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Abstract: Hydrogen, as the clean energy carrier of the éutan play a significant role in climate policycets in the
near future. The study National Energy Strategy02p3blished in January 2020 defines the naturalngasork as a
seasonal energy storage. Several European coumariesnvestigated whether hydrogen predominantiy frenewable
sources can be introduced to the natural gas systeaduce GHG emission. One of the important patars of the
natural gas fed into the gas network is the waa@ov content, its maximum value of which is regediby law. In this
article, the authors examined whether hydrogengchvkiffers significantly from the properties of rhahe, causes a
significant change in water saturation. The ingzgtd pressure and temperature ranges cover aaéeyfeund in the
processing and transportation of natural gas. Tiy caut the calculations the Aspen HYSYS prograns wsed.

1 Introduction hydrogen could help the European Union achievgatd

The European Commission's "Hydrogen Strategy for@f reducing GHG emissions by at least 40% by 2030
Climate-Neutral Europe" was published in July 2020;0mpared to 1990 levels [4].
which highlights key priority of hydrogen in achieg the Hydrogen differs significantly in its physical and
EU's 2050 decarbonization targets [1]. Hydrogen igombustion charac_teristics from methane. Therefois,
expected to play a significant role in bridging therent hecessary to examine how the parameters that rauseb
gaps in renewable energy storage and, in addition With the public service gas quality standards wilange
reducing greenhouse gas emissions by producingr wa¢hen a hydrogen is mixed with methane. In this pape
vapor only when combusted, will also offset seasonauthors refrain from reviewing all parameters iaflued
fluctuations in energy needs. According to thdy hydrogen, examining only one important charastier
communication the hydrogen could be a substitute féhe change in water saturation as a function cégure,
fossil fuels and increase the global competitivenes temperature and hydrogen content.
industries with significant C£emissions. It can also offer
an opportunity to reduce GHG emissions in the jparts 2 Importance of water dew point
sector. Hydrogen can be produced using electrofyis of natural gas
electricity which thus can be stored for a longenet The water content of the produced natural gas is
period, regardless of the seasonal and periodituitions  getermined by the reservoir properties. The sigaift part
in the demand for natural gas. The Study also mestihe of the undesired water content is Separated du]hlBg

existing natural gas infrastructure as a storagitfafor  treating process of the natural gas to set thendate point
hydrogen produced on a renewable basis, but the bas pefore transfer to the natural gas network.

the natural gas network use is to make the elencérie The risk of water content dissolved in naturaligabat
eX|st|ng network technlcally suitable for contingou water vapor may condense during transport dumre
contact with hydrogen [2]. and/or temperature drop and can accumulate atottent

The growing interest in hydrogen is underpinnedAy  of the pipeline, reducing the flowing cross-seciiogither
Clean Planet for All" published in November 2018ieh  |iquid or solid state. In addition, water is coiikes to
sets out the EU's climate-neutral Strategic vigloat the meta|S, which is amp“ﬂed in the presence ofz(am HS
current share of hydrogen will increase to 14% B$® content. The water content present in the naturalajso
within Europe’s energy mix [3]. The advancemerpue  has a negative effect on the structural elementthef
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pipeline and on the associated consumer equiprent. corresponding temperatures. In Hungarian practice,
this reason, the dew point of the natural gastimgarevent supplied natural gas may contain a maximum of 0.17
water condensation. g/Nn? of water vapor. The standard established by CEN
Gases reach a saturated water content when thal pagpecifies a dew point temperature of -8 °C at tagimum
pressure of the water vapor dissolved in them igktp operating pressure, which is stricter than the peso
the equilibrium vapor pressure of the water at e average, as it means a maximum water vapor cootést
temperature. As the temperature of the saturatexd gag/Nn¥ at 70 bar (a) [7,8].
decreases, the precipitation of water dissolvatihagins.

The dew point of natural gases is thus the temperatt 3  |ntroduction of the model used in the
which the partial pressure corresponding to themapor investigation of water content

is equal o it; vapor pressure. The dew point teatpe The effect of hydrogen mixed with methane, the main
Qgpends mgmﬂcaptly on t_he pressure; at th? sl'amed_lty constituent of natural gas, on water saturation was
it increases with increasing pressure. A given @ewmt investigated using the simulation software AsperSif's.
temperature value has a lower absolute humiditygiter ¢ o4 1ation of state used for the model testsselested

preZ?ureerS,G]. d . . h . hby comparing the water saturation values at differe
ter the water dew point setting, the gas In t ?emperatures provided by different models with da¢a
domgstlc natural gas supply system can be .Cond'der@otained from a laboratory measurement, as illtesiran
practically dry gas, because water condensationois Figure 1 [9]

happening at the transport and distribution pressand
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Figure 1 Selection of the equation of state usetiermodelling procedure

Figure 1 shows the curves closest to the points Based on the looking at the hydrogen saturatiovesyr
generated during the measurement, calculated usihgcan be stated that the highest water contentirgcat
different equations of state. Based on a compan$dhe atmospheric pressure and at 60 °C. The water donten
measured and software-calculated data, the moslyid dissolved in hydrogen increases with increasing
used Peng-Robinson equation for real gases wasrugerl temperature until it decreases with increasingsunes as
model testing for water saturation. a result of which the lowest water saturation ocziin

To analyse the effect of the hydrogen content & ththe test range at an overpressure of 70 bar antiG:20
methane-hydrogen system on water saturation, therwa The HYSYS model constructed for the water satunatio
saturation of 100 V/V% K at different pressures andchange study under the action of hydrogen mixedh wit
temperatures was determined. The simulation wasethane is shown in Figure 3.
performed in the temperature range of (-20)-60 M@ a  In the model, hydrogen is mixed with methane thioug
pressure range of 0-70 barg, its graphical reptasen is a manifold. The methane-hydrogen gas mixture is fbd
shown in Figure 2. to a saturator where it is saturated with waterovagi a
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given pressure and temperature, i.e. it reaches tbenclusions about its effect on the maximum water
maximum water content so that no liquid phase dggl saturation.

During the simulation, methane and hydrogen Figure 4 shows the case in which the hydrogen abnte
introduced to the manifold have the same pressnde ais 10 V/V% of the gas mixture, showing the diffezerin
temperature. The tests were performed for a gatureix water saturation relative to pure methane. It can b
with 0-100 V/V% hydrogen content, where the tesbbserved that the most significant deviation ocatrthe
pressure range was 0-70 barg, using 10 bar inctsprfen  lowest test temperature value, i.e. -20 °C. It alo be
which the water saturation values were determinetthé observed that as the temperature increases, thatidav
(-20)-60 °C temperature range with 10 °C step size. from pure methane shows a decreasing trend. Instefm

The objective of the ADJ-1 element placed in thelelo pressures, the most significant difference occursa a
is to keep the resulting gas mixture at constahtrmetric  pressure of 40 barg at -20 °C, in this case theuammof
flow rate. As the hydrogen content in the gas mm&tu saturated water vapor soluble at the given physitzte
increases, the volume flow of methane decreasexreases by 3.5% compared to the water saturation
accordingly. The ADJ-2 element is responsible fging 100% CH. It can also be observed that at this temperature
the pressure of methane and hydrogen, while the-ADJand at a higher pressure there is a decrease satheated
element is responsible for keeping its temperatanstant. water vapor content of pure methane, so that appeigly
The ADJ-4 element eliminates the effect of tempeeat a difference of 2% occurs in the presence of 10%/V
changes due to the mixing of real gases. hydrogen. At 60 °C and in the pressure range ofBarg,

there is a 0.2-1.2% difference in the saturateamepor
4 Water content investigation of CH-H, content compared to the pure methane.

systems
During the simulation studies, an increasing volwhe
hydrogen was added to the methane in order toecobear
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Figure 2 Change in water saturation of pure hydnogs a function of pressure and temperature
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Tests were performed at every 10 bar pressure,staggdrogen content. The largest deviation occurshat t
but the presentation of the results is limited. th@ reason, lowest temperature tested at a pressure of 40 hdogre
the Figure 5 shows the change in water saturatioh@% the deviation is close to 5%. It can also be da& with
hydrogen relative to the saturated water vaporpiae increasing temperature, a nearly linearly decrgasignd
methane. Based on Figure 5, the change in satunatted  is observed in the change relative to the wateraton of
content shows a similar trend as in the case 0f/i8 pure methane gas.

CH, - H, System With 10 V/V% H,
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Figure 4 Water content change in case of 10%inHhe gas mixture
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CH, - H, System With 100 V/V% H,
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Figure 5 Maximum water content of hydrogen compéaoegalire methane

We also extended our investigation to see how themperatures for different hydrogen concentratidhs,
saturated water vapor content of the methane-hgdrogresults of which are illustrated in Figures 6 and 7
system changes compared to pure methane at constant
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It can be seen that the most significant changarsat

Figure 6 Water content change at -20 °C

in hydrogen content, the rate of change in satdratger

approx. 60 V/V% hydrogen content, which is incregdly  vapor relative to pure methane decreases congystent

a decrease in temperature. Until 60 V/V% hydrogen

At -20 °C and 40 barg pressure a gas mixture with

content, a strong upward trend can be observedhtor 60 V/V% hydrogen content, the increase is 6.5%)endi
change in saturated water vapor content at evetlye same hydrogen content and at 10 barg preskare,is
investigated temperature, and then with a furthergase only a 2.2% difference. With increasing pressurean be
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observed that at 70 barg the saturated water vapent pressure increases, the change in saturated waper v
of pure hydrogen gas differs by 2.2% compared tihare content increases to a hydrogen content of 60 V/&f4,
gas, i.e. the increase of pressure above 40 bawgssthat then, as a further increase in ¢bntent, a decrease begins
the change in water saturation compared to methasat until a H content of 100 V/V% is reached. Based on the
the same temperature. At a temperature of 60 °@hwh  simulation studies, the increase in water satunagfqpure
illustrated in Figure 7, there is already a cle@ieture of hydrogen gas was only 0.3% at 10 barg and 2.3%at 7
the change in water saturation. At this tempera@asehe barg.

CH, - H, System at 60°C
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6 ——20barg —30 barg
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Figure 7 Water content change at 60 °C

CH, - H, System at 0 barg
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Figure 8 Water content change at 0 barg

In Figure 8 the pressure of the methane-hydrogenterval. With increasing hydrogen content, the immsm
system is kept at atmospheric, its temperature amdhter content decreases, this effect is furtheraeodd
composition varied in the intervals introduced jwesly.  with increasing temperature. The greatest chandeuvel
At 0 barg pressure the changes in water contenivalle at 60 °C and assuming 100% hydrogen. In this dase t
approximated with linear function in the investegt maximum water saturation dropped by 0.23%.
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The behaviour of the investigated gas mixture changwater saturation in the gas mixture. Above this
significantly with increasing pressure. Figure 8sidata at concentration the water saturation will drop if mmor
70 barg pressure. In this figure the relationskeifwieen the hydrogen is introduced into the mixture. This effswalid
temperature and the hydrogen concentration willérfce for the temperature range investigated. The pdékeice
the maximum water content in a more complex wayhén compared to pure methane occurs at -8 °C using/8%\V
lower hydrogen concentrations below 60 V/V%, amydrogen, resulting in 5.3% water content increataive
increasing hydrogen content will increase the makimto pure methane.

CH, - H, System at 70 barg
6
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Figure 9 Water content change at 70 barg

5 Results and discussion increasing pressure above 0 °C, the change in water
The authors conducted a study to determine theteffésaturation increases consistently. _
of the emergence of hydrogen as the energy canfite When testing a methane-hydrogen system with

future on the natural gas network on one of theoitgmt ~ different volume fractions of ithe largest difference was
parameters of natural gas, the dew point. The siiol at 40 barg pressure and at 40 V/V% hydrogen
was performed with Aspen HYSYS, which is widely dise concentration, resulting in a 6.5% change in thgimam
in the oil and gas industry. During the tests, oasi Water content compared to pure methane. A further
pressure and temperature ranges were investigmed!qcrease n quncentratlon antent results in a decrease
describe the hydrogen-methane system, which represé the change in water saturation.
any degree of variation in the hydrogen contethefmain Examining the methane-hydrogen system at
constituents of natural gas, the pure methane. atmospheric pressure, it can be observed that itasés

As a result of the tests, it can be determinedakahe With a volume fraction of bithere is a slight decrease in
temperature increases, the ratio of the water atioor the saturated water vapor content compared to pure
change of the saturated water vapor content of tfeethane.
methane-hydrogen System relative to the pure methan Based on the results of the simulation studiearitbe
decreases. Using pure hydrogen, the most significa#etermined that the appearance of hydrogen inahera
difference is at the lowest test temperature anda@ 9as network does not necessitate a technologiealgehin
pressure, which resulted in an increase of neatly 5the gas treating procedure of a natural gas wigh hi
relative to the saturated water content of the methane. Methane content with regard to the setting of weleaw
In the presence of 10 VIV% hydrogen content, Only BO|nt. This flndlng is valid for both current andttire
difference of 3.6% was observed under the san@dricter requirements, as this amount of hydrogmmtemt
conditions. does not cause a significant difference in terms of

It was also found that an increase in temperatufé@ximum water saturation.
reduces the change relative to pure methane. Istodies,
it was found that with the same hydrogen contedtwith
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