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INTRODUCTION

Article 18 of the network code on interoperability and data exchange rules
(Commission Regulation (EU) 2015/703) requires ENTSOG to publish, along-
side the TYNDP, a long-term gas quality monitoring outlook (Gas Quality Out-
look — GQO) for transmission systems in order to identify the potential trends
of gas quality parameters and respective potential variability within the next

10 years.

The GQO shall cover at least the gross calorific value
(GCV) and the Wobbe Index (WI), produce forecasts
for different regions and be consistent and aligned
with the TYNDP considering existing and new supply
sources, based on reference gas quality values from
previous years when available. For each region, fore-
casts are illustrated by charts that provide ranges
within which the parameters are likely to evolve.

This publication represents the fifth edition of the
Gas Quality Outlook. As the previous edition, this
document includes synthetic methane in the pro-
duction scenarios.

METHODOLOGY

Identical tothe TYNDP 2020 and TYNDP 2022 exer-
cise, the influence of hydrogen on GCV and Wl is also
included in this gas quality outlook. One of the main
improvements in this edition is the analysis of hydro-
gen blends impact for all the regions considered in
the study and the inclusion of different scenarios for
share of hydrogen blends. This report only provides
initial assessments of the possible quantities of
renewable, decarbonised and low-carbon gases. In
this respect, the report does not prejudice the tech-
nical feasibility of injecting the projected quantities
of such gases into the gas systems as this subject
is still under investigation — and does therefore not
constitute any legal responsibility on ENTSOG in this
matter.

The GQO is produced with a probabilistic approach based on a statistical char-
acterisation of historical Wl and GCV data supplied by TSOs for each different
supply source. In the Input data subsection, a graphical representation of the

used values for all the sources included in the study can be found.

The flow volumes for each assessed region/corri-
dor presented in this document are derived upon
the Dual Gas Model (DGM) simulation resultst. The
results asses the resilience of the European natu-
ral gas system under the analysed infrastructure
levels — Low natural gas infrastructure level in com-
bination with PCI/PMI hydrogen level? — for the ref-
erence weather years 2030 and 2040.

The integrated gas network is mapped in line with
a scenario that follows the National Energy and
Climate Plans and is considered central to the
TYNDP 2024 (National Trends+ or NT+3). Demand,
indigenous production for natural gas, synthetic
methane and biomethane, and supply potential for
this scenario are based on figures collected from the
TSOs, translating the latest policy and market driven
developments as discussed at national level.

1 Allinformation about the legal background, assumptions, modelling tools, and methodologies can be found in the TYNDP 2024 Hydrogen and Natural

Gas System Assessment Methodology (Annex D3)

2 Detailed information about the project collection and infrastructure levels is provided in the TYNDP 2024 Draft Infrastructure Report

3 Detailed information is provided in the TYNDP 2024 scenarios.
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https://www.entsog.eu/sites/default/files/2024-12/TYNDP%202024%20Annex%20D3%20-%20System%20Assessment%20methodology_0.pdf
https://www.entsog.eu/sites/default/files/2024-12/TYNDP%202024%20Annex%20D3%20-%20System%20Assessment%20methodology_0.pdf
https://www.entsog.eu/sites/default/files/2025-06/Draft%20TYNDP%202024%20Infrastructure%20Report.pdf
https://2024.entsos-tyndp-scenarios.eu/download/

In addition, natural gas demand for power gener- A
ation, hydrogen demand, and electrolytic hydro-

gen production is incorporated. These values are
derived from the Dual Hydrogen/Electricity Model 4
(DHEM) simulation results as part of the modelling

of the electricity and hydrogen infrastructures.

Gas quality parameters per identified supply
source are assumed to follow a normal proba-
bility distribution.

L-gas has not been considered for different
reasons:

— L-gasis expected to continue declining in
contribution, and no cross-border flows
from the Netherlands to Belgium, France,
and Germany are anticipated by 2030.

The supply configuration applied in the Dual Gas
Model (DGM) is designed to minimise the use of
Russian natural gas. In line with this assumption,
the DGM simulation results indicate that Russian
pipeline supply does not contribute to the overall
supply mix.

— The underlying network model does not
make a distinction between L-gas and
H-gas production in the Netherlands.

Note: the results presented here are derived from 4
the output flows of the simulations which repre-

sent one possible optimized solution based on the
defined assumptions.

Biomethane and synthetic methane gas qual-
ity is assumed to lie within a common range
for all production plants, irrespectively of the
country where they are located.

The underlying mathematical model is built on the V|
following assumptions:

LNG is grouped as a single gas quality range,
under the assumption that the same range of
qualities can reach any terminal in Europe.
The range used for the simulation is based on
measured values from re-gasified LNG in
different LNG terminals in the EU.

4 The supply corridors and regions are defined
like the regional groupings that develop the
GRIPs*:

— South corridor: FR, ES, PT P
— South-North corridor: DE, BE, FR, IT, CH, LU

— North-West corridor®: SE, DK, DE, NL, BE,
LU, FR, UK, IE |

Indigenous production data of natural gas
have been aggregated per country, contrary to
biomethane and synthetic methane.

Hydrogen flows in blends simulations are

— Baltic Energy Market Interconnection Plan considered as high purity (100 %) hydrogen.

(BEMIP) corridor: DK, SE, FI, PL, EE, LT, LV 4 For those countries with natural gas produc-
tion that are not listed in the input data sec-
tion, a generic probability distribution has
been assumed for their national production
based on default values. The NP range is built
considering the highest and the lowest values

across all indigenous production data.

— Central Eastern Europe (CEE) corridor:
DE, PL, CZ, SK, AT, HU, HR, RO, BG

— Southern Corridor: IT, AT, SI, SK, HU, HR,
RO, BG, GR

4 The actual use of supply considered in 2030

and 2040 simulations is a result of the model 4
taking into account the maximum supply

potentials. More detailed explanation can be

found in the Annex D3 to the TYNDP 2024°. 4

Wl and GCV have only been collected at entry
points to the EU transmission network and
indigenous production points.

For each supply source, the probability distri-
butions of GCV and WI are derived from the
historical data and they are assumed to be
representative for the future developments of
that source.

A Low natural gas infrastructure level in com-
bination with PCI/PMI hydrogen is considered
inthe analysis’.

Supply and gas quality figures are combined
by means of Monte Carlo simulation.

https://www.eugastsogrip.eu/
For the North West corridor, the 2020 edition of GRIPs has been considered in this study to keep consistency with previous GQO editions
See TYNDP 2024 Hydrogen and Natural Gas System Assessment Methodology (Annex D3)

~ o o

More information on infrastructure development levels are available in the TYNDP 2024 Draft Infrastructure report
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21

INPUT DATA

The average WI and GCV values used as input for Except for the countries indicated in the graphs
the simulations are represented in the figures below. below, a default value of Wl and GCV is considered
The error bars, also shown in the graphs, represent for countries with natural gas production, indicated
a range within which 95 % of the values fall. The WI as NP (National Production) in the graphs below.

and GCV values are expressed in kWh/m3 (25/0 °C)
on the left axis while in MJ/m3 (15/15) on the right
axis. The figures below illustrate the Wl and GCV
of the European sources: national production of
natural gas, biomethane and synthetic methane.
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The figures below represent Wl and GCV for the
import sources considered in the current Gas

Quality Outlook.

Russian pipeline supply does not contribute to
the overall supply mix considered in this analysis.

Nevertheless, the combustion characteristics of
Russian gas are presented in the graph for compar-
ative purposes with other supply sources.
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3 RESULTS

3.1

In order to identify trends in Wl and GCV, simulations were carried out to
identify, for each region, the median (50 percentile) of the resulting probabili-
ty distribution of Wl and GCV in 2030 and 2040.

The figures illustrated in the current section show
the median of the resulting probability distribution.
The variability of gas quality parameters is depicted
with dashed lines representing 2.5 and 97.5 percen-
tiles, respectively on the bottom and the top of the

WOBBE INDEX OVERVIEW
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figures. Those percentiles indicate the values below
which 2,5 % and 97,5 % of the data fall, providing an
indication of the range of Wl and GCV most likely to
be observed.
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SOUTHERN CORRIDOR WI
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Asit's possible to observe in the plots, all the regions
present a decrease in both median values and 97.5
percentile of Wobbe Index from 2030 to 2040. This
trend from 2030 to 2040 results from the model
assumption that prioritizes pipeline gas over LNG,
combined with a decrease in gas demand in 2040.
Since LNG generally has a higher Wl value than most
other supply sources, areduced share of LNG in the
2040 supply mix leads to lower overall Wl values.

The decrease in Wl is more pronounced in regions
with a high share of biomethane, like the South
region.

SOUTHWI
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Looking at the percentiles, the more pronounced
variations in the 2.5 and 97.5" percentiles (dashed
lines in the graphs above) from 2030 to 2040 are
observed in regions where most of the supply
sources in the 2040 mix have a narrow variability
range (blue bars in the Input data plots), such as
biomethane, Norwegian gas and Algerian gas.

These sources are typical of regions like South,
North-West and South-North, where a decrease in
97,5 percentile and/or increase of 2.5 percentile is
observed. A large decrease of the 2.5 percentile
(dashed line on the bottom of the plots) occurs in
the Southern Corridor, where low values of 2.5 per-
centile can be attributed to the natural gas produc-
tionin Hungary, whose share in the region increases
from 2030 to 2040. For this reason, the Wl range in
the Southern corridor expands from 2030 to 2040,
in contrast to the other regions.
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3.2 GCV OVERVIEW
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As for WI, also GCV median and 97.5 percentile
decrease in all the regions while the 2.5 percentile
remains quite stable. The decrease in median GCV
is highly pronounced in the South region due to the
high share of biomethane.

The decrease in 97.5™ percentile combined with a
stable 2.5" percentile from 2030 to 2040 results in
anarrowing of the GCV range for all the considered
regions.
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3.3 PROBABILITY DISTRUBUTION OF WOBBE INDEX AND
GROSS CALORIFIC VALUE IN 2030 AND 2040

331

In the sections below, the trends of Wl and GCV are
presented with a surface plot illustrating the proba-
bility distribution of different gas qualities over time.
The darker the area, the higher the probability. These
plots highlight that the probability distribution of the
output does not follow a normal distribution even if
all input sources are assumed to do so.

SOUTH REGION: ES, FR, PT

//

In this region, both Wl and GCV ranges tighten from
2030 to 2040. This trend can be attributed to the
reductionin LNG share in 2040 (due to prioritization
of pipeline gas and decreased demand in 2040),
coupled with a significant increase in biomethane.

Concerning the Wl and GCV probability distribu-
tions, it is possible to observe two clusters of Gas
Quality (blue areas in the Figures):

4 One areaaround Wl values of 14,7 kWh/m3 and
GCV of 11.6 kWh/m3, which can be attributed
to Norwegian and Algerian gas, whose share is
high in 2030 but decreases in 2040.

4 Another area centred around WI of
14,3 kWh/m3 and GCV of 10,8 kWh/m3
corresponding to biomethane which
represents a significant share of the South
region's supply in 2040.

For agivenregion and time horizon, the range of gas
quality can be described between the two extreme
percentiles. The width and intensity (probability)
of each band comes as a result of the gas quality
parameters of the supply sources and their relative
contribution to satisfy the forecasted gas demand.
In other words, the probability distributions are pro-
jected to vary depending on the correlation of forces
between supply corridors.
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3.3.2

SOUTH-NORTH REGION: BE, CH, DE, FR, LU, IT

By examining the probability distribution surface
plots it is possible to observe that the highest prob-
ability density centres around 14,7 kWh/m3 for WI
and 11,6 kWh/m3 for GCV, reflecting the consistent
share of supplies from Norway and Algeria, which
are high in 2030 and remain significant in 2040.
Biomethane increase in 2040 can be observed in
the lighter blue region appearing in 2040.

Adistinct cluster of Wl values exceeding 15 kWh/m3
is observable in 2030 due to the presence of LNG.

This cluster is not visible in the GCV plot due to the
similar GCV values of LNG, Norwegian and Algerian
gas.
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Picture courtesy of TAP

3.3.3 NORTH-WEST REGION: SE, DK, DE, NL, BE, LU, FR, UK, IE
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3.3.4 BEMIPREGION: DK, SE, FI, PL EE, LT, LV

From 2030 to 2040, the WI and GCV median
decreases and the WI and GCV ranges become
slightly narrower.

For WI, the presence of aclusteraround 15,3 kWh/m3
in 2030 is due to the high share of LNGin the region,
coupled to a discrete share of Danish production.
This cluster disappears in 2040 where the highest
probability density concentrates around WI values
of 14,7 kWh/m3 typical of Norwegian gas.

Biomethane, which represents a relatively high
share of gas supply already in 2030, increases in
2040 where the blue area becomes darker due to
the high renewable production in Poland and Den-
mark.
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3.3.5

CEE: DE, PL, CZ, SK, AT, HU, HR, RO, BG

The trend of Wland GCV in this region is very similar
to the one observed in the BEMIP region, in the pre-
vious section. Indeed, this regionis characterized by
an increase in Norwegian gas over LNG from 2030
to 2040.

Romanian production also contributes to the main
WI cluster. Its impact is more evident in the GCV
plot, corresponding to the blue cluster around GCV
values of 11,2 kWh/m3.
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3.3.6 SOUTHERN CORRIDOR: IT, AT, SI, SK, HU, HR, RO, BG, GR

SOUTHERN CORRIDOR WI
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different sources, particularly Algeria and Libya. 2030 2035 2040

In the GCV plot, a cluster appears around GCV of
11,2 kWh/m3 which represents natural gas produc-
tion from Romania.
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ON WI AND GCV

Inthis report, the influence of hydrogen injected into
the gas grids is considered, and the impact on WI
and GCV in the upcoming years is analysed.

When H, is blended with natural gas, Wl and GCV of
the blend decrease compared to natural gas alone.
To evaluate the impact of H, on Wl and GCV, the
same approach as the previous GQO has been used
in this study.

The ratio of the combustion parameters, Wl and
GCV, with H, is presented in the graphs below,
respectively on the left and on the right. For both
the parameters, the influence of hydrogen is approx-
imately linear for concentrations up to 30 % hydro-
gen in volume. This assumption is made for all the
calculations in this outlook, as a hydrogen concen-
tration up to 2 % in volume is considered.

The H, concentration considered in this study is lim-
ited to 2 % vol. in order to reflect the recent devel-
opments in CEN (revised EN16726) and the recent
Regulation (EU) 2024/1789. The results shown are
built on the TYNDP 2024 National Trends scenario
for 2030 and 2040.

3.4 HYDROGEN SHOWCASE: INFLUENCE OF H, BLENDS

Several cases were analysed and two of those are
presented in this report to analyse the impact of two
different situations:

A) each supply source consists of 10 %
gas blended with hydrogen (at 2 % H,
concentration) and 90 % unblended.

B) each supply source consists of 50 % of
gas blended with hydrogen (at 2 % H,
concentration) and 50 % unblended gas.

In addition, the hydrogen showcase is built on aver-
age yearly data and therefore does not reflects the
possible fluctuation in hydrogen injection at opera-
tional time scales.

In generalterms, both the Wl and GCV ranges exhibit
trends akin to those observed in the non-blended
case. As expected, in case of blends, the median
values of both Wl and GCV experience a downward
shift compared to the non-blended case shown in
section 3.5. The influence of H, on GCV is notably
more pronounced than on WI. In 2040, clusters of
lower values of Wl and GCV appear due to the high
biomethane share in conjunction with H, blends.
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3.4.1 INFLUENCE OF 2% VOL. HYDROGEN ON WI AND GCV - CASEA
(10% OF SUPPLY SOURCES CONTAIN 2% H.,)

This section presents the influence of hydrogen, at Given the negligible impact of 2 % H, on combus-
a concentration of 2 % vol., on Wl and GCV ranges tion parameters, the results of the Case A analysis
for all regions. The model assumes that only 10 % of are very similar to those obtained without blending,
each supply source is blended with H,. shown in Section 3.3.
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2 % blend with 10 % mix for BEMIP REGION: DK, SE, FI, PLEE, LT, LV
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3.4.2

INFLUENCE OF 2% VOL. HYDROGEN ON WI AND GCV - CASE B

(50% OF SUPPLY SOURCES CONTAIN 2% H,)

When half of the supply sources contain H, blends,
with the same concentration of 2 %, the effect of H,

becomes more noticeable compared to case A.

All plots below show the same overall trend as the
case without blends (Section 3.3), however the
curves are slightly shifted toward lower Wl and GCV
values.
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2 % blend with 50 % mix for BEMIP REGION: DK, SE, FI, PLEE, LT, LV
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CONCLUSIONS

Picture courtesy of terranets bw)

The long-term gas quality monitoring outlook (GQO) presented in this report
comes under the request of INT NC Article 18 for transmission systems to
identify the potential trends and variability of gas quality parameters within

the next 10 years.

The study is based on the TYNDP 2024 models and
assumptions. The parameters investigated in the
GQO 2024 are the gross calorific value (GCV) and
the Wobbe Index (WI). The input data considered
for this study were provided by ENTSOG members.

The results of the study should be interpreted in
light of the TYNDP 2024 model assumption that
prioritizes pipeline gas over LNG, combined with the
decrease in demand in 2040. The analysis shows
that almost all regions are likely to experience a
narrowing range of GCV and WI from 2030 to 2040,
due to the increased share of gas from pipelines and
biomethane production.
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Additionally, the influence of hydrogen blends at
a concentration of 2 % vol. on GCV and WI was
assessed. Two cases were considered:

4 A:10 % of the gas in the region is blended
with 2% H,

4 B:50 % of the gas in the region is blended
with 2 % H,.

The results show that small-scale hydrogen blend-
ing (case A) has negligible impact on Wl and GCV
ranges. Higher hydrogen blends in case B lead to a
slight decrease in Wl and GCV, though trends remain
consistent with the case without blending.
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LEGAL DISCLAIMER

The TYNDP was prepared in a professional and
workmanlike manner by ENTSOG on the basis of
information collected and compiled by ENTSOG
from its members and from stakeholders, and on
the basis of the methodology developed with the
support of the stakeholders via public consultation.
The TYNDP contains ENTSOG own assumptions
and analysis based upon this information.

All content is provided “as is” without any war-
ranty of any kind as to the completeness, accu-
racy, fitness for any particular purpose or any use
of results based on this information and ENTSOG
hereby expressly disclaims all warranties and rep-
resentations, whether express or implied, including
without limitation, warranties or representations
of merchantability or fitness for a particular pur-
pose. In particular, the capacity figures of the pro-
jects included in TYNDP are based on preliminary
assumptions and cannot in any way be interpreted
as recognition, by the TSO/s concerned, of capacity
availability.
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ENTSOG is not liable for any consequence resulting
from the reliance and / or the use of any informa-
tion hereby provided, including, but not limited to,
the data related to the monetisation of infrastruc-
ture impact.

The reader in its capacity as professional individual
or entity shall be responsible for seeking to verify
the accurate and relevant information needed for its
own assessment and decision and shall be respon-
sible for use of the document or any part of it for
any purpose other than that for which it is intended.

In particular, the information hereby provided with
specific reference to the Projects of Common Inter-
est ("PCIs") is not intended to evaluate individual
impact of the PCls and PCI candidate. For the rele-
vant assessments in terms of value of each PCI the
readers should refer to the information channels or
qualified sources provided by law.
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