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Abstract: According to some forecasts, hydrogen will plagignificant role throughout the world by 2030 assaergy
source, the biggest benefits of which include nmdy deing able to come from renewable sourcesihug storing the
energy produced, which is not currently solved. Thenbustion of hydrogen does not prod@e, only negligible
amounts of combustion air, unlike methane. Thismeduce GHG emissions associated with end-usepregut. In this
article, the authors examine the amount of hydrdlgahcan be fed into the Hungarian natural gaseritin accordance
with the current gas quality standard, and theryaaut a comparative analysis of the methane, th@ omponent that
makes up hydrogen and natural gas. The authorstwdly the exact effect of hydrogen content onnaagas-regulated
devices and estimate the theoretical,@issions available in the Hungarian residengata at different rates of
hydrogen.

1 Introduction of the problem, as gas-supplying appliances in the
One of the most pressing global challenges ofie t residential sector are very large and cannot bteked, or

is to stop climate change. A significant group mjpact Only with significant economic investment, to firp other

gases emitted into the atmosphere can be linkedecgy 9as quality. The question is therefore what isl stil

use and, as a means, to end-user combustion pkints.Permissible gas quality that can be fired with isight

European level, the desire to increasingly replacgnergy efficiency and safety in natural gas-cofetbl

conventional fossil fuels with renewable sources i@ppliances.

growing, from industrial-scale electricity geneoatito the

communal and residential sectors. 2 Requirements for mixed hydrogen into
The highest GHG emissions from gas-fuelling gas-  natural gas system

based Waste.S come from the carbon diO-Xide genelngted Current European research [3’4] foresees that a
the combustion. Renewable gases to be introdutedi@  maximum of 10% and possibly 20% is expected tchie t

gas grid are the most promising substitutes farragas, rate that can still be safely mixed with the cutrgas
hydrogen being a legitimate priority on the parttbé equipment stock.

government, but it is necessary to examine exawetigt On the basis of the literature analysis, the foilimv
impact this has on the devices regulated for neja®  findings can be made for the retail sector:

In the European Union, we hear about a number of The residential sector has a large number of dsvice
projects that aim to examine the issue, but theeena with an in homogenic distribution, type, age and

concrete results that can be introduced into ddmest technical condition.
practice yet [1]. Based on the results of mostaes® ., piost  domestic
about 15-20% hydrogen can be fed into the natuaal g
network without any or very small modification afguser
equipment. Even this amount of hydrogen is regylitina
significant reduction in GHG emissions. The authees
out to estimate the theoretical emissions of pafitg
available in the residential sector in Hungary iffecent
levels of gas network hydrogen mixing ratios.

One of the largest user segments of the natural gas
sector is the residential sector in the EU and atso
Hungary. In 2018, this sector supplied 3.35 billioh of .
natural gas to the 3.26 million Hungarian residgnti
customers in Hungary [2]. The numbers show the keig

and municipal gas-supplying
appliances are likely to be able to handle therahtu
gas-hydrogen gas mixture without problems with a
minimum (5-10%) in the case of an implication rate.

* The behaviour of atmospheric air pre-mixing and
ventilation burners shall be tested separately.

e It can be concluded that the risk of natural gas

consumption appliances with a hydrogen content of

10% depends essentially on two factors: the primary

air volume and the Wobbe number of natural gas.

The most sensitive to changes in hydrogen content a

atmospheric burners.
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* On the basis of the international test resultsasorfo

20 or 30 years ago, and often we do not know their

general determination can be made on the maximuitequency of maintenance. So, the risk is a giveme

permissible hydrogen content!

increasing hydrogen share also means an increfiaing
propagation rate, gradually increasing the riskavhe re-

The problem should essentially be examined from twignition into the burner. Unfortunately, there melgo be

perspectives, from the side of the device technéqkthe
quality of the mains gas.

The technical side of the apparatus is the gasaaque
tests carried out by certification and certificatlmodies on
the basis of the test standards set before thepydisinces
were placed on the market in that country. The @ase
apparatus tests shall be based on the principletliea
operation of the apparatus shall be tested witdreete gas
of a specified quality and the associated boundases
and test pressures indicating extreme gas qudlitye
operation of the appliance with these gases isfaatory,
it may be placed on the market in the country stidation
by actuating the gas of that group of gases. Itishbe

old appliances for consumers that do not have onato
have a flame-protection, flame-guard unit.

Figure 1 shows the flame propagation rate valuea fo
pure gas composed of methane, a gas of 70% medinaine
30% hydrogen, and a gas with a hydrogen composition
50% and 50%. It can be seen that the maximum valges
around 10% excess air i.e., here the most ideaunaof
gas and air is in terms of combustion processéesalgood
thing that the maximum flame propagation rate fisat
developing is around 40 cm/s for methane, but fé0a
50% mixture, this is already 1.6 times that whighlburner
of the device can no longer tolerate and the flame
ignite. It can be concluded that testing the flame

mentioned here that this makes the issue more exnplpropagation rate is an essential requirement [5].

since consumers also have devices that were plade
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Figure 1 Laminar combustion velocity of methanerbgdn gas mixture

On the gas quality standards side, the questiorbeangas within a group of natural gas may be allowedtkvh

concluded that keeping the quality of gas supphedugh
the natural gas network within narrow limits is timne

does not affect the operation of the gas appliaandsioes
not require the conversion of the appliance or éurGas

fundamental interest of system operators. Distgrbirother than natural gas belonging to the originality

changes in gas quality would put into questiorstife and
energy-efficient operation of end-user equipmenhew
regulating the feed of combustible gases of a tyuather
than natural gas into the natural gas system, tiadity
parameters of the gas supplied should remain atehet
of the set of requirements. The standards andfsimins
most used in Europe are based on EN 437 i.e., cancgl
with Wobbe number [6]. The standard follows thegiple
that only a change in the burning characteristiasatural

group may only be used after the proper adjustroktite
appliance  (component replacement, reassembly,
adjustment). In the case of the H gas group, wisiciso
crucially available in Hungary, the standard hasvjated

for a test with a hydrogen content of 23% in thedbo gas

of re-ignition since 1999, but this does not prevalclose
guarantee that the devices installed thereafterldvba
able to wither this effect continuously and oves thng
term.
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If a pure methane-hydrogen gas mixture is used,gas group H is approximately 25% i.e., there igraup
hydrogen content of not more than 25,45 mol% iswadld  change. This is confirmed by the maximum share®f 2
in the mixture, so that the mixture still meetsltieat value mol% and 23 mol% respectively of the limit gase&M
for gas group H, and 41,09% hydrogen may still ntieet 437. We note that this theoretical number is only
requirements of the Wobbe number i.e., it may remagapproximated from the gas quality side, it doegmovide
within the permitted ranges for the gas group.fédg) It information about the operating side of the devite,
follows that, for an average natural gas compasittbe behaviour (in particular the changing flame propaga
maximum proportion of hydrogen that can be fed th» rate).
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Figure 2 Combustion characteristics of methane-hgdn gas mixture

3 Gas quality characteristics of hydrogen fire are clearly shown in the table. Because hyeindtps a
and natural gas very low relative density compared to air (Figurg 2

erefore, in case of leakage, it is much easiesefiarate
fpm methane and form explosive medium in the rsgtti
room.

Table 1 shows the physical and combustion propgerti
of hydrogen and a typical Russian natural gas. T
parameters that can be the source of the probleimghe

Table 1 Comparison of combustion properties of bgdn and natural gas [7-9]

Properties Unit Hydrogen (H2) Natural gas (2H russian)
Molar weight kg/kmol 2.016 16.409
Density (15 °C; p) kg/m? 0.090 0.695
Relative density - 0.070 0.567
Lower heating value (15/15 °C kwhim 2.840 9.501
Upper heating value (15/15 °C kwWh/m 3.362 10.548
Lower Wobbe index kKWh/fn 10.496 12.613
Upper Wobbe index KWh/ 12.744 14.002
Laminar ombustion velocity cm/s ~267 ~34
Flammability limits (20 °C) VIV% 4.0-77.0 4.3-15.6
Theoretical oxygen volume 33 0.499 2.014
Theoretical air volume Am?3 2.383 9.614
CO; emission mm? 0,001 1.009
Methane number - 0,0 92.5
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Its energy content per unit volume is only a tlifthat hydrogen gas flowing into the environment or fireld.
of natural gas, but its Wobbe number, one of thestmo(Figure 3) It can be seen that the lower ignition
characteristic parameters of gas mixtureoncentration limit is almost unchanged, but theeup
interchangeability, is only 9.5%. The most impottanlimit increases exponentially with the enrichmertt o
difference is the rate of flame propagation of gamed the hydrogen.
ranges of ignition concentrations, as hydrogen a5 The minimum ignition energy of hydrogen is about 10
times faster in the air than natural gas. Wherdfiregas times lower than methane, i.e. much easier todgitit
appliances, this will be one of the most decisiagables, their self-ignition temperature is quite similar,(1360 °C;
which will severely limit the allowable mixable quisties. CHa.: 595 °C) [1]. As a result, natural gas-hydrogen
A very significant shift in the ignition concenti@t  mixtures can become more easily ignited, thus aging a
limit towards the upper limits indicates the dangér higher risk of explosion.
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Figure 3 Flammability limits of methane-hydrogerximre

4  Pollutant emissions

In the operation of the devices, it would be advisdo During the research, we conducted studies on how
use a natural gas-hydrogen mixture in order todedne much CQ emission reductions can be achieved during the
amount of carbon dioxide that is going into the@phere replacement of natural gas with hydrogen, based on
from the burning of fossil natural gas. Figure 4wh CQ residential natural gas use in 2018. In the yeateun
emissions in g/MJ calculated on the basis of teertical consideration, as a result of gas consumption & th
air volume and the lower heat value of the gas. Ce residential sector, 6,623 thousand tonnes of @@re
emission value of pure methane 58.03 g/MJ (15 1G; padded to the atmosphere, accounting for 14.7% ef th
may be reduced to 0.13 g/MJ using pure hydrogete:Nocountry's total C@emissions that year [10]. Chart 5 shows
the minimum carbon dioxide content of the hydrogethe extent to which COemissions can be saved by
combustion product is not zero due to the carboridé increasing the supply of hydrogen to the natured ga
content of the air used for combustion. For theimarm network and its use in residential gas-supplyingiapces.
blending rate of 25% tested by us, a value of 58/R8 In 2018, the replacement of 1 mol% of the amount of
can be achieved, resulting in a saving of 5.3 g/MJ. natural gas consumed by the residential sectoydmlgen
Hungary, in 2018, the quantity of natural gas tfamed to  (in terms of energy content) will save 19.8 thowstimnes
residential customers during domestic sales wad CO, emissions, which represents 0.04% of the carbon
115,084,720 GJ, equivalent to 3.36 billior® ior the dioxide emissions generated by Hungary in the yeder
average annual lower heat value of natural gas atreview. The use of natural gas with a hydrogenerunf
combustion and measurement reference state of 26/15 5 mol% is already 102.1 thousand tonnes, whilengtisa
The average lower heat value is calculated on éiseslof hydrogen content of 10 mol% results in a decrease(h
MEKH statistics on energy content (GJ) and volumi u emissions of 211.8 thousand tonnes based on rdisiden
(en?) [2]. natural gas consumption in 2018. If the 25% hydnoge

content of natural gas had been tested earlierCthe
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emissions measured in 2018 would have already asete
by 9%.
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Figure 4 Evolution of the specific combustion-rethCQ emissions of methane-natural gas mixture

In addition, it is important to note that hydrogees can be eliminated from the process, the amount of

a significantly lower energy density than naturasg- formation will not be decisive. If the air supply the
approximately only 30 % — and therefore requirbggaer appliance is not re-regulated when hydrogen gdeds
amount of methane-hydrogen gas mixture to achibge texcess air will not allow carbon monoxide to forfihe
same output. As can be seen in Table 2, the rapkaeof  temperature of the fire field is proportional te tame
natural gas supplied to the residential sector0ib82to 1 temperature, at which we saw that it does not amme
mol% hydrogen (in terms of energy content) willrigese significantly with up to 25% hydrogen mixing i.ahis
residential consumption in that year by 79 milliod, factor is not really relevant either. However,tibsld not
while for 10 mol% hydrogen content it will mean 790be ignored that excess air that is too high cdadite area,
million m® of additional gas, which is nearly 24% highemaking the flame increasingly unstable, which eadlto
than the amount of residential natural gas consiemm locally imperfect combustion i.e., carbon monoxide
m? unit in 2018. Natural gas with a hydrogen contdr®5  formation.
% increases the consumption of natural gas by In the case of natural gas burning, the formatién o
approximately 2 billion rhin the year under consideration,nitrogen oxides due to thermal i.e., high fire diel
and a hydrogen molecule would constitute 52.8 V/of6 temperatures, can be decisive. The appearancelaiden
the resulting 5.33 billion Anatural gas-hydrogen mixture. in the mixture results in higher combustion temhees
In the year under consideration, the total consionmf and higher excess air, so more oxygen is availiabibe
natural gas by hydrogen requires the productioh1o26 reaction zone. Since the increase in the hydrogareslso
billion m? of hydrogen gas, which is 3.35 times the volumesduces the energy content of the gas per unigitieegy
of natural gas originally supplied. released, and with it the fire room temperaturd| be

In addition to CQ, only carbon monoxide and nitrogenlower if we do not change the amount of gas thétdethe
oxide emissions are relevant for combustion-relatdaurner. It can be a typical situation in the restid# sector.
emissions. Carbon monoxide (CO) is basically forteel This also reduces the likelihood of nitrogen oxides
to imperfect combustion i.e., too litle combustiair  forming.
surplus, or too high a fire field temperaturehkse factors
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Figure 5 Theoretical C&emissions savings by blending hydrogen into nhgaa system in Hungary

Table 2 Replacement of natural gas with hydrogemiims of energy content

Domestic
sales to 1 mol% H2 5 mol% Hz 10 mol% H2 25 mol% H:z 100 mol% Hz Unit
residential replacement replacement replacement replacement replacement
users

Natural gas 3355 631 000 3322074 690 3187 849 450 3020067900 | 2516 723 250 0 m3
Hydrogen 0 112 571 726 562 858 629 1125717259 | 2814293146 | 11257 172585 m3
Gas mixture 3355 631 000 3434 646 416 3750708 079 4145785159 | 5331016396 | 11257 172585 m3
Average lower 9527 9.460 9.192 8.858 7.855 2.840 KWh/m?
heating value

5 Conclusion Hungary natural gas use, the retail sector plays a

Hydrogen mixed into the natural gas network may berominent role. As a consequence, significant &ten
an appropriate environmentally friendly alternatieethe ~should be paid to end-user equipment prior to étease
partial replacement of natural gas, but the physic®f hydrogen on the natural gas network. The studtes
chemical and combustion technical properties afietysa clearly shown that the appearance of hydrogen en th
conditions of the mixture, even significantly ditat from natural gas network results in a not insignificatuction
natural gas, should not be ignored. Combustiorrthtests  in CO; emissions. Looking at the consumption of natural
are forward-looking in terms of applicability, bom their ~9as by the public in 2018 with the replacementSofrid|%
own they can only provide support and guidancey thdlydrogen content, the annual emissions ot &0ngary
cannot replace the actual device tests. It is dlearthe have beemeduced by nearly 10%. In addition, it should
question must be answered before it is actualld irs¢he  Pe noted that due to the lower energy content dfdgen
residential gas consumer sector. compared to natural gashaher gas volume is required to

We need to distinguish between gas equipmedghieve the same output.
techniques equipped with an automatic combustiotrob Hungary natural gas use, the retail sector plays a
system, i.e. they can be adapted to varying gdityjtma  Prominent role. As a consequence, particular attent
certain extent, as well as the large number obgatiance should be paid to end-user equipment prior to éfease
parks, mainly residential, in which, on the onedyahere ©f hydrogen on the natural gas network. In 2018 th
is no automatic control system and, on the othedhi replacement of 1% of natural gas consumed by the
contains a significant number of partial pre-mixrzrs. In ~ residential sector to hydrogen will result in auetibn in
this case, in addition to the changing gas comipasithe ~CO2 emissions of 0.3% and 10% hydrogen by 3.2%.
excess air does not, or only minimally, change Javttie It can be said with great probability that hydrogen
energy content of the fuel is even more significant mixed in natural gas is strongly suited to the
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decarbonisation of the residential energy sectot,the gas in Australian distribution gas networkResearch
restrictive requirements dictated by the existingsg  Report, 2017.
appliance park should also be strongly taken intmant. [4] ALTFELD, K., PINCHBECK, D.: Admissible

The mixture does not pose a safety and fire riskoup Hydrogen Concentrations in Natural Gas Systems,

certain composition limit, but the high hydrogemshwill HIPS - the paper, 2013. Available:

clearly only be available by replacing the existing https://www.gerg.eu/wp-

equipment fleet. content/uploads/2019/10/HIPS_Final-Report.pdf [18
Oct 2020], 2013.
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