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Competitiveness of green hydrogen import 
pathways for Germany in 2025

Green hydrogen is regarded as one of the key 
technologies in the German energy transition. 
Importing hydrogen will be essential to cover the 
predicted production gap, based on the forecasted 
national demand. Different import options are 
feasible, but green ammonia is expected to become 
the dominant hydrogen carrier by 2025 due to the 
already established technology, the available infra-
structure, the existing ammonia market, and the 
ongoing R&D progress. Green ammonia will stepwise 
enter the existing markets and new applications, for 
example as fertilizer or as alternative fuel. The speed 
of substitution depends on the CO2 price develop-
ment, as it influences green ammonia’s economic 
competitiveness compared to conventional options. 
To match production cost of domestic fossil-based 
and imported green ammonia (0.36 vs. 0.48 €/kg 
NH3) from countries with cheap renewable energies, 
the current EU ETS CO2 price of around 60 €/t CO2 
would already be sufficient (as of September 2021). 
At the same time, the availability of green ammonia 
triggers investments in currently unavailable 
hydrogen reconversion infrastructure and will thus 
help to close the national green hydrogen 
production gap.

Total landed cost for green hydrogen via imported 
ammonia can be as low as 4.1 €/kg H2 in 2025, with 
additional cost reduction potential beyond 2025. In 
the long term, other hydrogen import options such as 
LOHC and liquefied hydrogen can become more 
relevant due to their specific benefits and expected 
cost reductions from technology learning effects and 
economies of scale. While we expect green ammonia 
to lead the way towards a green hydrogen economy, 
countries with cheap, stable renewable energy and 
incentives for large-scale investments, such as Saudi 
Arabia, will be key partners in defining the 
import pathway.



Source: Die Nationale Wasserstoffstrategie. Berlin: Bundesministerium für Wirtschaft und Energie (BMWi).
Retrieved from: https://www.bmwi.de/Redaktion/DE/Publikationen/Energie/die-nationale-wasserstoffstrategie.pdf

Figure 1
Hydrogen demand and green hydrogen production in Germany in 2030
based on the German national hydrogen strategy
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Green hydrogen import potential 

Only a minority of the expected hydrogen demand in
Germany will be covered by domestic green hydrogen
production, leaving large potential for imports.

In recent years, many countries and companies 
have committed to net-zero and have launched or 
announced significant transformation plans to limit 
the global temperature increase to below +2°C. 

Green hydrogen (H2) provides multiple industries 
the option to reduce greenhouse gas emissions and 
is thereby seen as a key technology in the energy 
transition. Hydrogen can be used as an energy 
vector or as a feedstock in various applications. The 
German national hydrogen strategy forecasts an 
annual hydrogen consumption of 90 to 110 TWh by 
2030. At the same time, the national green hydrogen 
production is targeted to reach a capacity of only 
14 TWh per year by 2030 (see Figure 1). The gap 
between hydrogen demand and green hydrogen 
production in Germany thus has to be filled with 
green hydrogen imports from around the world. 

Hydrogen can be stored and transported in different 
ways (for example, via compression, liquefaction, 
liquefied organic hydrogen carrier (LOHC), or 
as ammonia). The broad range of production 
locations, storage, and transportation options create 
a complex space of import options. This study 
will provide answers to key questions such as:

 — Which pathway is most attractive for 
green hydrogen imports to Germany?

 — What are the projected costs for 
imported green hydrogen? 

 — What can be done to further enable the 
growth of hydrogen production?

 — Which import option is sensitive to 
cost degression in the future? 

Introduction
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Source: Kearney analysis

Figure 2
Green hydrogen conversion and import options via ship in 2025 and key considerations

Green hydrogen import value chain
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Ammonia (NH3)
Ammonia is already widely used and 
transported. The conversion, storage and 
transport is proven at scale
Converting and transporting ammonia is 
cheaper than liquefied hydrogen or LOHC 
and existing infrastructure e.g. LPG tankers 
can be used

The hydrogen reconversion process via 
ammonia crackers is relatively immature and 
has high energy requirements, adding to the 
total import cost

Liquefied hydrogen (LH2)
Liquefied hydrogen must be cooled down 
to -253°C. High energy requirements, 
thermal- and boil-off losses, make transport 
and storage expensive
Transporting LH2 is relatively immature with 
no ships currently being available

Reconversion is easy and cheap

Liquefied organic hydrogen carrier (LOHC)
LOHC enables easy and safe handling of 
hydrogen without cooling requirements and 
the opportunity to leverage current oil 
infrastructure

The fluid carrier can be reused but requires
to be shipped back once the carrier has been 
dehydrogenated. This adds to the complexity 
and costs of supply routes
Reconversion is an energy-intensive process 
and different LOHC fluids are still in 
development

Feasible large-scale hydrogen
transport option by 2025

Beyond 2025, other hydrogen import options like LH2 and LOHC can become
more relevant due to their specific benefits and expected cost reductions

Conversion, transport, and reconversion steps depend on the conversion medium choice
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Importing hydrogen over long distances requires 
conversion, transport via ships or pipelines, and 
reconversion. Hydrogen conversion, either by 
physical transformation or chemical reaction, helps 
to increase volumetric energy density and to 
improve handling. For long-distance transport via 
ships, hydrogen conversion as liquefied hydrogen 
(LH2), liquefied organic hydrogen carrier (LOHC), 
or converted into ammonia (NH3) are suitable, as 
they can be stored in tanks. Hydrogen can also 
be combined with CO or CO2 to form methanol, 
but methanol with its value as fuel or feedstock 
would likely not be used for hydrogen transport 
and reconversion. It is therefore excluded from 
further analysis. Long-distance transport can 
furthermore be realized via dedicated pipelines 
for gaseous hydrogen or ammonia, as well as 
natural gas pipelines with limited hydrogen 
concentration capacities. However, long-distance 
hydrogen pipelines to Germany are currently 
non-existent with several transmission system 
operators planning to expand and repurpose the 
available natural gas pipelines for hydrogen-only 
transport, between the mid-2020s and 20401.

Green hydrogen import pathway by 2025

Due to the planned time horizon we have 
excluded long-distance hydrogen pipelines 
from the analysis for the year 2025.

While all three import options have their benefits (see 
Figure 2), we expect ammonia to be the dominant 
green hydrogen carrier by 2025, as shown in Figure 
3 on page 3. Green hydrogen will enter markets 
and applications indirectly with growing green 
ammonia demand, which benefits from an existing 
ammonia market that faces a CO2 price increase, 
and additional growth opportunities in direct 
use applications such as marine fuel production. 
Ammonia, furthermore, has the advantage of existing 
and matured large-scale synthesis technology 
and established processes along the value chain 
(Haber-Bosch process). This combination de-risks 
investments in ammonia applications and levels the 
pathway for the emergent hydrogen reconversion 
infrastructure. As a result, the availability of green 
ammonia enables a stable hydrogen supply which 
is required for large-scale industrial usage and 
more investments in hydrogen applications.

1 Ein Europäischer Wasserstoff Backbone Plan, präsentiert von elf Fernleitungsnetzbetreibern aus neun EU-Staaten.  
Retrieved from: https://www.presseportal.de/pm/128321/4654696
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Source: Kearney analysis

Figure 3
Green ammonia levels the pathway for green hydrogen
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specific benefits and 
expected cost reductions
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In a thriving hydrogen economy alternative 
transport options such as LOHC and LH2 could 
become more relevant due to their specific 
benefits and expected cost reductions. However, 
on the path toward a green hydrogen economy, 
we expect green ammonia to lead the way.

Ammonia is already a mass-produced chemical 
commodity, with a global production of more than 
230 million tons in 2019. It is synthetized through 
the Haber-Bosch process, which reacts hydrogen 
and nitrogen to ammonia. Today, most hydrogen 
used in the ammonia synthesis (30–55 Percent of 
the globally produced hydrogen) is produced in an 
energy- and CO2- intensive steam methane reforming 
process. As a result, around 1.8–2.2 kg CO2 for each 
kg of produced NH3 are directly emitted, accounting 
for at least 1 Percent of global annual CO2 emissions. 

Ammonia is expected 
to become the dominant 
hydrogen carrier by 2025,

 due to the established and tested processes 
and infrastructure, the existing market, and 
ongoing R&D.

With increasing CO2 prices and new regulations, 
green ammonia becomes attractive as an 
option to reduce CO2 emissions. Green 
ammonia is produced by replacing the fossil-
fuel hydrogen with green hydrogen produced 
via electrolysis utilizing renewable energy.
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Figure 4
Existing and potential ammonia markets

Existing ammonia markets Additional ammonia markets 
(Selected examples)

Ammonia-based and additional industries are looking at green ammonia as an option to reduce CO2 emissions

Marine fuel 

Co-firing in
coal power plants

Gas turbine fuel
e.g. in power plants

Fertilizers
(80% market share)

Other nitrogen-containing
compounds, food products,
cleaning solutions, etc.

In Figure 4, we list existing and additional ammonia 
markets. Currently around 80 Percent of the 
produced ammonia is used in the fertilizer industry.
In addition, it can be used as an alternative fuel, as a 
heat source, or in power plants. The shipping industry 
is considering ammonia as a sustainable marine fuel 
option (used in an engine or fuel cell). However, the 
broad usage of ammonia as marine fuel is facing 
certain challenges that need to be addressed such 
as safety modifications, and aftertreatment of 
emissions (for example, nitrogen oxides). Therefore 
others, such as Shell, argue against the prospect 
of ammonia in the shipping industry and in favor of 
hydrogen fuel cells. However, green ammonia has 
the stand-alone advantage that it does not depend 
on the demand of new applications or industries, but 
can already be used as a carbon-free alternative in an 
existing ammonia market of around 60 billion USD. 

The increased adoption of green ammonia in the 
fertilizer and other industries is expected to start as 
soon as green ammonia becomes cost competitive 
including CO2 emission prices. Natural gas-based 
ammonia production costs around 364 €/mt NH3 
based on a medium plant size and natural gas 
prices of 6 €/MMBtu. To be economically attractive, 
CO2 prices of around 60 €/t CO2 are necessary to 
make imported green ammonia from Saudi Arabia 
(expected electricity price of 1.5 € ct/kWh in 2025) 
cost competitive with locally produced fossil-based 
ammonia, as depicted in Figure 5 on page 5. The 
ammonia production is currently already facing 
CO2 prices of around 60 €/t CO2 (September 2021) 
under the EU Emissions Trading System (EU ETS), 
which would be sufficient to enable a breakeven 
in terms of cost. Prices in the ETS are expected to 
reach 130 €/t CO2 until 2030 as calculated by the 
Potsdam Institute for Climate Impact Research (PIK). 
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Figure 5
CO2 price needed to level green ammonia import and local fossil-based production cost.

Imported green
NH3 from Saudi Arabia
(based on 1.5 € ct/kWh) 

Local fossil
NH3 production

(based on 6 €/MMBtu) 

0.48 €/kg NH3

0.36 €/kg NH3 54–65 €/t CO2

Green ammonia import cost matches fossil-based local ammonia production cost with CO2 prices
of around 60 €/t CO2, which have already been reached as part of the EU ETS 

We assume direct emissions of 1.8-2.2 kg CO2/kg NH3, 
gas prices of 6 €/MMBtu, and electricity prices in
Saudi Arabia of 1.5 € ct/kWh

The combination of an existing market and 
significant growth potential due to new regulations 
and increasing CO2 prices makes green ammonia 
an attractive investment option. One example is 
Saudi Arabia’s 5 billion USD investment in a green 
ammonia plant in NEOM with the intention to 
export green hydrogen by 2025. Exporting green 
hydrogen via ammonia takes advantage of the fact 
that storage and transport of ammonia are mature: 
transport capacities in the form of LPG tankers are 
available and potential hazards regarding toxicity 
have been successfully managed for years.

Besides the direct usage of green ammonia in many 
applications, it can furthermore be reconverted 
into hydrogen at the terminal point with the help of 
ammonia crackers. This process is currently being 
scaled up to industrial standards and has high 
energy requirements, which adds to the total import 
cost of reconverted green hydrogen, as discussed 
in the next chapter. The availability of green 
ammonia will encourage investments in ammonia 
crackers to reconvert it into hydrogen to close the 
production gap, as described in Figure 1 on page 1. 

Industries are expected to switch to green hydrogen 
on a large scale only with secured supply, which can 
be achieved with a stable green ammonia market. 
Therefore a stable supply could foster additional 
hydrogen demand. In an expanding hydrogen market, 
alternative transport options such as LOHC and 
liquefied hydrogen could become more relevant 
due to their specific benefits and expected cost 
reductions, as described in the outlook beyond 2025. 
While ammonia will likely not cover the entire green 
hydrogen production gap in Germany and will coexist 
with other importing technologies in Europe, we 
expect ammonia to become the dominant hydrogen 
carrier for imports to Europe in the near term of 2025. 
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We have modelled the total import cost for green 
hydrogen via ammonia for an exemplary industrial 
customer in or close to Hamburg in the year 2025. 
The total import costs including reconversion and 
distribution are around 4.1 €/kg for the example of 
Saudi Arabia, around 1.1 €/kg cheaper than green 
hydrogen produced in Germany, as shown in Figure 6.

Saudi Arabia has been selected as an exporting 
country due to their announced plans to invest in 
green hydrogen and ammonia exports.The electricity 
prices are a key factor for the cost of green hydrogen. 
Saudi Arabia can achieve low electricity prices 
from renewable energies combined with high load 
factors that will be necessary for the economic 
competitiveness of green hydrogen compared 
to other hydrogen sources. At 1.04 US ct/kWh, 
Saudi Arabia has reported the lowest electricity 
cost world wide2. With other projects having higher 
electricity cost, we assume a range  0.8–2.4 € ct/kWh 
and average cost of 1.5 € ct/kWh for 2025. Therefore, 
Saudi Arabia is expected to become one of the 
cheapest producers and exporters of green hydrogen 
and will set standards for the exporting technology 
together with its project partners. 

Ammonia import cost

Source: Kearney analysis

Figure 6
Green hydrogen import value chain and considered options for the example of Saudi Arabia

Renewable 
energy

H2 
production Conversion Transport Storage and 

reconversion
Last-mile 
distribution

Industry 
application

Electricity AE NH3 Ship Central Pipeline+0.80

at 1.5
ct/kWh

+0.68 +0.96 +0.29 +1.28 +0.04

Green hydrogen import cost via ammonia from Saudi Arabia in the year 2025 [€/kg H2]

4.1 €/kg

5.2 €/kg

Saudi Arabia becomes one 
of the cheapest producers 
of green hydrogen, 
based on low electricity cost ranging 
between 0.8 and 2.4 € ct/kWh.

Large-scale, commercial green hydrogen production 
currently relies on two electrolysis technologies: 
alkaline electrolysis (AE) and proton exchange 
membrane (PEM) electrolysis. In the near future, an 
increase in efficiency and lifetime and simultaneously 
a decrease in CAPEX is expected due to learning 
effects (innovation and standardization) and scaling. 
As a result, an energy consumption of 53 kWh/kg 
hydrogen and CAPEX of 600 €/kW for AE and 
900 €/kW for PEM systems are expected by 2025. 
This makes alkaline electrolyzers the cheapest green 
hydrogen production technology until 2025. Beyond 
2025, PEM electrolyzers can profit from significant 
cost reduction potentials, as discussed in the 
last chapter.

2 Source: S&P Global Platts (2021)
 Retreived from: https://www.spglobal.com/platts/en/market-insights/latest-news/electric-power/042621-saudi-arabia-solar-target-raised-

after-seven-projects-added-including-record-low-cost
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Disadvantages of AE compared to PEM electro-
lyzers with regard to lower purity levels, lower 
output pressure, larger plant footprint, and 
lower flexibility may be of less relevance for 
ammonia-exporting countries with enough 
space and stable renewable energy sources.

Within the hydrogen value chain via imported green 
ammonia, reconversion is the most expensive 
step. Reconversion is expensive due to the high 
temperatures of up to 600–800°C that are needed 
to crack ammonia gas. Hence, reconversion 
close to energy-intensive industries with excess 
heat such as steel, copper, or cement produc-
tion could be cost beneficial. At the same time, a 
central reconversion to hydrogen at the terminal 
landing point is expected to be around 30 Percent 
cheaper than decentral reconversion, due to 
the size and efficiency of the required ammonia 
cracker. Central ammonia crackers are expected 
to add around 1.28 €/kg to the total hydrogen 
import cost with 75 Percent OPEX and 25 Percent 
CAPEX related cost and based on a turnkey price 
of around 100,000 €/t NH3/d. Additionally, central 
hydrogen reconversion allows last-mile distribu-
tion as compressed gas via trucks or pipelines.

Central reconversion in com-
bination with excess heat from 
energy-intensive industries, 
and distribution via pipelines 
will be cost optimal. 

Outlook on building a cost-
efficient pathway beyond 2025

Regulatory perspective

In the outlook beyond the modelled year 2025, 
importing green hydrogen is necessary due to 
Germany’s limited national green hydrogen produc-
tion target and high electricity prices, which increase 
cost of locally produced hydrogen compared 
to imports. High German electricity prices are 
expected due to a mismatch of renewable electricity 
expansion targets and projected future electricity 
demand. In addition, Germany’s renewable elec-
tricity sources are subject to higher intermittency 
than Saudi Arabia, for example, with a relatively 
constant supply of solar radiation. Accordingly, rising 
electricity prices challenge the continuous, compet-
itive green hydrogen production in Germany, and 
raise the need for a reliable import infrastructure. 

Insecurities in the outlook 
of green hydrogen import 
pathways can hinder 
investments.

Importance of 
regulations and policies 
Governmental support with regulations, 
policies, and support initiatives are essential 
to kickstart and secure investments.

The distribution of compressed hydrogen via 
pipelines is expected to be the cost-optimal path for 
large volumes (for example, for a 50 km distance, a 
pipeline costs 4 € ct/kg while a 300 bar hydrogen 
truck costs around 29 € ct/kg).

At the same time, energy security, political factors 
in exporting countries, and supply chain disrup-
tion risks provide incentives to keep a significant 
part of green hydrogen production in Europe. 
Pan-European grids and further production in 
countries such as France, Spain, and Italy are 
currently being discussed. Additionally, green 
hydrogen is competing against blue hydrogen and 
other low-carbon solutions such as batteries or 
synthetic fuels. These considerations make it difficult 
to predict green hydrogen demand and import 
volume and can thus hinder investments in currently 
nonexistent green hydrogen import infrastructure. 
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Enabling a stable demand for green hydrogen as 
well as supporting mechanisms that help to de-risk 
investments in green hydrogen production, import, 
and deployment will therefore be crucial in the 
future. Additionally, a clear regulatory definition 
of green hydrogen and respective requirements 
for imports are needed on a supranational 
level. The political momentum is strong with 
a myriad of possible regulations, policies, and 
support initiatives being discussed, such as: 

      Small cost increase               Cost stable               Small cost decrease               Significant cost decrease               Insufficient current cost information 

Source: Kearney analysis

Figure 7
Predicted cost development along the green hydrogen import value chain beyond 2025 (vs. today)

Renewable 
energy

H2 
production Conversion Transport Storage and 

reconversion
Last-mile 
distribution

Predicted cost reductions will foster further investments

Electricity prices:

Germany

Exporting
countries

PEM

Alkaline

NH3

LOHC

LH2

NH3

LOHC

LH2

NH3

LOHC

LH2

Pipeline

Truck

a) CO2 emission prices: Giving CO2 emissions 
a price can drive up demand of green 
hydrogen over brown or grey hydrogen. The 
challenge is to select a price that levels the 
playing field and functions across borders. 

b) Incentive mechanisms such as feed-in 
tariffs or quota: Unlike feed-in tariffs which 
pay the producer of hydrogen a guaranteed 
price, quotas directly regulate quantities. 

c) Contracts for difference, already used in the 
offshore wind industry, are another option; these 
compensate for the difference between existing 
production processes and hydrogen production. 

d) Green hydrogen certificates, coherent 
across borders, could also prove to be 
a useful investment incentive for green 
hydrogen facilities by providing investors 
with additional securities against competing 
with conventional hydrogen production.
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Predicted cost 
reduction fosters 
further investments. 

PEM electrolyzers and the 
ammonia and liquefied 
hydrogen value chains 
are expected to profit 
most from cost-reduction 
opportunities.

Import cost development

At the same time, cost reductions along the value 
chain are expected through learning and scaling. 
The increased demand for hydrogen can drive 
down CAPEX per kg and enable process improve-
ments and efficiency gains due to economies of 
scale. Figure 7 on page 8 summarizes the further 
expected cost reduction potentials. PEM electro-
lyzers and the ammonia and liquefied hydrogen 
value chains are expected to profit most from cost 
reduction opportunities.

Renewable energy: The cost of green hydrogen 
production depends to a large extent on electricity 
prices. The costs for solar and wind power genera-
tion have been continuously falling since 2010 (for 
example, more than 82 Percent for solar PV between 
2010 and 2019). Leveraging more abundant solar 
and wind energy in exporting countries combined 
with learning effects and larger sites will drive 
down electricity prices and in turn hydrogen cost in 
exporting countries. 

H2 production: PEM manufacturing will benefit from 
further standardization and automation in manufac-
turing as the process was formerly characterized by 
customized orders and labor-intensive manufacturing. 
Advances in research and development will further 
improve the operational life of electrolyzer cell stacks 
and reduce the balance of plant cost. PEM electro-
lyzers will benefit from the use of alternative materials, 
replacing scarce raw materials such as platinum; 
improvements in catalyst coating; and lower resis-
tance membranes.3 For alkaline electrolyzers, further 
efficiency gains are expected from improved 
heat exchangers.

3 Source: Kearney Energy Transition Institute (2020)
 Retrieved from: https://www.kearney.com/documents/17779499/18269679/Hydrogen+FactBook+Final+-+June+2020.pdf/01ae498b-3d38-

deca-2a61-6f107699dde1?t=1592252815000

Conversion: Since the conversion of hydrogen to 
ammonia is already used in industrial applications 
and farming, a further cost decrease is not predicted. 
Leveraging LOHC is currently under develop-
ment with different carrier mediums being tested 
(for example, dibenzyltoluene (DBT) as an alternative 
to methylcyclohexane (MCH)). DBT is reported to 
be safer, easier to handle, and cheaper. Producing 
liquefied hydrogen is well known on a small scale but 
immature for large-scale applications. Currently, R&D 
focuses on improving efficiency for liquefaction by, 
for example, reducing boil-off rates and improving 
engineering, insulation, and heat exchangers. Thus, 
the cumulative impact of large-scale production, R&D 
improvements, and reduced electricity prices on the 
cost of liquefied hydrogen are potentially significant. 

Transport: Ships that can transport liquefied 
hydrogen at the required temperatures are still 
brought to serial production with commercial 
operations targeted to start in the 2030s. Dedicated 
ammonia or LOHC ships are also not available but 
existing tankers (for example, LPG) can be used. With 
dedicated, scaled-up ammonia ships, the transport 
cost is expected to decrease. 

Reconversion: The reconversion of ammonia has not 
been implemented on a large scale and possesses 
improvement potential to reduce the required 
energy. There is a significant amount of research 
into efficiency improvements of ammonia crackers 
ongoing, which is expected to decrease CAPEX and 
to significantly increase conversion rates. However, 
with increasing electricity prices in the reconver-
sion location, Germany, potential cost benefits from 
reduced CAPEX and increased efficiency could 
be counterbalanced. 

Last-mile distribution: While only a limited amount 
of dedicated hydrogen pipelines is tested or planned, 
the technology already possesses a high maturity. 
The same applies to trucks transporting compressed 
or liquefied hydrogen. 

The predicted cost reductions can foster an addi-
tio nal demand pull from industries, as well as 
additio nal investments into R&D and the production 
and import infrastructure. Starting with govern-
mental support, the additional cost reductions 
will drive further green hydrogen deployment. 
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