
Z 1400 & Z
1900 E’
300 =
- o
1850 O Re N S— e 1200 " e |
_— IS erence conditions 15°C/ IS 0s | 12 14 |6 18 " 08 | 12 14 16 18 2
0 20 40 &0 80 100 Air excess ratio [-] Air excess ratio [-]
Hy b vol-% e NO (CH4) —e—NO (50 % CH4 { 50 % H2) ——NO (CH4) e NO (50 % CH4 { 50% H2)
T _adabatic -o-T (CH4) ~o=-T{50X CH4/ 50X H2) -o=T (CH4) ~o=-T{50X CH4/ 50X H2)

1500
1800
1700
1600
1500

1400

& THyGA

2000

ndiabatic combustion temparature ['C]

Hproperty | Risk | Cawse | Comments +evaluation for 20% H,NG

Impact may be (partially) compensated by air

: . . excess increase
Higher NO, emissions Thermal NO, formation 20% H,NG: NOx emissions decreasing apart

from some exceptions

Higher flame temperature Impact increased by the higher flame speed,
Material/product Material does not resist the higher but (partialy) comg;giaeted by air excess
deterioration temperature 20% H,NG: no issues detected, but case by

case evaluation required

01-06-2023 THyGA — Final Workshop
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—
STANDARDIZATION £ THYGA
— risks related to H2NG supply —

1,8 03
025
1,4 /’/
12 02
—
0.15
08
06 0.l

0,05

Air execess ratio [-], firing rate [kVV]
Fuel volume flow [m,/h]

0 10 20 30 40 50 60
H, content [vol.-%]

——P[kW] —e—lambda[-] ——Vgas [m3/h]

Hproperty | Risk | Cause | Comments +evaluation for 20% H,NG

Combustion products entering living E.g. inappropriate position of thermal safety
Higher fuel volume flow Hypoxia/CO poisoning spaces due to inappropriate device device (TTB) on B11BS appliances

functioning 20% H,NG: no issues detected
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STANDARDIZATION

— other properties and risks to be assessed —

delayed ignition

chemical impact on materials
lower combustion products temperature

wider flammability range
lower emissivity

pale blue flame

lower ionization current
lower carbon content
higher pressure drop
ventilation requirements
methane number = 0

01-06-2023

Delayed ignition test on premix boiler

Test results:
Boiler settin, delayed ignition time [s]
Tes CO DAF
cO2 (%] ,
1 [ppm] |[Testgas| co2[%] | CODAF
Gas 02 [%]
No. Max- 02(%) [pom]
Max-Min
Min Max-Min [Max-Min| 1§ 2 3 4 5 6
(02:8.7-8A4 ‘ 002.3,7-84 = 5l
11620 | iasg [0t ic20 orsass |orse | | | | |
028784 | " 1G20 002 €3-66 s
1 |60 025459 |02 lamen |o2 700 |92
G20 028784 | _ 1G20 02 3504 =
3 Lsowa [o2384s [0 Lapaa Jozg3ss [O19€ lI
520 C02:8.7-84 €02 10102 ]
4 lipww |orssas |°01928 (G20 ox233p |0 EjE!l

il b smooth Ignition

small detonation

noisy detonation without damages
-verv noisy detonation without damages
-boiler deterioration - hazard for user

-No ignition

THyGA — Final Workshop

Note:

an external timer has been connected between the
burner control and the igniter in order to delay the
ignitson of the gas/air mixture inside the
combustion chamber from 15 to ignition Safety Time
(T54]
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WP3 - Experimental Work
Agenda

= Objectives of the WP3 (experimental work)

01-06-2023 THyGA — Final Workshop
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WP3 - Objectives of the WP3

The main goals of WP3 are

= To define a detailed test protocol based on WP2 input in order to
= define accurately the details of the testing

= to guarantee the best possible reproducibility of testing
= and making sure that all elements needed for the analyse are included in the reports.

= 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.

= To check the tightness of present indoor installation and appliances components to H2/NG mix (£Ais
aspect of the project will be discussed in the next part of the workshop)

01-06-2023 THyGA — Final Workshop 37



WP3 - Experimental Work
Agenda

= WP3 - Testing protocol and parameters studied

é THQGA Testing Hydrogen admixture for Gas Applications
THYGA
INSTRUCTION FOR THE TEST PROTOCOL
for testing in laboratories

WP3

Note that this documaent is reguiarely updated with improvemmnts of the test programma in light of the results of the first tests,

The document THY WP3 019 DataSheet.xls is the datazheet to be used for testing (iast version is at the moment nov 20200,
The present ppt document Is mainly for communication and explanation and may not be further updated oace the lobs are using the dotoshest
document [that will be updated regularely).

This pecject has recesved funding from the Fuel Calls and Hydroagen 2 Joint Unde<taking under grant agreamwat No. 874983, This Joint Undermaking recenes
support from the European Unlon's Horlzon 2020 research and imnovation programme, Hydrogen Europe and Hydrogen Europe research. N
% /
1

01-06-2023 THyGA — Final Workshop 38



. . & THyGA
WP3 - Testing protocol and parameters studied = J
Preparation of the test protocol

= The test protocol defines accurately the details of the testing

= The protocol consist in operative instructions needed for managing all the aspects related to the task
from receiving the appliances, the testing, the reporting etc.

= Jtincludes the details of the test programme & the reporting templates for laboratories

= Stakeholders have been involved in this process from the beginning (consensus on the tests)

WP2&WP3: Elaboration of the test protocol (D2.5 &
D3.1) (over 17 out of 35 answers)
Feedbacks from the " Ml————
Aavisory Panel Group ¥ o e I I
(July 2021) I Rt —

01-06-2023 THyGA - Final Workshop 39



| | & THYGA
WP3 - Testing protocol and parameters studied e J
Preparation of the test protocol... and adaptation to a moving context

CEN TCs starting to work on "H2 ready" "H2 ready" concept discussed in regulation ErP
certification > (Ecodesign & Labelling)
o <
Manufacturers H2 road maps pushed by the [ <> | DSO /TSO are clearer about of possible %H2 in
"Primemovers" initiative the NG grid (up to 20 to 30%)

< -
READJUSTING THyGA testing to give the best value to the

industry (focus on 20 to 30% H2)

01-06-2023 THyGA — Final Workshop 40



WP3 - Testing protocol

Specification of the gases used for

and parameters studied

the testing

Based on real distributed gases (EU High and EU Low)

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

Alternative bands view
- Superior Wobbe Index -

Capacity

Givhrd

Percentile 99% of the WI
@ Inside Class N1 [45.5;52.21 MYM® z000

@ Outside Class ML

Qs
/280
0

St S ot ENFSO6 m sonmy S9N

01-06-2023

W= f(d)
56
G21 @sag
54
EU high & Low calculated with
H2=60% H2=30% HZ2= 10% 52,8

52
= Bi ix CHA + C3HS g
E - nary mix H 5
[T,]
=
=
E 45
S o a7
w
o

45
g @ 457

G23
44 L
- . .
- Binary mix CH4 + N2
- -
42 -
e 115
40
02 0,3 0,4 0,5 0,6 0,7
Rel density
THyGA - Final Workshop

41

0.8



WP3 - Testing protocol and parameters studied
Parameters studied during the short-term tests

& THyGA

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

Parameters to measure
= Combustion/emissions
= Efficiency

= Safety

appliances or not)

= Operational aspects (Normal operation of the

Parameters to vary

= % H2 according

= H2 Rate of change (ROC)
= Natural gas composition
= Pressure

= Adjustmentor not.

The philosophy of the test in lab is to simulate a situation
that is found on the field:

Gas quality variation with H2 on appliances that are
not modified between the changes.

Picture DGC THyGA — Final Workshop 42



| | & THyGA
WP3 - Testing protocol and parameters studied d J
Test programme

TESTING PROGRAMMIE (all tests with H2 added
at different %)

« SAFETY & PERFORMANCES CH4

P « SAFETY & PERFORMANCES EULOW } CO, NO¥, Efﬁciency

Performances

(Emissions & Efficiency) - SAFETY & PERFORMANCES G23
« Low air temperature (- 10 C)

» Flue gas pipe length

« ROC (PLUGG FLOW) .

- Impact of H2 on flame detection The testing programme was

Flashback elaborated carefully, taking into

Safety S acount the existing knowledge and

ADJUSTMENT A, B, H, G the specificity of H2 as for exemple
- Delayed ignition test. the flame speed.

« Quick variation Qmin-Qmax Shut-off
« Cooker hob test with 4 burners on

 Influence of wind o i oo e W A emmeg s o
« Long term (limited time) o N 5 0
« Fluctuation of the aux. energy

Operational aspects 0 Fluctuation of pressure

Cold start
« Hot start
o Other test

01-06-2023 THyGA — Final Workshop 43




| | & THyYGA
WP3 - Testing protocol and parameters studied e THg
Adjustment P

= In practice, most of appliances in the category H (High
calorific gas — widely distributed in the EU) are adjusted
by the manufacturers with CH4 before being sold on the
market. Some appliances are also re-adjusted on the
field according to manufacturer instructions either e
during the commissioning or after a service or a
reparation. This is done with the gas distributed
locally and not CH4.

= What we call adjustment in THyGA is the operation
of field adjustment to reach a certain air excess
according the 02 or CO2 value that is given by the
boiler manufacturerin technical instructions.

= Usually, appliances are adjusted to an air excess that is -
= . . . = 00 05 10 15 20 25 30 35 40 45 50 5560657075 80 85 90
a compromise to achieve the best possible efficiency 02 [%]
with the lowest possible emissions.

Boder E2

Figure DGC - GASQUAL
01-06-2023 THyGA - Final Workshop 44



é LNGs

WP3 - Testing protocol and parameters studied
Adjustment: set because of fluctuations of the gas quality in the grid

Natural
gas Grid

<j Pipelines é

2. natural gas

NG (from EU high to EU low)

H2 (from 0 20%%*)

* During adjustment and from 0 to 20%, or

Natural
Gas Gnd

more after

ol 4

Picture from:
https://www.sciencedirect.com/science
/article/pii/S1364032118306531

CO2

Storage

01-06-2023

THyGA -

& THyGA

The philosophy of THyGA is to
simulate real situation where gas can
change from day to day without the

appliance setting being changed

Final Workshop 45



THyGA
D3.5
D3.8

. . & THYGA
WP3 - Testing protocol and parameters studied = J
Adjustment: scenario implemented in THyGA

Several scenarios of adjustment b Etiod By e SRR
were tested in THyGA. The test A Used Adjusted
simulates a possible realistic B Adjusted ——— Used
SItuatlon Where: EU low + 20% EU low +0 to EU high + 20% EU high + 0 to
H2 60% H2 H2 60% H2
1. The appliance is adjusted G Adjusted T Used
(without taking into account the H Used Adjusted
real gas quality distributed) with
02 or CO2 value according the Example for test G:
present instructions of the boiler 1. Appliances are adjusted with EU low +
manufacturer (that are based on 20%H2 (with CO2 and or 02)
natural gas type H without 2. And tested with:
presence of H2). = EU high (without H2)
= EU high + H2 (10%)
2. The gas quality changes at = EU high + H2 (30%)
any time after the adjustment. * EU high + H2 (60%)

01-06-2023 THyGA — Final Workshop 46



| | & THYGA
WP3 - Testing protocol and parameters studied e J
Rate of Change (ROC)

The "rate of change" test consist in a sudden change of the gas distributed to the appliance in order
to check how it can possibly react in such situation.

The test consists in:

= Observing possible operational problems with the appliance.
= Measuring emissions.

HUITEVITITFET NI oo
Picture ROC ENGIE Gas mixing station
S 7951 Picture DGC
01-06-2023 Shiech e res - Ao n:
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Flashback

Flame with Flash
back

(picture THyGA
application)

t=15s

£=5 min

t =8 min

Test showing F8 under following test condtions, Qmax, Pnom, CHY = 40% H2 = 60%

WP3 - Testing protocol and parameters studied

& THYGA

The "Flash back" or “light back” is associated with
the flame speed which is impacted by Hydrogen.

Flash back results in the flame buming below the
burner surface either entirely or partially.

70 % CH,/ 30 % H,: AT N\

A =0.886 e
s, =49 cm/s
T,s=1938°C

Flame with partial flash back on a cooker hob (picture THyGA test DGC)

01-06-2023 THyGA — Final Workshop 48



Flame detection

Most of the appliances tested have flame supervision systems based on flame

WP3 - Testing protocol and parameters studied

e S

ionisation currents. For most of them, the ionisation signal remains quite high
and above the threshold (below which the safety system closes the gas inlet).

The ionisation works surprisingly well with the level of H2
tested (60% in many cases) for flame detection while we
expected problems since the hydrogen flame is supposed to
generate a lower ionisation current.

= Tt should be pointed out, however, that if the flame ionisation
signal is also used for combustion control purposes, this
approach is insufficient and unable to maintain a constant air
excess ratio.

= The reason for this is that due to the presence of hydrogen, the
position of the flame relative to the sensor shifts significantly and
the control logic is confronted with conflicting signals.

01-06-2023 THyGA — Final Workshop

lonisation Current {mA)

lonisation at Qmax (linear model)

Hydrogen %

T

& THyGA

THyGA measurement of ionisation signal on

boilers

49



WP3 - Experimental Work
Agenda

= Working method

01-06-2023 THyGA — Final Workshop
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—
WP3 — Working method 2 THYGA
Working by SEGMENT GROUPS

Objective: to gather the appliances in groups by technologies enabling conclusions on similar
technologies.

THyGA’s Segments / Type of appliance

Example: all data for water heaters are gathered in the same

100a Boilers fully premix
chapter even if we have differences between sub-segments

100b Boilers other
200 Water heaters i
300 Cookers domestic oo M = E=p—
400a Catering equipment — Premix

400b Catering equipment— Not premix

gequip P The goal of the following chapters is to
500  Space Heaters provide a synthetic view, more specific details
600 Combined Heat and Power (CHP) availablein the reports

700 Gas Heat Pumps (GHP)
800 Radiant heater & commercial air heaters

v

ENZS

ENED

01-06-2023 THyGA — Final Workshop 51



WP3 — Working method

From individual “ID Cards”

Results are compiled in a simple table showing results at a glance.

THyGA Appliance ID card for

Appliance

Burmer

Origin

Segment

Max. power input net] [KW]

Min. power input {net) [kKV]

SAFETY ASSESMENT. Hz % tested
1.1 SAFETY- with CH4

1.2 SAFETY- with ELULOW

1.3 BAFETY- with G23

1.4 Cold sart.
1.5 Hot start.

1.6 Low air temperature |- 10 C)

1.7 Flue gas pipe length

1.8 ROC [PLUGG FLOW])

1.9 Impact of HZ on flame detection.
1.10 Flash back

01-06-2023

& THyGA

X = Pointtested by the Lab

DE SEGM 108 X Testreslized and no iszues
Test has not been done with thiz 2<HZ_ but at lower and higher »<HZ, we canzider "naiszsue”
EN 15502 Gas-fired heating boiler % |Testreslized and issue
Testhas not been done with this 2<HZ, but atlow er and higher > HZ2, we consider "izsue”
Premix x Potential issue (noize, atpic behavior] but not linked to safety
Mew appllance (2021) Testhas not been done with this 2<HZ, but atlow er and higher #H2, we consider "potential issue”
108 NA Test non applicable
2 Mot tested
3
o | 0w | 0| =» 50 | ® SAFETY ASSESMENT. H2%tested | o | w© | 20 | 2 | 30 | o | = |
X X L X X X 11 ADJUSTMENT & MA WA MA BA MA MA NA& MA
12 ADJUSTMENT B A A MA A A MA NA M
313 ADJUSTMENT H N A HA A A, HA NA MA,
X
. 34 ADJUSTMEMT G MA A HA A M, WA NA MA,
4.1 Delayed ignition test X
4.2 Soundness
4.3 Quick varlatien OminOmax Shut-off
4.4 Overheat. Meas. of temp.
X X X X% X X 4.5 Cooker hob fest with 4 burners on MA HA HA MA MA HA NA MA
4§ Influence of wind
AT Long tem (limited time)
4. 8 Fluctuation of the aux. energy X
4.9 Fluctuation of pressure | %
THyGA — Final Workshop 52



WP3 — Working method

From individual “ID Cards”... to a global view for the group

& THyGA

segment Noawol | Gweives | apoaves | owm oo [} Gwosves | Gwoovas | Gwereee | Gwosviz | Gwiovez | Gwuvoz | Gw1? | smoives | eolvon | Galves | Ena | ewovee | Gwa Gw21
Segment w6 | 1@ 108 108 108 108 108 108 108 108 108 18 | 108 109 108 108 108 108 108 108
Qmin (kW) 83 | 69 3 a3 as 2.5 6 13 6 ! 23 2.3 51 as 21 o1 33 p=] L3 L3
Qmax (kW) e | e 2 208 20 2 u 153 28 v ) 2 30 123 s 303 32 13.2 me -
Combustion control feature (Y/N) N Y Y Y Y Y N N Y Y ¢ | [ Y ~ n Y Y ¥ Y TeSted appllance
Applisnce category e3P 2esl 026 iz | nakeir | naksee | naksae | nawae 1N meLw | sz e w3 | e 17515) 11265139 12615 2439 HINTP QK KNP
= CHa X X R x X x ek x X N X i Y [ X X X x x E
2 Reference gas EU LOW X * x X x
= G23 x x X TR x x x x x
‘f o X x X X X . X X X X " X » » X X X X x
- 030 X x X x X x X x x x x x x x
g 10-20 x X g X B3] LRH
2023 x x x X x x x e X X X X % 3 o x x x x
-5 %H2 in test gas e % % = x S . x Rl B N ® * L
38'- 3040 X X X X X X X X X X B g K X X x x
= 40-30 X X x x x x o Tk X x x X
- ) x s , T e xR N x x (e How we_ make a
o) 1.4 Cold start CHI+A0RH2 x [ X x x o * x X X X X X X X x CO”CI”SIO” pel‘
| 1.5 HOUStart | CHI+22% H2+20%4 X min) =S X X Y o x x » » » x x x x » paramter
Lot 1.6 Low air temperature (- 10 C) CHI = M2 X x
FGD 1.7 Flue gas pipe length CHa430%H2 X x
ROC 1.B ROC (Plug flow) CHI+AIRH2 x x e X x x X x x % x x x = I
D) 1.9 Impact H2 flame detection. x x X x x X X X X x X X NA =
8 1.10 Flash back s X - 258 X x RN .
a0 4] 3,1 Adjustment A EU HghEU Low 2 WA * A NA x NA % [ A &mpb assesment:
20 8| 3.2 Adjustment B EU JowEL higheH A X NA A x NA . NA NA Al Green = Green
a0 3| 3.3 Adjustmont H | £ULowsszEu hignet NA X A A x WA X NA WA
AD G 3.4 Adjustment G|  £u Lows2EU higheia X NA X L4 NA NA A NA X i x| N One Red = Red
ol 4.1 Delayed ignition test CHA+I0%H2
3 4.2 Soundness
av 4.3 Quick variation Qmin-Qmax CHAAINHD NA NA X X
o 4.4 Overheat. Meas, of temp, CH1430%H2
—wl AsCookarhobestwih4]  cwnowa [N BT T TS T Y o w 7SI TS S T TN
v 4.6 Influence of wind | | x
] 4.7 Long time (limited time) | depends cn marwtactures | » | x
aux 4,8 Aluctuation of the aux, | X |
P 4.9 Fluctuation of pressure CHATH X X X X X X x X X x | x X x x x
0| Other /Operational x % .= x |

01-06-2023
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aworvm | swinve | awnvee | ey | mmves

WP3 — Working method

From individual “ID Cards”... to a global view for the group... to a final result

s

e | s | e | e | an | s

Elelzle| [ [<|x[<| [«
HEHHERE o

BIRIBIE]= [« [« [ | =] =[] [= || ]|=]=]=
HHEH R

ElE(E 2=~
~lzlzlz]~ <[]~

EE(Z| |B
E(21E(2 *

Final result for a group of appliances (here Segment 100a Fully premix boilers)

H2 % Tested
2023 | 2330 3040 | 40-50 50-60
100 Boiers fully premix Safety mitigation ta bo defined H 8 1
Safety with mitigation Dedicated adjustment methodology 2 s 8
Operational

01-06-2023

THyGA — Final Workshop

—

& THyGA

Mo issues

Safety issues
Fotential issue
Operational issue

Mot tested extensively
Mot tested

54



—
'WPB - Experimental Work Z THYGA
Agenda

= Results for the short-term tests

PLEASE NOTE THAT there are open discussions and the results
presented are not yet final.

The extended report with all details will be publicly available in
early April

01-06-2023 THyGA — Final Workshop 55



WP3 — Results for the short-term tests
Discussion on types of segments

THyGA's Segments / Type of appliance

100a Boilers fully premix Detailed result
300 Cookers domestic Detailed result
100b Boilers other
200 Water heaters |
400 Catering equipment
500 Space Heaters

- overall result
600 Combined Heat and Power (CHP)
700 Gas Heat Pumps (GHP)
800 Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop

& THyGA

Because of the large market
share

Because of lack of time to
treat extensively all segments

56



WP3 — Results for the short-term tests
Segment 100a Boilers fully premix

THYGA's Segments/ Type of appliance

100a Boilers fully premix Detailed resuit
300 Cookers domestic

100b Boilers other

200 Water heaters

400 Catering equipment

500 Space Heaters

600 Combined Heat and Power (CHP)

700 Gas Heat Pumps (GHP)

800 Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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WP3 — Results for the short-term tests
Discussion on types of segments: how to read the tables ?

segment

EHO1u]

Segment

10s

Qmin [E¥)

z,1

Gmaz [kW])

12,5

Combustion control Feature [YIM]

H

Appliance category

HZErizF

Tested: reference gas + TWH2
uzed

Reference gas

CH4

EU LOW

G23

#HZ in test gas

0-10

10-2 0

20-23

23-310

S0-40

40-510

S0-6i0

01-06-2023

Lab Name + Ref of test
Autoadaptative combustion control feature or not

Category according to EN437

Appliance tested up to 40%H2
Problem occurred at 20%H2

To understand which problem,
> see the next slide

THyGA — Final Workshop 58



& THyGA
WP3 — Results for the short-term tests e J
Segment 100a Boilers fully premix: details of results for safety (1/6)

X Testrealized and noissues

Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”

x Testreslized and issue

Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”

® Potential issue [noise, atypic behavior] but nat linked to safety

Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”

NA Test non applicable

Mot tested
segment END2VO1 | GWDIVOS | APOZVDZ | Dswo2 Davo3 06 GWOSVDS | GWODGVO3 | GWOTVO2 | GWOSVDZ | GWIOVD2 | GWIIVOZ |  GwWI7 EAOIVO4 | ENDIVO1 | GALIVO3 ENZ1 Gwiavoz | Gwas GWa21
Segment 106 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108
Qmin (kW) 8,3 6,3 2.5 43 43 5 6 45 6 / 2,5 2.3 51 4.8 2,1 6,1 33 3 43 44
Qmax (kW) 416 24 2 20,8 20 2 b3 ] 15,3 2 25 n 20 n 30 125 17,8 30,3 32 15,2 W04
Combustion control feature (Y/N) ~ ¥ Y ¥ Y Y N N Y ¥ ° N ¥ N - ¥ « Y ¥
Appliance category QESi3P 126s{  I2ELL 12H3p | n2waB/e | maM3a/e | n2HIB/e | WaNIP H2N 2ELL 3P 1230 2N3P INIP H2HGP 12E(S) H2ES(3P QE{S) 112H3P 2830 124 12N3P
= - CH4 X X X X X x x X X X X x i X X X X x X X
§ Reference gas EU LOW X X X X X
g G23 X X x X X X X X X
‘f‘ [} X X X X X X X X X X X X X X X X X X
-4 010 x X x X X X X X x X X x x X
g 10-20 X x x X X X X x
8 20.23 x X x x X x X X x x x x x X [ X x X x X x
& %H2 in test gas —
S 23-30 X X x x X X X X X X. X x x X
.§ 30-40 X X X X x X X X X X X X X X X X X X X
= A0-50 X X x <] % x X X x X X x % %
= 50-60 X X % X x X X x X x X X x X X
s 1.4 Cold start CHAMORHZ X x X P X x X x X X x X X X X x
Hs| 1.5 Hot start. | CHas+23% H2440%H2{min) X X X X X % x X x X X X X X X
Lot 1.6 Low air temperature (- 10 C) CHA +H2 X X
£GP 1.7 Flue gas pipe length CHANH2 X X X
ROC 1.8 ROC {Plug flow) CHA0KHZ X x X X % X X X x X X x x X x
D 1.9 Impact H2 flame detection. X X X X X X X % X % X X X X NA
o] 1.10 Flash back X S X X x X X X X X

01-06-2023 THyGA — Final Workshop 59



& THyYGA
WP3 — Results for the short-term tests e J
Segment 100a Boilers fully premix: details of results for safety (2/6)

X Testrealized and noissues

Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”

x Testreslized and issue

Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”

® Potential issue [noise, atypic behavior] but nat linked to safety

Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”

NA Test non applicable

Mot tested

segment END2VO1 | GWOIVO4 | APOVD3 | DSwO2 Dayo3 06 GWasVDS | Gwosvo3d | Gworvoz | Gwosvoz | Gwiovoz | Gwiivez | Gwi? EA0IVO4 | ENDIVO1 | GALIVO3 ENZ1 Gwiavoz | Gwaz | Gwa
Segment 106 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108
Qmin (kw) 83 0,9 28 43 48 23 6 45 6 / 2,5 29 51 4.8 21 6,1 33 3 43 a4
Qmax (kW) 416 2 22 20,8 20 22 pi | 15,3 2 225 2 0 12 30 125 17,8 30,3 32 152 | 04
Combustion control feature (Y/N) 1 v | | v Y | v Yy |~ » v v K N Kl % | a | v | ¥ Y | v
Appliance category 12EsIIP 12Es{  M2ELL I2HIP | N2H3B/P | M2H3B/P | W2HIB/P |  HAN3P H2N H2ELL 39 1230 12N3P N3P H2H3P 12E(5) H2EsI3P 12E(5) 112H39 12830 12H 12N3P

AD A 3.1 Adjustment A EU HIghEU LowesH2 NA NA X NA NA X NA NA NA NA NA

AD B 3.2 Adjustment B EU lowEU high+H2 NA NA X NA NA x NA NA NA X NA NA

AD H 3.3 Adjustment H EU Low +HZEU higheM2 NA NA X NA NA X NA NA NA X NA NA

A0_g| 3.4 Adjustment G| U Low+H2EU high+H2 X NA NA X X NA NA X NA NA X X X X NA

Main issue —_ adjustmentG EULOW + 10, EUlow+0fo EUhigh+20% EUhigh=0to

20,30% H2 60% H2 H2 60% H2
= This is not a systematic issue
= Notall labs did the requested test (Blank cells)

= NA is for appliances with combustion controls when manufacturers expressely asked not to make adjustments in the technical
documentation

G Adjusted n———————) |5

= Note that test where done for some boilers with combustion controls, when manufacturers allowed it (eg in case of the
replacement of a component) (see example below).
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& THYGA
WP3 — Results for the short-term tests g Y
Segment 100a Boilers fully premix: details of results for safety (3/6)

Issue with adjustment

= Most critical situation = appliance set with a low Wobbe Index gas, including H2, and used suddenly with
a high Wobbe Index gas (bringing combustion close to stoechiometry)

" Typical CO evolution with air excess (GASQUAL)
Tair Patm TambC02 02 CO NOx NO2
Low Wobbe + H2 | 205 | w5 | 205 | 90 [(38 ) iiis | 08 | 12 200 e
High Wobbe 208 | wome| 208 | ns s3] w52 | 228 " s .
L\ 1 e :
Example of test data o J
obtained at EU High after  Se
AdjustmentG Very high CO :z _.'
p '
300 o
200 4
100
0

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
02 (%]

= Potential consequence on the market > some leads in WP5 activities
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WP3 — Results for the short-term tests
Segment 100a Boilers fully premix: details of results for safety (4/6)

& THyGA

X Testrealized and noissues
Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”
x Testreslized and issue
Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”
® Potential issue [noise, atypic behavior] but nat linked to safety
Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”
NA Test non applicable
Mot tested
segment END2VO1 | Gwoives | Apoavos D502 Davo3 D6 GWOSVDS | GWDSVO3 | GWOTVO2 | GWOSVDZ | GWIOVDR | GWIIVO2 GW17 EBOIVO4 | ENOIVOL | GAIIVD3 EN21 GW13v02 GW23 GW21
Selment 106 108 108 108 108 108 108 108 108 108 108 108 108 108 108 108 103 108 108 108
Qmin (kW) 83 6,9 2.5 43 438 25 6 45 6 / 2,5 23 51 48 21 6,1 33 3 43 44
Qmax (kW) 416 24 2 20,8 20 2 2 15,3 2 2,5 n 20 12 30 125 17,8 30,3 32 15,2 20,4
Combustion control feature (Y/N) N ¥ Y ¥ Y Y N N Y ¥ ° N ¥ N - ¥ Y Y ¥
Appliance cate!orv 12ESI3P 12Es{  M2ELL 112H3P W2H3B/P | N2M3a/P | 112H38/P H2N3P 2N M2ELL 3P 112030 H2N3P N3P H2GP 12E(5) M2EsI3P 12E(S) 112H39 12N32 24 1I2N3P
o 4.1 Delayed ignition test. CHa+0%H2
s| 4.2 Soundness X
av 4.3 Quick varnation Qmin-Qmax CHA+IOHH2 NA NA X X
oH 4.4 Overheat. Meas. of temp. CHA+30MHZ
8| 4.5 Cooker hob test with 4 CHA+30%H2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
W 4.6 Influence of wind x
81 4.7 Long time (limited time) | dependson manufscturer X X
AU 4.8 Fluctuation of the aux.
P 4.9 Fluctuation of pressure CHALAREN2 x X X X X X x x X x X X X X X
0 Other /Operational x X x x

01-06-2023
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WP3 — Results for the short-term tests
Segment 100a Boilers fully premix: details of results for safety (5/6)

CO emissions Qmax (data is split in 2 graphs for visibility)
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& THyGA
WP3 — Results for the short-term tests e J
Segment 100a Boilers fully premix: details of results for safety (6/6)

CO emissions Qmin

THyGA Segment 100a - Boiler Premix - CO emissions at Qmin _g_ oo THyGA Segment 100a - Boiler Premix - CO emissions at Qmin _g_cw1y
200 200
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&= THyYGA
WP3 — Results for the short-term tests = Y
Segment 100a Boilers fully premix: other results

NOx Qmax

THyGA Segment 100a - Boiler Premix - NOx emissions at Qmax —e—gwm THyGA Segment 100a - Boiler Premix - NOx emissions at Qmax —e—cw11
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NOx Qmin
THyGA Segment 100a - Boiler Premix - NOx emissions at Qmin _g_ cwo
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& THyGA

THyGA Segment 100a - Boiler Premix - Efficiency (Hi) at Qmax
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UHC emissions (mg/kWh for the operation conditions of the

test)
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WP3 — Results for the short-term tests

& THyGA

Segment 100a Boilers fully premix: other results

THYGA Segment 100a - Boller Premix - Unburnt UHC emissions at Qmax
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WP3 — Results for the short-term tests
Segment 100a Boilers fully premix: conclusions (1/2)

Mot tested extensively Safety with mitigation Dedicated adjustment methodology 2 5 8
Mot tested Operational

No issues H2 % Tested
Safety issues 0 0-10 10-20 20-23 23-30 30-40 40-50 50-60
Potential issue shmista

. . 100a Bollers f remix Safe mitigation to be defined 5 8 11
Operational issue we 'y mitigation (3) -

1. Possible issue already at 20% H2 if adjustment is still allowed when H2 in the grid and
present procedureis not changed (= same CO2% or 02% as for NG).

2. Adjusting with O2 instead of CO2 may solve a great part of the issue

3. Not allowing adjustments in presence of H2 in the grid will resolve the problem and the tolerance will
be increased to 40% H2

4. There can be operational issues starting between 30 and 40% H2 (cold or hot start, noise, etc.)

Flash back was only observed for very high H2 %
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& THyGA
WP3 — Results for the short-term tests d J
Segment 100a Boilers fully premix: conclusions (1/2)

Other safety aspects which are not an issue

Flue pipe length (tested with 4m and 8m long pipe) and external air temperature (down to 0C)
Quick variation between Qmin and Qmax, does not seem to be a problem.

ROC (PLUG FLOW test is performed by changing brutally gas composition coming to the tested
appliance) ( )

Gas pressure variations, does not seem to be a problem, note that appliances are probably all
equipped with pressure regulators.

Fluctuation of the auxiliary energy was tested on 8 appliance, without impact on safety.
The influence of wind on exhaust ducts was tested on 6 appliances (no impact).

01-06-2023 THyGA — Final Workshop 70



WP3 — Results for the short-term tests
Segment 300a cookers domestic

THyYGA's Segments/ Type of appliance
= 100a Boilers fully premix

= 300

Cookers domestic Detailed result

= 100b Boilers other

= 200
= 400
= 500
= 600
= 700
= 800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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WP3 — Results for the short-term tests
Segment 300a cookers domestic: appliances and % of H2 tested

& THyGA

X Testrealized and noissues
Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”
x Testreslized and issue
Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”
® Potential issue [noise, atypic behavior] but nat linked to safety
Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”
NA Test non applicable
Mot tested
Dt 73] PN ] FENOSVO4 NIV ENLID N1 o NG Ml ot [ Loy NIV FNOPOL v Ruve i) | [0}
W) ! 1 o w3 ) X e n 1]
048 047507588 | 0, 51551552 33 | % | &3 | 12 | 12 | a5 | oy | sotaw 008 sad nat sag 013 4 L6s ‘ 1 s gt 002062 levint] nec sed
1 LEAE? | RS e 1.1 am™ n mn | an
+ 4
Combustion controd feature (Y/N) ~ N N ~ N N " | N N
CHA . . . ¥ x | I | N l %
3 Reference gas EU LOW . [
g G23 .
® 0 .
a 010
¥ 1020
e .
14 HH2 in 1ot gas
- 2330 » x
"; J040 L ] . . . . » "
-4 0% x x *
&
5080 [ .

Some specificities for cooking appliances

= Several burners on a same hob (cookers, oven, grill...)
= Tests must be done individually, but also with all fires ignited which multiplies the number of tests

01-06-2023
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& THyGA
WP3 — Results for the short-term tests e J
Segment 300a cookers domestic: details of results for safety (1/2)

X Testrealized and noissues
Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”
x Testreslized and issue
Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”
® Potential issue [noise, atypic behavior] but nat linked to safety
Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”
NA Test non applicable
Mot tested
Appllnm. {14} ot D oo 1 a2 nova N0l ENDOH N3 ENORO4 ENLIVOD ENL2aVIS | ENL2VVO2 ™ N a2 o oryo LDOoA 300 v [ = [ 24 ENDTVES ENOPOA ol [+ PLLES ) N o2 D3t | NS
5.'““"“ ui am )!.—1 ol m 448 o m wul pla) s o ml aul P o ni M Exm pio] a w3 1 an plo) »m e W4 m m
len(kw’j o o4 2475475 | 03130052 e b} ) ars L 13 i3 as o3 rotaas not st net aalg i o4 ea a3 a 1M LA ‘ . 1.3 aa e sl D A3083061 |re
Qmax (kW) 1 1 27007037 | 05008008 3a 1. 1 AT e ] 1 3 Lo . 13 L™ s a1 13 ™ ne 1A “ 29 3 23 243243343 | £
Combustion control feature (Y/N) N ~ " » “ " N " " “ n " N w " N » N N N N N “ N N M w \
€5 1.4 Cold start] Dol * M X N x B« x| a x * x . * x . P x R x x X x x x
HS 1.5 HOESTAMT | OMIre Naasuimn| X x X x | » X x . » X x » » X X x X x
ot 1.6 Low alr temperature (- 10 C) O 12 A wA A . OMA
TGP 1.7 Fhue gas pee longth | e " wa ua ua wo. m W "
HOC 1.8 ROC (Plug flow) | [Eree— ! X ¥ . X B T . X X X X X . [ X | X
FD 1.9 tmpact K2 flame detection, ' x .
2] 1.10 Flash back x " x X » | x L] x » l ) x X
DI &1 Dedayod ignition Tast D8II0%I2 s w Ty T
5 4.2 Soundness | x
av 4.1 Qukk varatian Qenin-Qrmas AU x * X x X . l * . . X . . X x * x » X X I x
OH 4.4 Oyerhoat, Meas, of termp Dt XI%H)
- e ——— - - - _—— .. —— s v v - - * - - - - ‘ P——y— T
48 4.5 Cooker hob test with 4 D AT A . . . L) [ ua NA ] A . . . L) nA [ * * | » L oma |
w 4.6 InMesnce of wirdd
A 4.7 Long time (himsed tine) Sepenits un maralectiret ¥ . » 0 . " " . | . . . . . . . » % 5 | » ¥ ' I .
AUX 4.8 Fluctuation of the s | » X
P 4.9 Fluctsation of pressure IO H ) . » X . A X . | x | . 3 . I x . . * . % X ' | X X ' i x ] x
0 Other /Operstional

The main issues observed (for H2 > 30%) are the following:
= Flash back (7 out of 25) (for H2 > 30/40%) = Quick variation of heat input (4)

= Cold start with 40%H2 (1) = Issue when 4 burnersare on (1)
= Hot start (3) = Tssue with pressure change (2)



& THYGA
WP3 — Results for the short-term tests e J
Segment 300a cookers domestic: details of results for safety (2/2)

Flashback:

= Flashback was observed during efficiency test with 40 & 60% H2 after long running time of
the cooker (50 minutes or so). In some cases (with 60% H2) it has resulted in damages making
the rest of the test impossible

= Present CEN procedures for flash back shall be adapted to H2

D2 EU low + 60% H2 at Qmax
Arcture buvner afer Fissh Dock. AT Durner flested hevo) e mb

HOMMMM colon i nodicadle. but there
deformuion of the Durne
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WP3 — Results for the short-term tests
Segment 300a cookers domestic: flame aspects (1/2)

Yellow flame during test of several hours
= Flame instability and change of aspect observed with 40% H2 (EB15V03)

01-06-2023 THyGA — Final Workshop
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& THyGA
WP3 — Results for the short-term tests e J
Segment 300a cookers domestic: flame aspects and other observations (2/2)

Water condensates that create partial extinction
= With hydrogen and cold water in the pan, condensation appears on the bottom of the pan.

= When the droplets hits the burner, it causes a partial extinction of the flame. The flame tums orange for
a few seconds and becomes blue again when water has fully evaporated.

EN12 burner under normal operation and with water falling into the flame
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WP3 — Results for the short-term tests
Segment 300a cookers domestic: other results (1/3)

NOXx

THyGA Sagment Seg300 domastic cookers - NOx smissions at Omax

—
—
50 e e ——— —
dD e IH
30
— N
20
> e ———
o
10
—tN
0
0 10 20 30 &0 S0 0 —a Bl
%H2vol
THyGA Segment Seg300 domestic cookers <« NOx emissions at  _g_ o)
90 Qmax
—.—ihE
wellENYY
60 ——EN1Z
£ 50
e 2 &N
a 40 03
9o
bl
iz M -9
& 20
» D10y
Q10
= 1 -
-
0

B0 —e—pun

10 20 30 40 50
%H2vol

1800
1600
1400

& THyGA

Co

THYGA Segment Seg300 domestic cookers - CO emissions at Omax
- (11

——010
—— N
T —— NN

—— W10

—— NS

10 20 30 40 50
%H2vol

60 —e—inu

THyGA Segment Seg300 domestic cookers - CO emissions at OmaX ey

—8—ENOE

N1

—e—EN1?

&~ EN1Z
03

Lt L5

a3 20

0 10 20 30 40 50

60 —e—usn
%%H2vol



UHC emissions (mg/kWh for the operation conditions of the test)

Unburnt (ppm)

THyGA Segment Seg300 domaestic cookers - Unburnt UHC emiss

300
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100
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ions

at Qmax

WP3 — Results for the short-term tests
Segment 300a cookers domestic: other results (2/3)
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WP3 — Results for the short-term tests
Segment 300a cookers domestic : other results (3/3)

Temperature at burner surface- Cooking hobs ENOS8

Front burner

01-06-2023 THyGA — Final Workshop
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WP3 — Results for the short-term tests
Segment 100b Boilers other

THyGA’s Segments / Type of appliance
= 100a Boilers fully premix

= 300

Cookers domestic

= 100b Boilers other

= 200
= 400
= 500
= 600
= 700
= 800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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& THyGA
WP3 — Results for the short-term tests e J
100b Boilers other: Discussion of the segment group results

X Testrealized and noissues

Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”

x Testreslized and issue

Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”

Appliance 1D GADI | ENOIVOL | GAL6wO1 | EBU2vDA [GWO2VOL|GWOIVDS G-mvm'(swuvnz;,uwmvul BAOL | Gwas ® Paotential issue [noise, atwpic behavior] but not linked 1o safety
Segment s m e 100 M2 103 209 107 07 o 109 Test has not been done with thiz < HZ, but at lower and kigher 2HZ, we conzsider "potential issus”
Qmin (kw) 1 0 na 12 89 (i 12 15 91 10,6 29 HA Test non applicable
Qmax (kW) 2.8 34,87 25 .5 22 17 222 2 22,6 248 232 Mot rested
Combustion control feature (Y/N) N N N ¥ [3 N N N | N Y Y
- CHa X X X X X X x x I X X X o d H H —_ f' I I
3 e ; - ; pen discussion — Not final results
g G23 ™ ) x X x | x
°,! 0 X X X X x x X X X X
ﬁ 0-10 X X X X X
o 10-20 X % % X
é 20-23 X x X x X X X X X O COId start (1) at 60 o/o H2
g %H2 in test gas
S 23-30 X X X X X X
5 0.0 I I N T - Hotstart(1) at 40% H2
; 40-50 X X X X x X X X
oo : L lash back (3) 0
s 1.4 Cold start CHA1IDNHZ X x X X x X x X ° F a s a C at 4 o/o
HS 1.5 Hot start. | CHa+23% HZ~%H2(min) X X X X X X x X X
o1l 1.6 Low air temperature {- 10 C) CHe+ M2 X
FGP) 1.7 Flue gas pipe length CHA+30%H2 X
ROC 1.8 ROC (Plug flow) CHA+0HH2 X X X X X X | x X X
rol 1.9 Impact H2 flame detection. X X X X x % | X X
& 1.10 Flash back X X X X x L X X -
ol 4.1 Delayed ignition test. CHA+I0MH2 | x N O Issue be I ow 40 o/o
5 4.2 Soundness
avl 4.3 Quick variation Qmin-Qmax CHa+30%2 X
OH 4.4 Overheat. Meas, of temp. CHa+305H2 X
a8 4.5 Cooker hob test with 4 CHa+I052 NA A ~ D nA NA
W 4.6 Influence of wind
L 4.7 Long time (limited time) depends on manufacturer X X %
AUX 4.8 Huctuation of the aux, X X
P 4.9 Huctuation of pressure CHA+0%H2 X X x x | X x
o Other /Operational X X

{*) parformad withaut #2
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Efficiency {% In Hi}
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WP3 — Results for the short-term tests
Segment 200 water heaters

THyYGA's Segments/ Type of appliance
= 100a Boilers fully premix

= 300

Cookers domestic

= 100b Boilers other

= 200
= 400
= 500
= 600
= 700
= 800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters
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WP3 — Results for the short-term tests
200 Water heaters: Discussion of the segment group results

& THyGA

X Testrealized and noissues

Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”

x Testreslized and issue

Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”

® Potential issue [noise, atypic behavior] but nat linked to safety

Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”

NA Test non applicable

Mot tested

Appliance ID GADSVO3 | GAIDVWO! | GWwiavol GWI1S GADY
Segment 201 201 20t 201 208
amn (kw) 53 ER ] 53 5.2 5.3
amax (kW) 105 165 10,3 10,3 103
Combustion control feature (Y/N) N N N N N
- CH4 x X X x %
§ Reference gas EU LOW %
g G23 X x
f o X X X X X
= 010 R )
)
B 10-20
E 20.23 x X X x t
5 HH2in test gas
> 23-30 » ¥
';' Jo-a0 X X x x X
_g 40-50 X
= 50-60 X
< 1.4 Cold start CHIM0%H2 X X X x x
WY 1.5 HOt STart. | CHe-23% H2+a0MH2{mIn) X X X X
o7} 16 Low air temperature {- 10 ) omsia
oo 1.7 Flue gas pipe lengtt-\' O+ 30%M2
ROC 1.8 ROC {Plug llow) CHIAO%H2 X X X X X
o) 1.9 Impact H2 flame detection. X X X X
o) 1.10 Flash back X x
AD A} 3.1 Adjustment A EU HIghEU Low+H2 A NA NA NA A
AD B 3,2 Adjustment B EU JowEU igh+t2 NA NA A NA NA
AD_M 3.3 Adjustment H U Low 21U highe v A N NA NA NA
AD_G 3.4 Adjustment G U LowsH2E nigheH2 NA NA NA NA NA
04 4.1 Delayed ignition test. CH+20%42
E e A2 SoUTISS
av 43 Q'mck vartation Qmin-Omax CH3420%42 x i
0 4.4 Overbeat. Meas, of temp, CH+30%42
e 4.5 Cooker hob test with 4 CHA+I0NM2 s N A NA
W 4.6 Influence of wind X
[N 4.7 Long time {limited time) depends on manufacturer
AL 4.8 Fluctuation of the aux. A
G 4.9 Fluctuation of pressure CHI40%2 X X % % %
of Other /Operational X

1) Psmue with CHE test and N2 test

01-06-2023

THyGA — Final Workshop

Open discussion — Not final results

- Appliance not Conform with
& CH4: will not be used for the
conclusion

No premix appliances on
this list.
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WP3 — Results for the short-term tests
Segment 400 catering equipment

THyYGA's Segments/ Type of appliance
= 100a Boilers fully premix

= 300

Cookers domestic

= 100b Boilers other

= 200
= 400
= 500
= 600
= 700
= 800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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& THyGA
WP3 — Results for the short-term tests e J
400a Catering equipment- PREMIX: Discussion of the segment group results

X Testrealized and noissues

Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”

x Testreslized and issue
. . Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”
Appliance ID TE2zv01 | sazsvor | sEaevor | EBlswo2 | eBaowez | mowvos | eRinvn GADE | EHlavol | EB21vm
Segment o o ) oy o P p s e A e Potential issue [noise, atypic behavior] but nat linked to safety
Qmin (kW) 2 1 5 5 NA 1 " 12 Test has notbeen done with this 2 HZ, but at lower and higher =2 HZ, we consider "potential izsue”
Qmax (kW) 7 39 ¢ 13 1 19 20 a | s 20 NA Test non applicable
Combustion control feature (Y/N) N N 3 ¥ ¥ N N ¥ N N Mot rested
- CH4 X X X x x X . x
2 Reference gas EU LOW % X x X X x x x X = - -
: a3 Open discussion — Not final results
f o X x x x x x x x x
E 0-10 X X x
g 10.20 xX X x *
G 2023 X X X ] x x X X
§ e T e I - Adjustment (3)
5 30.40 X X % X x x x X X Ju S
é’ 4030 ‘
r 50-60
S 1.4 Cold start! CHEAATHRH2 X % x x X X X X
HS 1.5 Hot start, | CHa+23% H2e0%2{ ) X X x x x x x x x X
loT 1.6 Low air tamperature (- 10C) O e n2
FGP| 1.7 Flue gas pipe length CHE30%H2
ROC 1.8 ROC {Piug tlow) CHE-A0NH2 X X X x x x X X X
D 1.9 Impact H2 flame detection. | x x x X
B! 1.10 Flash back | X
AD A 3.1 Adjustment A | SUHighEU Lows NA x
AD_8 3.2 Adjustment B | U sowu higome A x
AD_H 33ACJUSIIMENT H | EU LowsHZEU highenz na
AD_G 3.4 Adjustment G| Eu Low-HIEU higne2 x x A |
DI 4.1 Delayed ignition test. _ CHAIHHY _ | \
S 4.2 Soundness)
Qv 4,3 Quack variation Qrmin-Qynax! CH8+30%H2 X x X x | = X
OH 4.4 Overheat. Meas, of temp. CHAI0HHD
48 #.5 Cooker hob test with 4 CHBIRH2 X NA NA X M| A A
w 4.6 Influence of wind
LT 4.7 Long time {kmited time) dapends on manutacturar X X X X x X x | x x
AUX 4.8 Fluctuation of the aux. | X x % | X
P 4.9 Fluctuation of pressure| CH&~aTRH2 X X X x x x | = x X
0 Other /Operationall
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& THYGA
WP3 — Results for the short-term tests e J
400a Catering equipment PREMIX: Discussion of the segment group results

Efficiency NOXx CO

THyGA Segment 400a - Premix Catering - NOx emissions at OmaX —e—spuie THyGA Segment 400a - Premix Catering - CO emissions at Qmax —g—ip19
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Appliance ID EELAVOL | EB04vOd | ESOSW04 | GAIVOS GAO3 EBOGVO3
Segment Tam | em | ew | ae | aor | ame
Qmin (kw) 415 LSS 5 ne ot specihe NA
Qmax (kW) 12 & 10 15 59 2
CHa X X X X X x
§ Reference gas EU LOW X X X X
z 623
}f ] X X X X X x
b 010 x X X x
=d
& 1020 X X X
§ 2023 X X X X x x
% %H2 in test gas e < e - % =
; 30-40 x X x X X X
% 4050
= S0.60
55 1.4 Cold start CHIL0%H2 x X % X X X
el 1.5 Hot start. | CHas2I% M2sa0%n2(min) X X % X X x
o7 1.6 Low air temperature {- 10 C) CHE+H2
7GR 1.7 Flue gas pipe length CHA+30%HZ
ROC 1.8 ROC {(Plug flow) CHIMMNMNE X X X x x X
) 1.9 Impact H2 flame detection, X X
- 1.10 Flash back X % X x
204 3.1 Adjustment A £ HIGhEL LowsH2 N N [ N A [
AD sl 3.2 Adjustment 8 U Sowil highei2 NA “NA NA NA NA N
AD_H) 3.3 Adjustment H | U LowsH2EU high+H2 NA NA NA NA NA NA
AD_] 3.4 AdJuStment G| U LowsH2 highva Na NA NA NA NA NA
o4 4.1 Delayead ignition test. CHle IO
o 4.2 Soundness X
*;v 4.3 Quick varlation Qmin-Qmax 308 H2 x X % x X
o 4.4 Overheat. Meas. of temp. CHIA30% M2
| 4.5 Cooker hob test with 4 CHALIONNZ X X NA NA NA
W 4.6 Influence of wind X X
w7 4.7 Long time (limited tima) depends on manufacturer X X X x
AlX 4.8 Fluctuation of the aux. X X
< 4.9 Fluctuation of pressure CHANONHI X X i x
o Other /Operational X x

01-06-2023

THyGA — Final Workshop

WP3 — Results for the short-term tests
400b Catering equipment- NOT PREMIX: Discussion of the segment group results

& THyGA

X Testrealized and noissues
Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”
= Testrealized and izsus
Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”
® Potential issue [noise, atypic behavior] but nat linked to safety
Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”
NA Test non applicable

Mot tested

Open discussion — Not final results

Flashbackat 30%
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WP3 — Results for the short-term tests
400b Catering equipment- NOT PREMIX : Discussion of the segment group results
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WP3 — Results for the short-term tests
Segment 500 space heaters

THyYGA's Segments/ Type of appliance
= 100a Boilers fully premix

= 300

Cookers domestic

= 100b Boilers other

= 200
= 400
= 500
= 600
= 700
= 800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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Appliance ID GADZ GAUTVOI | GADBWG2 | GACEVO3
Segment 503 03 504 “
Qmin (kW) 3,1 Notspecitied 13 NA
Qmax (kW) 58 10,2 10 5,30
Combustion control feature (Y/N) N NA N N
- CH4 ] [ X X
g Reference gas EU LOW x
T G23
af o X X X X
b4 010 X X X
& 1020 x
g 0.23 X x X
% H2 in test gas 5580 = =
e 10-40 X x X x
§ 4050 " ) x X
e 50-50 X X X
CS 1.4 Cold start CHE-0%H2 X X x
HS 1.5 Hotstart. | OaeZ)5% w2 1a0%a2|min) X X
Lo 1.6 Low air tomnperature {- 10C) CHa + H2 X
FGP 1.7 Flue gas pipe length CHLe 0% 2 x
ROC 1.8 ROC {Plug flow) CHI~0MH2 X x x
FD 1.9 Impact H2 flame detection. ]| [ X
B 1.10 Flash back 3 2 x
AD A 3.1 Adjustment A EU HhEU Low+H2 A NA
AD_B 3.2 Adjustment 8 EU lowEl highth2 NA NA
 AD_H 3.3 Adjustment H EL Low+H2EU high+2 NA NA
AD G 3.4 Adjustment G!  FU LownQEU highwi2 X NA NA .
DI 4.1 Delayed ignition test, CH4+30%H2
S| 4.2 Soundness
Qv 4.3 Quick variation Qmin-Qrmiax CHE+30%H2 NA
OH 4.4 Overheat. Meas. of temp. CHL 32
48 4.5 Cooker hob test with 4 CHe+30%H2 NA NA NA
W 4.6 Influence of wind
_ 4.7 Long time {Fmited time) Uepands on manutactures
AUX 4.8 Fluctuation of the aux,
P 4.9 Fluctyation of pressure CHLIN X X
0| Other /Operational| % | X

01-06-2023

THyGA — Final Workshop

WP3 — Results for the short-term tests
500 Space Heaters: Discussion of the segment group results

& THyGA

X Testrealized and noissues
Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”
= Testrealized and izsus
Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”
® Potential issue [noise, atypic behavior] but nat linked to safety
Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”
NA Test non applicable

Mot tested

Open discussion — Not final results

« Flashback (from 40%)
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& THYGA
WP3 — Results for the short-term tests e J
500 Space Heaters: Discussion of the segment group results

THyGA Segment 500 - Space Heaters - Efficiency (HI) at Qmax THyGA Segment 500 - Space Heaters - NOx emissions at Omax THyGA Segment 500 - Space Heaters - CO emissions at Omax
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WP3 — Results for the short-term tests
Segment 600 Combined Heat and Power (CHP)

THyYGA's Segments/ Type of appliance
= 100a Boilers fully premix

= 300

Cookers domestic

= 100b Boilers other

= 200
= 400
= 500
= 600
= 700
= 800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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L [[=3 mr WL $0ofrc
Appliance ID o GWOSVD3 | ENIOWDL | GALNWS | GA1WL
Segment s a2 oy B | e
RIS
Qmin (kW) e
Noctalation) 37 94 NA L1
SN
Qmax (kW) Scww
Nooutatiery | gas 2 2 32
Combustion control feature (Y/N) ¥ ~ ¥ A N
o [ Ha ¥ x X l x 3
§ Reference gas EU oW x
<z G23 X X
f’ 0 . ] X X x
H 010 X X X X
e
B 10-20 x »
& 023 X X X X x
: %H2 in test gas — = =]
- i-40 X X
& 030 » I 1 1
e 5060
(S| 1.4 Cold starnt CHMDHRNT X X x | X
HS| 1.5 Hot start. | CHa-23N M2+20NHY min) x X ¥ \.
LoT| 1.6 Low air temperature (- 20C) | P
FGop 1.7 Flue gas pipe length| OIS
ROC 1.8 ROC {Plug flow)! CHEMDAHT X » | = X x
FD) 1.9 Impact H2 flame detection. | » x x
I8 1.10 Flash back | X ¥ s
_AD_A 3.1 Adjustment A B gL Lowei x N& L0 A A
AD_B| 3.2 Adjustment B B lowEL high+H2 NA NA NA WA
“AD_H 33 Adjustment H | EU LowshQEu fagheni2 NA NA NA NA
AD_G 3.4 Adjustmant G| U Low Qi sgheia ¥ NA NA A A
DI 4.1 Deleyed ignition test. CHEINH2 !
5 4.2 Soundness )
av 4.3 Quick varation Qmin-Qmax CHE JOWHZ x x
OHf 4.4 Overheat. Meas. of temp.|  cuseaz
4B 4.5 Cooker hob test with 4 Chae 302 NA | Ma | N A
W 4.6 Influence of wind |
_ 1.7 Long time {kmited time) | depends on menufacsirer L x
ALIX 4.8 Fluctuation of the aux. | |
| P 4.9 Huctuation of pressure [ X X
0 Other JOperational

01-06-2023

WP3 — Results for the short-term tests
600 Combined Heat and Power (CHP): Discussion of the segment group results

THyGA — Final Workshop

& THyGA

X Testrealized and noissues

Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”

x Testreslized and issue

Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”

® Potential issue [noise, atypic behavior] but nat linked to safety

Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”

NA Test non applicable

Mot tested

Open discussion — Not final results

« High CO for > 30% H2 (SOFC)
« Results in discussion for PEMFC
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WP3 — Results for the short-term tests = THQGA

600 Combined Heat and Power (CHP): Discussion of the segment group results

Efficiency NOXx CO
A THyGA Segment 600 - C-H-P - Efficiency (Hi) at Qmax ——a12 THyGA Segment 600 - C-H-P - NOx emisslons at Qmax S THYGA Segment 600 - C-H-P - CO emissions at Qmax ™
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WP3 — Results for the short-term tests
Segment 700 Gas Heat Pumps (GHP)

THyYGA's Segments/ Type of appliance
= 100a Boilers fully premix

= 300

Cookers domestic

= 100b Boilers other

= 200
= 400
= 500
= 600
= 700
= 800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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& THyGA
WP3 — Results for the short-term tests e J
700 Gas Heat Pumps (GHP): Discussion of the segment group results

X Testrealized and noissues
N Ox Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”
x Testreslized and issue
Appliance ID GAlaVOL Test has notbeen done with this 2 H2, but at low er and higher > HZ, we consider "issue”
Segment o s THYGA Segment 700 - Heat Pumps - NOx emissions at Qma ® Patential izsue [noize, atupic behavior] but not linked to safety
g:‘l:;((t‘:}’ “: ¥ Test has notbeen done with this 2 HZ, but at lower and higher =2 HZ, we consider "potential izsue”
Combustion control feature (Y/N) ~ 35 NA Test non applicable
© CHa X 30 Mot tested
s Reference gas EU LOW i - :
o =25
3 523 - £* Open discussion — Not final results
-4 0-10 o 20
Py 1020 X S 15
g 2023 X 2
s %H2 in test gas = > = 10
- g
- 29 - S 5
o 4050 =
= 50-60 0
= 1.4 Cold start CHIMD%H2 X 0 10 20 30 40 50 &0
e 1.5 HOU Start. | CH+23% H2+40%HAmin) X %H2vol
Lo7] 1.6 Low air temperature (- 10 C) Mt M2
FGF 1.7 Flue gas pipe length CHI+0%42 - =
T T : Efficiency CcO
D 1.9 Impact H2 flame detection. X
a8 1.10 Flash back X
AU.‘[ 3.1 Adjustment A EU HGhEL Low 2 N THyGA Segment 700 - Heat Pumps - Efficiency (Hi) at Qmax THyGA Segment 700 - Heat Pumps - CO emissions at OQmax
08| 3.2 Adjustment B EU lowEl higheha2 na 160 —o— 180 B
AD H 3.3 Adjustment M | U Low+H2EU high-H2 NA 158 160 :
AD | 3.4 Adjustment G|  EU Loww2iu highei2 Ny 156 140
ol 4.1 Delayed ignition tast. CH20%0 )
$ 4.2 Soundness R S 120
av 4.3 Quick variation Qmin-Gmax CHI0%2 X 1: 152 e a— j\ SJ -
O 4,4 Overheat, Meas, of temp. CH4+20%2 = 150 =
g 4.5 Cooker hob test with 4 ChH4+30%H2 NA x d 2 8O
w 4.6 influence of wind g 148 g 60 ——
u 4.7 Long tinme (Emited time) | depend: on manutacturer x @ 146 A \
aux 4.8 Fluctuation of the aux. N = 144 g 40
" 4.9 Fluctuation of pressure CHLwn%2 X e - S 2
o Other /Operational )
140 0

) 10 50 60 0 10 20 30 40 50 60

01'06'2023 . i ) zg’,\fw'-‘lvnl . A _‘ %HZvol




WP3 — Results for the short-term tests
Segment 800 Radiant heater & commercial air heaters

THyYGA's Segments/ Type of appliance
= 100a Boilers fully premix

= 300

Cookers domestic

= 100b Boilers other

= 200
= 400
= 500
= 600
= 700
= 800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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WP3 — Results for the short-term tests g THQGA

800 Radiant heater & commercial air heaters: Discussion of the segment group results

X Testrealized and noissues
Test has not been done with this 2 H2, but at lower and higher >IHZ, we consider "no issue”
x Testreslized and issue
Appliance type "‘r:":"‘ "‘"':‘K‘;"" "‘n":‘:':"" ah’::":"“ L xw amtar | anrniata AI-";.;::' ODGTV:"W Testhas notbeen done with this X2 H2, but at lower and higher #1HZ, we consider "izsue”
Appliance 1D £813v03 | sBsvm | emaevme | Estavon | cwaevoz | svasvor | Gwaewee | Gainwes bl Potential issue [noise. atypic behavior] but not inked to safety
Segment an m 202 803 25 308 507 03 Test has not been done with this > HZ, bur at low er and higher >.HzZ, we consider "patential izsue”
Qmin (kW) ¥ e us | = 0 v a NA Test non applicable
Qmax (kW) 10 w0 54 154 E « ) 4
Mot tested
Combustion control feature (¥/N) N N Y N N N " ra
CHs X x x X x X x x - - -
§ materence ges| 10w : : : Open discussion — Not final results
z 623
’f o X X x X X X X x
t 0-20 X x x x
: 10-20 x
§ 20-23 X X X X X x
% %H2 In test gas 3380 = = = = = =
é 30-40 X x x X ¥ % x x
5 a0-30 X X x
- 50-60 x X x
CS 1.4 Cold start CHINORH2 X x x x x
HS! 1.5 HOR 33ar1, | CHa+25% H2480%H2{min) X x x x
loT 1.6 Low air temperature (- 10 C) CHd =42
FGP 1.7 Flue gas pipe length CHI+I0%H2
ROC 1.8 ROC (Plug Aow) CHAMOMH2 X X X X x
FD! 1.9 Impact H2 flame detection X » x x
FB; 1.10 Flash back x x
AD A 3.1 Adjustment A £ HghE Low il NA nA A A NA NA »a
AD_B 3.2 Adjustment 8 | twiowtunos | WA | WA Mo e e |
AD_H 3.3 Adjustment H 10 cowmtU highvi2 NA NA A NA NA NA NA
“AD G 3.4 Adiustment G|  tulowsaiubighiz | NA NA WA NA NA NA A
DI 4.1 Defayad ignition test. CH14305%M2 A
S 4.2 Soundness
Qv 4.3 Quick variation Qmin-Qmax CHI4I0%H2 x A N s | x
OH 4.4 Overheat. Meas. of temp. CHI+I0%H2 X X
48 4.5 Cooker hob test with 4 CHIITRH NA NA A W | owa N NA A
Wi 4.6 Inflpence of wind A
LT 4.7 Long time (imited time) depends on manutacturor X x x x |
AUX 4.8 Fuctuation of the aux. |
P 4.9 Fluctuation of pressure CH4+40%H2 X x %y ] X
0 Othar /Operational ‘

01-06-2023 THyGA — Final Workshop 100



=
WP3 — Results for the short-term tests Z THYGA

800 Radiant heater & commercial air heater: Discussion of the segment group results

Efficiency NOXx CO
THyGA Segment 800 - Other - Efficiency (HI) at Qmax -._1 THyGA Segment 800 - Other - NOx emissions at Qmax +i'," THyGA Segment 800 - Other - CO emissions at Omax +:,.
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WP3 - Experimental Work
Agenda

= Results for the long-term tests

01-06-2023 THyGA — Final Workshop
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THyGA

D3.6
D3.9

WP3 — Results for the long-term tests
Objectives

Long term: to observe possible appliances alterations
(performances or physical alteration) in the long term
(few month) with given H2NG blends.

= Possible alterations are monitored by measurements in the
combustion gas (flue gas).

= The appliances tested will be dismantled at the beginning and
end of the tests (visual observations).

= The idea of the long-term testing is to simulate a real testing in
accelerating time by severe tests constrains (cycling of the
burner, high temperature, possibly overload, etc.)

01-06-2023 THyGA — Final Workshop

DGC's long term test ng is especially designed to
monitor gas appliances performances over testing
periods of several weeks or months.
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WP3 — Results for the long-term tests
Methodology

2020 Summer 2021 Begining 2022

Observation of § - Nominal performances § Observati | Monitoring of evolution Observation of | - Nomif‘aI' perfor@nces
components (Eff, emissions) with on of (Combustion, flue gas temp, components (Eff, emissions) with
CH4 componen |] burner temp for cooker, CH4

- Impact of H2 on ts - o -\\ 2 - Impact of H2 on
performances ' W, performances

01-06-2023 THyGA — Final Workshop
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WP3 — Results for the long-term tests
Experimental setup

From left to right: cooker experimental setup, probes setup for cookers and boilers
experimental setup

01-06-2023 THyGA - Final Workshop 105



Y
WP3 — Results for the long-term tests e THQGA
Data

The peaks are not reflecting physical changes of the heat input, but points measured under transient
situations.

The graph on the right shows representative and comparable measurements using pure methane as a test
gas (G20). This allows to compare the data over time in order to detect changes which can be compared

with the initial data.

) 16— - —r3,5 115
Boiler 2 (D5) Temperatures Qmax Oum, G20, o T 804D °C WI
80 0 144 Yug ROCh ¥ R 3.0 110
=
0.0 - n -
),0 E &
‘;,; 124 t25 £ 105
60,0 E - ' - : 5
T Fluegas OE AR v v v e > 2
o 50,0 p— z ] | 5
- V‘**'\ g 10 2,0 § 100 3
40,0 =T Gas valve - o 2
: : g
2 S
30.0 we T PCB R T PR R P TR 1 PR 15 © 95 E
= /\\V- > ‘ .
RS T Fan o
0.0 6 +1.0 +90
10,0
0,0 4 > ) S-S PP PR & 45 4& 3‘ 05 Lgs
02/05 30/05 27/06 25/07 22/08 19/0% 17/10 oF oF Qé.*“.g’ P c.‘f’ ‘,4’ o7 o 9.9" 3 J,.* & & “.,
P & ,‘s g & & v
Boiler 1 operated at maximum load with pure methane (G20)
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WP3 — Results for the long-term tests
Pictures Before / After

Before

Before long term test After long term test

01-06-2023 THyGA — Final Workshop
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& THyYGA
WP3 — Results for the long-term tests d J
Conclusion based on the experimental setup and test duration

2 cookers and 3 boilers were tested by DGC, 2 boilers by GWI

= Cookers were tested for more than 2500 hours and boilers for more than 3000 hours (equivalent to 2-3
years use).

= All emissions (CO, NOx) and efficiency levels stayed stable.

= Normal signs of wear and tear and normal amount of deposit.

= 30% hydrogen has no impact on the operation of the tested appliances (validated through short-term
tests before and after the long-term test).
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WP3 - Experimental Work
Agenda

= Conclusions

01-06-2023 THyGA — Final Workshop
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WP3 — Results for the short-term tests
Conclusions

THyGA's Segments / Type of appliance
100a Boilers fully premix

300

Cookers domestic

100b Boilers other

200
400
500
600
700
800

Water heaters

Catering equipment

Space Heaters

Combined Heat and Power (CHP)

Gas Heat Pumps (GHP)

Radiant heater & commercial air heaters

01-06-2023 THyGA — Final Workshop
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All

conclusions of the single
segment groups are combined on
this table, using theirimpact card

Please not that this table provides
conclusions without taking into

account the delayed ignition test

01-06-2023

NOT INCLUDING DELAYED IGNITION POTENTIAL ISSUES OR OTHER POSSIBLE NOT IDENTIFIED ISSUES

Modified slide taking into account late delayed ignition test results

WP3 — Results for the short-term tests
Conclusions: 1) SAFETY & OPERATIONAL

& THyGA

H2 % Tested
0 0-10 10-20 20-23 23-30 30-40 40-50 50-60
simple L . a
Safety mitigation (3) mitigation to be defined 4 7 10
100a Boilers fully ) - . E
. Safety with mitigation Dedicated adjustment methodology 1 4 7
premix
Operational
Safety 3
100b Boilers Not premix
Operational
Safety 1 1 1
200 Water heaters
Operational
300 Cookers domestic ~ Safety 2 8 8 10
Operational
simple L. . o
Safety mitigation (1) mitigation to be defined (2)
a .
IOOa Catering . Safety with mitigation Dedicated adjustment methodology
equipment — Premix
Operational
400b Catering Safety 1 1 1 1
equipment — Not premix Operational
Safety 1
500 Space Heaters
Operational flame aspect
600 Combined Heat and Safety 1 1 1 1
Power (CHP) Operational
700 Gas Heat Pumps Safety
(GHP) Operational
800 Radiant heater & Safety
commercial air heaters )
Operational

THyGA — Final Workshop




Modified slide taking into account late delayed ignition test results =
& THyGA

WP3 — Results for the short-term tests
Conclusions: 2) SAFETY and delayed ignition

—

In case of delayed ignition, relevant hydrogen concentrationsin natural gas leads to more violent ignition.

= For concentrations up to 20% H2, the impact has proven not to be detrimental or dangerous on the
tested appliances equipped with a fan in the combustion circuit, but...

= .. inappropriate onsite adjustment, if possible, may increase the risk on an unacceptable impact (material
deterioration and/or user hazard) of delayed ignition due to accumulation of a flammable mixture with a
higher energy content.

Appliances equipped with specific partially premixing burners without a fan in the combustion
circuit (i.e. appliance type B11BS) used in certain types of boilers and water heaters seem to be

sensitive to delayed ignition. No light-back occurs, but the unburned gas accumulates also downstream
of the burner. When this accumulated unburned gas is lighted it creates a flame at the injector
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Modified slide taking into account late delayed ignition test results —
& THYGA

WP3 — Results for the short-term tests
Conclusions: 2) SAFETY (excluding delayed ignition)

20% H?2 should not be an issue

With appropriate mitigation this could be higher, but above 30% more issues are appearing
(FB etc.)

Other safety aspects which do not present problems

= Both impacts of “low air temperature (- 10 °C)"” and “Flue gas pipe length” have been tested on
few appliances (boilers) and the results from the test done show no impact of hydrogen.

= ROC (PLUG FLOW) is generally not showing issue (generally variation from 0 to 40% H2 and the other
way round). However for some cooking hobs the test has revealed issues that seems more related to the
percentage of HZ2 rather than the Plug Flow.

= The delayed ignition test was made on few appliance only with 30% H2.
= Fluctuation of the auxiliary energy was tested, without impact on safety.
= Long-term (limited time) consisted in testing appliances for few hours when possible. Some tests were

01-06-2023 THyGA — Final Workshop 113



WP3 — Results for the short-term tests
Conclusions: 3) PERFORMANCES

In general, under the conditions of the THyGA testing (= copy the reality of the field):

H2 has no or only small impact on
efficiency but for boilers where we see
a slight increase of efficiency on Hi due
to higher heat recuperation
on condensation with the testing
conditions used.

Heat output decreases with H2
injection which could prove to bring
comfort issue for domestic hot water or
cooking appliances

NOXx is decreasing with H2
CO is decreasing with H2

01-06-2023

Overall Impact of H2 on

SEGMENT Efficiency| NOX coO CH4
100a Boiler premix +
100b Boiler NOT premix 0
200 Water heater 0 -
300 Cooker dom 0 - (™)
400a Catering premix| NM -
400b Catering NOT premix| unclear
500 Space heaters 0 unclear
600 CHPE 0 unclear | unclear
700 GHP 0
800| Radiant heater & commercial air heaters - unclear

THyGA — Final Workshop

(*) can suddenly increase for H2 =40%
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Agenda

9h00/ 9h15 Welcome, Introductionand rules to the workshop Alexandra Kostereva
9h15/ 9h30 THyGA - Objectives and organization of the project Patrick Milin
9h30/ 10h00, inc. question WP4: certification for new appliances Kris De Wit

10h00 / 11h20, inc. question

WP3: H2NG blendsimpact on appliances

Jean Schweitzer ; Henri Cuny

11h20 / 11h40

Coffee break

11h40 / 12h30, inc. question

WP5: appliances on the field

Lisa Blanchard ; Stéphane Carpentier

12h30 / 13h00

Conclusionsand perspectives

Alexandra Kostereva ; Patrick Milin

THyGA — Final Workshop
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Z THyYGA

WP3 & 5 — Appliances
Installed on the field



=
. WP3 & 5 — Appliances installed on the field = THYGA

Gas line tightness




Y
WP3 — Gas line tightness in 40%H, + 60%CH, 2 THYGA

Objectives

Evaluate of the tightness of the components located on domestic and commercial gas
lines from the gas meter to the end user appliance, in presence of a mixture
400/0H2+600/0CH4.

« Components taken from installations being used currently in Germany, Denmark, Belgium and
France.

« Testing pressure: 35 mbar.

- Comparison with admissible standard leakage rates: 1 [.Lh'? (NEN 7244-7, gas distribution
network) and 0.1 I.h"1 (EN 30-1-1:2021, cooking appliances burning gas).
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=
WP3 - Gas line tightness in 40%H,+60%CH, = THYCA

Background on similar projects

HYDelta Ukrainian consortium
Evaluate if tightness requirements need to evolve Tightness and safety of the gas distribution network:
between NG and 100% H,. 100% H, and mixture CH,/H,

Measure the pressure drop from 30 mbar, 100 mbar and Fig 2. A fngment m cquipment 1 the tes st
200 mbar in N,, NG and 100%H, for 1min. Pressure drop at high pressure: 3-6 bar for 7 days and low

pressure tests: ~100 mbar for 7 days.

No clear variations of flow rate between the o
couplings. Pressuredrop at 30 mbar is less Difficulty to measure at low pressure due to
accurate. the strong influence of the temperature.
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Testing methodology

WP3 - Gas line tightness in 40%H,+60%CH,

Pressure drop testing
Short term test Long term test

P = 35 mbar
Gas: Air, He, 60%CH, + 40%H,
Stabilisation duration: 15 min

Test duration: 10 min
RT

Monitoring the temperature

01-06-2023

P = 35 mbar

Gas: Air, He, 60%CH, + 40%H,
Stabilisation duration: 15 min
Test duration: Up to 10 days
RT

Monitoring the temperature

THyGA — Final Workshop

W

THYGA

Pressure
Thermocouple gauge

End of a line under testing
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=
WP3 - Gas line tightness in 40%H,+60%CH, 2 THYGA

Presentation of the gas lines (1/2)

Ne1 N°2 - | N°3

Connexions were all
cleaned, and most of them
were tightened with loctite
before the tests.

01-06-2023
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WP3 - Gas line tightness in 40%H,+60%CH,

Presentation of the gas lines (2/2)

N°6 N°7 N°8

N°9

01-06-2023 THyGA — Final Workshop 122



WP3 - Gas line tightness in 40%H,+60%CH,

Results — 10min tests

& THYGA

Leakage Leakage

Line Volume AP flow AP flow AP

I mbar Nl.h-1, x10-4 mbar Nl.Lh-1, x10-4 mbar
1 0.18 0,63 6.24 0,62 6.1 -
2 1.13 Main findings:
3 3.32 05
4 0.4¢ ® Difficulty to obtain accurate results at low pressures 45
5 105 (supportedby other projects). 04
6 8.24 = No significant difference between the three gases. )5
% 0.22 = All the measured leakage rates are below 0,1 I.h! 35
8 0.74 6
9 0.3f U,4U o.U U, U 779 -u,19
10 0.42 0,48 11.1 -0,07 1.7 0,48

01-06-2023 THyGA — Final Workshop

Leakage
flow

Nl.h-1, x10-4

-9.9
-11.3
-24.1
111.5

4,2
2.6
-3.8

11.2
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—l6 Pev —T,16

Temperature,

Pressure, bar

WP3 - Gas line tightness in 40%H,+60%CH,

Results — 100 hours tests

& THyGA

—L7 Pev - T_L7
1,05 - - 25
Caloulated prosare
accordng
= 245
1,04 - 10 th Lerrgeratiuee
e - — - ‘J T
W \'\w - 24
1,03 4 Messred pressre
- 23,5
1,02 4 - 23
- 22,5
1,01 4
Meooured
Lermgeelne - 22
1 R
- 21,5
0,99 T ' T T 21
0 50 100 150 200 250
Time, h

Strong influence of the temperature (supported by other projects).

1,05 - r 25
pressure ccordng
tothe tomperaturg - 245
1,04 +
- 24
1,03 +
-~ - 235
¥
v
31.02 1 - 23
o
&
- 22,5
1,01
- 22
1 measured
- 21,5
0,99 v v T v v 21
50 100 150 200 250 300
Time, h
01-06-2023
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L2
L3
L4
L5
L6
L/
L8
L9
L10

01-06-2023

1,0260
1,0342
1,0358
1,0358
1,0335
1,0349
1,0372
1,0360
1,0355
1,0355

WP3 - Gas line tightness in 40%H,+60%CH,

Results — 100 hours tests

& THYGA

Durationo
the test

0,999 21,447 21,702 0,028 30
T T T 80
Main flndings:
284
= All the measured leakage rates are below 0,1 I.h-! 69
1,03265 23,561 23,774 0,002 70
1,02205 21,984 22,816 0,016 251
1,03585 22,54 22,231 0,000 200
1,00105 22,443 22,108 0,034 80
1,0072 22,4 22,324 0,028 70
1,0357 22,078 22,058 0,000 71

THyGA — Final Workshop

NI.h-1, x104
1.66
4.0
1.4
0.8
2.4
5.1

2.9E-3
3.1
1.4

-1.6E-2
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=
WWPB — Gas line tightness in 40%H,+60%CH, Z THYGA

Tightness test conclusions

= At those low pressures:

= No differences observed between leakage rates in air, He and in the
H,NG blend;

= If no leaks in NG and air --> no leak in H, (HYDelta results)

= After about 200 hours of test, no deterioration of the components or
loss of tightness was observed.

= Generally the pressure drop measured on the reviewed lines were
under the standard criterion (11.h'1; 0,1%.h1).
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WP3 & 5 — Appliances installed on the field

Condensates




—
WP5 — Condensates £ THYGA

Does H2 injection involve extra condensation in flue duct ?

Problem: H2 +02 -> H20. MOREWATER ? MORE CONDENSATION ?

Target: non condensing boiler--> may alter duct material not designed to handleit

%H20 calculated from measured lambda and flue/fuel gas compositions

Dew point temperature calculated from Antoine’s law

= Depends on %H20 only 1668.21 + 45.15

= https://en.citizendium.org/wiki/Water_dew_point - 7.09171 — logyy Pw
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https://en.citizendium.org/wiki/Water_dew_point

%H20

WP5 — Condensates
%H20 in flue gases

%H20 (Qmin) %H20 (Qmax)

18,0% 18,0%
16,0%% 16,09 k=3 ° o - &
14,0% 14,0%
12.0:}5 § 12.00 @ coreicrrescansirciboccccnnsncecnscccnabonas [ SRREEEEr @ ccrriennaiananns [ TR LT L L L L LT I I e
) o = ¢ & - B
10,0% g 10,0%
Pcecccccncnnese @ rrriiiiiiiaani, S RTTTREPP. @ crrrrrenenaas @ cccnncccscsisigunronasascasnnness ;é
8,0° % 5 8,0
9 ............... Werrirrrizizseeaaaen @rorrreeees @ ceereanannans @:sssssiiaziaias Qscasasssasasssisy g
6,0% ® 6
40% 4,0%
2.0% 2,0%
0,0% 0,0%
0% 10% 20% 30% 40% S0% 60% 70%% 0% 108 205% 308 40% 508 60% 70%
%H7 %H2
® EBO2_SEGM102 v02 @ GW2 SEGM_102 V03 ® GW4 SEGM_105_V03 GAl1 segml01_V2-B118S ® EBO2 SEGM102 v(02 ® GW2 SEGM 102 VO3 e GW4 SEGM 105 V03 GA1l segm101 V2-B11BS

%H20 usually decreases with %H2 - caused by the increase of the air excess
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cc)

T FlueGases

140

130

120

110

100

90

80

70

60

50

40

® [RO2_SEGM102_v02

Little impact of %H2 in gas on dew point temperature
At Qmax, Tflue are much higher than dew point temperature > no risk

WP5 - Condensates

Condensation at Qmax ?

T_FlueGases

Tdew (°C)

Worst case: 50°C

® GW2_SEGM_102_V03 ® GW4_SEGM_105_V03 GA1_segm101_V2-B11BS

24-03-2022

140,0
130,0
120,0
110,0
100,0
90,0
80,0
70,0
60,0
50,0

40,0

® CB02_SEGM102_v02

THyGA — Final Workshop

Dew point temperature (Qmax)

e
”e e
L

® GW2_SEGM_102_ V03 @ GWA4_SEGM_105_V03

& THyGA

50% G0%

GA1_segm101_V2-B11BS
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Tflue {°C)

—
WP5 — Condensates 2 THYGA

Condensation at Qmin ?

Tflue (Qmin) Dew point temperature (Qmin)
120 120,0
100 100,0
Qo @b Rt B ath isnarnsssashesseasaassasassnd 80,0
[ ® ) ® ® ‘ ;(:;
6O ; 60,0
o
Worst case: 25°C I =
40 40,0 ° b o . 2
20 20,0
0% 10% 20% 30% 40% 50% 60% 70%

0% 10% 20% 30% A0% 50% 60% 70%
%H2

%H2

® EB02_SEGM102 v02 ® GW2 SEGM 102 VO3 ® GW4 SEGM 105 VO3 ® GA1 segm101 V2-B11BS ® £802 _SEGM102 v02 ®GW2 SEGM_102 V03 ®GW4_SEGM_105_V03 @ GA1 segml101 V2-B11BS

0%0-20%H2 , there is not much difference - no action required
On some boilers, temperature difference between Tflue and dew point temperature is not so high, even for CH4.

= What are the « good practices » of installers/manufacturers ?

= Possible mitigation: increase Qmin for the most critical boilers to avoid condensation in flue duct ? > higher Tflues:



' & THyGA

Natural draught




WP5 — Natural draught

Considerations

Two phenomena are considered here

= Buoyancy:
= When Priyegases << Pair 2 flue gases go up

= When F ir < PriueGases flue gases cant go up = no
natura é‘raft

= Flue gases flowrate
= if Qflue(H2NG) <= Qflue(natural gas) = no problem

= Not treated here: Impact of flue duct (on temperature)

24-03-2022 THyGA — Final Workshop
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WP5 — Natural draught

Data treatment

= Measured during THyGA project:
= Boiler inlet: gas flowrate, gas composition
= Boiler outlet: T flue gases, %C02, %02

= Calculated:

= A (air/fuel equivalence ratio): calculated from %C0O2+gas composition and/or
%02

= Wet flue gas composition: calculated from gas composition and lambda
= Flue gases flowrate: calculated from gas composition, gas flowrate and lambda
= Relative density: calculated from flue gases composition and temperature
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WP5 — Natural draught
Flue gases flowrate

Flue gases flowrate is stable or decreases with %H?2
= No problems expected

Flue gases flowrate (Qmin) Flue gases flowrate (Qmax)



F—
WP5 — Natural draught = [HyGA

Relative density (Qmax)

Density (rhoflue(Tflue)/rhoair(15°C)

Flue gases released in ambiant air >
rho(Tflue)/rho_air(15°C)

Relative density is low compared
to 1 (if relative densities of flue gases
and air are identical, there is no draft)

| ——— et Small increase of the relative density,
g ‘ | but nothing critical

@Qmax, no problem with natural
draught

24-03-2022 THyGA — Final Workshop 136



relative density

=
WP5 — Natural draught = THyGA
Relative density (Qmin)

D_Flue (RhoFlue(Tflue)/rhoAir(15°C) - Qmin

083 = At Qmin: |
082 | e e PSRN RIS = Flue gases flowrate is lower
oz L : = But relative densities are higher
7 = Relative densities are stable with a
078 small tendency to increase.
0,77
0,76
e = No natural draught problems are
" o% 10% 20% 30% 40% 50% 60% 70% expected for 0-20%H2

%H2

® GW2_SEGM_102_V03 ® GW2_SEGM_102_V03
GW4_SEGM_105_V03 GA1l segml01_V2-B11BS
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Worst case:
= Summer conditions
= Hot water production

At Qmin, with an external
temperature of 35°C, the
relative density is still <0.9

Natural draft is still effective

0-20%H2: no problem
expected compared to CH4

24-03-2022

WP5 — Natural draught
Relative density (Qmin) with Tair=35°C

Z THyGA

D_Flue (RhoFlue(Tflue)/rhoAir(35°C) - Qmin

0,890

0,880 PSSR L
0,70 P @TE
0,860

0,850

0,840

0,830

0,820

0,810

0,800
0% 10% 20% 30% 40% 50% 60% 70%

® EB02_SEGM102_v02 ® GW2_SEGM_102_V03
GW4_SEGM_105_V03 GA1_segm101_V2-B11BS
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e
WP5 — Natural draught e TH‘JGA

Conclusions

A gas mixture with 20%H2 has a very low impact on natural draft and condensation

In most cases, flowrate of flue gases remains constant or decreases

At Qmin, in the worst case:
= Relative density of flue gases, increases from 0.816 to 0.822 (@40%H2) — less than 1%

= Even considering an air temperature of 35°C, relative density of flue gases is still lower than
0.9 (natural draft possible)

= Difference between Tflue and TDewPoint decreases from 29°C to 25°C (@40%H?2).

= In both cases, this evolution remains within safety margin
= manufacturers/installers should compare these results to their « good practices »
= If required, an increase of the heating power at Qmin could solve the problem.
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WP5 — Adjustment

= Adjustment problems (high CO

Reminder: where do the problem occur?

emissions) occur in the following conditions
= Adjustment with lowest Wobbe Index gas

(EULow+20%H2)

= Use with the highest Wobbe Index gas

(EUHigh)

= The Wobbe Index jump is then 7.24MJ/m3

= More than during certification tests

24-03-2022

THyGA — Final Workshop

EULow + 20%H2 _ EUhigh

& THyGA

Adjustment « G2 »

Adjusted Used
| Refgas | ws | Deta |
EULow+20%t 45,6
THYGA i 7.24 M)/ m3

EUHigh 52,8
G21 54,7 } 2 MI/m3

Certification 50,7
G20 - 5 M)/ m3
G23 45,7
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| & THYGA
WP5 — Adjustment = 'Y
Adjustmentwith CO2: why it is not recommendedwith H2

Air—fuel equivalenceratio

0 0 21% 0 Volume of air required to burn 1m3 of gas (m3 of air/m3 of gas)
/’E} O 2 — 2 1 /E] - /D CO 2 Volume of dry burnt gases generated by the combustion of 1 m3 of
Yo CO2 MY V{0 gas (m3 of flue gases/m3 of gas)

8oyl TV 4 The stoichiometric percentage of CO2

Lambda | Lambda
(o)
“ﬂ e ’°C°2“‘a"<coz adi) (02 ac)

9,56 8,56 0,90 0,12 1,30 1,30
Eulow 9,14 8,23 0,90 0,12 1,29 1,30
EUHigh 10,52 9,45 0,90 0,12 1,33 1,30
G20+20%H2 7,79 6,96 0,89 0,11 1,22 1,30

In the presence of H2:
« CO2 adjustment leads to a richer flame €/
« 02 adjustment = constant air/fuel equivalence ratio &
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—
WWPS — Adjustment Z THYGA
02 VS CO2

= Adjustment based on CO2 leads to
a richer adjument (with %H2)

; = When WI goes up, %02 goes down
= [t causes CO Emission problems

A Adjustments = 02 adjustment is the best way
. to adjust a boiler close to
™ ke sk alun factory settings
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WP5 — Adjustment

Impact of O2 adjustment: Test results

= High decrease CO emissions @Qmax, but also NOx decrease
= A Qmin, CO and NOx emissions remain constant and very low

CO DAF CO DAF NOx DAF NOx DAF
Boiler Qcal Adjustment (ppm)@Eul (ppm)@EU Boiler Qcal Adjustment (ppm)@Eul (ppm)@EU
ow+20% High ow+20% High
GWI08 Qmax CO2 87 1347 GWI08 Qmax CO2 68 147
GWI08 Qmax 02 53 285 GWI08 Qmax 02 32 134
ENO1 Qmax C02 93 664 ENO1 Qmax Cc02 61 225
ENO1 Qmax 02 60 288 ENO1 Qmax 02 39 155
ENO2 Qmax COo2 9 41 ENO2 Qmax CO2 64 237
ENO2 Qmax 02 7 22 ENO2 Qmax 02 39 185
CO DAF CO DAF NOXx DAF NOx DAF
Boiler (o]! Adjustment (ppm)@Eul (ppm)@EU Boiler Qcal Adjustment (ppm)@Eul (ppm)@EU
ow+20% High ow+20% High
GWI08 Qmin C02 64 45 GWI08 Qmin C02 12 25
GWI08 Qmin 02 62 43 GWI08 Qmin 02 11 27
ENO1 Qmin CO2 5 5 ENO1 Qmin C0O2 16 56
ENO1 Qmin 02 7 9 ENO1 Qmin 02 21 69
ENO2 Qmin CO2 14 2 ENO2 Qmin CO2 42 36
24-63%022  Qmin- 02 18 ®  THyGA- Final WoRtSHop ~ amin 02 12 30 144



WP5 — Adjustment

Combustion control (CO sensor)

= CO sensor in flue gases
= Qmax: Pollutant emissions are lower than a CO2 adjustment
= Qmin: CO and NOx concentration are close for auto-adjustment / CO2 adjustment

CO emissions @ Qmax NOx emissions @ Qmax

B0

70
E— S0 E‘L 50
= % 40
:: 100 =
0 % ar
8 =
=
" 0
o
JQ o e o e ~ . W g
o 3 & & o & & o S
4% < S X x ) D > & <
& & o & 5% < & & &
\0\ c\ e} & s o 3 «
,"\3' 0\“ < < &
<
BADIUSTMENT EULovr+20%H2  BAUTO-ADIUSTMENT BADIUSTMENT EULow20%H2 @ AUTO-ADIUSTMENT
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Alternative methods

Alternative adjustment methods could help if no 02 analyser is at hand or if the installer can have information about
the %H2 of the gas
= No O2 analyser

= Forbid adjustment (boiler adjusted to G20 behave well when factory settings are kept > GASQUAL, THyGA) /A

= Factory a%;ustment to G20+10%H2. Bad idea. Richer combustion leads to higher CO, NOx and flame
velocities.

= If %H2 of the fuel gas is known: update %02 adjustment value according to %H2 /A

= Limit the Wobbe range of delivered gases
= Difficult in the current Ukrainian war context - increase of Wobbe range (bioCH4 to LNG) €/
= Fine if only bioCH4+H2 mixtures are used. /&

= Boiler auto-adjustment

= Ionization probe: WI fluctuations of NG compensed by the probe, not %H2 - low emissions and safe
behaviour regarding flashback (A increase with %H2) /&

= CO sensor: low pollutant emissions compared to CO2 adjustment. No flashback during tests. Data still need to be
processed.

= 02 sensors are also an option to consider
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000 unit

WP5 — Gas conversion strategies
Situation 2030/2050

Z THyGA

Potential evolution of market share of H2NG boilers in Europe. = Mitigation approaches (1st thoughts):

24-03-2022

Number of sales

Boilers - 20%H2NG certified

= Wait untill all appliances are H2-ready -2 too long
= Replace all non H2-ready appliances > costly &)

= Check compatibility of all non H2-ready appliances 2>
costly &

= An alternative solution must be found

= How to be sure that non H2-ready appliances operate
well and safely with H2NG mixtures ?

mber of cuulative s
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WPS5 — Gas conversion strategies “ J
“Best practice” methodology (based on experience)

= Dialog between gas operators and appliances manufacturers:
= What is/was done for L to H conversion projects

[ d o
I:I.'qTP'.I:l = Whatis being done country per country (France, Italy,...)
= (3as operators

= how much %H2 at max ? (ex: France = 2%/2023)
= Manufacturers & manufacturer associations:
= Which appliances can operate up to x%H?2
= Which appliances can't operate up to x%H?2
= Appliancesfor which more investigations are required

= Build together a common (European) database of appliances
compatibility

\ \

\

Some appliances won't be in the list. Can a safety check solve the problem ?
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WPS5 — Gas conversion strategies “ J
Example of safety check: HyDeploy

Safety check of used appliances was firstly introduced in the HyDeploy project for ALL used

appliances )
It is also used in the the “"Wasserstoff-Insel Ohringen” project, but for some appliances only

Project phase 1 Project phase 2: used appliances
Lab test of representative appliances Safety check

e Fireplaces, hobs and boilers e Gas appliances and network > safe
e Test gas #30% H2 with current gas

Progressive increase of hydrogen by e Test with a reference gas (G20)
steps of 5% H2 e Tests with 2 H2NG at different

concentrations
24-03-2022 Thyea - rndNstallation of a CO detector 150
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WPS5 — Gas conversion strategies “ J
Example of safety check : Risk analysis

Risks identified
= (Gas leakage
= No significant risk increase compared to NG, but a safety check can’t be done without this verification
CO emissions
= Appliance must perform safely before any %H2 injection
= Appliance must perfom safely with H2NG mixture
Malfunctions due to inadequate adjustment
= Avoid excessive CO emissions, overheat, ...
Flashback
= No flashback should occur with H2NG mixtures
Delayed ignition
= Ignition should be fast enough to avoid big volumes of unburnt H2NG to ignite
Material compatibility
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WPS5 — Gas conversion strategies “ J
Example of safety check : in practice (1/2)

Gas leakage: two test options

Maximum leakage flowrate (dm3/h) - 0,14 0,20 ] 6,00 Over6.0
= Pressure drop Nt New e

Project "Wasserstoff-Insel Ohringen"
= Non rotating of the flowmeter NLbising
= A limit value have to be established Recommandation

U shape evolution with time
Cleaning effect

2000

1800 J

oo 2 Used applhiance before cleaning
Appliance preparation / paperwork —~/
= Appliances are clean /

/

3 Used appliance after cleaning (2/8) \ /

= Appliances are maintained (certificate) g o0

800

4 Used appliance after cleaning (6/8)
600

400

1 New appliance ‘M
200 + A

\ ——

0

45 47 49 51 53 55
Wobbe
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Example of safety check: in practice (2/2) From which %H2 should we implement it?

Gas composition must be under control: 2 gas cylinder used
= G20 (current status)

= 522 (limit gas)

G20 is also used for adjustment to factory settings

G22 is recommended instead of G222 because of the limited time available on site

Gas cylinder can be connected at the flowmeter

Gas cylinder weight and capacity is an issue: (1) Clos rd et
= M20 (4 m3 but 35 kg)
= S11(2.3m3 11 kg)

_(3) Plug gas cylinder to the
domestic networ k

(2) Unplug flowmeter
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WP5 - Gas conversion strategies “ J
Example of safety check: Flashback detection

Flashback detection might not be so easy
Sound when premixed H2NG/air mixture is ignited - needs constant attention
Visually: the premix part of the flame disappears. Only the diffusion flame is visible (reddish)

Premix appliances: flame not always visible but flame detector should shut down the appliance (= to be
checked on more appliances)

No flashback

Diffusion flany\

Flashback

Diffusion flame

jf.' o

e SARNN

Premixed rich flame -
e — 3

Premixed
rich flame

Flashback: flame attached to the injector
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WP5 — Gas conversion strategies = 'Y
Example of safety check: estimated duration

- ouration  OPHo" ) = 2 hours long (for one cooker and one boiler)
otal safety check duration (min) ura.lon remarks ] . . ]
(min)
Test description to the customer 5 - More tlme reqUIred If ad]usment / eXtra Ieak
Vistlj(a;checkofappliances/get mainainance certificate 5 detect|0n IS reqU|red
Leak detection
Check rorating lowmeter : = Requires well trained technicians
i e e v = Weight vs capacity of bottled gas could be a
problem
Plug bottles 10
Switch to G20
;zirfeeriflse:lervnoi:ig:sm(ggbefore adjustment) - adjustment i 20 " Optlmlzatlon IS reqUIred
e NG o o et e Cost evaluation: safety check vs replacement
Switch to flashback gas
Check/CO&fIashbaik Qmax - Boiler 10 mUSt be done
Check/CO & flashback Qmin - Boiler 10
Check/CO & flashback Qmax - Cooker 10
Fheck/COHlashback Qmin=Coter ‘ = Note: duration checked within the THyGA
Unplug bottles+checktightness 10 project but not presented here
TOTAL CHECK TIME 112 55
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WP5 — Gas conversion strategies
Conclusions

Make a list of appliances: OK, not OK, or in between
—>importance of the segmentation

Segment 1: No adjustment required on the device, the change of pressure regulator
at the installation inlet is sufficient.

l 2 Segnmzzmadjuma*(wihorm&nutchanghgpam)ismwndandkls

carried out upstream of the arrival of the H gas. Sometimes; a second operation
is required after armival of H gas.

Build experience for NG = H2NG conversion

u M inimize the n u mber Of Safety CheCkS to be performed ‘ l‘—. iS:gmgnt :':‘rhe device cannot operate with H gas and it must be replaced before
| changing the gas.
= Safety check:
y Segmentation used in L to H convertion project (France)
= About 2h

= Bottled gas plugged donwstream of gas meter
= Ref. gas + H2NG limit gas

Conclusion: more investigations are needed in order to facilitate the arrival of H2NG mixtures
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Modified slide taking into account late delayed ignition test results —
& THyGA

Conclusions and take-away
Project conclusions « in a nutshell »

Gas is an energy vector needed for the transition to reach carbon neutrality. In that sense, it is really
important to work on every option such as blending to multiply the available pathways.

The main strength and characteristic of THyGA is the very extensive test campaign, on around
100 different appliances, with a great variety of systems... but even there, we are touching a part of
the whole range of installed appliances !

Only the fraction of the results have been shown and will be provided in the technical reports, projects
members will do their best to go on using the results to support the industry’s projects

Our conclusions are that blending up to 20%H?2 is technically feasible but implementation would

need a collaboration with DSO, energy provider, Member states... Especially, 3 topics should be
adressed by all stakeholders: delayed ignition on some appliances, liability and adjustment !
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& THYGA

Conclusions and take-away
Liability with H2NG

THYGA showed that the majority of installed appliances technically cope with 20%H2 for end-use
but there are liability issues doing that

As explained in WP4, in reference to the Gas Appliance Regulation, existing appliances did not have to
be designed for use of H2NG; so H2NG supply cannot be considered as ‘normal use’ and so
manufacturers would not be liable for any negative impact caused by supply of H2ZNG mixtures
(except recent 20%H2 certified boilers or radiant heaters)

Member States are working on methodologies and concertation to evaluate the percentage of hydrogen that
can be injected within their distributed natural gas. A harmonization of these methodologies and sharing of
the results would greatly favor the implementation of blending.

THyGA recommandation N°1: to favor knowledge sharing between Member States and gather all
stakeholders (manufacturers, gas distributors, safety authorities...) to discuss how H2NG should be dealt
with for existing appliances
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Conclusions and take-away
Adjustment

H2 % Tested
'] 0-10 10-20 | 20-23 | 23-30 | 30-40 | 40-50 | 50-60
100a Boilers fully premix Safety s'm pl? mitigation to be defined
mitigation
Mo issues Safety with mitigation Dedicated adjustment methodology
Safety issues Cperational
Potential issue 100b Boilers Mot premix Safety
Operational issue Cperational
:Not tested extensively 200 Water heaters Safety
Mot tested Cperational
300 Cookers domestic Safety

Cperational
400b Catering equipment — Mot premix  Safety
Cperational

impl;
e mitigation to be defined

400a Catering equipment — Premix Safety

mitigation
Safety with mitigation Dedicated adjustment methodalogy
Cperational
500 Space Heaters Safety
Cperational flame aspect

600 Combined Heat and Power (CHP)  Safety

Cperational
700 Gas Heat Pumps (GHP) Safety

Cperational
800 Radiant heater & commercial air he: Safety

Operational

Adjustement is an important parameter to consider for blending. THyGA showed promising
solutions (02 adjustment, forbid adjustment...) but it is important to pay attention to National or Local
regulation which could impede implementation

THyGA recommandation N°2: stakeholders should discuss how to solve this in practice
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New slide taking into account late delayed ignition test results

Conclusions and take-away
Delayed ignition

Appliances equipped with specific partially premixing burners without a fan in the combustion
circuit (i.e. appliance type B11BS) used in certain types of boilers and water heaters seem to be
sensitive to delayed ignition. No light-back occurs, but the unburned gas accumulates also
downstream of the burner. When this accumulated unburned gas is lighted it creates a flame at
the injector.

Few of these appliances are actually on the market, but according to outfindings it seems recommended to
reconsider the test method and conditions to take in account reasonably foreseeable worst cases, to
reassess the delayed ignition risk systematically for appliances not specifically designed for natural gas
containing relevant H2 concentrations, especially when on-site adjustment is allowed/possible.

THyGA recommandation N°3: more extensive testing is needed to completely assess the delayed

ignition risk and work on mitigation measures (reduce the ignition safety time, avoir inappropriate on-site
adjustment...)

01-06-2023 THyGA — Final Workshop 164



O

Z THyYGA

Final steps for the
project



Final steps for the project
A wealth of information on the project website

= Reports, articles, newsletters & replays of several workshops

éTHgGA Home  ADOULTMYGA  Nuws & Publlications
-~

The Impact of Hydrogen Admixture into Natural Gas on Residential and Commercial Gas
Appliances
ry 133 rer, Q) Jobannes Sghattery, 2 My p Crgarnan, 139 rem Tl 63 Frank Burmessrer, £33 Anne Gorne

Industry Choice Award

Hydrogen Sufecy (CO)

admixture Impact on . — - =
o .

I'M AWGC2022
INNOVATION
AWARD WINNER

in natural gas domestic & commercial
sppliances 3
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Final steps for the project
Exploitation of the results

= 22 Public deliverables (6 to come early April)
= Open Data (Project test protocol, Reporting test sheet, Agregated test results, Roadmap tool)

= THyGA results will be disseminated to CEN TCs and members can support presentations in technical

meetings

01-06-2023

VISIT THE
THyGA WEBSITE

All public presentations and
deliverables of the project
will be available on the

project website

[-:E‘ thyga-project.eu ]

CONTACT
EMAIL

Do not hesitate to
contact us by email at
contact thyga@engie.com
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Thank you !

To all partners
to the Clean Hydrogen Partnership and the European Commission
to the advisory panel members and the manufacturers

THYGA will go on in conferences and technical events! See you soon !!
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Find Us Online

O

VISIT THE GERG CONTACT
THYGA WEBSITE LINKEDIN & EMAIL
WEBSITE
All public presentations and For regular updates, Do not hesitate to
deliverables of the project you can also follow the contact us by email at
will be available on the GERG LinkedIn page contact_thyga@engie.com
project website and website

[r;.j: thyga-project.eu ] GERG

RESEARCH GROUFP



https://thyga-project.eu/
https://www.linkedin.com/company/gerg-european-gas-research-group/?viewAsMember=true
https://www.gerg.eu/
https://thyga-project.eu/
mailto:contact_thyga@engie.com
mailto:contact_thyga@engie.com
https://www.linkedin.com/company/gerg-european-gas-research-group/?viewAsMember=true
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Thank you for your
attention

Do not hesitate to contact us by email at
contact_thyga@engie.com
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