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ABSTRACT 
 Emission-free hydrogen is a crucial contributor to the 
decarbonization of the energy supply. To establish a H2 
economy, a H2 infrastructure is needed and requires in-
vestment and energy policy decisions today. The aim of 
the paper is to inform these decisions by comparing and 
contrasting the construction of new H2 pipelines with 
the repurposing of natural gas pipelines for future H2 ad-
mixture.1) feasibility and (2) 1.5°C alignment are pro-
posed as evaluation criteria for effective climate mitiga-
tion. The results show that building new H2 pipelines for 
renewable H2 is feasible and 1.5°C-aligned. Gas pipeline 
investments for future retrofitting are not recommended 
due to energy transition risks such as fossil-lock in and 
asset stranding. 

Keywords: Hydrogen supply chain, energy transition, re-
newable hydrogen, energy infrastructure, transition risk, 
climate-related risks 

NONMENCLATURE 

Abbreviations 
H2 Hydrogen 
CCS Carbon capture and storage 
CH4 Methane  

1. INTRODUCTION

Hydrogen (H2) is a key component of a decarbonized
energy supply and thus climate mitigation [1,2]. Estab-
lishing a H2 economy represents a three-fold chicken and 
egg problem of coordinating what comes first – supply, 
demand or infrastructure. A pipeline infrastructure for 
H2 is critical for unlocking the potential of H2 and facili-
tating the development of an H2 economy. Therefore, in-
vestment and political decisions for a H2 pipelines infra-
structure are required today. These decisions are rele-
vant for economic actors who operate Germany's energy 
infrastructure and political decision-makers, who set the 
political conditions.   

 However, it is uncertain what the infrastructure 
should look like and what requirements need to be met 
[3]. Therefore, the investment and political decisions are 
not trivial. New infrastructure will shape the energy sys-
tem and related emissions for decades due to its long 
technical lifespan [4]. Different supply chains might de-
velop, which depend on the type, amount and produc-
tion method of H2 (supply side), but also on potential ap-
plications and users (demand side). There is also the 
question of whether new pipes should be built or old gas 
pipelines should be repurposed [5,6]. This question con-
cerns the usage of carbon capture and storage (CCS) as 
well as the future of fossil natural gas (infrastructure) [7]. 
Despite the fact, that only renewable H2 is regarded as 
sustainable in the long, using non-renewable fossil-based 
hydrogen is also discussed [8,9] and decisive for the de-
sign of H2 pipelines.  

For effective climate change mitigation, other consid-
erations are relevant as well. Given the urgency for cli-
mate mitigation, an infrastructure that is technically fea-
sible but has a low chance of succeeding is problematic. 
The same is applicable to new infrastructure that does 
not comply with the Paris Agreement and may be forced 
to shut down before its technical lifespan ends.  

The aim of the paper is thus to compare and contrast 
two infrastructure options, namely building new H2 pipe-
lines and repurposing natural gas pipelines for H2 admix-
ture, to inform investment and political decisions. (1) 
feasibility and (2) 1.5°C-alignment are proposed as suita-
ble evaluation criteria. The paper offers a new approach 
that includes insights from different disciplines for a ho-
listic, socio-technical analysis. The following research 
question is answered: In order to effectively mitigate 
global warming, should new H2 pipes be constructed, or 
should natural gas pipelines be repurposed for H2 admix-
ture?  

The remainder of the paper is structured as follows. 
Section 2 describes the approach and the criteria in more 
detail. In section 3, the results are presented. Section 4 
offers recommendations regarding the establishment of 
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a H2 economies. The paper ends with concluding re-
marks. 

2. APPROACH

I propose that investments and political decisions re-
lated to H2 infrastructure should be based on two crite-
ria, namely 1) feasibility and 2) 1.5°C-alignment.  

The criterion of feasibility is based on the under-
standing that energy transitions, which include building 
new infrastructure, are socio-technical transitions 
[10,11]. How these systems develop depends on eco-
nomic, political, social and technical aspects [10–12], 
which need to be considered. Based on Hoffart et al. [13], 
Schubert et al. [14], Majone [15], I define feasibility as a 
high chance of implementation. A H2 infrastructure is 
feasible if it is technically (necessary precondition), eco-
nomically, legally and sociologically feasible and finds 
majorities in political decision-making [12,13]. Addition-
ally, all constraints need to be considered and solved for 
an option to be feasible [15]. 

The criterion of 1.5°C-alignment is crucial as an eco-
nomic factor for H2 infrastructure investment and en-
ergy policy decisions. It implies a backward-looking per-
spective from an emission-free future to the present and 
investigates the impact of H2 infrastructures on the en-
vironment and energy transitions. 

I apply these criteria to two H2 pipeline infrastructure 
options for Germany within a European H2/CCS chain. 
For reasons of simplicity, is assume that Norway is ex-
porting blue H2 to Germany, where it is mixed into the 
natural gas grid. CO2 from carbon capture technologies 
is transported to the Netherlands for offshore storage 
(CCS). In Option 1, blue H2 from Norway is imported to 
Germany and blended into the Germany natural gas grid. 
In Option 2, new pipelines for H2 are build.  

For the evaluation of these two-infrastructure op-
tions – I refer to (1) pipeline reuse and admixture and (2) 
new H2 pipelines – a four step approach is applied.  

In step one, researchers from the disciplines of eco-
nomics (the author), sociology, law and engineers are 
asked in semi-structured interviews to identify three im-
plementation requirements per infrastructure option 
(3x2) that need to be met for a successful implementa-
tion. In a second step, these implementation require-
ments were grouped in fostering and hindering require-
ments and were used to identify the most feasible infra-
structure option. In step three, I assessed the environ-
mental implications of the two infrastructure options by 
comparing renewable and green hydrogen. In the last 
step, I compared implications of the two infrastructure 

options on energy transition regarding the climate-re-
lated energy transition risks of assets stranding and fossil 
lock-ins. 

3. RESULTS

3.1 Analysis of feasibility 

An overview of the implementation requirements is 
presented in Table 1. The researcher from engineering 
did not see any purely technical, but only techno-eco-
nomic requirements. This interesting finding is in line 
with the paper’s understanding of feasibility, which de-
fines technical feasibility as a necessary, but insufficient 
precondition for a successful implementation. 

Reuse and admixture New H2 pipelines 

Discipline of law 

2.1 Cost allocation of blue 
H2 production 

3.1 Legal regime for H2 pipe-
lines 

2.2 Clarification of gas def-
inition 

3.2 Non-discrimination of 
blue H2 

2.3 Coordination of gas 
quality 

3.3 H2 tariffs regulations 

Discipline of sociology 

2.4 Acceptance of pipeline 
retrofitting 

3.4 Acceptance of H2 pipe-
lines 

2.5 Synergies with renew. 
energy systems 

3.5 Synergies with renew. en-
ergy systems 

2.6 Acceptance for H2 3.6 Acceptance of H2 

Discipline of economics 

2.7 Competitiveness of H2 3.7 Governmental market in-
centives 

2.8 H2 demand for admix-
ture 

3.8 High demand for H2 

2.9 Supply for H2 admix-
ture 

3.9 High supply for H2 

Discipline of engineering 

2.10 Incentive to inject H2 3.10 Competitiveness of H2 
technologies 

2.11 Constant H2 admix-
ture <30% 

3.11 Low-cost H2 pipelines 

2.12 Investments in pipe-
line retrofitting 

3.12 Infrastructure synergies 
via industry hotspots 

Table 1: Overview of implementation requirements 
Source: Author’s own contribution 

To distil the critical implementation requirements 
which either foster or hinder the implementation of the 
two infrastructure options, each researcher has evalu-
ated the chance of realization and the costs of the key 
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requirements they have identified (on a scale from low-
medium-high). The results are displayed in Figure 1. 

While fostering requirements imply a high chance of 
realization, hindering means to have a low chance. The 
costs display the effort that needs to be taken to fulfill 
the requirements (financial, as well as non-financial). 
Three types of implementation requirements were re-
vealed to be crucial: (1) low-cost supportive require-
ments, (2) high-cost supportive requirements, and (3) 
high-cost impediments. The former can be referred to as 
low-hanging fruits and represent the majority of require-
ments. The majority of supportive low-cost requirements 
are sociological in nature. There were no low-cost hin-
dering requirements. While no techno-economic imple-
mentation requirements were categorized as hindering, 
the hindering requirement is economic in nature. As the 
most supportive and least hindering implementation re-
quirements refer to option 2 – new H2 pipelines – it is 
regarded as most feasible. 

3.2 Analysis of 1.5°C-alignment 

The infrastructure’s environmental implementations 
are primarily determined by the energy carriers2. More 

2 The GHG emissions related to the construction of pipelines exceed the scope 
of the paper.  

precisely, the difference between renewable and fossil-
based H2 are revealed to be crucial. Renewable H2 pro-
duced through electrolysis with renewable energy has 
close to zero GHG emission along the lifecycle [16,17]. 
Therefore, only renewable H2 is sustainable in the long 
run [17,18].  

Although blue H2 is considered a low-carbon energy 
carrier, due to the use of CCS technologies, it is not with-
out emissions and environmental consequences. While 
the CO2 emissions from production of H2 from natural 
gas and CCS (30-120 gCO2eq/ KWhH2) are lower com-
pared to alternative fossil sources such as coal (570 
gCO2eq/ KWhH2) or natural gas without CCS (300 gCO2eq/

KWhH2 ), renewable H2 has close to zero CO2 emissions 
[17]. Blue H2 has high GHG emissions along the entire 
lifecycle, which also includes methane (CH4) emissions of 
natural gas [8]. Due to the high global warming potential 
of CH4 compared to CO2, it is important to take CH4 into 
account. Direct CH4 emissions are caused by natural gas 
extraction, transport and storage through leakages or in-
tended flaring and venting.   

Additionally, CCS has undesired consequences for the 
environment and for humans, such as salination of 

Figure 1.: Critical implementation requirements 
Source: Authors' elaboration 
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ground water [8]. The process of CCS requires additional 
energy [19]. Under current law, carbon storage is not al-
lowed in Germany [20], which means storage abroad is 
required. It is also unclear if there will be sufficient and 
safe international storage capacities [21]. From an ethi-
cal perspective, the monitoring of CCS places a huge bur-
den on future generations [22]. 

To avoid negative consequences of electrolysis asso-
ciated with the high demand for water, regulations for an 
efficient use of water and the withdrawal of surface and 
ground water is advisable to, e.g., guarantee supply of 
drinking water for local people [23]. From an environ-
mental perspective, renewable H2 is thus preferable. 
Thus, I conclude that H2 infrastructure should be ad-
justed to renewable H2. 

Although green H2 is expected to become cheaper 
than blue H2 in the future [9], it will remain scarce. As 
the demand cannot be satisfied with green H2 from Ger-
many, imports are needed, so that green H2 is too valu-
able for admixture into the natural gas grid. It should only 
be used in hard-to-abate sectors, such as the steel and 
cement industry. As the industry mainly needs pure H2, 
pipeline retrofitting for less than 100% H2 is not advisa-
ble [23].  

Still, the question remains if these grids should consist 
of new H2 pipelines or repurposed gas pipelines. Kemfert 
et al. [24] argue that the expansion of natural gas infra-
structure implies serious risks for energy transitions. Fol-
lowing this line of argumentation, investments in gas 
pipelines for future retrofitting for H2 admixture entail 
multiple risks.  

Firstly, investments in fossil supply chains might imply 
the creation of carbon lock-ins [25,26]. Fossil fuel de-
pendencies and related emissions can become locked-in, 
as infrastructure is used for a long time [27]. Fossil natu-
ral gas lock-ins are becoming particularly relevant [24] 
and are enforced by investments in fossil energy infra-
structure [28]. Investments in natural gas infrastructure 
thus create technological lock-ins by establishing techno-
logical systems comprising the whole value chain of en-
ergy [29].  

Second, investments in natural gas infrastructure may 
result in transition risk associated with changing policies 
and preference that come along with transitions to zero-
emissions systems (also known as transition risks)[30]. 
Especially the stranding of fossil (energy) assets repre-
sents a main challenge for energy transitions [31]. Cli-
mate policies impose limits to usage of fossil natural gas 
and related infrastructure [32]. Investments in natural 
gas infrastructure might strand even before retrofitting 
might occur. Tong et al. [4] calculate, for example, that 

emissions from existing and planned energy infrastruc-
ture already exceed the entire 1.5°C-emission budget. 

In sum, these considerations reveal, that building new 
pipelines instead of investing in gas pipelines for future 
retrofitting is preferable from an economic and transi-
tion view. 

4. DISCUSSION

The analysis showed that new pipelines for renewable
H2 are feasible as well as 1.5°C-aligned and can thus sup-
port effective climate mitigation. Putting H2 pipelines 
into practice is linked to the three-fold chicken and egg 
problem of coordinating H2 infrastructure, H2 demand 
and H2 supply. 

To enable trade and transport of H2 from the supplier 
to the demand side, a H2 supply chain is required. Future 
H2 suppliers might not offer H2 when there is insufficient 
demand or transport options. To make binding purchas-
ing agreements, an attractive offer (sufficient amount, 
decent price and transportation) is needed. 

While the energy infrastructure is mainly constructed 
and operated by economic actors, policy-makers set the 
framework conditions and can indirectly influence the 
market ramp up. In the following, I offer recommenda-
tions based on SRU [21] for both for economic invest-
ment and political policy decisions that refer to the dif-
ferent aspect of infrastructure, demand and supply 
based on (see Table 2). 

Infrastructure 

• New demand-oriented pipelines for renewable H2

• Step-by-step construction near industry clusters

• Combine H2 pipelines development with gas and
energy development plans and emission budget

Supply 

• Significant expansion of renewable energies

• Political decision for a natural gas exit

• Subsidies only for renewable hydrogen
Demand 

• H2 certification to ensure sustainability criteria

• Contracts and quotas between H2 buyers and
sellers

Table 2: Recommendations 

5. CONCLUSION

This study represents an evaluation of two H2 pipe-
line infrastructure options for Germany in terms of (1) 
feasibility and (2) 1.5°C-alignment to inform investment 
and energy policy decisions. Pipeline infrastructures, that 
are feasible but not in line with climate goals, lead to eco-
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nomic risks and delay energy transitions. The same ap-
plies for infrastructures that are 1.5°C-aligned but not 
feasible, as they can hardly be implemented. 

The analysis of the implementation requirements 
showed that the chances for a successful H2 infrastruc-
ture implementation are generally high in Germany, as 
there are more supportive than hindering implementa-
tion requirements (criterion 1). 

Assessing the environmental and energy transition 
impacts (criterion 2) revealed that only renewable H2 is 
sustainable. Due to the scarcity of H2, admixing renewa-
ble H2 into the natural gas grid is not recommended for 
efficiency and economic reasons. Also, blue H2 is not 
without emissions and has negative environmental impli-
cations. Investments in the gas grid for future retrofitting 
has revealed to present serious risks for the energy tran-
sition through lock-ins and asset stranding. In sum, new 
H2 pipelines (option 2) for green H2 is the most feasible 
and 1.5°C-aligned option. 
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