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Abstract 

Renewable hydrogen is a crucial element of the energy transition towards climate neutrality. A 

key aspect of the development of a hydrogen economy is a suitable market design. Public and 

science discuss aspects like generation, consumption sectors, and infrastructure in detail. 

However, the discussion of the design options for the hydrogen market is insufficient. The 

current discussion does not cover different possibilities of the final market states. Thus, this 

paper focuses on options for the future hydrogen market design.  

The paper presents a two-step approach to identify market designs. First, a literature review 

and morphological analysis using the electricity and gas market as references provide the 

basic elements and values of the options. Second, three different infrastructure scenarios for 

Germany provide the basis for expert interviews to derive suitable market designs.  

The analysis results in seven elements that are crucial for the future hydrogen market design. 

The market design should cover the elements marketplace, trading period, price formation, 

cost components, price orientation, prequalifications, and geographical coverage. The 

interviews show that over-the-counter trading and, with increasing regional coverage and more 

participants, stock exchange trading will be part of the market. The implementation of the stock 

market requires sufficient market liquidity of the seller’s market dominated by potential 

generation costs. Further aspects of an exchange in combination with prequalifications would 

be higher transparency and access to information. These aspects could positively influence 

the development of the hydrogen economy.  

Keywords: Renewable Hydrogen, Market Design, Hydrogen Economy, Energy Policy, Power-

to-Gas 

JEL Codes: K2, L1, L5, N54, N74, O24, O25, Q21, Q27, Q41, Q42
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Abbreviations:  

BNetzA  – Bundesnetzagentur, German Federal Network Agency  

CT  – Continuous trading 

FP   – Fixed Price 

LT  – Long-term trading 

OTC   – Over-the-counter  

SE   – Stock exchange 

UP   – Uniform Pricing 

1. Introduction 

The energy carrier hydrogen is increasingly becoming the focus of scientific and public 

discussions. Renewable hydrogen based on wind or solar power is an essential part of 

reaching climate neutrality in Germany by 2045 [1] and supports the realisation of the  

Sustainable Development Goals by the United Nations [2]. The hydrogen economy promotes 

sustainable development not only in terms of climate action and access to clean energy. The 

transition enables also the development of new business models and associated markets, and 

thus a more sustainable form of industry [3]. The National Hydrogen Strategy was published 

by the government in 2020 to demonstrate the need for the use, the potential of renewable 

hydrogen and the implementation of a hydrogen economy. Hydrogen technology is considered 

to play a key role in the energy transition due to the wide range of possible applications in the 

various sectors. The aim is to create a ramp-up of the hydrogen market in Germany and to 

position German companies competitively for the international market [4].  

In the short and medium term, renewable hydrogen is to be used in industry. In the long term, 

additional use in the transport and further hard-to-abate sectors is conceivable if there is no 

feasible alternative. Extensive use cases in the building heating sector are to be rated as 

unlikely. The scientific discussion is primarily focused on the future demand quantity as well 

as the potential production processes and costs [5]. This is linked to the debate about the 

future hydrogen infrastructure. The size of a hydrogen network depends significantly on the 

volume of demand and production [6]. The question of the design of the future hydrogen market 

remains largely unaddressed. The central question of the paper is: What can the future 

hydrogen market design look like, using Germany as an example? 
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The identification and systematisation of potential design options of energy markets is the first 

step in answering the research question. Current energy markets function as references to 

derive the design options for a hydrogen market. Grid-based energy markets are suitable given 

the assumption that hydrogen grid infrastructure will ensure the supply in the long term. Thus, 

the German electricity and gas markets are references for the design. The German electricity 

market is a good reference as has been the subject of numerous debates in recent years. 

Furthermore, the electricity market is one of the most liquid energy markets in Europe [7]. The 

natural gas market is suitable because of the analogy between natural gas and hydrogen [8–

11]. The physical similarities enable the transfer of conclusions on hydrogen. This aspect 

applies to the transport and infrastructure dimension of a hydrogen market [9,12–14]. 

The morphological analysis is a proven method for the systematisation of a complex market 

structure like gas and electricity [15,16]. A keyword-based literature review serves to identify 

the elementary characteristics of both markets. To answer the research question, the 

morphological analysis for the hydrogen market is assessed using a web-based expert survey. 

Different market design options are derived based on three infrastructure scenarios. The 

adaption of the scenarios of the Bundesnetzagentur (BNetzA) provides different scenarios [6]. 

The consideration of three scenarios enables the evaluation of the hydrogen market under 

different framework conditions. 

The paper is structured as follows. Chapter 2 presents the state of research. Chapter 3 

describes the methodology in detail. Chapter 4 presents the results of the morphological 

analysis of the electricity and gas market. Chapter 5 presents and assesses the hydrogen 

market design based on the expert survey, considering the three infrastructure scenarios. 

Chapter 6 concludes with a summary and provides an outlook. 

2. Status Quo  

Various recent studies highlight the importance of hydrogen as an energy carrier for the energy 

transition. Two dimensions prevail in the debate of the hydrogen market development. 

Research and public debate focus on production and use in the consumption sectors. 

On the one hand, it concerns the area and scope of application in the demand sectors. This 

ranges from focused use in industry and long-distance transport to more extensive use of 

hydrogen in further applications. The debate relates to the spectra of direct electrification 

versus indirect electrification via hydrogen and synthetic energy carriers [5,17,18]. The 

efficiency aspect reduces the use cases for hydrogen [19], e.g., in the heating sector [20] or 

transportation [21]. The focus on hard-to-abate sectors like the industry [22] is also supported 

by an infrastructure perspective as the conversion of distribution grids is economically 
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questionable [23]. These aspects concern the scope and scale of the hydrogen economy and 

the suitable market design.  

Second, the debate includes managing the development of the supply side. The discussion 

focuses on the production processes and their climate impact. The spectrum here ranges from 

exclusively renewable hydrogen from renewable energies (e.g., wind or photovoltaics) to a 

product based on fossil natural gas (e.g., in combination with carbon capturing and storage) 

[24,25]. The background of this discussion is the scarcity of renewable hydrogen within the 

next years [5]. In the long term, different energy system studies show a high range of supply 

quantities to cover the demand for renewable hydrogen [5,17]. However, Blanco et al. (2022) 

show that most energy system models do not consider aspects of the market design [26].  

Various studies investigate measures to improve the economic situation of hydrogen 

production and applications. Farell (2023) investigates support schemes for different sectors 

and the benefits concerning a cost-effective energy transition [27]. Further studies focus on 

the coordination of the electricity and gas sectors to improve the integration of renewable 

hydrogen production into both systems.  

Further authors investigate hydrogen market aspects from a modelling perspective. Guo et al. 

(2021) apply an equilibrium model to a regional hydrogen market. They assume peer-to-peer 

trading and see further requirements for clearing mechanisms in a coordinated electricity and 

hydrogen market [28]. Zhu et al. (2023) derive conclusions on the framework of a local 

integrated energy market using a two-stage market-clearing model. Their focus is on the 

integration of intermittent renewable energies by proposing a trading mechanism for market 

clearing to maximise profit [29]. However, the authors do not discuss further elements of a 

hydrogen market. The authors Bucksteeg et al. (2023) focus on a single aspect of the hydrogen 

economy. They investigate the integration of the power-to-gas sector into the electricity sector 

by analysing the effect of carbon pricing schemes [30].  

The current research shows a research gap regarding the market design of the hydrogen 

market. Mulder et al. (2019) investigate possible market failures in the development of a Dutch 

hydrogen market. They identify that the implementation of a wholesale and retail market and 

regulatory aspects along the hydrogen value chain is beneficial for the hydrogen economy [31]. 

Robinius (2015) considers the market design of a hydrogen market exclusively in the context 

of domestic generation for road transport. He uses analogies to gas market design for his 

evaluation [11]. Krieg  (2012) [8] and Reuß (2019) [10] also refer to the gas market design in 

their studies on hydrogen infrastructure but focus on technical elements of regulation. In 

addition, previous approaches consider the development and regulation of the infrastructure 

[6]. Thus, the current research is limited to single elements of a hydrogen market. There is a 

need for research on the elements and options of hydrogen market design.  
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3. Methodology  

The elaboration of market design options consists of two parts (see Figure 1). The first part 

derives the general market design options using a morphological analysis [32]. The grid-based 

energy markets for electricity and gas serve as a basis for the morphological analysis. A 

literature review enables the systematisation of the two markets. The second part uses expert 

interviews to evaluate the market design options using possible market developments. Three 

scenarios are assumed for the possible hydrogen economy development. The three scenarios 

are based on infrastructure development scenarios by the BNetzA [6]. The scenarios represent 

the widest possible range of solutions regarding the possible use of hydrogen. 

 

Figure 1: Approach to identify scenario-dependent design options for a hydrogen market. 

The presentation of the general design options for the energy markets of electricity and gas 

uses the morphological analysis. The morphological analysis is a creativity technique for 

investigating relevant aspects of a problem [16,33,34]. The method enables the systematic 

identification of solutions and the generation of new concepts, e.g., business models and 

market segments [34,35]. The method of the morphological analysis is proven in management 

and for the segmentation of a complex market [16,33].  

Hence, the morphological analysis is well suited for the identification of design options for a 

hydrogen market. The use of the method classifies the complex overall system of the electricity 

and gas market into its basic elements. Each element can take on different values, e.g., the 

commodity can be “electricity”, “gas” or “hydrogen”. The set of considered elements of a 
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system and their values form the morphological field of the market [34]. This field represents 

the complete solution space for the research question about the hydrogen market design 

options. Potential solutions can be achieved by combining the values of different elements 

[33]. Solutions that cannot be realised can be excluded [16].  

The identification of the elements and values of the morphological field uses a keyword-based 

literature review. Separate viewing of the electricity and gas markets allows a structured 

presentation of all aspects. The literature review uses the keywords "electricity market", "gas 

market", "energy market" or "-economy" individually and in combination with the keywords 

"structure", "design" and "layout". The literature search uses the keywords in English and 

German. The publications are limited to the years after 2011 as the so-called “Energiewende” 

caused a transformation of the energy sector. This ensures that the elements and values of 

the current electricity and gas market are captured. 

Following the review, literature is examined regarding the available information on the design 

of the electricity and gas markets. This approach identifies articles in the literature that deal 

with the structure of one or both markets. The analysis and comparison of the articles enable 

the identification of the elements of both markets. The analysis of the fundamental market 

elements and values starts with the electricity market. The literature on the electricity market 

is more comprehensive providing better analyses and more information. The analysis of the 

gas market adds specific aspects of gaseous energy carriers. The additional information is 

relevant due to the physical similarities between methane and hydrogen. The solution space 

for a hydrogen market is represented by the elements and values of both markets. 

The future role of hydrogen as an energy carrier is currently the subject of controversial debate. 

The final infrastructure and scale of the hydrogen economy are still unclear. For this reason, 

the three scenarios exemplify a different extent of use of hydrogen including the regional scale. 

The scenarios exemplarily represent a range from a local to an extensive, interregional 

hydrogen supply. The grid infrastructure scenarios are a theoretical construct for three 

hydrogen grids with different degrees of development and regional coverage. The scenarios 

serve as a tool for verbalising the hypothetical solution space. 

Scenario 1: Local, island networks. The individual regions are not interconnected and 

there is almost no exchange between the regions. 

Scenario 2: Local, island grids, additional connected via some individual long transport 

pipelines. The demand in some clusters cannot be fulfilled by local generation. There 

are regional centres of hydrogen production and consumption that have limited 

exchange with each other. Thus, not all hydrogen clusters have connections, and the 

local networks are rather small.  
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Scenario 3: Closely meshed distribution grids, individual long transport lines. 

For Scenario 3, BNetzA's report states that infrastructure with close-meshed 

distribution grids and long transport lines is conceivable if hydrogen is used in the 

heating or building sector [6]. However, there is currently one energy system study that 

considers the use of hydrogen in decentralised heat as part of the solution space [36–

38]. Scenario 3 is thus purely representative of a scenario in which hydrogen is primarily 

traded in a much more liquid market with considerably more market participants than 

in Scenario 2. 

The general solution space of the morphological analysis, together with the three infrastructure 

scenarios, represents the starting point of the expert interviews. The interviews evaluate the 

design options of the different scenarios. The screening for the survey is based on professional 

background and includes stakeholders from the energy sector and the evolving hydrogen 

economy [39,40]. The interviewees should have expertise in the market design of the energy 

industry and/or in hydrogen projects. This includes people from research institutions, industrial 

companies, associations, and foundations as well as legal and technical-economic 

consultancies. The selected persons get information on the objective of the research, the 

elements and values of the solution space and an anonymised survey. The interview design 

allows the selection of only one value per element. This design enables the identification of a 

clear tendency among the experts concerning the preferable market design for each scenario. 

Market liquidity is used as an additional evaluation criterion. The degree of market liquidity is 

a prerequisite for the design of a functioning market design [41]. An assumption regarding 

market liquidity is made by each interviewee at the beginning of each evaluation of a scenario. 

This aspect is important as the number of players, the number of bids and the trading volume 

are the main factors influencing liquidity. In principle, the more players, the higher the number 

of bids and the greater the trading volume, the more liquid and the more "perfect" the market 

[42].  

4. Morphological field of the electricity and gas market 

The elements and values of the morphological field characterise the electricity and gas market 

(see Figure 2). “Electricity” and “gas” (values) are the commodities (elements) of the 

investigated markets to derive the design elements and values of the hydrogen market. The 

marketplace is a further key element of the morphological field. The market serves to match 

supply and demand for a commodity. This is where the conditions for concluding a transaction 

are created [7,43–52]. The conformity of the literature on the importance of the periods in which 

a deal is agreed suggests another important element. The term trading period summarises 

the temporal differentiations of trading (e.g., time-dependent submarket, trading period or 
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fulfilment period) [7,43,47–49,49–51,51,53–60]. The literature review shows that the formation 

of the price is an integral element of the market. The different terms (e.g., price setting, price 

formation or price setting procedure) characterise the price formation process of the 

morphological field [20,43,47–50,52,53,55,55,56,58,61,62,62,63].  

In this context, the authors of the reviewed literature mention the cost components that have 

an impact on pricing. The cost component is a further element of the market description 

[43,48,49,51,53,55,55,56,58,62,64]. Furthermore, the literature contains information on 

various factors that influence the price. The element price orientation covers the price 

influencing characteristics [7,43,47–49,51–53,60,62–64]. Participation in an energy market 

involves further preconditions. The element prequalifications contain these requirements 

[55,62,65–68]. The literature agrees on the importance of the size of the geographic coverage 

for the design of the market. The element geographical coverage shows the different versions 

of this element (e.g., price zone, bidding zone, market area) [42,49,55,57–60,69–71].  

Figure 2: Elements and values of the morphological field of the electricity and gas market 
design.  

The analysis of the gas market shows additional aspects. Unlike electricity, gas can be stored 

economically in large quantities in underground storages [55]. This aspect relates to seasonal 

fluctuations in demand, adjustments during the day, or the provision of balancing energy to 

provide flexibility [7,55]. The term “Storage” expends the values of the element cost 

components. The storage costs result from the fixed costs, the reservation of storage 

capacities and the variable costs for the injection and withdrawal [54,72].  

“Extraction” is a further value of the element cost components in the methane value chain. The 

costs for the gas commodity include extraction as the costs are determined specifically per gas 
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field [73]. Thus, extraction represents an extension of the morphological field. A further 

difference from the electricity market is the pricing model for transportation. The determination 

of the grid usage fees uses the so-called entry-exit model [54].  

The value “Competition: Substitutes” extends the element price orientation. In the electricity 

market, the price is based on marginal costs. For the gas market, the literature indicates that 

pricing was historically strongly characterised by substitution possibilities. The influence of 

substitutes is still existing today [55,74,75]. Long-term contracts should ensure the 

achievement of full cost coverage and revenues. The contracts contain obligations for quantity 

purchases and deliveries as well as price adjustment conditions and are often based on a 

competitive energy carrier [7,55,75]. Despite the increasing importance of short-term trade, 

long-term contracts are concluded for new projects. The reason is that long-term contracts 

ensure the amortisation of the high investments in infrastructure [74].  

The value “Quality” represents a further aspect of the element prequalifications. In contrast to 

electricity, gas trading considers the different qualities of methane. Historically, the distinction 

between H-gas and L-gas covers differences regarding the calorific value (high and low) [7,55]. 

In Germany, there were two trading places for the two qualities until 2011 [49,76,77]. Since 

2021 there is only one market for all gas products in Germany [49]. 

The values of the element trading period are similar. However, the separation in short-term 

gas trading is less strict than in wholesale electricity trading [7]. The trading products on the 

gas spot market require a longer preliminary time and are divided into less temporally 

fragmented profiles compared to the electricity market [43]. The use of various trading products 

arises as gas demand is strongly seasonal. This includes the trading of products such as 

months, quarters, calendar years, seasons, and gas business years [43,55]. 

5. Market design options for the hydrogen market 

The expert-based interviews provide the basis for the evaluation of the hydrogen (commodity) 

market designs for three different scenarios. The possible answers in the interviews were 

single choice to obtain a tendency as distinctive as possible. For this reason, an adjustment of 

the values compared to the morphological field from Section 4 ensures a clear result (see 

Figure 3). Some answer options were added to cover combinations of values by the market 

design. An example is the element marketplace with the values “over-the-counter” (OTC) and 

“stock exchange”. In practice, both trading possibilities may exist in parallel. Thus, there are 

three answer options OTC, OTC and stock exchange, and stock exchange.  



 

10 
 

Figure 3: The answer options for the hydrogen market design. 

The survey-based expert interviews were conducted in November and December 2021. The 

survey sample covers 36 experts. 8 experts answered the anonymised interviews. In each 

case, two experts from the fields of research, industry, legal services, and economic-technical 

advice were registered. 

5.1. Scenario 1 

Figure 4: Results of the expert interviews for Scenario 1 

The first scenario contains individual hydrogen regions that are not interconnected via pipeline 

infrastructure. The market design resulting from the expert interviews reflects this characteristic 

Stock 

Exchange

Element Value

Commodity

Marketplace

Trading Period

Price 

Formation

Cost 

Components

Price 

Orientation

Pre-

qualifications

Geographical 

Coverage

Hydrogen

Over the 

Counter

OTC + Stock 

Exchange

Long-term 

Trading

LT

+ Day Ahead

LT + DA + 

Intraday

Bilateral Bilateral + CT Bilateral + UP
Bilateral + Pay 

as bid

Bilateral + 

Fixed Price

Extraction Generation
Transport & 

Distribution
Storage Sales

Taxes, 

Duties, Levies

Cost Demand Supply
Competition: 

Competitors

Competition: 

Substitutes

No 

Requirements

Minimal

Supply Volume
Energy Carrier Emissions Reaction Time Quality

Local Regional National International

OTC – Over the Counter

LT – Long-term Trading

CT – Continuous Trading

UP – Uniform Pricing

Stock 

Exchange

Element Value

Commodity

Marketplace

Trading Period

Price 

Formation

Cost 

Components

Price 

Orientation

Pre-

qualifications

Geographical 

Coverage

Hydrogen

Over 

the Counter

OTC 

+ SE

Long-

term Trading

LT 

+ Day Ahead

LT + 

DA + Intraday

Bilateral

CT

+ Bilateral

UP + 

Bilateral

Pay as

Bid + Bilateral

FP

+ Bilateral

Generation

Transp.

+ Distribution Storage Sales

Taxes, 

Duties, Levies

Demand Supply Competitors Substitutes

No 

Requirements

Minimal

Supply Volume Emissions Reaction Time Quality

Local Regional National International

0 %87.5 % 12.5 %

0 %62.5 % 37.5 %

12.5 %75 % 12.5 % 0 % 0 %

0 %75 % 0 % 0 %

12.5 %50 % 37.5 % 0 %

12.5 % 12.5 % 62.5 % 12.5 %

0 %75 % 25 % 0 %

0 %

25 %

OTC – Over the Counter

SE – Stock Exchange

LT – Long-term Trading

CT – Continuous Trading

UP – Uniform Pricing

FP – Fixed Price



 

11 
 

(see Figure 4). Reliable price structures and purchase guarantees reduce risks for the 

participants within a local, island network. For this reason, an OTC contract market (87.5 %) 

with longer-term futures contracts (62.5 %) adapted to the local market participants is 

advantageous. The result of the expert interviews shows that stock exchange trading seems 

unlikely in this scenario. Short-term options on quantities could be specified in the bilateral 

contracts in addition to long-term contracts. Assuming the renewable hydrogen production 

takes place locally to supply industry, the financing of electrolysers and production must be 

secured in the long term. 

Most of the experts (75 %) rate bilateral pricing as suitable for price formation. This rating is in 

line with the assessment of the first two elements. OTC trading platforms often involve 

transactions of futures with bilaterally agreed prices. For three-quarters of the experts, 

generation is the decisive cost component. The experts also indicate taxes, levies, and 

surcharges as a further crucial cost component (25 %). Both aspects show the connection to 

a current debate about electricity prices and electricity price components as critical factors for 

the economic viability of electrolysis. 

The experts do not have a clear tendency for element price orientation. 50 % of the experts 

consider the demand to be the relevant factor. This would be the case when demand exceeds 

supply in this scenario. The scarcity of supply creates a seller’s market where the price 

expectations of the suppliers set the price. Furthermore, the interviews indicate the value 

“Competition: Competitors” as an important orientation for the price. In this case, competing 

hydrogen producers influence the prices indirectly as customers (e.g., industry) can benefit 

from relocation in the long term. 

The answers for the element of prequalifications reflect the debate on the different technical 

production types. Most experts state that the limitation of the emissions is the most relevant 

aspect (62.5 %). Thus, the definition of renewable hydrogen is relevant as it affects the possible 

energy sources for production. Most responses see a regional geographical coverage. This is 

in line with the scenario setting with a local island network and no or only limited interregional 

exchange of hydrogen.  
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5.2. Scenario 2 

Figure 5: Results of the expert interviews for Scenario 2 

Scenario 2 covers local, island grids with additional connections via some long transport 

pipelines and the characteristics of the market design option differ from Scenario 1 (see Figure 

5). A total of 75% of the experts favour the introduction of a stock exchange in addition to the 
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integrating a stock exchange into the market design of electricity and gas. Sufficient players 

are necessary to integrate a stock exchange in scenario 2. A high number of players enables 

enough bids and trading volumes to achieve a certain liquidity and stability of the price. 

The stock exchange would increase the transparency of the market. Published volumes and 

prices provide important information to players. This information increases market security and 

lowers barriers for new actors. The information further provides orientation for bilateral 

agreements. 

The element trading period consists of long-term contracts and short-term hydrogen 
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liquidity. It is difficult to assess if there will be enough players and trading volume in scenario 2 

to provide the liquidity that short-term trading requires. 

As in scenario 1, most experts rate generation costs as the cost component with the highest 

impact (62.5 %). Further 25% opt for the value “transmission and distribution”. This 

assessment indicates the increasing importance of infrastructure. Compared to Scenario 1, 

the infrastructure includes extensions of the island grids and the construction of individual 

transport pipelines to connect islands. The increase in infrastructure cost explains the reduced 

relevance of generation costs, taxes, levies, and surcharges.  

Half of the experts rate the value “demand” as decisive for the element price formation. the 

hydrogen market would be a seller’s market according to this evaluation. As in scenario 1, the 

price expectations of the supply side provide the orientation for the price. The influence of the 

value “Competition: Competitors” is lower compared to scenario 1. The transport pipelines 

could enable contracts between the players of different island grids and reduce the impact of 

local rivalry. The transport pipelines could have a positive impact on the whole market through 

local clusters with good production conditions. A quarter of the experts favour a demand market 

in which supply grows faster than demand. This will depend on the political decision on the 

extent to which non-renewable hydrogen will be part of the market ramp-up. 

The emissions are also the most relevant aspect of the element prequalifications, like in 

scenario 1. Further 12.5 % state the quality of the hydrogen as an important prequalification 

aspect. Quality refers in this context to the purity of hydrogen. Several regional islands create 

a common market area in this scenario. It is reasonable to assume that the hydrogen quality 

might differ between the clusters. The common market requires quality standards for such a 

case. Three-quarters of the experts specify a regional geographic limitation. In addition, 12.5 

% state that the market could be classified as national. This shows that the market area is 

greater than in scenario 1 but does not necessarily cover the whole of Germany. The 

morphological analysis shows that a higher liquidity can be assumed for greater market areas. 

The change in the values of the elements between scenarios 1 and 2 reflects this aspect. 
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5.3. Scenario 3 

Figure 6: Results of the expert interviews for Scenario 3 

Scenario 3 describes extensive coverage with a hydrogen infrastructure. The results of the 

expert interviews show characteristics of an extensive market area (see Figure 6). The experts 

state that trading via a stock exchange becomes more relevant than in scenario 2. 87.5% vote 

for a stock exchange in parallel with OTC trading and 12.5% for a stock exchange market only. 

Stock exchange trading can support to increase the market liquidity as has happened in the 

case of the electricity and gas market in Germany. The creation of a uniform trading place is a 

condition for trading liquidity in a pipeline-based market. The virtual pooling of all volumes into 

one point enables a single market area. A hydrogen hub comparable to the natural gas market 

could exist in this scenario. Security and transparency could be increased for market 

participants. The design of regulatory requirements, such as accounting systems and payment 

schemes is an important aspect of creating such a single market. 

The expert interviews show that short-term trading is becoming more relevant in scenario 3. 

More than half of the experts assume that trading would not be limited to long-term term 

contracts and the previous day (day-ahead market) but trading will be possible within the day 

of delivery. The characteristics of the trading period are then comparable to the electricity and 

gas market. 

The element price formation shows the same pattern towards a broader market. 62.5% of 

experts opt for continuous trade alongside bilateral pricing. This assessment is in line with the 

current set-up of the gas market's pricing procedures. Continuous trading requires a trading 

Stock 

Exchange

Element Value

Commodity

Marketplace

Trading Period

Price 

Formation

Cost 

Components

Price 

Orientation

Pre-

qualifications

Geographical 

Coverage

Hydrogen

Over 

the Counter

OTC 

+ SE

Long-

term Trading

LT 

+ Day Ahead

LT + 

DA + Intraday

Bilateral

CT

+ Bilateral

UP + 

Bilateral

Pay as

Bid + Bilateral

FP

+ Bilateral

Generation

Transp.

+ Distribution Storage Sales

Taxes, 

Duties, Levies

Demand Supply Competitors Substitutes

No 

Requirements

Minimal

Supply Volume Emissions Reaction Time Quality

Local Regional National International

12.5 %0 % 87.5 %

62.5 %12.5 % 25 %

0 %12.5 % 62.5 % 25 % 0 %

37.5 %50 % 0 % 0 %

25 %25 % 25 % 25 %

12.5 % 0 % 37.5 % 25 %

50 %0 % 37.5 % 12.5 %

25 %

12.5 %

OTC – Over the Counter

SE – Stock Exchange

LT – Long-term Trading

CT – Continuous Trading

UP – Uniform Pricing

FP – Fixed Price



 

15 
 

platform and could be realised by the stock exchange. Continuous trading should be possible 

in scenario 3 as the market liquidity, the number of bids and the trading volume are high. A 

quarter of the experts indicated the pay-as-bid auction as a possible pricing method. The 

electricity market uses auctions for short-term trading. This type of auction intends to reduce 

economic costs by favouring low-cost bidders and giving them exactly the price they specify. 

The introduction of an auction form can increase liquidity. The success will depend on the 

number of bids in short-term trading in the hydrogen market.  

Half of the experts opt for generation as the decisive value of the element cost components. 

37.5 % of the experts consider it the strongest cost component. The value “transportation and 

distribution” gains in relevance compared to scenario 2. This aspect is in line with the scenario 

setting of a more developed network infrastructure. The impact of the two values will depend 

on the share of hydrogen imports, the hydrogen production cost within the market area and 

the interconnections with foreign countries. The price setting will be comparable to the 

electricity market in case of a high share of domestic production. Assuming most hydrogen is 

imported, the form of the orientation of the exchange price could be similar to today's gas 

market. 

The element price orientation does not show a clear tendency. All four values show 25 % of 

the voting. As described in the definition of the characteristic, the price is always oriented 

towards different influencing variables. The disagreement of the experts illustrates the different 

possibilities. Thus, it can be conceivable that supply and demand have an equal impact on the 

price in the long term given a liquid market. 

The expert’s opinion on the element prequalifications is comparable to scenario 2. 37.5% of 

the experts chose the “emission factor” as the most important value. A quarter of the experts 

consider the value “Quality” as the most relevant. All experts agree that prequalification criteria 

are necessary in scenario 3 e.g., by minimum quality requirements as the more developed 

network infrastructure improves the exchange between production sites. Furthermore, 25 % of 

the experts indicated “response time” as the most important value. The speed of the provision 

of the commodity is decisive for participation in the market under short-term trading. This 

aspect is in line with the preference for shorter trading periods until intraday trading.  

50 % of the experts assume a national market area as most realistic in scenario 3. The 

relevance of regional markets decreases in comparison with scenario 2 to 37.5 %. 12.5 % of 

the experts opt for an international market and show that international connections gain 

importance in such a scenario. The rating for the geographical coverage is in line with the 

rating for the elements marketplace, trading period and price formation. 
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6. Discussion 

The presented approach enables the identification of the basic features of a hydrogen market 

design using Germany as an example. The analysis with the morphological field based on the 

electricity and gas market and expert interviews shows the preferable market design for the 

three scenarios. The chapter discusses the three main differences between the market design 

options, presents limitations of method and scope, and shows the need for further research.  

The first important difference between the scenarios is the implementation of a stock market. 

Scenarios 1 and 3 show different market designs. Scenario 2 shares aspects of the market 

organisation of both scenarios. The expert interviews highlight that already in scenario 2 a 

stock exchange is an option as a marketplace. The stock market is an important element as 

the geographical coverage expands beyond local clusters. The integration of a stock exchange 

in the electricity and gas market in Germany took place after the realisation of an extensive 

infrastructure. Thus, there is a need for research on the time to introduce a hydrogen stock 

exchange. 

The second aspect concerns the market liquidity and is linked to the implementation of a stock 

market. Market liquidity is relevant concerning the successful introduction of stock exchange 

trading. A larger market area and an increased number of market participants are necessary 

to enhance market liquidity. This is in line with the expert statements on low market liquidity in 

scenario 1. The experts state that liquidity is the highest in scenario 3 due to a high number of 

participants and a large trading volume. The trend towards short-term exchange trading 

requires liquidity, which a national bidding zone can presumably fulfil. This requires that the 

number of players and the trading volume would be comparable to today's gas market.  

In contrast, the statement on the market liquidity does not provide a clear assessment for 

scenario 2. The results of the expert assessment indicate sufficient market liquidity to enable 

short-term exchange trading. The critical factor of this development will be the infrastructure 

coverage to connect local hydrogen clusters. The experts assume that several regional market 

areas could be possible in this scenario. The investment for infrastructure and hydrogen 

production could be aligned with the regional conditions and reduce risks for market 

participants.  

In this context, there is a need for further research on the effects of interconnections between 

different hydrogen clusters. For example, there is potentially less liquidity than in large bidding 

zones and reduced market liquidity is a factor that results in a higher risk of price variability 

[42]. Furthermore, the design of the market zone and trading organisation requires caution as 

it can be vulnerable to strategic behaviour [78].  
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The scale of demand is the third important impact on the market design. The demand is also 

the first limitation since the difference exists only implicitly between the scenarios. The aspect 

of how extensively different demand sectors are entering the hydrogen economy impacts the 

discussion of market liquidity, marketplace, and trading organisation. At present, there is 

uncertainty regarding future hydrogen demand in the sectors, as well as generation volumes 

and production processes. The update of the German hydrogen strategy in 2023 shows the 

broad range of import and production options. The strategy update also considers hydrogen 

for decentral heating applications in the long term, depending on the cost of alternative heating 

technologies and grid conversion [79]. Additionally, the timeline of the hydrogen 

implementation has several phases of market development. The alignment of the overall 

strategy and measures of the phases is a prerequisite for achieving the target design of the 

hydrogen market [80].  

The possible import of derivatives is another exemplary aspect of the uncertainties. The 

hydrogen economy possibly consists of submarkets for pure hydrogen and derivatives. In this 

case, the market volume of pure hydrogen is reduced. In the same way, the extent of the 

European interconnection of the infrastructure has an impact on the trading volumes and 

participants within a market area. All these aspects concern the market liquidity and the need 

for at least an early implementation of trading via a stock exchange. Consequently, there 

remains room for interpretation for the qualitative assessment of the market liquidity of each 

scenario. The scenarios require a more detailed description to improve the assessment of 

market liquidity. The assessment of market liquidity could be improved by a quantitative 

estimation in terms of demand, trading volume or number of market participants. 

A limitation of the approach and design concerns the expert interviews. First, there is a conflict 

between random selection and purposeful returns [81]. The number of eight interviews shows 

the difficulty of conducting a high number of qualitative interviews as they have to cooperate, 

and a random selection process reduces the response rate [82,83]. The self-selection of 

anonymised interviews is an appropriate solution as it ensures the coverage of experts from 

different fields of the evolving hydrogen economy. Second, the smaller the number of 

interviews the higher the impact of one interview. The aspect is of relevance as the 

establishment of the hydrogen economy is at the beginning. Therefore, it is important to keep 

in mind that the answers are also linked to the interviewees' interests.  

Another aspect of this limitation relates to the focus on Germany. Expanding the approach 

beyond the German context could reduce the relevance of this issue through a greater number 

of and more diverse interviewees. The broader view from a European perspective could create 

further advantages. The member states have different approaches to establishing a hydrogen 

market despite efforts by the European Union. The German government plans a two-stage 



 

18 
 

auctioning market for the production and consumption of hydrogen and hydrogen derivatives 

focusing on renewable hydrogen [84]. The European Union plans independent auctions for 

renewable hydrogen and guarantees fixed premiums for recipients [85]. There are further 

differences besides the approaches for price formation mechanisms. The Polish strategy 

includes low-carbon hydrogen [86] in contrast to the German and EU actioning approach that 

focuses on renewable hydrogen. A more comprehensive, European approach could lead to a 

clearer picture of a hydrogen market design and simultaneously reduce the bias of individual 

experts. 

Another limitation relates to the use of the morphological analysis. This aspect concerns the 

selection of the elements and the details of the values. The integration of institutions (e.g., 

regulatory authorities and structures) could contribute to further aspects of market 

organisation. An examination of individual market players could provide further details on the 

values of the market elements. The feedback on the expert interviews shows that the number 

of elements and values limits the result. For instance, there were indications that a more 

precise differentiation of the cost components could be beneficial. The separation of transport 

and distribution or more details of manufacturing cost values would make the morphological 

field more concrete. Adding additional (grid-based) energy markets to improve the 

morphological field is possible. The markets for oil or district heating could be a starting point. 

The extension could lead to new characteristics and provide further design options for a 

hydrogen market.  

7. Outlook & Conclusion 

The use of the literature review and the morphological analysis results in seven elements that 

are crucial for the future hydrogen market design. The reference markets of electricity and gas 

provide the information that marketplace, trading period, price formation, cost components, 

price orientation, prequalifications, and geographical coverage provide the basis for the design 

options. Three market scenarios based on infrastructure coverage, expert interviews, and 

assumptions on market liquidity show the detailed configuration of these elements.  

Beyond the limitations of the method, there is a need for research into the transformation path 

towards a final hydrogen market. The research requirement results from the assumption that 

the scenarios develop chronologically until the infrastructure and market reach a high and 

interconnected geographical coverage. For this purpose, the analysis of the impact of the 

different values could show if the design elements inhibit or accelerate the targeted hydrogen 

economy. The application of the morphological field in interviews for further European market 

areas could improve the picture of the hydrogen market design options. By doing so, the 

approach would contribute to the development of the hydrogen economy in Europe. A common 
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approach allows the identification of the most important design components for a European 

single hydrogen market.  

The summary of the key findings of this work consists of three aspects. First, the 

implementation of OTC and stock exchange trading will be a crucial element of the hydrogen 

market design as soon as the integration of several clusters ensures a larger market area. 

Second and in combination with the first aspect, the higher the market liquidity the more 

temporarily resolved and short-term the trading periods and diversified price formation options. 

Third, the generation is the crucial cost component and demand will be decisive for the element 

price formation. The characteristics of a seller’s market would be reduced by a larger and more 

interconnected market area. Thus, the creation of a uniform market area for Germany should 

be advantageous if the use of hydrogen is extensive. The market participants could benefit 

from further aspects such as higher transparency, broader access to information and security 

by institutionalised market mechanisms.  
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