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Abstract

Hydrogen blending into natural gas grids can support early renewable hydrogen deploy-
ment, but admissible injection depends on local gas flow, blending limits, and upstream
hydrogen concentrations. This paper analyses these effects for a regional high-pressure
gas-grid section in Styria, Austria, with two hydrogen injection points. A transient gas-
network model derives time- and location-dependent injection limits, which are integrated
into an electrolyser dispatch optimisation with fixed trailer demand and annual gas-grid
injection demand. Three cases are compared: unrestricted injection, a “CH4-based” limit
without upstream hydrogen, and an “H2-aware” case representing potential upstream
hydrogen injection. For the analysed configuration, blending constraints shift operation
away from favourable electricity-price periods, particularly when low prices coincide with
reduced gas demand. In the 2025 reference case, the “H2-aware” constraint increases the
electricity-cost contribution from 4.22 to 5.45 EUR/kgH2 . A robustness analysis using
electricity-price series for 2020, 2022, and 2025 shows that the “H2-aware” constraint in-
creases the electricity-cost contribution by 15.8–29.1% relative to unrestricted injection. The
results demonstrate that dynamic gas-grid constraints should be considered when assessing
blending-based electrolyser projects, while the quantitative findings remain specific to the
analysed network and assumptions.

Keywords: hydrogen blending; electrolyser operation; natural gas grid; dynamic
gas-network simulation; levelised cost of hydrogen; hydrogen injection; sector coupling

1. Introduction
1.1. Motivation and Background

Hydrogen is expected to play an important role in the transition towards climate-
neutral energy systems. The European Commission’s hydrogen strategy identifies renew-
able hydrogen as relevant for industrial applications, transport applications that are difficult
to electrify, and renewable energy storage, including long-duration and seasonal balanc-
ing [1]. Key application areas therefore include parts of the chemical industry, iron and
steel production, high-temperature industrial processes, long-distance transport, shipping,
aviation, and energy-system flexibility.

Despite strong policy support, the development of the European hydrogen economy
remains slower than long-term targets imply. Hydrogen Europe’s Clean Hydrogen Monitor
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2025 reports 571 MWel of operational water electrolysis capacity in Europe by July 2025,
which remains far below the EU target of 6 GWel by 2024 and 40 GW by 2030 [1,2]. For elec-
trolytic hydrogen, electricity procurement is one of the dominant cost drivers. Therefore,
electricity price exposure, capacity factor, and the operating schedule of electrolysers are
decisive factors for hydrogen production costs [3,4].

A central barrier during the hydrogen market ramp-up is the coordination of pro-
duction, demand, and infrastructure. Dedicated hydrogen infrastructure already exists
in Europe, particularly in industrial and regional networks, and new hydrogen pipeline
projects are being developed. However, a broadly available hydrogen transport network
capable of connecting dispersed production sites with future demand centres is still emerg-
ing. Existing natural gas grids can therefore provide transitional short- to medium-term
transport and storage functionality for renewable hydrogen while dedicated hydrogen
infrastructure is planned and expanded [5–8].

As such, hydrogen blending into natural gas grids has been proposed as an interim
option for integrating renewable hydrogen, supporting sector coupling, and enabling
early electrolyser deployment before dedicated hydrogen infrastructure is widely available.
Several pilot and demonstration projects have tested hydrogen admixture in existing
gas infrastructure, including GRHYD in France and HyDeploy in the United Kingdom,
which demonstrated blend shares up to around 20 vol.% under controlled conditions [7–9].
In Austria, recent hydrogen projects also illustrate the transitional relevance of existing
gas infrastructure. Wien Energie operates a 3 MW proton exchange membrane (PEM)
electrolyser with a gas-grid blending option; Energie Steiermark’s Renewable Gasfield in
Gabersdorf combines photovoltaic generation, electrolysis, trailer filling, and gas-grid feed-
in; and RAG Austria has demonstrated pipeline-based cross-border delivery of blended
green hydrogen from Austria to Germany [10–12].

However, hydrogen blending is subject to technical and regulatory limits. Hydrogen
changes the physical and combustion properties of the transported gas mixture, including
energy density, Wobbe index, flow velocity, pressure losses, leakage behaviour, and material
compatibility. These effects can constrain both transmission and distribution networks and
may also depend on downstream end users, compressors, storage facilities, and connected
gas appliances [6–8]. At the European level, studies indicate that hydrogen blending of
approximately 5–10 vol.% is often considered feasible in the near term without major
infrastructure modifications, while higher shares of 15–20 vol.% may require adaptations
in infrastructure and end-use installations [6,13]. In Austria, the technical rule ÖVGW
G B210:2021 06 allows up to 10 vol.% hydrogen in the natural gas grid [14].

For electrolyser projects that rely on grid injection, these blending limits directly
influence how much hydrogen can be fed into the grid at a given location and hour.
The admissible injection volume depends on the local gas flow, the existing hydrogen
concentration in the gas stream, and the downstream gas-quality constraints. Consequently,
static assumptions about annual feed-in capacity or fixed blending shares can misrepresent
the actual operating potential of an electrolyser. This is especially relevant in networks
with multiple hydrogen injection points, where upstream injection can already increase
the hydrogen concentration in the gas stream and thereby reduce the remaining blending
potential at downstream locations. Previous studies have shown that hydrogen concentra-
tions in natural gas networks can vary over time and space, particularly when injection
and demand profiles are time-dependent or when several injection points interact [15,16].
The need for dynamic gas-grid modelling has also been analysed in previous work by
the authors, where the DynANA framework was developed for time-dependent hydro-
gen blending simulations with multiple injection points and compared with steady-state
approaches [17,18]. These results show that steady-state approaches can misrepresent
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hydrogen concentrations because they do not capture temporal and spatial variations in
gas flow and hydrogen transport. This can lead to an under- or overestimation of injection
potentials and to a misjudgement of concentration limits. The present study therefore
builds on these findings and focuses on how dynamically derived injection limits affect
electrolyser dispatch and hydrogen production costs.

In parallel, a substantial body of research has developed methods for optimising
electrolyser operation and assessing the levelised cost of hydrogen (LCOH). These studies
typically minimise electricity procurement costs or total hydrogen production costs by
adjusting electrolyser dispatch to renewable generation profiles, electricity market prices,
storage availability, degradation effects, or hydrogen demand requirements. Approaches
include linear and mixed-integer optimisation, dynamic programming, techno-economic
dispatch models, and market-based operating strategies. For example, dynamic PEM elec-
trolyser operation has been shown to reduce LCOH by exploiting time-varying electricity
prices, while recent grid-connected studies develop bidding or dispatch strategies to reduce
LCOH under wholesale electricity market conditions [19–22]. However, these studies gener-
ally represent hydrogen offtake through aggregate demand, storage, or market constraints
and do not resolve the location- and time-dependent admissible feed-in capacity of the
gas grid.

This leaves an important gap for electrolyser projects that rely on hydrogen blending.
Treating the gas grid as an unrestricted sink can overestimate electrolyser utilisation and
underestimate hydrogen production costs. Incorporating local gas flows, blending limits,
and upstream hydrogen concentrations can instead shift electrolyser operation towards
hours with sufficient injection potential and reveal location-specific effects on the resulting
levelised cost of hydrogen.

1.2. Aim and Outline

This study investigates how local gas-grid constraints related to hydrogen blending
affect the operation of an electrolyser and the resulting hydrogen production costs. The cen-
tral hypothesis is that time- and location-dependent blending limits reduce the feasible
grid feed-in of hydrogen, alter the cost-minimising operating schedule of the electrolyser,
and increase hydrogen production costs compared with an unrestricted feed-in assumption.
A second hypothesis is that, in a prospective multi-injection scenario, upstream hydrogen
injection can reduce the remaining admissible injection potential at downstream locations
and thereby intensify the operational and economic impact of blending constraints.

To test these hypotheses, a section of the Austrian gas grid is modelled using topologi-
cal pipeline data and hourly gas demand profiles. Dynamic gas flow simulations are used
to derive location- and time-dependent hydrogen injection limits. These limits are then
integrated into an optimisation model for the dispatch of an electrolyser that supplies both,
a daily on-site hydrogen demand and an annual hydrogen demand transported through
the gas grid. The optimisation minimises hydrogen production costs while considering
electricity prices, demand requirements, and blending constraints.

Three injection constraint cases are analysed: first, the “no-injection-limit” case,
in which hydrogen feed-in to the gas grid is unrestricted by blending constraints; sec-
ond, the “CH4-based” case, in which hydrogen injection is limited by the local methane
flow and the maximum admissible hydrogen concentration; and third, the “H2-aware”
case, which represents a prospective multi-injection scenario in which upstream hydrogen
injection occupies part of the admissible blending margin at the downstream node.

The remainder of the paper is structured as follows. Section 2 describes the case study,
the gas demand model, the dynamic gas-grid simulation in DynANA (Dynamic Analysis
for Network Applications) [18], the electrolyser dispatch optimisation framework using
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IESopt (Integrated Energy System Optimization) [23], and the performance indicators
used for evaluation. Section 3 presents the resulting gas demand distribution, upstream
hydrogen propagation, injection limits, and downstream electrolyser operation under
the three injection constraint cases. Section 4 discusses the interpretation of the cases,
the implications for electrolyser operation and hydrogen production costs, and the main
modelling limitations. Section 5 summarises the main findings and outlines directions for
future work.

2. Materials and Methods
This section describes the modelling frameworks and data used to analyse the impact

of hydrogen blending constraints on electrolyser operation and costs. It first introduces the
case study and overall system setup (Section 2.1), followed by the calculation and spatial
allocation of gas demand (Section 2.2). Based on this, the relevant part of the gas network
is modelled in DynANA to determine time-dependent hydrogen injection constraints
(Section 2.3). The operation of the electrolysis systems is then represented and optimised
in IESopt (Section 2.4). Finally, the considered cases are evaluated using operational and
economic performance metrics (Section 2.5).

2.1. Overview of the Case Study

The study region is located in Styria, Austria, where hydrogen injection into the gas
grid is planned [11]. This region is connected to the transmission pipeline TAG [24] via a
regional high-pressure distribution pipeline. Additionally, local low-pressure distribution
networks are connected to the regional grid. The existing project injects hydrogen approxi-
mately 20 km downstream from the transmission grid connection into the high-pressure
distribution grid. In addition, a second injection location is assumed directly downstream
of the connection between the transmission and the regional grid (see Figure 1).

Figure 1. Studied gas-grid section in Styria, Austria, including the transmission grid, high-pressure
distribution pipeline simulated in this work, connected low-pressure distribution grids, hydrogen
blending points, and modelled sink and source nodes. Blending node 0 corresponds to the upstream
electrolyser, located directly at the transmission-grid connection. Blending node 3 corresponds to the
downstream electrolyser, located approximately 20 km further downstream.

Hydrogen injection is restricted by the current regulatory concentration limit of
10 vol.% in Austrian gas grids [14]. This limit, together with the gas flow at the injec-
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tion node and the hydrogen concentration in the gas stream prior to injection, determines
the available injection potential. Electrolysers are installed at both injection points and must
meet local on-site demand as well as demand supplied via hydrogen blending through
the gas grid. The objective of this study is to investigate the impact of grid restrictions on
the operation of the electrolysis plants. Therefore, the analysis is restricted to the gas flow
between the two injection points, and only this section of the network is simulated.

To analyse the interaction between both injection points, the relevant section of the gas
grid is represented by a simplified nodal network. For this purpose, the modelled region is
divided into grid cells, which are mapped to network nodes, and hourly gas demands are
assigned based on publicly available district-level demand data and sector-specific load
profiles (see Section 2.2).

The resulting network model is implemented in DynANA and used to simulate gas
flows between the two electrolysers (see Section 2.3). The hydrogen injection profile of
the upstream electrolyser is used as an input to the gas-grid simulation. The resulting
time-dependent injection potential at the downstream injection point is then used as a
constraint for the electrolyser optimisation.

The injection profiles are determined by optimising the dispatch of the electrolysis
systems in IESopt, an optimisation framework for energy system modelling (see Section 2.4).

2.2. Gas Demand Model
2.2.1. Spatial Grid Construction and Node Allocation

To derive spatially resolved gas demands, the network topology and information on
pressure levels and network hierarchy are used to construct a simplified nodal represen-
tation of the grid. The available pipeline data are first classified into the main network
(simulated), connected local distribution grids, nearby pipelines that are not connected
to the simulated network, and transmission lines. Nodes are defined along the simulated
pipeline, including start and end points, as well as locations where local distribution
grids connect.

A buffer area of 2 km around the main network and connected local distribution
pipelines is defined and subdivided into grid cells of 200 m×200 m. Each cell is assigned to
the nearest pipeline segment of the main network, connected grids, or nearby pipelines
that are not connected to the simulated network. The grid cells are subsequently mapped
to simulated network nodes. Cells associated with the main network are assigned to the
nearest node, while those belonging to connected grids are linked to the closest intersection
node. Cells associated with nearby pipelines that are not connected to the main network
are excluded. As a result, each remaining cell is uniquely assigned to a network node (see
Figure 2).

2.2.2. Sectoral Gas Demand Estimation and Temporal Disaggregation

Based on this spatial representation, gas demand is estimated at the district level
and subsequently allocated to the network nodes. Annual energy demand data for sector
industries (“Industrie und Gewerbe”), households (“Wohnen”), and buildings (“Dienstleis-
tungen”) are obtained from the Energy-Mosaik dataset [25]. Using data from the Energy
Transition Model (ETM) [26], the share of natural gas in total energy demand is estimated
as 38.1% for industries, 48.9% for households, and 46.6% for buildings, which then yields
annual gas demand for each district and sector (A scenario with default parameters for
Austria was generated using the ETM. The results for “primary energy use” were used
to determine the share of natural gas in total energy consumption for each sector). Sec-
toral demand is then allocated within each district. Household and building demands
are spatially disaggregated by assuming a uniform distribution across the district and
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assigning the resulting demand to grid cells of one hectare. Only the demand located in
cells within the defined buffer zone around the simulated gas-grid section or the connected
local distribution grids is assigned to the corresponding modelled network nodes. Demand
in cells outside this buffer zone, as well as demand associated with nearby but unconnected
pipelines, is excluded from the simulated network.

For the industrial sector, demand is assigned at district level to the corresponding
network node if the district is connected to the analysed gas-grid section. This approach
assumes that industrial gas demand is spatially concentrated and supplied through the
gas grid in connected districts. Since measured industrial connection points and nodal
load data were not available, the full district-level industrial gas demand is assigned to the
connected node as an approximation (see Figure 2).

Figure 2. Spatial allocation of annual gas demand to network nodes in the studied region. Industrial
demand is assigned directly to the corresponding nodes, while household and building demand is
distributed across grid cells and aggregated at the nearest network node.

To obtain time-resolved demand profiles, sector-specific hourly load profiles from
the ETM are used. These profiles differ across sectors and are scaled to match the annual
demand at each node. The resulting sectoral profiles are then aggregated into a single
hourly load profile per network node, which serves as input to the gas-grid simulations.

2.3. DynANA Model

A dynamic gas-grid model is required for this study because the admissible hydrogen
injection at the downstream node depends on the local methane flow and on the hydrogen
concentration already present in the gas stream. Both quantities vary over time. A static
blending constraint would either have to be defined conservatively to ensure compliance
with the 10 vol.% limit at all times, or it could overestimate the admissible injection during
periods with low methane flow or high upstream hydrogen concentration. Therefore,
DynANA is used to derive time-dependent injection limits, which are then transferred
to the electrolyser optimisation in IESopt. The full numerical formulation of DynANA is
described in [17,18] and the following paragraphs summarise the elements required for the
coupling with the electrolyser optimisation.
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DynANA represents the pipeline with diameter D and cross-sectional area A as
one-dimensional isothermal flow at fixed temperature T and solves the fluid-dynamic
balance equations,

∂p
∂t

= −TRsZ
A

∂q
∂x

(1)

0 = −∂p
∂x

− f ZRsTq|q|
2DAp

(2)

∂c
∂t

= − qTRsZ
A

∂c
∂x

, (3)

for the pressure p, the mass flow q, and the methane concentration c.
The gas mixture is described by the real-gas equation of state

p = ρZRsT, (4)

where ρ is the gas density, Z is the compressibility factor, and Rs is the composition-
dependent specific gas constant. The compressibility factor is calculated using the Papay
correlation, with the pseudo-critical pressure and temperature determined using Kay’s
mixing rule. The complete formulation is provided in [17,18].

The balance equations are solved using a finite-volume approach. The pipeline is
discretised into control volumes, for which the mixture properties are updated in each
time step. These properties include Z, the friction factor f , and Rs. Hydrogen transport is
represented by convective transport with the gas flow, while physical diffusion is neglected.

Boundary conditions are represented by sources and sinks. The upstream boundary is
modelled as a pressure-controlled methane source. Hydrogen injection is represented as a
flow-controlled source. Gas demand is represented by energy-controlled sinks. For each
sink and time step, the lower heating value of the local methane–hydrogen mixture is
calculated and the withdrawn mass flow is adjusted such that the specified energy demand
is satisfied.

The admissible hydrogen injection at the downstream node is calculated from the
methane concentration in the incoming gas stream and the energy demand at the corre-
sponding sink. Since the blending limit is defined as a volume concentration, the limit of
10 vol.% hydrogen is converted into the corresponding minimum methane mass fraction
c10%. For each time step, the total gas mass flow that would satisfy the same energy demand
with a methane–hydrogen mixture containing 10 vol.% hydrogen is calculated as

q10%(t) =
e(t)

LHV10%
, (5)

where e(t) is the energy demand, and LHV10% is the lower heating value of the methane–
hydrogen mixture at the 10 vol.% hydrogen limit.

The maximum hydrogen mass flow contained in such a gas stream is then given by

h10%
2 (t) = q10%(t) · (1 − c10%), (6)

where c10% is the methane mass fraction corresponding to the 10 vol.% hydrogen limit.
The hydrogen mass flow already present in the incoming gas stream is calculated as

hpre
2 (t) = q(t) · (1 − c(t)), (7)
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where q(t) is the current gas mass flow and c(t) is the current methane mass fraction.
The remaining admissible hydrogen injection is then obtained as

hlim
2 (t) = max

[
0, h10%

2 (t)− hpre
2 (t)

]
. (8)

This time-dependent injection limit is transferred to IESopt and used as an upper bound
for hydrogen feed-in from the downstream electrolyser.

The model for this study is based on the topology and network levels of the real gas
grid [27] (see Figure 1).

The upstream connection of the regional distribution pipeline to the transmission grid
is represented by a pressure-controlled methane source with a constant pressure of 40 bar.
This source defines the upstream boundary of the model and is represented by network
node 0. The first hydrogen injection is implemented directly downstream of the source as a
flow-controlled feed-in. The gas demand of the surrounding districts is represented by an
energy-controlled sink at this node.

The modelled regional network connects the first injection point at node 0 with the
second injection point at node 3. This section is divided into three pipeline segments
connected via nodes 1 and 2. All segments are represented by pipes with a diameter of
D = 0.4 m and an absolute roughness of k = 0.02 mm. Additionally, the gas temperature is
assumed to be constant at T = 283.15 K. The hydrogen injection at node 3 is also modelled
as a flow-controlled feed-in.

Since gas is withdrawn at the intermediate nodes, the gas flow rate and velocity
decrease in the downstream direction. At lower velocities, a finer spatial discretisation is re-
quired to maintain the numerical accuracy of the hydrogen concentration profile. To ensure
sufficient spatial resolution throughout the network, the number of control volumes N is
increased for downstream pipe segments (see Table 1). The spatially discretised system is
solved using the adaptive FBDF algorithm for stiff differential-algebraic equation systems.
The absolute and relative solver tolerances are both set to 10−6. Since FBDF uses adaptive
time stepping, no fixed internal simulation time step is prescribed.

Table 1. Pipeline segment parameters used in the DynANA gas network model. The table lists
the node connections, segment lengths L, number of control volumes N, and resulting spatial
resolution L/N.

Node Connection L in [m] N L/N in [m]

0–1 5625 62 91
1–2 5961 89 67
2–3 8785 167 53

The intermediate nodes correspond to locations where local distribution networks
are connected to the regional distribution pipeline. These local distribution grids are not
modelled explicitly in DynANA. Instead, they are used to spatially aggregate gas demand
as described in Section 2.2. The resulting nodal gas demands are implemented as energy-
controlled sinks at the corresponding nodes. At each time step, the withdrawal rate is
adjusted according to the methane–hydrogen composition such that the specified energy
demand is satisfied exactly.

2.4. Electrolysis

Both electrolysis systems are modelled as PEM electrolysers. PEM electrolysers are
suitable for the dynamic operating conditions considered in this study because they have
short response times and a wide operating range, which allows them to adapt rapidly to
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fluctuating electricity prices and grid-related injection constraints [20,28]. Therefore, PEM
technology is appropriate for analysing flexible electrolyser dispatch under time-dependent
boundary conditions.

2.4.1. Optimisation Framework–IESopt

IESopt is a modular energy system modelling framework that can be used to optimise
the operation of integrated multi-carrier systems based on a cost-minimisation formulation.
It determines time-resolved operational decisions for system components, including energy
conversion, storage, and grid interactions. In this study, IESopt is applied to compute the
cost-optimal operational strategy of the electrolyser under dynamic boundary conditions
and grid constraints.

The electrolysis system described in this work is represented as a coupled electricity–
hydrogen system with electricity grid connection, hydrogen production, trailer-based
hydrogen demand requiring additional compression, and hydrogen feed-in to an external
gas grid. Electricity is purchased from the external electricity market and transferred to an
internal electricity node. The electrolyser is represented by a binary on/off-status variable
and a continuous load variable. When the electrolyser is switched off, its load is zero. When
it is switched on, its load can vary continuously between the specified minimum load and
the installed capacity. The model therefore allows partial-load operation while enforcing
the minimum-load constraint. The produced hydrogen is routed to an internal hydrogen
node and can either be injected into the external gas grid, constrained by a time-dependent
feed-in limit from the gas-grid simulation (see Section 2.3), or compressed into trailers to
satisfy additional hydrogen demand.

2.4.2. Model Inputs and Assumptions

The techno-economic input parameters of the electrolysis system are based on data
from the Levelised Cost of Hydrogen Calculator of the Clean Hydrogen Observatory [29]
for PEM electrolysis. These include a specific electricity consumption of 53.3 kWh/kgH2 ,
a capital expenditure of 2593 kEUR/MWel, a technical lifetime of 25 years, a stack lifetime
of 60,000 h, stack replacement costs of 15% of the initial investment, and fixed operation and
maintenance (O&M) costs of 2% of CAPEX (The default value of the European Hydrogen
Observatory reports 2503 EUR/kW in 2024 money terms. To express all cost inputs in
2025 money terms, this value was adjusted using the Austrian annual inflation rate of
3.6% for 2025). Stack replacement costs are internalised as variable operating costs by
distributing them over the stack lifetime, resulting in a cost contribution proportional to
electrolyser operation. Based on the lower heating value of hydrogen (33.33 kWh/kgH2),
the electrolyser efficiency is approximately 0.625 MWhH2/MWhel.

The compressor parameters are based on default data from HyTool [30] and include a
specific electricity consumption of 1.28 kWh/kgH2 , a technical lifetime of 15 years, a CAPEX
of 4.14 kEUR/(kgH2 /h) and fixed O&M costs of 3% of CAPEX. The compressor capacity is
48 kWel, which was determined based on the maximum hydrogen output of the electrolyser.

The reference analysis uses Austrian day-ahead electricity prices for 2025 at a 15 min
resolution [31]. To assess the robustness of the results with respect to the selected electricity-
price year, the optimisation of the downstream electrolyser is repeated using day-ahead
price time series for 2020 and 2022. To ensure identical annual time horizons and direct
comparability between the price years, all observations for 29 February were removed from
the 2020 time series, resulting in 365-day data sets for each analysed year.

Electricity grid charges are represented by a power-based component of 66,076 EUR/(MW a)
and a consumption-based component of 37.7 EUR/MWh [32]. These charges are held
constant across all electricity-price years and injection-constraint cases.
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Hydrogen demand is represented by a time-dependent trailer supply profile and a
fixed annual gas-grid injection requirement. Both demand inputs are held constant across
all electricity-price years and injection-constraint cases.

The installed capacities of the electrolysers are exogenous case-study assumptions and
were not derived from a plant-sizing optimisation. They were selected to represent small-to-
medium PEM electrolysis systems and to create a feasible operating problem in which both
on-site demand and gas-grid injection demand can be supplied. The objective of this study
is therefore not to identify the cost-optimal electrolyser size, but to isolate the operational
and economic impact of gas-grid injection constraints for a fixed system configuration.

2.4.3. Upstream Electrolysis

The upstream electrolyser is included to generate a realistic hydrogen injection pro-
file. Its operation is not part of the core analysis; however, its parameters are included
for completeness.

The electrolyser has an installed capacity of 3 MW and supplies an on-site hydro-
gen demand of 20 MWh per day—based on the lower heating value of hydrogen of
33.33 kWh/kg—that must be fully supplied daily between 06:00 and 22:00. In addition,
an annual hydrogen demand of 6000 MWh is delivered via injection into the gas grid,
in compliance with grid restrictions.

The admissible hydrogen injection is determined based on the local gas flow and the
regulatory concentration limit of 10 vol.%. For each time step, the total downstream gas
demand is aggregated, and the corresponding maximum hydrogen injection is calculated
assuming this concentration limit.

2.4.4. Downstream Electrolysis

The second electrolyser, which is the focus of the analysis, has an installed capacity of
2 MW and supplies an on-site hydrogen demand of 10 MWh per day—based on the lower
heating value of hydrogen of 33.33 kWh/kg—that is connected overnight, between 18:00
and 10:00. In addition, an annual hydrogen demand of 4000 MWh is delivered via injec-
tion into the gas grid and analysed for three distinct cases. Trailer supply and gas-grid
injection are modelled as mandatory hydrogen sinks without an explicit priority order.
The optimisation may therefore allocate hydrogen to either sink whenever the respective
demand constraint can be satisfied, while the daily trailer demand and the annual gas-grid
injection demand must be fulfilled. In the “no-injection-limit” case, no restrictions on hy-
drogen injection are assumed. In the “CH4-based” case, hydrogen injection is limited by the
methane flow at the injection node and the maximum admissible hydrogen concentration
of 10 vol.%. In the “H2-aware” case, hydrogen from the upstream electrolyser is already
present in the gas stream, such that the injection potential depends on both the local gas
flow and the existing hydrogen concentration.

2.5. Performance Metrics and Evaluation

The electrolysis system is optimised over a full-year time horizon with a resolution of
15 min. The resulting solution represents the cost-minimal operation that satisfies the de-
fined hydrogen demand under the given technical and grid-related constraints. To compare
the different cases, both operational and economic performance metrics are evaluated.

From an operational perspective, the analysis focuses on time-resolved hydrogen
injection into the gas grid, including the injection profile for a representative day and
aggregated hydrogen injection over quarterly periods. In addition, electrolyser operation
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is assessed based on its load profile and the number of hours tH2,lim during which the
injection limit qlim

H2
(t) restricts electrolysis operation. This value is defined as

tH2,lim = ∆t ·
∣∣∣{t ∈ T

∣∣∣ qin
H2

(t) = qlim
H2

(t) ∧ qtotal
H2

(t) < qmax
H2

}∣∣∣, (9)

where T denotes the set of all time steps in the simulation horizon, ∆t = 0.25 h is the
temporal resolution, qin

H2
(t) is the injected hydrogen, qtotal

H2
(t) is the total hydrogen produc-

tion, qmax
H2

is the maximum possible hydrogen production, and | · | denotes the number of
elements in the set.

To evaluate economic performance, the levelised cost of hydrogen (LCOH) is defined
as the ratio of total annualised system costs to total hydrogen production over the simu-
lated year. Cost components include annualised capital expenditures, fixed and variable
operating costs, electricity procurement costs, and grid-related charges. Capital expendi-
tures are annualised using an interest rate of 6%. Cost data from different source years
are converted to 2025 money terms where necessary, and all results are presented in 2025
money terms. Particular attention is given to electricity cost contributions to assess the
impact of grid constraints and injection limitations on electrolyser operation and hydrogen
production costs.

The electricity-price years are characterised using the daily electricity-price spread,
defined as the difference between the maximum and minimum day-ahead price within
each calendar day. For each price year, the electricity-cost contributions of the constrained
cases are compared with the corresponding “no-injection-limit” case. The relative increase
is determined as the percentage difference between the electricity-cost contribution of the
constrained case and that of the “no-injection-limit” case for the same price year.

3. Results
The results show how upstream hydrogen blending constraints and prospective up-

stream hydrogen injection affect the injection potential and operation of a downstream
electrolyser. First, the gas demand, upstream electrolysis, and resulting hydrogen concen-
tration in the gas grid are described. The downstream electrolysis is then evaluated with
respect to daily operation, seasonal injection patterns, load duration, and electricity-related
hydrogen production costs.

3.1. Gas Demand, Upstream Electrolysis and Grid Simulation

The gas demand ranges from 45 GWh to 237 GWh per year across the defined nodes,
with the largest demands occurring at the end of the network, i.e., at nodes 2 and 3.
The high demand at the final node ensures a sufficiently large gas flow for the second
hydrogen injection point. In total, 494 GWh of annual gas demand is connected to the
modelled network section. Of this demand, 60% occurs during quarters Q1 and Q4, while
the remaining 40% is distributed over quarters Q2 and Q3. During quarters Q2 and Q3,
when space heating demand in buildings and households is lower, the gas flow is mainly
maintained by industrial demand. This is particularly relevant at node 3, where more than
80% of the demand is attributed to the industrial sector (see Table 2).

Table 2. Annual gas demand and share of industrial demand at each network node.

Node Demand in [GWh] Industry Share in [%]

0 79 61
1 45 48
2 133 36
3 237 81
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The operation of the upstream electrolysis is not part of the core analysis and therefore
only briefly summarised to characterise the boundary conditions for the downstream
system. To reduce hydrogen production costs, the electrolyser is preferably operated
during hours with low electricity prices. However, its operation is constrained by the plant
size, the time-dependent hydrogen demand, and the injection capacity of the gas grid.

These constraints are particularly relevant because gas-grid limitations and low elec-
tricity prices only partly occur during the same period. As described above, gas demand is
lower during quarters Q2 and Q3, which reduces the available injection capacity. At the
same time, low electricity prices in 2025 also occur mainly during these quarters due to high
renewable electricity generation. The mean day-ahead electricity price is approximately
99 EUR/MWh, and more than 70% of the hours with below-average electricity prices occur
in quarters Q2 and Q3. This temporal mismatch affects the electrolyser schedule and results
in tH2,lim = 744 h, during which injection is restricted by the gas grid. This corresponds to
20% of the total injection hours.

This temporal mismatch not only affects the operating schedule of the upstream
electrolyser, but also determines the hydrogen concentration entering the downstream part
of the network. To illustrate this effect, the concentration profiles at the injection node and
at the end of the modelled network are compared.

During winter, hydrogen injection is generally lower and occurs in comparatively short
peaks. This allows the propagation of individual hydrogen packages through the network
to be observed. The concentration increase reaches the downstream end of the modelled
network with a delay of approximately 24 h. During transport, the concentration profile
becomes broader, while the peak concentration is slightly reduced compared with the
injection node. This behaviour reflects the numerical dispersion of the hydrogen package
along the pipeline, as discussed in [18]. The results therefore show that very short and
narrow hydrogen concentration peaks cannot be fully resolved by the gas-grid simulation,
which should be considered when interpreting short-term concentration variations at
downstream nodes (see Figure 3).

Figure 3. The hydrogen concentration at the beginning (node 0) and the end (node 3) of the network
for three days in February.
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3.2. Downstream Electrolysis

The downstream electrolysis is analysed to assess how gas-grid injection limits affect
operation, seasonal hydrogen injection, load duration, and electricity-related production
costs. The comparison considers the “H2-aware” case, the “CH4-based” case, and the
“no-injection-limit” case. This allows the local effect of methane-flow-based blending limits
to be distinguished from the additional effect of prospective upstream hydrogen injection
on downstream electrolyser operation.

3.2.1. Operational Impact of Hydrogen Injection Limits

The downstream electrolysis shows distinct operating patterns for the three optimisa-
tion cases on a typical summer day. In the “H2-aware” case, grid injection is governed by
the time-dependent injection limit. From midnight to approximately 10:00, the electrolyser
operates close to its maximum hydrogen output of 1.25 MWH2 , because both grid injection
and trailer supply are available. After 10:00, the trailer demand window closes, and the ad-
missible grid injection decreases to almost zero by 15:00. As a result, hydrogen production
is strongly curtailed during the midday period, although electricity prices are lowest at this
time. Operation increases again after 18:00, when trailer supply becomes available and the
injection limit gradually rises (see Figure 4a).

Figure 4. Operation of the downstream electrolyser on 4 July under the three injection constraint
cases: (a) “H2-aware”, (b) “CH4-based”, and (c) “no-injection-limit”. The left axis shows hydrogen
flows for gas-grid injection, trailer supply, and the admissible injection limit. The right axis shows the
day-ahead electricity price.

In the “CH4-based” case, the admissible injection remains nearly constant at approxi-
mately 0.7–0.8 MWH2 over most of the day. Hydrogen can therefore still be injected into
the gas grid during the low-price period. However, the injection limit remains below the
maximum hydrogen output of the electrolyser. Between approximately 06:00 and 10:00,
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most of the production is used to satisfy trailer demand, and grid injection is reduced to
the remaining available capacity. After the trailer demand window closes, grid injection
increases to the “CH4-based” limit, but the electrolyser still cannot operate at full load when
only grid injection is available. The “CH4-based” constraint is therefore less restrictive than
the “H2-aware” case, but it still limits the use of low-price electricity (see Figure 4b).

In the “no-injection-limit” case, the operation is only determined by the electricity
price signal and the trailer demand window. During periods with trailer demand, hydrogen
production is directed to trailer supply and grid injection is reduced where necessary to
remain within the maximum plant output. Since no priority is assigned between both
hydrogen sinks, the allocation between trailer supply and grid injection can change as long
as the demand constraints are fulfilled. Therefore, the operational interpretation of this
period should focus on total electrolyser production rather than on the individual split
between the two hydrogen sinks. After trailer demand is fully supplied in the morning,
grid injection increases to the maximum hydrogen output and remains high throughout
the low-price period (see Figure 4c).

3.2.2. Effect of Injection Constraints on Seasonal Operation

In the “H2-aware” case, injection during quarters Q1 and Q4 together accounts for
approximately 59% of the annual injection. As discussed in Section 3.1, more than 70%
of the hours with below-average day-ahead electricity prices occur during quarters Q2
and Q3. Therefore, the seasonal injection pattern is opposite to the electricity price signal.
Under the “CH4-based” case, the seasonal distribution shifts towards quarters Q2 and Q3,
which account for approximately 61% of the annual injection, compared with about 41% in
the “H2-aware” case. Without an injection limit, this shift becomes even more pronounced,
with approximately 66% of the annual injection occurring during quarters Q2 and Q3 (see
Figure 5).

Figure 5. Quarterly distribution of hydrogen injection into the gas grid for the downstream electrolysis
under the three injection constraint cases.

3.2.3. Effect of Injection Constraints on Load Duration

Without an injection limit, the electrolyser operates predominantly at full load and
only drops to zero after approximately 6100 h. These full-load hours include the lowest
electricity prices. In contrast, the “H2-aware” case reaches full load for only about 3200 h,
decreases slightly to a load of 1.98 MW for another 1100 h and then shows a broad range of
partial-load operation. Several low-price hours are therefore associated with reduced load
or no load (see Figure 6a).
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Figure 6. Sorted load profiles of the downstream electrolyser and corresponding day-ahead elec-
tricity prices. Panel (a) compares the “H2-aware” case with the “no-injection-limit” case, while
panel (b) compares the “CH4-based” case with the “no-injection-limit” case. For the sorting, the elec-
trolyser load was first rounded to two decimal places. Time steps with the same rounded load were
then sorted by increasing electricity price. The grey region between approximately 5000 and 7000 h
represents the plotted electricity-price values in the partial-load region. In this interval, the electrol-
yser load is mainly determined by gas-grid injection constraints rather than by the electricity price.
Therefore, the rounded load values occur in this region at strongly varying electricity prices, ranging
from approximately −230 to 170 EUR/MWh.

The “CH4-based” case shows a less restrictive behaviour. Compared with the case
without an injection limit, full-load operation is still reduced, but the reduction is smaller
than in the “H2-aware” case. The electrolyser reaches full load for about 4500 h, followed
by a partial-load range before operation drops to zero. The corresponding price curve
shows that some low-price hours are still shifted to reduced-load operation, but this effect
is less pronounced than for the “H2-aware” limit (see Figure 6b).

3.2.4. Electricity Cost Contribution and Robustness to the Electricity-Price Year

The analysed electricity-price years represent substantially different market conditions.
Figure 7 compares the distribution of the daily electricity-price spread, calculated as the
difference between the highest and lowest day-ahead price within each day. The year 2020
shows comparatively low and narrowly distributed daily spreads, whereas 2022 is charac-
terised by substantially higher and more variable spreads. The 2025 price series lies between
these two cases. The three years therefore provide distinct electricity-price environments
for assessing the robustness of the cost effect caused by the gas-grid injection constraints.

The “no-injection-limit” case results in the lowest electricity-cost contribution in all
three price years, while the “H2-aware” case consistently results in the highest costs. For the
2020 price series, the electricity-cost contribution increases from 1.40 EUR/kgH2 in the
“no-injection-limit” case to 1.50 EUR/kgH2 in the “CH4-based” case and 1.67 EUR/kgH2 in
the “H2-aware” case. The corresponding values are 10.71, 11.21, and 12.40 EUR/kgH2 for
2022, and 4.22, 4.70, and 5.45 EUR/kgH2 for 2025 (see Figure 8a).

Because the absolute price levels differ substantially between years, the constrained
cases are additionally evaluated relative to the “no-injection-limit” case of the correspond-
ing year. The “CH4-based” constraint increases the electricity-cost contribution by 7.1% in
2020, 4.7% in 2022, and 11.4% in 2025. The “H2-aware” constraint results in increases of
19.3%, 15.8%, and 29.1%, respectively. The direction of the cost effect is therefore consistent
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across all analysed price years, although its magnitude depends on the temporal structure
of the electricity-price series (see Figure 8b).

Figure 7. Distribution of the daily electricity-price spread for the analysed price years 2020, 2022,
and 2025. The daily spread is defined as the difference between the maximum and minimum day-
ahead electricity price within each day. Boxes indicate the interquartile range, horizontal lines the
median, and whiskers the remaining distribution.

Figure 8. Electricity-cost component of the levelised cost of hydrogen for the analysed electricity-price
years and injection-constraint cases. Panel (a) shows the absolute electricity-cost contribution in
EUR/kgH2 . Panel (b) shows the relative increase in the electricity-cost contribution of the “H2-aware”
and “CH4-based” cases compared with the “no-injection-limit” case of the corresponding price year.
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The total LCOH follows the same ordering because the remaining cost components
change only marginally between the cases. It ranges from 6.67 to 6.93 EUR/kgH2 for the
2020 price series, from 15.98 to 17.67 EUR/kgH2 for 2022, and from 9.48 to 10.70 EUR/kgH2

for 2025.

4. Discussion
The results demonstrate that the representation of gas-grid availability has a sub-

stantial influence on downstream electrolyser operation and electricity procurement costs.
The comparison of the “no-injection-limit”, “CH4-based”, and “H2-aware” cases distin-
guishes between unrestricted injection, constraints imposed by the local methane flow,
and the additional effect of hydrogen already present in the incoming gas stream. Across
the analysed electricity-price years, the “H2-aware” constraint increases the electricity-
cost contribution by 15.8–29.1% relative to the corresponding “no-injection-limit” case,
while the “CH4-based” constraint results in an increase of 4.7–11.4%. These findings show
that the economic impact of blending constraints is driven by the temporal alignment
of electricity prices, local gas demand, and available injection capacity. The following
discussion interprets these operational and economic effects and assesses the limitations
arising from the representation of gas demand, grid operation, dynamic gas transport,
and electrolyser design.

4.1. Interpretation of the Downstream Electrolyser Results

The comparison between the three cases shows that the representation of gas-grid
availability directly affects the operating schedule of the downstream electrolyser. In the
“no-injection-limit” case, the gas grid acts as an unrestricted sink, allowing hydrogen
production to be concentrated in the economically most favourable electricity-price periods.
This leads to the highest operational flexibility and the lowest electricity-cost contribution.

The “CH4-based” case restricts injection according to the local methane flow and the
maximum admissible hydrogen concentration. Even without upstream hydrogen injection,
these local blending constraints reduce the number of favourable operating hours and shift
part of the hydrogen production towards periods with higher electricity prices. The “H2-
aware” case introduces an additional restriction because hydrogen already present in the
incoming gas stream occupies part of the available blending margin. This further reduces
full-load operation and limits access to low-price electricity periods.

The economic effect is consistent across all analysed electricity-price years. Compared
with the corresponding “no-injection-limit” case, the “CH4-based” constraint increases the
electricity-cost contribution by 4.7–11.4%, while the “H2-aware” constraint results in an
increase of 15.8–29.1%. The higher cost increase in the “H2-aware” case quantifies the addi-
tional effect that upstream hydrogen injection can have on a downstream injection point.

These findings indicate that electrolyser dispatch models representing the gas grid as
an unrestricted sink may overestimate operational flexibility and underestimate electricity
procurement costs. They also demonstrate that interactions between multiple hydrogen
injection points become relevant when the available blending margin is shared within the
same gas-grid section.

4.2. Limitations of Gas Demand and Grid Operation Modelling

A limitation of this study is the simplified representation of gas demand, as measured
nodal loads and local demand profiles were not available for the analysed network sec-
tion. Spatially and temporally resolved demand was therefore derived from district-level
energy data and sector-specific standard load profiles. Household and building demand
was disaggregated to hectare cells, with only the share close to the analysed gas-grid in-
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frastructure assigned to the modelled network, while industrial demand was assigned at
district level to the corresponding connected node. This approach distinguishes between
spatially distributed building demand and concentrated industrial demand, but introduces
uncertainty in the absolute nodal load distribution and its temporal variation. These
uncertainties may affect local methane flows and the resulting hydrogen injection limits.
A site-specific assessment would require measured nodal demand and load-profile data
from the grid operator.

The temporal uncertainty is particularly relevant because gas demand profiles differ
strongly between consumer groups. Household and building demand depends on weather
conditions, building quality, and heating behaviour. Industrial demand depends on the
sector, production process, and operating schedule. Some industrial consumers may
operate with an almost constant load, while others may follow daily or weekly production
patterns. These differences cannot be fully captured by standard sectoral profiles.

Additional uncertainty arises from the estimation of annual gas demand. In this
study, the share of natural gas in total energy demand was derived from national-level
data for Austria and applied to the study region. This approach does not fully represent
local conditions, especially for industrial consumers, where the natural gas share depends
strongly on the type of industry and process heat requirements. As a result, the absolute gas
demand in the modelled section may differ from the actual demand in the local gas grid.

The gas-grid simulation is affected by assumptions on network operation and model
boundaries. The model focuses on the high-pressure pipeline section between the two
hydrogen injection points. Downstream infrastructure elements, such as low-pressure
distribution grids, pressure-regulating stations, compressors, valves, and branches, are not
explicitly modelled because they are outside the investigated pipeline section and do not
directly affect the upstream-to-downstream hydrogen propagation analysed here. Their
aggregated gas demand is represented through energy-controlled sinks at the correspond-
ing nodes.

In particular, the upstream pressure was assumed to be constant at 40 bar. In reality,
pressure levels can vary depending on seasonal demand, compressor operation, grid
operation, and the use of linepack (Linepack refers to the quantity of gas stored within
a pipeline due to its internal pressure and the compressibility of the gas. Variations in
linepack provide operational flexibility by temporarily balancing differences between gas
inflow and withdrawal). For a given energy demand at the sinks, a different pressure level
would mainly affect gas density and flow velocity. It would therefore change the timing and
duration of the hydrogen concentration profile arriving at the downstream injection node.
Linepack operation could also influence admissible injection rates by changing pressure
levels and available short-term buffering capacity. In particular, higher linepack in summer
could increase admissible injection volumes to some extent.

These assumptions are especially relevant for the “H2-aware” case, because the remain-
ing blending margin depends on the hydrogen concentration already present in the gas
stream. A different pressure profile or linepack operation could shift hydrogen concentra-
tion peaks in time and thereby change their short-term coincidence with local gas demand
and electricity prices. However, such timing shifts are not expected to remove the seasonal
mismatch between low electricity prices and reduced gas demand in quarters Q2 and Q3.
The main economic effect is therefore expected to be driven by the seasonal structure of gas
demand and electricity prices, while the simplified pressure and linepack representation
mainly affects short-term concentration timing and admissible injection volumes. Since
measured pressure, flow, demand, and linepack operation data were not available, this
uncertainty cannot be resolved in the present study.
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However, the objective of this study is not to reproduce the exact gas demand and
operating conditions at a specific site. Instead, the analysis aims to show how time-
dependent gas flows and existing hydrogen concentrations affect electrolyser operation,
injection schedules, and hydrogen production costs. The results should therefore be
interpreted as representative for the analysed network configuration and assumptions.

4.3. Limitations of the Dynamic Gas-Grid Simulation

A further limitation is the numerical diffusion in the gas-grid simulation, as discussed
in [18]. This effect is also observed in other dynamic gas network models [33,34] and
reduces the accuracy of short-term hydrogen concentration profiles. In particular, numerical
diffusion lowers the height of narrow concentration peaks and thereby increases their
duration during transport through the pipeline. As a result, short and sharp hydrogen
concentration changes at the downstream node may be smoothed in the simulation.

The spatial discretisation was chosen as a compromise between numerical accu-
racy and computational effort. A finer discretisation would reduce numerical diffusion,
but would also increase simulation time. This uncertainty should therefore be consid-
ered when interpreting short-term concentration peaks. However, the broader temporal
trends and the resulting impact on downstream injection potential remain suitable for the
system-level analysis.

4.4. Implications for Electrolysis Design and Future Work

The downstream electrolysis results are specific to the analysed system configuration.
The electrolyser capacity, on-site trailer demand, and annual hydrogen injection demand
are fixed. The results therefore quantify the impact of gas-grid injection constraints on
the operating schedule and electricity cost of this configuration, but they do not represent
a cost-optimal plant design. A different annual injection demand could change both the
utilisation of the electrolyser and the number of hours in which grid injection becomes
restrictive. A sensitivity analysis on the annual hydrogen injection demand would therefore
help to quantify how the injected hydrogen volume affects constrained operation, electricity
cost, and total hydrogen production costs.

Plant sizing and additional flexibility options could change the economic outcome.
A different electrolyser capacity could reduce constrained operation or improve the use of
low-price electricity. Hydrogen storage could also decouple production from instantaneous
gas-grid injection potential. However, storage would increase investment costs and would
not remove the seasonal mismatch between low electricity prices and reduced gas flow
in quarters Q2 and Q3. Its benefit would therefore depend on the trade-off between
additional flexibility and additional capital cost. The electrolyser representation remains
idealised, as start-up and shut-down losses, ramping limits, part-load efficiency variations,
and degradation are not explicitly considered. The present study focuses on the system-
level effect of gas-grid constraints rather than the detailed engineering of individual plants.
These technical effects, particularly cycling-induced degradation, should be included in
future work.

5. Conclusions
This study analysed how time- and location-dependent hydrogen blending constraints

affect the operation and electricity-related production costs of an electrolyser connected to a
natural gas grid. Dynamic gas-grid simulations were used to derive hydrogen injection lim-
its, which were integrated into an electrolyser dispatch optimisation. Three representations
of gas-grid availability were compared: unrestricted injection in the “no-injection-limit”
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case, a “CH4-based” limit determined by the local methane flow, and an “H2-aware” limit
that additionally accounts for hydrogen already present in the incoming gas stream.

The results show that gas-grid constraints can substantially alter the cost-minimising
dispatch of the downstream electrolyser. In the 2025 reference case, the “H2-aware” con-
straint shifts hydrogen production away from favourable electricity-price periods in quar-
ters Q2 and Q3 and reduces full-load operation from approximately 6100 h to 3200 h.
The electricity-cost contribution increases from 4.22 to 5.45 EUR/kgH2 , corresponding to an
increase of 29.1%, while the total LCOH increases from 9.48 to 10.70 EUR/kgH2 .

The electricity-price-year analysis confirms that the direction of this effect is ro-
bust under substantially different market conditions. Relative to the corresponding “no-
injection-limit” case, the “CH4-based” constraint increases the electricity-cost contribu-
tion by 4.7–11.4%, while the “H2-aware” constraint results in an increase of 15.8–29.1%.
The magnitude of the effect depends on the temporal alignment of electricity prices, lo-
cal gas demand, trailer demand, and available gas-grid injection capacity. Models that
represent the gas grid as an unrestricted hydrogen sink may therefore overestimate op-
erational flexibility and underestimate electricity procurement costs, particularly where
several injection points share the available blending margin.

The quantitative results are specific to the analysed regional gas-grid section in Styria,
the simplified network representation, electrolyser size, trailer demand, and fixed annual
hydrogen injection demand. Future work should extend the analysis using measured gas
demand, flow, and pressure data from grid operators. In addition, sensitivity analyses
on electrolyser size, annual injection demand, hydrogen storage, and degradation effects
would allow a more detailed assessment of cost-optimal system design under dynamic
gas-grid constraints.
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Abbreviations
The following abbreviations are used in this manuscript:

CAPEX Capital Expenditure
CH4 Methane
DynANA Dynamic Analysis for Network Applications
ETM Energy Transition Model
EU European Union
H2 Hydrogen

IESopt Integrated Energy System Optimization
LCOH Levelised Cost of Hydrogen
O&M Operation and Maintenance
PEM Proton Exchange Membrane
TAG Trans Austria Gasleitung
ÖVGW Austrian Association for Gas and Water
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