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Introduction to gas quality variation and H2 impacts and
principles for mitigation strategies



Gas quality/hydrogen: Impact on combustion
processes and principles of mitigation
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Combustion avery high-level description..

Thevastmajority of naturalgasconsumptionis accountedfor by combustionprocesses
residentialheating/ cooking powergeneration industrialprocessheat, transportatiors: X

Fuel
Exhauspas

D

g - s
QW‘I

Oxidizer

D
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Combustionand gasguality

A Everycombustionprocesscanbe characterizedy two processparameters

ERSTES
R h

Firingrate:

Air excesgatio: f

h

h

R
O

Unit | CH | H, | 509% CE/50 % H
Hy | MJ/m?3 | 34.06| 10.24 24.95
Wg MJ/m3 | 50.64| 45.78 44.56
Air.. | m3¥m3 | 9.524| 2.381 5.952

@15°C/15°C

Quelle: GWI, 2020
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Combustionand gasguality

A Every combustion process can be characterized by two process parameters:

- Firing rate b a W
A

[
i [

- Air excess ratio f N A -]
ko U¢ R

ADF & ljdzt f AGe GINARIFGAZYA OFy FFF800 o620K

efficiency, pollutant emissions (CO,¥O a2 20X X0 X LINBRdzOUO |j d:

W]

A In addition to changes to sugjiobal parameterd & t 2 NJ <X OKI y3Sa
or quality can also hauwmore specific effectse. g. knocking, flash backs, thermo §
 02dza 0 A0 GAONY GA2Yyas X 0OLBINIAOMZ I NIGWIN
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Typicalfiring rates and air excesgatios (exampleg

Residentiaheating Industrialfurnace Gasturbine for
appliance

SourceVaillant
SourceHVG
SourceSiemens

P: 0.1¢ 200+MW P. < 1.5GW(< 600MW,)
< 1.05-1.15 <Y ¥ HDnN

9 Quelle: GWI, 2020



Why do we talk about Wobbe Indices?

A In manygasfired applications particularly residential appliances, the volume flow of fus
gas (and hence the firing rate) is controlled by the pressure in the nozzle of a burner &
nozzle diameter. The grid pressure can be a limiting factor.

A TheWobbeIndex(WI) was introduced as a way to compare the impact of a fuel gas ch
on theheat input of such a system: if two gases have faneWobbelndex they will
release thesame amount of heaif they are burned at theame nozzlavith the same
nozzle pressureThus, the two gases amerchangeablefor this systemn terms of heat
release This is valid faresidential or commercial appliance$ut also many larger
applications.

A The WI doe®nly relate to the heat release)ot to any other important aspects of
O2Yo0dzaA2Y O6SYAaarAzzyas STFAOASyOe: G%Y
reduced ifchemically very differenfuel gases are compared (=3)H QW‘I

10 Quelle: GWI, 2020 y



Thelimits of the Wobbe Index

Unit | 100 % Cli | 94 % Ci/6 % CQ | 92% CR/ 8% N | 100 %H, |
Wi | MIm® | 50.64 45.28 45.27 45.78 S
NCV | MIm2|  34.06 32.02 31.34 1024 | D
GCV | MJmé|  37.80 35.53 34.78 1210 | ©
d . 0.5571 0.6157 0.5901 0.0698
Air_ | m¥m3 |  9.524 8.952 8.762 2.381
T(<=1)| °C 1982 1971 1974 2096
s (<=1) | cmls 38.57 36.79 37.52 209
MN* i 100 105 99 0
** MWM method QW‘IS

11 Quelle: GWI, 2020



Example residentialappliancewithout combustioncontrol: effectsof hydrogen

12

Quelle: GWI, 2020

admixture
1.8 0.3
216 e
% 1.4 | %
21.2 0.2 —
= =
H—‘ 1 .,,—9
i 0.15w
< =
2 0.6 01 S
8 . P(CH) =1 kw T
x 0'2 <ojfp¥12 0.05"
< V,;; =const
0 0
0 20 40 60
0 Source:
H, content [vol-%] THyGroject
P [kKW] lambda [-] —e—Vgas [m3/h]

A Firing rate: - —

A Fuelvolumeflow: & —

A Airexcesgatio: — " ¢\/:

A In the case of Hadmixture, the firing rate of the
burner decreases with higher levels of, Mhile
the fuel volume flow increases.

A 1f W, > W (e. g. dueto achangeto a highW!
LNG)the situationisreversed
- firing rate goesup
- air excesgatio goesdown

(=> CO) gw‘}



Additional aspects

A In addition to the impact of gas quality on main combustion parameters such as firing
or air excess ratio, gas quality changes can also imave specific effectsoften only
affecting certain types of equipment, e. g.

flash backor flamelift -off (relevant for premixed burners, e. g. in residential
appliances or gas turbines)

knocking i. e. premature selignition due to compression (gas engines)
thermo-acoustingvibrations (gas turbines)

hydrocarboncondensation(gas turbines)

X

A Often, these effects cannot be tied to global GQ criteria like WI or GCV, but are conne
to the actual compositionor requiretheir own criteria, e. g. MNor G,,. H, with its very
different combustion characteristicsan be very relevant here.

QW‘?

13 Quelle: GWI, 2020 .



Mitigation strategies




Mitigation strategies

A In principle, there are several options of how the impact of gas quality on an end

dza S
'
'
'
'
'

NW¥a LINPOS&4a YR SljdzALIYSYd OFy 06S YA
ao NP 0 dza ( of thédpplidatioy” 3

measurementand combustiorcontrol systems

measurementandlocal gas conditioning(including preheating fuel gas)
grid-level conditioningof gas

grid levelflow control to minimize local GQ fluctuations

A Not all approaches are equally viable. Often, solutions have to be tailored to
specific applications, processes and locations.

15 Quelle: GWI, 2020




Robustsettings factory settingsandtest gases

A In theresidential/lcommercial sectorappliances are (supposed to lagjusted by the
manufacturer andthen sealed

A Adjustment means that the nominal operational point of an appliance is set to a
specified firing rate and air excess ratio. The air excess ratio is usually determined by
measuring either th&, or CQ concentrationin the flue gas. The volume flow of air is
then tuned so that the measured concentration corresponds $etgpointprescribed by

the manufacturer,

A The adjustment is carried out withveell-defined reference ga¢G 20,. e. 100 % CH
for Hgas regions; G 2b,e. 86 % Cj114 % Nfor L-gas regions), andperational safety
of the appliance is tested with a number of limit gases, specifié&Nm137 (

gwi

16 OQuelle: GWI, 2020 .



Reference andimit gasesGroup H (EN 437)

Table 2 — Characteristics of the test gases 2
gas dry at 15 °C and 1 013,25 mbar

Gas family Test gases Designation Composition by m; H L Hy
and group volume®
% 3 3 3 3 d
MJim MJim MJim Wuim
Gases of the second family b
Group H Reference gas G20 CH,4 =100 45,67 4,02 5072 37,78 0,555
Incomplete  combustion  and G2 CH. =87 49 60 41,01 2476 4528 0684
sooting limit gas 4
CiH: =13
Light back limit gas G222 CHy =77 42 8T 28,53 47 87 31,86 0443
Hy =23
Flame lift limit gas G23 ':H-l =425 4111 .45 45 66 3485 0,586
My =T7,3

SourceEN 437

G2Q Air,

min

G211 Air

CARIGombustionAir Requirementndex:
= 9.524 iym3; CARI = 12.76 %m?3 0 Oi

= 11.381 m?3; CARI = 13.726%m?3 00 Y05

G23 Air . = 8.333 r¥m3; CARI = 10.681%m3 (
gwi
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Adjustmentwith referenceandtest gases athought experiment

A Aresidentialcombustionprocesgwith constantair flow) isadjustedto < ' withdG 20
by the appliancemanufacturer

It isthen suppliedwith 2 limit gases G 21 and G 28 test for safety
(incompletecombustionand flamelift respectively.
Whathappen®

A Theair excesgatio of the processshiftsaccordingo — ——.
A Thus:<;,; = 1.25 <;,,= 1.61 =he appliances alwayssafg no dangerof COformation.
A Now, the sameexercise butthistime with an initial< T (inddsirial setting):

=><;,,=0.98; <5,3=1.25 QW‘I
18 Quelle: GWI, 2020 y



Factorysettingsand referencegases

A Usingreferencegasesandfactory settings
to mitigate gasquality fluctuationsonly
worksin combinationwith highair excess
ratios andif oneis not overlyconcerned
aboutNQ, emissions

A Forindustrialusers it is generallynot an
option, dueto the inherentlossedn
efficiencyandthe likelyincreasein NQ,.

A Thereis alsothe questionhow to readjust
after maintenance

19 Quelle: GWI, 2020

100
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Air excess ratio [-]

m Flue gastemp. = 800°C m Fluegastemp.=300°C m Fluegastemp.=60°C

* referenced to NCV

/—

CO, NO in flue gas

7 O ~e-
\ ‘ -
z |
"
0.8 1 1.2 1.4 1.6 1.8 2
Air excesgatio < 6
—e—CO - ® =NO gwi




Combustion control via excess oxygen

Oxidizer Oz,exhaustlarget

control [

I

!I » Combustionchamber

Gasfrom the grid
OO NAIFofS 2LkKD/ £+ X0

20 Quelle: GWI, 2020
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Air excesgatio <and excesoxygen

14

=
N

=
o

It is possiblec andindeedcommonpracticec to adjust
the air excesgatio of acombustionprocesswithout knowing
the actualandcurrentgascomposition

Excess oxygen £, [vol.-%0]

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2
Air excess ratic< [-]

——CH4 -m-50 % CH4 / 50 % H24-H2 CO —+C3H8 gwi
21 Quelle: GWI, 2020
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Combustioncontrol in aresidentialappliance effectsof H, admixture

(flame ionization sensol)

3.2"

3.0
2.8
2.6
2.4
2.2

— 2.0
©

>

1.8

1.6

Vv

1.4
1.2
1.0
0.8
0.6

22

Qmin s < Qmax R
T ~ 100
X cra __ff-— 90
, » 80
r—J 70
60 &
©
complete<-control partial <-control °0 =
1 40 §
30
) 10
w/o control: <=1.7! .
0 5000 10000 15000 20000 25000

Quelle: GWI, 2020

t[s]

Combustiorncontrol
systemsare usually
designedwith certain
fuel typesin mind.

Thesesystemswvork well
with a Yy 2 NJY | quadity
variations

If the fuel changegoo
drastically, they may
respondin unexpected
ways

)

SourceTHyGAProject QWI



Combustioncontrol via local GQmeasurementand excesoxygen

Control )
setpoints Oxidizer e
P< | |
! m ] B
é‘ = Vair
< Q
-]
3 3
o GE) Vfuel
> Combustiorchamber »
Gasfrom the grid |

@' NA I O f S 2 LkD/ 2 X0 Oz,exhaust,actual

23 Quelle: GWI, 2020
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Impact on anindustrial non-premixedburner system(CFDstudy)

Referencecase

RussiarH-Gas £ e+ N 20 %

(P = 200 kWs = 1.1)

D Ws= 0.4 %
No control: D H=4%
North SeaH-Gas

Volumeflows constant —

(P =208kW, <=1.056
M n 2z Q@ n

Controlof firing rate andair excesgatio:
North SeaH-Gas v
(P =200kW, <=1.1)

Air andfuel volumeflows adjusted
24 Quelle: GWI, 2020
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Effectsof H, admixture on a nonpremixedburner (test rig experimenty
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g8 Teoz 355« § : ——c02 25g
*@ 1vok% Q ’ : .
’ 0 2,5 5 7,5 - ILODI.—% 15 20 30 50 ’ ° " Xy, ]zvuol.-% * *
Scenario I Scenario lll:
no control intervention at all, i. evolumeflows of POth burnerfiring rate andair excesgatio remain
both fuel andair remainconstant(worst cass. constant basedon advancedjasquality monitoring
(bestcase.
Sourcel eicher, J., Nowakowski, T., Giese, A., Gorneflyldrogen in natural gas: how does it impact industrial end users?, 6
World Gas Conference 2018, Washington D.C., USA Wi

25 Quelle: GWI, 2020 .



Onssite fuel conditioning

Oxidizer S

Gasquality || LPG |\ Air/N, e

measurement e

Combustion

chamber

Ii> — (O

gasfrom gaswith
the grid . constan? Lk D/ =3 X \
OBl NAlFotS 2LkD/ %2 Xuvu gwi
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Fuel gasonditioningon-site

Fuel gasonditioninga feeder (glassindustry) A Another option to compensate for gas
. guality fluctuations care on-site fuel gas

B BEMLE2Svwe e conditioning Natural gas is blended with ai

REPERE LIBELLE REPERE
=falnondahp

LUBELLE
ond.C. Surface

el e T el e or LPG to maintain a set NCV or WI.
S : A This usually is the more expensive approax
" but it may be economically sensible if a
T ﬁe‘mipfoge‘sg ———————— : system iextremely sensitiveor contains a
temperatures GCV— - large number of burnerse. g. a feeder
T / “““““““““ - system in glass manufacturing.

10:58:54 11:58:54 12:58:54 13:58:54 14:58:54
—

Sourcel antoine L.,Ourliac M., Buchet, PWobbelndex Measurement and Control for Industry: W
A Mature Technology Facing New Challenges, IGRC 2017, Rio de Janeiro, Brazil 9
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How not to control a furnacein times of varyinggasqualitiesX

T T T T T T T T T TS 4
Eenkung Gasmenge als Reaktion auf gestiegenen Heizwert | < ; m e aS I | re m e nt
10,500 - - 1,200
.
detectsincreasedH
Gas flow controller reducing gas flow |
10,300
1,150
10,300 _> re l “ e
10,100
10,000 1,100
m
°
300 s
oo 2
A z
ofpoo 2
3
£ 100 £
] T
a0 H
4 2
3
000 2
o
@
@
g
ogz00 1,000
]
a
0F200
E
=
o500 Correction factor to furnace control requires 5% reduction of gas flow setpoint
4
5 0,350
0200
]
H
055100
£S
05,000 0,300
26102016 13:29 26.10.2016 14:41 26.10.2016 15:53 26.10.2016 17:05 26.10.2016 18:17 26.10.2016 19:29 26.10.2016 20:41 26102016 21:53 26.10.2016 23:05
—— Heizwert HU Gas von O bis300) ——K1 aktivfven 0,9 bis 1.2) ——K1 berechnet von 0,3 bis 1,2} —— K2 aktiv [von 0,95 bis1,5) ——K2 berechnet von 0,35 bis1,25)
—— K3 mktiv [von 0,95 bis1,25) —— K3 berechnet von 0,35 bis1,25) —— Heizwert HU Gas von O bis300) —— K2 sktiv [von 0,95 bis1,25) —— K2 berechnet von 0,35 bis1,25)

SourceP.Hemmann Regelungstechnische Lésungen zur vorausschauenden Kompensation schwankender Gasqualitat
Workshop "Erdgasbeschaffenheitsschwankungen in der Prozessindustiie// § SNENNY RS> ! dzA g A NJ dzy 3 S yé [
Dusseldorf, Germany, 2018 9W|
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How not to control a furnacein times of varyinggasqualitiesX

Sauerstoff im festen Verhaltnis mitgesenkt - FALSCH !!

10,500 o ¢ 1,20
10,400 O
10,300 & o
1,150
10,200 O —— - o
Oxygen flow reducing in fix RATIO with gas flow - WRONG !!
10,100 ¢
10,000 & \ © 1,100
A
.D 8,501 .\.\f‘\ U\I\‘ ? :“
Py A { “y =
o al
2 o (j‘ ’/\«w* oy | | Yt . "f\ iy " ) - \ ! g
2 o, \ W iy T 1 n AW, A
£ . U A Bl VW W ool R LA WO Y WL EUTAN, Maanend™ ot A M A Mt VA A M A 1,050 %
5 L050 &
g 09,700 o ] 2
3 So residual oxygen 02% drops down to ZERO ! ]
@ £
T 09,600 O El
£
08,500 & & 1000

Hei swert HU [KWh/Nm?] / G
i 8 B
§ B # 8
0 H
O
#

26.10.2016 17:05 26.10.2016 18:17 26.10.2016 20:41 25102016 21:52 25.10.2016 23:05

25.10.2016 15:53 26.102016 13:23

i300) Sausrsalt [von 0 bis700]
o —— K3 aktiv [von 095 bis1,25)
—— K2 =ktiv [von 0,35 bis1,25)

025 =3)
—k3 on 0,95 bis1,25)
—— K2 berechnet fvon 0,85 bis 1,25

—— K1 aktiv [von 0,8 bz 1,2)

—— K1 berachnet [von 0,9 bis 1,2]
—— Heizwert HU G

= (von O bis 300)

GQmeasurement
detectsincreasedH
=>V,,sreduced

Fixedratio of Vo Vs
setin furnacecontrol

O, in flue gasdropsto O

SourceP.Hemmann Regelungstechnische Lésungen zur vorausschauenden Kompensation schwankender Gasqualitat

Workshop "Erdgasbeschaffenheitsschwankungen in der Prozessindustliey §t SNENNY RS =
Dusseldorf, Germany, 2018

29 Quelle: GWI, 2020
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How not to control a furnacein times of varyinggasqualitiesX

S ... erzeugt CO Spitzen bis zu 37.000 pp[;l 1 . G Q m e aS u re m e nt
10,500 Getting| htreme peaks of CO up to 37.000 ppm ! d ete CtS I q] C re aS ed'||

O — ﬁ#\:} " =>Vsreduced

| Fixedratio of Vy,/ Vyas

%MMMMMW | setin furnacecontrol

O, in flue gasdropsto O
ﬁ A (=><< 1)
W= Extreme CQormation!

F 09,500

Manualinterventionby operator

L

Hei zwert HU [KWh/Nm?] / G
]
<1
i

8 8
5o

anW WHWWMW MWHURUAW \IJJU WU}VU

00 & \_J WW"\JWWMJ\}M oo
016 13: 2 01l 26. 3 26.102016 17:05 26.102016 18:17 26.10.2016 20:41 '1:53 26.102016 23:05

——eimwe Ga= von ——Smver=oif [von 0 bi=700) e =3 ——Oinppml 7] ——Kisktvivon 05 b= 12]

— K1 berechnet (v O —— K2 sktiv fvon 0,95 biz1,25) —— K2 berechnet (van 0,95 bisd,25) —— K3 sktiv von 0,95 biz1,25) — K3 berechnet (van 0,95 bisd,25) —— Haizwert HU
== [vor 300} ——— Sauersoff [von 0 bis700) ——— 0% [von-3 bis 3] ———COin ppm [von O bis 25000 —— K2 sktiv fuon ) —— K2 berachnet (v

SourceP.Hemmann Regelungstechnische Lésungen zur vorausschauenden Kompensation schwankender Gasqualitat
Workshop "Erdgasbeschaffenheitsschwankungen in der Prozessindustiie// § SNENNY RS> ! dzA g A NJ dzy 3 S yé [
Dusseldorf, Germany, 2018 9W|
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Conclusion

A Combustion processes are generally designed for a specified fuel. While a certain var
can usually beaccomodatedthere are limits, for reasons of safety, fithess for purpose,
STFAOASYOe: SYAdaAzyaszs X ® ¢KSasS fAYAQ
Some applications are more sensitive than others in terms of gas quality.

A While theWobbelndex is generally used as the main gas interchangeability criteriber
criteria may also be relevant for various applications and technologies.
H, complicates matters significantly

A There are options to mitigate the effects of gas quality changes on combustion applice
either byreducing the variationghe equipment is exposed to (eithen-site or on agrid

level) or by usingneasurement and controlechnologies to readjust. \
gwi
32 Quelle: GWI, 2020 y



Conclusions

A These measures are often very specialized and need to be tailored to the concrete
application and process.

A There arephysicalandtechnological limitsto what mitigation systems can do.
Response timesan be an important aspect here: some emge applications require a
very quick response. For others, a slower response may be sufficient.

A Technological solutions at the enser level also need to fulféldditional requirements X
S® Id Ay GSN¥Ya 2F al FSieé oFFAft &l FSI NB
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Thank you for your attention

Dr-Ing. JOrg Leicher

Gas und Warme-Institut Essen e. V.
Hafenstrassd 01

45356 Essen, Germany

Tel.: +49 (0) 201 36 18 278

Mail: leicher@gwiessen.de
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