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A B S T R A C T

A key building block of the European Green Deal is the development of a hydrogen commodity market, which
requires a suitable hydrogen market design and the timely introduction of related policy measures. Using
exploratory interviews with five expert groups, we contribute to this novel research field by outlining the core
market design criteria and proposing suitable regulations for the future European hydrogen market. We identify
detailed recommendations along three core market design focus areas: Market development policy measures,
infrastructure regulations, as well as hydrogen and certificate trading. Our findings provide an across-industry
view of current policy-related key challenges in the hydrogen commodity market development and mitigation
approaches. We, therefore, support policymakers within the EU in the ongoing detailing of their regulatory
hydrogen and green energy packages. Further, we promote hydrogen market development by assisting current
and future industry players in finding a common understanding of the future hydrogen market design.
1. Introduction

Hydrogen will play a key role in Europe’s transition to green en-
ergy, aiming for net-zero carbon emissions by 2050 [1,2]. Enabled by
the rapid cost decline of renewable energy and continued technolog-
ical development, the EU aims to promote the employment of green
hydrogen in multiple emission-intensive sectors and complement the
electrification of fossil-fuel-based processes [1]. Of highest priority is
the industrial sector, where green hydrogen can play an essential role in
decarbonizing steel and cement production, as well as in replacing grey
hydrogen in refineries and the chemical industry [3–6]. In the transport
sector, hydrogen-based fuels could be employed in road transport, such
as trucks and buses, and additionally in rail, shipping, and aviation [4,
7–9]. Green hydrogen is further explored as a clean energy carrier
for heating buildings as well as for electricity storage [4,7,8,10,11].
Due to these promising applications, almost all EU member states
see immense potential in green hydrogen and include the sustainable
energy carrier in their national energy and climate plans [1]: By
2024, the EU aims to install at least 6 Gigawatt (GW) of renewable
hydrogen electrolyzers. By 2030, 40 GW are planned. Europe is at the
forefront of anticipated hydrogen investments up to 2030, along with
leading in the number of announced hydrogen projects across the value
chain [12,13]. Hence, in 2020, the European Commission published a
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hydrogen strategy with the long-term goal of implementing a liquid
market with commodity-based hydrogen trading: ‘‘By 2030, the EU
will aim at completing an open and competitive EU hydrogen market,
with unhindered cross-border trade and efficient allocation of hydrogen
supply among sectors’’. [1]. They emphasize the high added value of
a hydrogen commodity trading market, as it enables transparent and
efficient hydrogen distribution, allows investment decisions based on
price signals, and facilitates the entry of new hydrogen producers.
However, how the European hydrogen market has to be designed to
establish efficient hydrogen commodity trading still remains relatively
unclear. This poses a challenge to players within the hydrogen market,
who call for regulatory certainty and robust international standards
and certification schemes [14–16]. As existing hydrogen certification
schemes are found to be unsuitable for cross-border trade, international
collaboration on these measures requires more work, as outlined by
IRENA and the WTO [17,18]. Institutes urge policymakers to create
regulatory certainty, lay the foundations of a hydrogen market design,
create a target model, and establish a hydrogen trading system [14,15,
19–21].

Although a large amount of literature has been published about
hydrogen, most research focuses on the technical feasibility, the pro-
duction cost or future hydrogen market sizes and resource flows [22–
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26]. Policy aspects for hydrogen have only been covered by a limited
number of recent articles, which have put their focus on financial
support of hydrogen applications and the state of hydrogen infrastruc-
ture regulation proposals [4,27]. Many researchers agree that hydrogen
market design and regulation are currently under-researched and call
for further exploration [10,14,23,24,28]. This call for research is also
of increased urgency, as current regulatory uncertainties are found
to significantly hold back hydrogen investments and endanger the
ambitious EU 2030 decarbonization objectives [16].

We aim to contribute to the still sparse literature in this upcoming
research field by outlining the core design criteria and attached reg-
ulation of the future European hydrogen market to establish efficient
commodity trading by 2030. By drawing on analogies from the gas
market, we evaluate which infrastructure regulations are appropriate
for the hydrogen market, analyze potential market development policy
measures, and investigate hydrogen and certificate trading setups. As
the hydrogen market is required to develop fast and will primarily be
driven by policy interventions, gas market regulation cannot simply
be replicated, and hydrogen market design choices can be complex.
Hence, we employ the Grounded Theory Method, which is considered
appropriate for new and under-researched topics, such as the hydrogen
market design [29,30]. We incorporate input from 16 across-industry
expert interviews with future hydrogen market players, research in-
stitutes, and regulators to ensure a holistic perspective. Our findings
support policymakers in setting the guardrails to advance hydrogen
market development, market design, and infrastructure regulation. Fur-
ther, we assist hydrogen market players, such as hydrogen producers,
consumers, infrastructure providers, and exchanges, in gaining a com-
mon understanding of which potential future hydrogen regulation they
can advocate for.

Our work is structured as follows. In Section 2, existing literature
on the future hydrogen market design, proposed related regulation, and
its analogies to the natural gas market is laid out. Section 3 details the
methodology employed and describes our interview process. Section 4
outlines our results, which are discussed in Section 5, while Section 6
concludes.

2. Theoretical background

Literature suggests that more mature European energy markets
should be analyzed to develop a suitable hydrogen market design. The
natural gas market is often suggested to be used as an analogy, mainly
due to the physical similarities of both gases and the potential of using
retrofitted natural gas pipelines for hydrogen transport in order to
save infrastructure cost [4,19,21,23,31–34]. Hence, we first provide an
overview of key market design aspects within the energy sector and the
European natural gas market. Next, we review the current state of the
hydrogen market literature to derive the research gap addressed.

2.1. Energy market design and the case of natural gas

For many energy markets, policymakers step into the role of market
designers. This can include redesigning the rules that guide market
transactions as well as the infrastructure that enables those trans-
actions, addressing a broad range of market failures [35,36]. Such
market failures are, for example, information asymmetry, hold-up of
investments because of high uncertainty, or economies of scale when
one player dominates a high fixed cost market [23,37]. In the area of
energy market designs, the objective is to create a regulatory frame-
work in which market participants’ behavior supports the achievement
of energy policy targets [38]. There is often no one-size-fits-all market
design solution, but choices regarding the impacts of several costs and
benefits need to be explored [36].

When detailing the market design and attached regulations for a
heavily used energy carrier with multiple applications, such as nat-
ural gas and hydrogen, in the future, there are several key aspects
30
to consider. One key aspect is transmission infrastructure regulation
and access [36,37]. The transmission infrastructure is often at some
point opened to third parties, the so-called third-party access (TPA),
to foster competition, as for example in the First Gas Directive [39].
Transmission infrastructure can either be owned by integrated energy
producers or unbundled, meaning that the infrastructure operator is
separated from the producer [36,39]. Unbundling ensures transparent
and non-discriminatory access for all potential suppliers within the
market.

A second key aspect of market design is the trading setup. The
natural gas market represents an example of a commodity trading
in Europe. Commodities are unrefined or refined raw materials like
agricultural products, metals, or energy carriers like natural gas or
crude oil [40,41]. Within the energy sector, a commodity is a tradable
unit of energy within a physical network during a specific period [20].
A perfectly competitive and thus liquid commodity market is char-
acterized by a high trading volume and many suppliers and buyers,
and full transparency is given [23,42]. Easily accessible infrastructure
for communication and exchange of goods is required [32,37]. In the
case of natural gas, it is typically traded Over-the-Counter (OTC) or
on energy exchanges like the EEX [43]. In Europe, the OTC market is
significantly larger [44,45]. In contrast, exchanges work with standard-
ized contracts, eliminate credit risk, and are preferred for derivative
products like futures [43].

For gas or power markets, it is also integral to define how com-
modity trading is connected to infrastructure limitations [36]. A point-
to-point model, zone model or postage stamp model are possible [46–
48]. In the point-to-point model, every trading transaction is based
on a specific source–drain connection [46]. Substantial transaction
costs occur due to high amounts of complex contracts and insufficient
competition [47]. The access model with the highest trading flexibility
is the postage-stamp model, further detailed in [47]. In this model,
market participants can freely inject or withdraw an energy carrier,
such as natural gas, within the network and distances are irrelevant.
Nevertheless, as infrastructure and puffer reserves are not unlimited,
this model is complex to implement. As a compromise, the zone model
reflects capacity restrictions [47]. The market is separated into zones
in which the postage stamp model is applied. In each zone, balancing
group managers and market zone coordinators ensure a supply and
demand balance [49]. Hence, technical feasibility is given, injection
and withdrawal contracts can be booked separately via the Virtual
Trading Point (VTP), and trading is flexible across zones [47]. The
natural gas market uses the entry-exit model, an example of a zone
model, where the market zones roughly align with the national markets
of an EU member state [47,50].

Similarly to electricity generation, hydrogen further requires regu-
lation on the certification of green house gas (GHG) emissions of the
hydrogen produced [17,19,20]. Such certification could be introduced
as a mass balance system or as a book and claim system similar to
the electricity sector [19,51–53]. Furthermore, due to the current high
uncertainty in future hydrogen market development, political support
measures, including direct financial support, are required [14–16,27].

2.2. Hydrogen market development phases and suggested approaches for
related regulation

Currently, hydrogen is mainly produced directly at its application
locations, which are concentrated in Germany and the Netherlands [6,
20,54,55]. Therefore, the hydrogen infrastructure in Europe is still
limited today and based on long-term bilateral contracts [8]. Although
researchers do not all agree on the expected time horizons, they agree
on core hydrogen market developments, which can be summarized in
three stages. Furthermore, the literature provides first suggestions on
hydrogen market regulation.

In the first stage, from now until around 2025, the main objective

of the emerging hydrogen economy is to showcase its scalability and
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facilitate the decarbonization of the existing hydrogen production [1,
19]. The EU plans for at least 6 GW of installed green hydrogen
electrolyzer capacity and to produce up to one million tons of clean
hydrogen yearly by 2024 [1]. Isolated hydrogen islands are expected
to emerge, including local hydrogen production, transportation, and
consumption [20,31,32]. The hydrogen demand is driven by refineries,
the chemical industry, and steel producers [1,3–5]. Bilateral and long-
term contracts will dominate in these localized markets [31]. The
literature recommends introducing a hydrogen certification scheme to
provide GHG emissions transparency [1,17,19,20,23,45,53]. The spe-
cific decision regarding whether to implement a mass balance system,
as outlined in Article 30 of the second Renewable Energy Directive
(RED II), or to adopt a book and claim system similar to the electricity
sector, remains subjects of ongoing deliberation [19,51–53]. Addition-
ally, the geographic scope of the certificates is yet to be defined. Diverse
opinions are expressed concerning the market access model. While the
European Hydrogen Strategy argues for a point-to-point access model
to be adopted initially, other institutes advocate for introducing a small
entry-exit system from the beginning [1,20].

During the second phase, spanning approximately from 2025 to
2030, the European Hydrogen Strategy sees hydrogen as an integral
component of an interconnected energy system, aiming for renewable
hydrogen electrolyzer capacities of at least 40 GW and the produc-
tion of up to ten million tons of green hydrogen by 2030 [1]. It
is expected that green hydrogen will achieve cost competitiveness
with fossil fuel alternatives [1]. A hydrogen pipeline network, con-
sisting mainly of reassigned natural gas pipelines connecting mem-
ber states, emerges [1,5,56–58]. Consequently, EU-wide standards for
transportation and regulations for cross-border trade will be impera-
tive [5,59]. Beyond industrial applications, hydrogen is predicted to see
increased utilization in the transportation sector, electricity generation
and heating [1,4]. Although the literature does not agree on a specific
timeline, there is consensus regarding the necessity of regulations
concerning access to transportation assets to achieve economies of
scale [1,4,5,19,20,23,31,45,59,60]. The current regulatory proposal by
the Council of the European Union suggests unbundling as the default
model while allowing independent transmission system operators under
certain conditions [61].

In the third phase, from around 2030 onwards, hydrogen will be
utilized in all relevant hard-to-decarbonize sectors [1,4,5]. A mature
European hydrogen backbone is envisaged to connect hydrogen ecosys-
tems and transport hydrogen cross-border by 2040 [5,56,57]. Market
consolidation will push the hydrogen market to be transparent and
liquid, with prices driven by global supply and demand in the long
term [19,20,31].

2.3. Review of hydrogen market design research and need for action

A multitude of literature has been published about hydrogen, cov-
ering several research fields [22,24]. Hydrogen market researchers,
however, find that research focuses mainly on the technical feasibility
and the production cost [23,24]. More recent studies also cover de-
veloping estimations for the future global hydrogen market sizes and
resource flows as well as modeling hydrogen trading (e.g., [25,26,62–
65]). Many studies about the expected development phases of the
hydrogen market were published, which discuss first approaches for
related regulation and deduct that hydrogen commodity trading might
play a role from the year 2030 onwards (Section 2.2). However, even if
production is efficient and hydrogen is socially beneficial, developing
an efficient hydrogen market requires a suitable design and trading
system [14–16]. Current regulatory uncertainties impede hydrogen
market investments and put the ambitious EU 2030 decarbonization
objectives at risk [16]. There is a consensus that market design issues
for hydrogen are currently under-researched and require further ex-
ploration [10,14,23,24,28]. Only a few recent articles cover hydrogen
31

market design and policy aspects. [27] performed a multidisciplinary
literature review covering policy design for green hydrogen. However,
they focus their analysis on the cost-competitiveness of hydrogen appli-
cations and related policy financial support. [4] are covering the state
of hydrogen infrastructure regulation proposals and analogies to the gas
market. They call for more precise infrastructure regulation, especially
for higher hydrogen shares within the grid.

To contribute to the under-researched field of hydrogen market de-
sign and regulation, we investigate how the European hydrogen market
should be designed based on learnings from the natural gas market as
laid out in Section 2.1. Specifically, we analyze which infrastructure
regulations are necessary for the hydrogen market and if they can
be translated from the natural gas market. Additionally, we explore
suitable market development policy measures as well as hydrogen
and certificate trading setups. For the market design decisions, one
needs to consider that the hydrogen market is just emerging and its
fast market development will be strongly driven by EU regulation
and sustainability targets. In contrast, the natural gas market mainly
developed organically over decades, and regulations were introduced
in hindsight. Hence, transferring learnings from the natural gas market
can be complex.

3. Methods

We aim to identify core market design choices for a well-working
future European hydrogen market and efficient commodity trading.
As the literature on this topic is sparse, we employ the Grounded
Theory Method (GTM). GTM, introduced by Glaser and Strauss in
1967, represents an adequate research method to analyze new and
emerging topics, such as the hydrogen market design [29,30]. The GTM
is especially suitable for studies based on qualitative data, which can
come from various sources, with interviews representing a standard
data collection procedure [29,66]. Based on the GTM, [67] success-
fully developed a holistic approach for inductive concept development
that fulfills the demand of developing concepts from qualitative data
inductively and simultaneously exhibits a high standard for rigor. Their
approach consists of four core steps and represents a suitable research
method for our inductive analysis in combination with the tools of
the GTM of [29]. The first step of their methodology is the research
design, including a well-defined research question. In the second step,
the data collection, [67] suggest conducting semi-structured interviews.
The third step is analyzing the collected data to create a data structure,
representing emerging concepts and their relationships. In the fourth
and last step, the generated and analyzed data is transformed into a
theory grounded in the data. The following subsections are derived
from the steps of the above-stated inductive methodology of [67],
including key elements of [29], and provide detailed explanations of
our research approach and its implementation.

3.1. Data collection

For our identified research topic of hydrogen market design, we
next need to generate data through semi-structured interviews. We
employ the theoretical sampling approach to select adequate interview
partners, resulting in five expert groups [29,68]: utility companies
(Utility), industrial companies of high-priority hydrogen applications
(Industry), commodity energy exchanges (Exchange), government, po-
litical and research institutes (Institutes), and the energy sector focus
of consulting companies (Consulting). These expert groups represent
future hydrogen producers, transmitters, traders, certifiers, buyers, pol-
icymakers and regulators. This approach is in line with GTM, which
suggests that the primary criterion for selecting comparison groups is
their relevance for advancing emerging categories [29]. The selected
expert groups were further recently confirmed as the most relevant
stakeholders by [69], who performed a stakeholder analysis for the
German hydrogen market, which was published after our interviews.

The interviewed experts were selected and prioritized on the following
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Table 1
Characterization of the research sample.
Category Characteristic Number in %

Organization

Industry (ID) 5 31
Institute (IS) 4 19
Utility (U) 3 19
Consulting (C) 3 25
Exchange (E) 1 6

Gender Male (M) 15 94
Female (F) 1 6

interview recruiting criteria: having valuable expertise in the hydrogen
market, market regulation and/or commodity trading, contributing to
variation in future hydrogen market roles, contributing to variation in
organization types, contributing to gender balance and contributing to
generation balance.

Based on these interview recruiting criteria, own research, and
contacting relevant organizations through industry collaboration part-
ners, we identified 46 potential interviewees in these highly specialized
fields. We focus our interviewees on German organizations, as Germany
represents the largest European country in hydrogen demand today and
will become even more relevant on a global scale until 2030 as well
as 2050 [5,6,70]. Furthermore, many of the interviewed organizations
represent large leading players in European or even global markets. Af-
ter prioritizing 33 particularly suitable candidates, we and our industry
collaboration partners reached out via e-mail and LinkedIn.

In total, we conducted 16 expert interviews. Most of the interviewed
experts were heading the hydrogen, trading and/or regulatory depart-
ments of their respective organizations. The suitability of these experts
for answering our research questions was additionally supported during
the introductory stage of our interviews. All interviewees stated that
their organizations perceive hydrogen as an essential strategic topic
and expect significant market developments within the following years.
Therefore, their organizations already started with organizational struc-
turing measures (e.g., creating hydrogen departments) and operative
preparation (e.g., conducting pilot projects) to perform well in the
future hydrogen market. As shown in Table 1, we conducted the
most interviews with experts from the industry sector, including one
certification service provider. The reason is that the industry sector is
quite diverse, representing future hydrogen producers, certifiers, and
buyers. More concentrated sectors, such as exchanges and utilities, are
hence represented with fewer interviewees. Moreover, the distribution
between 15 male interviewees (94%) and one female interviewee (6%)
seems uneven. However, this number closely correlates with the three
women identified within the 46 potential interviewees and is driven by
the low share of women in senior management positions in the energy
sector of below 14% [71].

As we promised anonymity to the interview partners, we used codes
for each interviewee to put quotes in Section 4 into context. The first
letters represent the organization type, and the numbers represent the
interview order.

For the GTM, the interview type should allow flexibility as the
objective is to create a theory [30]. As mentioned by the authors, it
is advantageous to maintain consistency over the covered concepts in
the interviews. Hence, we chose semi-structured interviews for our ap-
proach, as they allow for consistency without limiting additional topics
or the necessity to follow a specific sequence [30]. This approach aligns
with [68], who recommends semi-structured interviews for researchers
who require flexibility, comparability, and a relatively simple interview
form.

Literature provides differing opinions on conducting a literature
review before the interviews. While Glaser represents the original opin-
ion from 1967 that literature review increases bias, other researchers,
including Strauss, argue that, especially for semi-structured interviews,
32

consulting literature without judging its conclusion helps broaden the
mind and discover new insights [29,30,67,72]. As the topics analyzed
in this work are rather complex, we conducted a literature review
before the interviews.

We divided the semi-structured interview guideline into an intro,
four main question sections, and an outro. The main part covers the
topics of commodity trading, analogies to the gas market design, trad-
ing system, and model hydrogen market design. Following [68], the
semi-structured interview guideline was tested and adjusted before
interviewing the first experts. The interviews were conducted between
January 19th and March 1st 2022 using the video conference tool
Zoom. The interview language was German. More than 11 h of audio
material was produced, with an average interview duration of 43 min
(ranging from 33 to 56 min). Following the GTM, we modified the
semi-structured interview guideline several times during the interview
process [67]. Additionally, we adjusted the interview guideline to
the expected focus of expertise of the interview partner, for example
expanding the discussion on infrastructure regulation with the Utility
expert group and analyzing the future trading setup in detail with the
Exchange expert group. A version of the final general interview guide
is attached in Section A of the Appendix.

Following [67], we anonymized all interviews for privacy protection
and reduction of potential biases. To further encourage interview part-
ners to share their perspectives openly, we granted full confidentiality
at the beginning of the interview and gave an overview of the research
project beforehand. Furthermore, interviewees could skip questions if
they did not feel in the position to answer them.

3.2. Data analysis approach

As typical for the GTM, we use an iterative approach. Data col-
lection and analysis are ongoing parallel processes to create concepts,
categories, and core categories until theoretical saturation is reached
and the theory can be articulated [66]. Following the suggestions and
transcription rules of [73], we transcribed the conducted interviews
completely. We used standard orthography, did not transcribe filler
words, non-verbal expressions, pauses, or repetitions without specific
purpose, and marked incomprehensive parts with brackets.

Coding represents the fundamental analytics process of the GTM,
which is differentiated into three steps [66]. Open coding, also called
first-order analysis by [67], aims to break down the data analytically.
While constantly comparing observations, conceptual labels are as-
signed to text segments [66,67]. Within the next step, the second-order
analysis, categories are connected and hypothetical patterns emerge,
which are verified against incoming data [66]. The last step, selective
coding, aims to distill and aggregate the emergent categories even
further. This results in core categories representing central phenom-
ena [66,67]. We used the qualitative data analysis software MAXQDA
to apply the described coding approach. In total, 17 categories and
four core categories emerged, which are outlined in Section B of the
Appendix. Section 4 presents the four core categories and the associated
categories in detail.

Regarding the proper number of interviews for the GTM, [30]
suggest that primary saturation is reached when no new concepts are
emerging. As shown in Fig. 1, the number of new concepts decreased
significantly after the sixth interview, with only a few new concepts
emerging in the last interviews. This observation aligns with [74], who
explored that elements for main themes are found already during the
first six interviews, and saturation is usually reached within twelve
interviews.

4. Results

Four core categories emerged throughout the qualitative data anal-
ysis of the 16 conducted interviews: Hydrogen Market Development,

Hydrogen Value Chain, Hydrogen Market Regulations, and Hydrogen
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Fig. 1. Saturation of concepts distilled from the interviews.

Commodity Trading. The included concepts occurred in various inter-
views to ensure representativity. The first two core categories were
covered to put our main findings into context. Hence, related results
can be found in Section C of the Appendix. Further, additional highly
relevant quotes are included in Section C.3.

4.1. Hydrogen market design and regulation

First, we focus on the design of future hydrogen regulation and point
out the parallels to the natural gas market. We cover infrastructure
regulations, appropriate market development policy interventions, and
associated risks.

Regarding the feasibility of transferring regulation from the natural
gas to the hydrogen market, U10 says that ‘‘(. . . ) the gas market works
well and you start by taking as much of it as feasible ’’ (U10: 15). C01,
IS05, and IS13 go even further and propose merging the natural gas and
hydrogen market regulations to exploit synergies. However, the inter-
viewees also observed some differences and advise profiting from the
lessons learned in deregulating the natural gas market. U12 questions
whether all regulations applied in a developed market such as natural
gas are feasible in the ramp up phase. IS05 adds that the hydrogen
regulation can already start at a very high development level. Another
difference is the market scope that, according to our experts, will
become global much earlier on than the natural gas market. Because of
blending opportunities, defining feed-in regulations for hydrogen into
the natural gas networks is of high importance. Those measures should
mainly focus on an EU-wide maximum feed-in hydrogen concentration
(e.g., 10%) and rules on who is authorized to feed in which volumes.
For the next years, however, there is consensus among the interviewees
that blending of natural gas and hydrogen is infeasible on a large scale
as the industry asks for pure hydrogen.

While the interviewees largely agree on the regulation of the hydro-
gen transportation system in its target state, recommendations for the
ramp-up phase are less clear. U12 states: ‘‘I am not sure whether we
should have something like a virtual trading point right from the start
or whether we should use point-to-point transports at the beginning.’’
(U12: 29). U10 agrees and but argues to implement an entry-exit model
in the long run. The interviewees advocate TPA and non-discriminatory
infrastructure access. Another central infrastructure regulation aspect
is unbundling. Our experts generally support the approach of vertical
unbundling without a clear consensus about the regulation’s introduc-
tion time. Some interviewees, like U10, suggest applying unbundling
in the early stages and transferring the regulation from the natural
gas market. U12 supports this proposition and stresses that the current
players in natural gas, who might also provide the hydrogen infras-
tructure, are already unbundled. Others fear that unbundling might
33
discourage the development of the required hydrogen infrastructure
and production, as companies who develop infrastructure assets might
end up with stranded investments. To address this fear, C01 and IS13
can picture ‘‘(. . . ) a time window of 5 to 10 years in which we
allow transmission system operators to deviate from these unbundling
regulations and also become hydrogen producers or hydrogen users.
But it is clear from the onset that these parts of the company will be
sold to other market players after this limited period.’’ (IS13: 19). With
this approach, the companies can still calculate an overall business case
for a number of years. C03 and IS05 explain that pipeline fees might
become a challenge during the market ramp-up phase while volumes
are low. IS05 criticizes the too-small cross-subsidization planned in
the new gas directive and suggests that a unit of capacity in natural
gas should be priced the same as a hydrogen unit. IS13 agrees that
cross-subsidization is a fair solution. He explains that in the beginning,
natural gas consumers could subsidize the hydrogen transport costs and
later receive a subsidy through hydrogen transport costs.

The interviewed experts support that policy measures will play
an integral role in ensuring a timely hydrogen market ramp-up, as
hydrogen will be ‘‘(. . . ) a politically organized ramp-up and market.’’
(IS15: 5). When asked about suitable policy measures to support the
hydrogen market development, our interviewees recommended the
instruments of direct industry subsidies, a CO2-price increase, carbon
contracts for difference (CCfD), adjusted green electricity taxation and
hydrogen usage quotas for selected applications. These instruments
do, however, not always work in an additive way, as ‘‘(. . . ) there
are reciprocal relationships between the instruments. This does not
necessarily contribute to efficiency and clarity about the individual
instruments. I would always prefer few instruments, (...) but then please
implement them effectively and with full also political support.’’ (IS05:
27). Policymakers can make the supply and usage of hydrogen more
attractive by improving their business case through direct industry
subsidies. Despite knowing that operational expenditure (OPEX) will
be high, the interviewees strongly recommend focusing on capital
expenditure (CAPEX) subsidies. C01 advises avoiding repeating the
mistake of long-term financial subsidy support as occurred through
Germany’s Renewable Energy Sources Act. IS13 supports this statement
and adds: ‘‘Suppose a project cannot cover its running costs despite
the change in the government-induced price and a CAPEX subsidy.
Then, frankly, I think the project is so bad that it should be left alone.’’
(IS13: 15). Additionally, the interviewed agree on a CO2 price increase
to close the cost gap between hydrogen and fossil fuels. However, a
CO2 price increase alone might not suffice and might disadvantage
German and European companies on a global scale. C01 sees a chal-
lenge to European companies in global competition, as an imminent
agreement on a minimum global CO2 price is unlikely. Therefore, a
possible additional or alternative instrument is using temporary CCfD
for products such as steel or green methanol to compensate price
difference on global markets. Those CCfD could be lifted once other
regions decarbonize. Another measure with which policymakers can
influence green hydrogen prices is reducing related taxation. Especially
tax reduction on renewable electricity could have a strong effect as
the electricity procurement costs are a critical cost driver. ID06 adds
that hydrogen should ‘‘(. . . ) preferably not be burdened by any tax,
government levy, or similar.’’ (ID06: 11). Another measure that creates
pressure for future hydrogen applying industries is based on the intro-
duction of quotas, e.g. for green steel production. The experts suggest
extending existing quotas, for example, in the refinery industry. IS05
mentions that introducing such quotas, however, has to be linked to
hydrogen availability.

Our experts share associated reservations and potential risks regard-
ing the future design and implementation of policy measures. They
fear the current hydrogen regulatory uncertainty might persist and
slow down the market development and infrastructure buildup. U14
underlines that ‘‘we need perspective, reliability, and stability. You can
live with many regulations, good or bad. You have to rely on the fact
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that they will last when we make investment decisions.’’ (U14: 35). U10
shares this assessment and argues that the sooner regulatory certainty is
given, the faster the hydrogen market can develop. Furthermore, C03
and IS15 worry that subsidies might be mainly invested into a few,
potentially infeasible business models for hydrogen applications. They
highlight that such inefficient business models could emerge through
long-running funding (e.g., OPEX subsidies).

Another emerging topic is the perceived risks that too strict reg-
ulation might carry. Firstly, to mitigate potential market development
challenges, the interviewees advocate for a step-wise approach in intro-
ducing some regulation. C01 even suggests that ‘‘(. . . ) in the beginning,
monopoly positions in quotation marks, or closed ecosystems will prob-
ably be necessary to reach a certain maturity of the technology and the
application because I just have a closed business case.’’ (C01: 25). At the
same time, many interviewees emphasize that competition is crucial for
a decrease of hydrogen prices and that competition should be ensured
by market concentration and monopoly control. IS05 raises the concern
that very strict European hydrogen standards could lead suppliers to
transport their hydrogen to other regions with lower requirements. E04
emphasizes that other hydrogen colors than green can help support the
market ramp-up. However, a lock-in effect into using blue hydrogen
needs to be avoided. Another substantial aspect for which many of our
experts are convinced that the regulations are too strict is the delegated
act of the RED II. While they agree that electricity for hydrogen
production should be of renewable origin, the interviewees are certain
that the regulatory guidance of geographical correlation, especially
temporal correlation, and the element of additionality will harm the
green hydrogen market ramp-up. IS13 criticizes the additionality rule,
which leads to missing out on using the RES capacity during high
electricity generation and low electricity demand periods. U14 agrees
with this criticism and alludes to the lengthy planning and installation
period for new RES of seven to eight years.

4.2. Hydrogen commodity trading

The following presents the advantages and the prerequisites for
hydrogen commodity trading. Moreover, the development of hydrogen
trading and the trading system are addressed.

Our interviewees agree that hydrogen trading will increase hydro-
gen market efficiency. The interviewees believe that exchange-based
commodity trading ensures market access, price transparency and liq-
uidity. These exchanges also allow to hedge risks, which is especially
beneficial in a young market. In agreement with many other intervie-
wees, ID02 defines the prerequisites for hydrogen commodity trading
as the following three aspects: ‘‘That a supply and demand market
develops, that it can be transported, and that there (. . . ) is clear labeling
for the quality.’’ (ID02: 23). Our experts predict that hydrogen will
become a tradable commodity, for which trading will be established
between 2030 and 2035. However, this development will take time and
higher available volumes, as the hydrogen market will be characterized
by bilateral agreements in the next years. E04 suggests that a more
transparent hydrogen pricing estimation could be achieved by creating
a hydrogen price index based on bilateral contracts. C01 also sees ad-
vantages in such indices, as these enable hydrogen proxy trading on the
index. Further, ‘‘(. . . ) exchange trading plays an important role right
from the start in creating price transparency and (. . . ) also developing
the market. And liquidity then builds up as a result. That can happen
right now. As I said, actively accompanying the market ramp-up.’’ (E04:
5). C01 is sure that as soon as hydrogen ‘‘(. . . ) has arrived in the real
economy, there will be a market, and it will automatically find its
way to the exchange. In Europe, we have at least three large energy
exchanges that are also looking for new business models with the EEX,
Nordpool, and ICE (. . . ).’’ (C01: 27).

Strong analogies between the natural gas and hydrogen market
regarding the trading system were explicitly pointed out by 13 of the
34

16 interviewees. C01 is ‘‘(. . . ) sure there will be a similar structure as
in the natural gas market where there are different time periods that
are traded in the futures markets and then some spot market for short
term balancing of supply and demand.’’ (C01: 31). Next to trading on
energy exchanges, OTC trading is expected to be established. Hydrogen
derivatives also have to be considered as the hydrogen economy grows,
as imports are mostly in the form of ammonia or methanol. For the
hydrogen GHG emission-certification, two approaches were proposed.
IS07 and IS13 advise the use of mass balancing to ensure that in
addition to the production, GHG emissions caused by other factors, like
transportation, could be considered. E04 counters, however, that ‘‘(. . . )
out of a trading view, a market ramp-up can only work if there is trad-
ing with guarantees of origin [GO]. That means to trade product and
origin separately.’’ (E04: 21). The majority of the interviewees shares
this suggestion which corresponds to the book and claim approach. This
approach allows for simple balancing and straightforward tradability
according to E04. Regarding the regional scope of the certificate sys-
tem, the interviewees advise to establish an at least EU-wide system
that is later extended to a global one.

5. Discussion

We conducted 16 semi-structured interviews with five different
groups of potential hydrogen market stakeholders. Although the inter-
viewees’ backgrounds were heterogeneous, we identified a consensus
on crucial market design topics among the interviewees. We found
that recommendations for regulation and policy measures have strong
interdependencies. Hence, developing a holistic understanding of the
hydrogen market’s functioning and development is necessary for cre-
ating a suitable market design with efficient hydrogen commodity
trading. We identified three core areas to be covered in the European
hydrogen market design and policy measures to support market de-
velopment and establish efficient hydrogen commodity trading from
2030–2035 onwards. We illustrated the key results in Fig. 2.

In addition to the subsequent detailed discussion comparing our
findings to the literature, Section D in the Appendix provides a further
graphical comparison.

5.1. Market development policy measures

Our experts strongly recommend that policymakers quickly create
planning certainty from the political side, as it is essential for market
players to start executing investments and overcome challenges such as
the chicken-and-egg problem in the market ramp-up. This finding aligns
with current hydrogen literature, which supports that policymakers can
significantly influence hydrogen market development and underline
the urgency of setting a regulative framework and creating investment
incentives [4,15,16,19,32,75].

To support market development, the hydrogen strategy of the Eu-
ropean Commission mentions the option to provide direct industry
funding support [76]. Our interviewees suggest focusing on providing
direct industry support on CAPEX instead of OPEX. This recommenda-
tion contradicts multiple reports that state that subsidies should address
CAPEX and OPEX [19,32,59]. However, our experts indicate that the
prerequisite for financial support should be a solid operational business
model.

Our interviewees stress that policymakers must ensure the opera-
tive feasibility of hydrogen production requirements. However, article
27 in the delegated act of RED II requires that the green electricity
from RES and hydrogen production must correlate geographically and
temporally, and only electricity from additionally built RES can be used
starting in 2026 [51]. Such strict regulations might significantly aggra-
vate hydrogen production capacities and delay market development.
Hence, we recommend that policymakers revise this article and suspend
such requirements until a more mature hydrogen market has emerged.
This recommendation agrees with the plead of other associations to
mitigate or drop those strict regulations [32,52]. A very recent analysis
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Fig. 2. Core hydrogen market design criteria and policy measures.
by [77] on the effects of this strict hourly simultaneity requirement
also argue for its relaxation, as a more flexible definition can reduce
hydrogen cost while not leading to increased power sector emissions.
In their most recent amendment of RED II in October of 2023, the
Council of the European Union agrees to evaluate the impact of this
additionality and temporal and geographical correlation rule on the
availability and affordability of hydrogen by July 2028 [78]. While the
agreement to evaluate this issue is positive, given the long planning
times of hydrogen projects, the persisting uncertainty of this regulation
might still impede hydrogen market growth.

In line with the existing literature, we suggest CCfD in specific sec-
tors with intense international competition, where the CO2 price might
be insufficient for the profitability of using hydrogen-based production
methods instead of conventional production [8,19,21,76]. Our findings
also match the literature suggesting introducing quotas for specific
materials that can be produced using hydrogen, such as fuels, steel,
or fertilizers [8,19,21,76]. Besides direct industry support, CCfD, and
quotas, the European Commission declares it a critical action to explore
additional support instruments [76]. Our analysis identified two sup-
plementary measures to foster hydrogen market development. Firstly,
introducing higher CO2 prices increases green hydrogen applications’
competitiveness over conventional production methods. Researchers
and organizations agree with the significant effects of CO2 pricing and
emphasize the need for a more internationally consistent CO2 pricing
scheme [21,32]. Secondly, in line with related literature, we suggest re-
pealing all taxes, levies, and duties on green electricity used to produce
green hydrogen [8,19,32,59]. As green electricity represents one of the
main cost drivers for green hydrogen production, this measure allows
for more competitive hydrogen prices and faster market development.

5.2. Infrastructure regulation

Building upon literature that expects infrastructure regulation analo-
gies to the natural gas market, we analyzed which regulations should be
transferred to the hydrogen infrastructure market design [23,32,47]. As
in previous studies, our interviewees confirm that hydrogen will mainly
be transported by a pipeline network, for which also existing natural
gas pipelines could be retrofitted [1,5,32,56,57]. We suggest cross-
subsidies between hydrogen and natural gas infrastructure, which is
controversially discussed in the literature [59,75,79,80]. Infrastructure
cross-subsidization avoids high hydrogen pipeline fees during the early
market stages and hence accelerates the market ramp-up. Hydrogen
could again cross-subsidize gas infrastructure costs in the long run.

Our experts advocate for certain key regulations to be introduced
analogous to the natural gas market. Requiring TPA ensures transpar-
ent and non-discriminatory access for all future hydrogen suppliers.
Unbundling avoids monopolies throughout the hydrogen value chain,
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and the entry-exit system provides operational feasibility and trading
flexibility for hydrogen transport. These recommendations can also
be found in the literature [19,20,23,45,59,75]. We answer the open
question about regulation introduction time in the literature with two
options. Either regulation should be introduced from early on to max-
imize planning certainty or after a predetermined grace period for a
liberal market development.

While our experts agree that blending hydrogen in the natural gas
network is inefficient and hydrogen should be primarily used in its pure
form in the following years, we find that EU-wide feed-in regulation
should still be introduced in the long run [19,45,75]. As the literature
suggests, policymakers should cover the permitted concentration of
hydrogen within the natural gas grid. The latest proposal for a regu-
lation on the internal markets for renewable and natural gases and for
hydrogen suggests an upper limit for blending of 2% hydrogen [81].
Moreover, we recommend that regulation should clearly define which
players are authorized to inject which amounts of hydrogen.

5.3. Hydrogen and certificate trading

Our experts confirm that the hydrogen commodity trading system
should be designed analogous to the natural gas trading system, in-
cluding OTC trading, energy exchanges, a spot market, and a future
market [1,20,23,45]. Energy exchanges can actively accompany the
hydrogen market development by providing hedging opportunities,
liquidity, and transparency. Moreover, we find that a hydrogen price
index launched by energy exchanges can play a significant role already
in the early market stages, as recommended by [45]. Accurate price
indices based on information from bilateral contracts can provide price
transparency in the ramp-up phase of the market, thereby increasing
trading volumes. The EEX supports this approach and launched the first
market-based index for hydrogen, HYDRIX, in 2023 [82].

Our interviewees agree with the European Commission’s suggestion
of EU-wide certificates reflecting GHG emissions [76]. To support a
global hydrogen market and significant expected imports, especially for
the large future German hydrogen market, we suggest a certification
scheme that is at least EU-wide and ensures international interoperabil-
ity. Related literature discusses mass balancing or the book and claim
system as potential tracking models for tracing renewable hydrogen
along the value chain [52]. The European Commission suggests the
mass balance system in RED II [51,52]. However, to allow for greater
flexibility and efficient commodity trading, our analysis concludes
that the physical hydrogen products and the certificates should not
be linked. Instead, the book and claim system based on GOs should
be introduced, similar to the case of renewable electricity. Several
studies support the book and claim system as an adequate tracking
model [19,20,23,59,75].
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6. Conclusion

We investigate the core market design criteria and market develop-
ment regulation for an efficient hydrogen commodity market in Europe.
Based on an inductive approach of the GTM, we conducted 16 semi-
structured interviews with different players along the hydrogen value
chain to provide a holistic perspective. Other researchers could comple-
ment our findings by gaining insights from diverse European countries,
such as hydrogen-export-focused countries, and non-European experts,
or through quantitative methods such as surveys. As we aimed to pro-
vide a holistic perspective on key market design choices, future works
could dive deeper into the implementation details of individual dis-
cussed regulatory measures, such as quantification of hydrogen goals,
region-specific perspectives, quantification of subsidies, or specific in-
frastructure deliverables. We cover three core areas for the European
hydrogen market design and policy measures to support market de-
velopment and establish efficient hydrogen commodity trading from
2030–2035 onwards: Market development policy measures, necessary
infrastructure regulations, and functioning hydrogen and certificate
trading setup. Our main findings in these areas include:

1. Market development policy measures

1.1 Policymakers need to urgently reduce regulatory uncer-
tainty.

1.2 Direct financial support through CAPEX subsidies should
be provided.

1.3 Policymakers need to push the profitability of hydrogen
business models.

1.4 Policymakers should avoid very strict green electricity
regulations, such as in Article 27 of RED II.

2. Infrastructure regulations

2.1 As for the natural gas market, fundamental regulations
such as third-party access, unbundling, and the entry-exit
system should be introduced early on or after a grace
period to favor liberal market development.

2.2 EU-wide feed-in regulations in natural gas infrastructure
and infrastructure cross-subsidization should be explored.

3. Hydrogen and certificate trading

3.1 Energy exchanges can play a fundamental role in the
hydrogen market development by providing hedging op-
portunities, liquidity, and price transparency.

3.2 The book and claim system on at least an EU scale should
be used to for GHG certification.

Our findings are especially relevant for policymakers, as we pro-
vide guidance on appropriate measures to support hydrogen market
development, market design as well as infrastructure regulation. The
results further support gas and future hydrogen infrastructure providers
in gaining a more detailed understanding of potential future infras-
tructure governance and regulation. Our analysis can accelerate market
development for future hydrogen producers and consumers by giving
clear recommendations on which regulation they can advocate and plan
for. Energy exchanges can leverage our findings to define their offering
in the emerging hydrogen market.
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