Hans-Wilhelm Schiffer and Stefan Ulreich
Introduction This paper describes various methods for the production of hydrogen and estimates the respective
costs. Transport and storage options are described – also with an indication of the expected costs. Additional focus is
given to applications of hydrogen in various sectors of the economy, such as transport, buildings and industry. This
covers the main value-clusters. Political strategies for achieving climate neutrality are increasingly directed at the g lobal
potential that can be increased with growing use of hydrogen. Examples of two types of countries are considered,
demonstrating strategic focus in different directions. One direction emphasises future export opportunities resulting
from increased global demand. The other places focus on the import of hydrogen as a contributor to achieving energy
and climate policy goals. A number of institutions have recently presented updated projections for the longer-term
development of global energy supply. These institutions include international organisations such as the World Energy
Council and the International Energy Agency, consulting and services companies McKinsey, DNV and Bloomberg, and
energy companies BP and Equinor. The results of these studies on the future of hydrogen in different model calculations
are presented. The conclusion is that hydrogen is one of the central building blocks of different paths towards climate
neutrality.

Hydrogen production
There are numerous ways to produce hydrogen. This offers
advantages in terms of secure supply of hydrogen, as
several options can be used in parallel. Further advantages
include enhanced affordability, as the technologies
compete with each other. Currently, most hydrogen is pro
duced from fossil fuels, mainly natural gas [1]. Electricity
is used to produce hydrogen by water electrolysis, but on a
relatively modest scale, as the cost of electricity consumed
by the production process is higher compared to the cost of
natural gas reforming. In the long term, solar energy, wind
and biomass can be used directly to produce hydrogen [2].
The renewable energy based solutions are currently the
most researched.
Roughly, hydrogen production can be divided into four
different groups:
1. Thermochemical: Some thermal processes use energy
from natural gas, coal or biomass to release hydrogen
from their molecular structure. In other processes, heat
in combination with closed chemical cycles is used
to produce hydrogen from water. In combination
with CC(U)S, climate-neutral hydrogen can also be
produced.
2. Electrolysis: Electrolysers use electricity to split water
into hydrogen and oxygen. Electricity generated in a
climate-neutral way can be used immediately.
3. Photolysis: In photolysis, water is split into hydrogen
and oxygen using light. These processes are currently at
a very early stage of research but could offer long-term
potential for sustainable hydrogen production with low
environmental impact.
4. Biological: Microbes and microalgae can produce
hydrogen biologically, e.g. in biogas plants, although
most technologies are still at a very early stage, but they
offer interesting potential.
Thermochemical
The reformation of natural gas is a mature technology. In
the USA, over 90 % of hydrogen is produced in this way.
Natural gas contains high proportions of methane (CH4),
together with water vapour it turns into hydrogen and
carbon monoxide or carbon dioxide through a chemical
reaction. The production costs are between 0.9 and

1.9 US$ per kg of hydrogen (US$/kgH2). The water
r equirement is 4.5 litres per kgH2. [2]
Coal gasification is used to produce hydrogen by first
producing synthesis gas from coal with oxygen and steam
under high pressure and temperature: a mixture consisting
mainly of carbon monoxide and hydrogen. After the
synthesis gas has been purified, additional hydrogen and
carbon dioxide are produced from the carbon monoxide
and steam by means of a so-called shift reaction. The
hydrogen can then be separated, and the highly concen
trated carbon dioxide stream can then be captured
and stored. The production costs are between 1.6 and
2.2 US$/kgH2. The water requirement is 9.0 l/kgH2 [2].
In both of the above-mentioned processes, the carbon
dioxide, which is an unavoidable component of the
chemical process, can be captured and used or stored by
means of CC(U)S. This makes it possible to use fossil fuels
in a (nearly) climate-neutral way. These technologies are
of course particularly interesting for regions with large
resources of natural gas and coal and suitable CO2 storage
or utilisation. Alternatively or additionally, bio-methane or
biomass can be used.
There are also other processes in this technology class,
such as pyrolysis, solar-thermal hydrogen, auto-thermal
reforming or the Kværner process.
Electrolysis
In electrolysis, water is split into hydrogen and oxygen by
means of electricity. The reaction takes place in a so-called
electrolyser. The size of the electrolyser is almost infinitely
scalable. Like fuel cells, electrolysers consist of an anode
and a cathode separated by electrolyte. Different electro
lysers function slightly differently, mainly due to the
different types of electrolyte. Electrolysis produces

hydrogen and oxygen only, hence the electricity used

largely determines the ecological footprint of the hydrogen
produced.
In the polymer electrolyte membrane (PEM) electro
lyser, the electrolyte is a special solid plastic material.
Water reacts at the anode to form oxygen and positively
charged hydrogen ions (protons). The electrons flow
through an external circuit and the hydrogen ions
move selectively via the PEM to the cathode. At the
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semiconductors can split water with the help of visible
light from the sun. Photobiological hydrogen production
uses microorganisms and sunlight. Green microalgae or
cyanobacteria use sunlight to split water. These processes
are still at the very beginning of their development. They
are promising in terms of an assumed low ecological foot
print, but the technical and economic challenges are
considerable.

|

Biological
Microbial biomass conversion processes use the ability of
microorganisms to digest biomass and release hydrogen.
As no light is required, these methods are sometimes
referred to as dark fermentation.
In direct fermentation, the microbes produce the
hydrogen themselves. These microbes can break down
complex molecules in many different ways, and the
by-products of some of these processes can be combined by
Figure 1
Hydrogen production costs by energy carrier [3].
enzymes to produce hydrogen.
Source: IEA (2020): Energy Technology Perspectives 2020
These processes are still very early technologies.
Further research can confirm whether and how they will
cathode, hydrogen ions merge with electrons from the also contribute to future hydrogen production. However,
promising results have already been achieved in labora
external circuit to form hydrogen gas [2].
Alkaline electrolysers work by transporting hydroxide tory conditions. the production costs for microbial electro
ions through the electrolyte from the cathode to the a node, lysis are estimated at 1.7 to 2.6 US$/kgH2 [2].
producing hydrogen on the cathode side. Electrolysers
using a liquid alkaline solution of sodium or potassium Transport and distribution infrastructure
hydroxide as electrolyte have been commercially available Given different technologies, hydrogen production can be
for many years. More recent approaches using solid placed either close to the energy source (central), e.g. an
alkaline exchange membranes as the electrolyte have onshore wind farm, or close to the consumer (decen
shown promising results on a laboratory scale [2].
tralised), which is an interesting option for many i ndustrial
High temperature electrolysis uses solid ceramic applications. With the decentralised solution, the trans
material as the electrolyte. The water at the cathode port and storage of hydrogen does not require major

combines with electrons from the external circuit to form infrastructure, provided there is connection to electricity.
hydrogen gas and negatively charged oxygen ions. The With the centralised solution, hydrogen has to be trans
oxygen ions pass through the ceramic membrane and react ported, which is currently done using special pipelines or
at the anode to form oxygen gas [2].
by truck – but for an often mentioned ‘hydrogen economy’,
High-temperature electrolysers must operate at considerable infrastructure has to be built or upgraded.
temperatures high enough for the solid oxide membranes The well-developed natural gas network in Europe – when
to function properly (about 700 to 800 °C compared to retrofitted – can also be used to transport hydrogen. As
PEM electrolysers at 70 to 90 °C and commercial alkaline with the natural gas system, compressor stations are
electrolysers at 100 °C to 150 °C). The high-temperature needed to generate high pressure in the transport system
electrolysers can effectively use the heat available at these (thus increasing the energy density), and of course
elevated temperatures (from various sources, including pipelines for the transmission and distribution network. If
nuclear energy) to reduce the amount of electrical energy liquid hydrogen is used, an infrastructure similar to that
needed to produce hydrogen from water [2].
for liquefied natural gas is needed. However, this leads to
The costs of the electrolysis processes are significantly higher energy costs and a lower level of energy efficiency.
higher than the thermochemical processes: PEM is
As with natural gas, it is the distance that defines
3.5 to 7.5 US$/kgH2, alkali is 2.6 to 6.9 US$/kgH2 and high whether pipeline transport or shipping is the most eco
temperature electrolysis is 5.8 to 7.0 US$/kgH2. Electro nomical solution. In a recently published study, “Hydrogen
lysis requires between 9 and 15 litres of water per kg of generation in Europe: Overview of costs and key benefits”,
hydrogen and 50 to 60 kWh of electricity [2].
the authors consider the so-called “LCOT”, i.e. the levelised
Obviously, the “classic” thermochemical processes are cost of transmission as the discounted costs (CAPEX
much more cost-effective, which explains why they and OPEX) to transport 1 MWh of H2. If an existing
currently account for the lion’s share of global hydrogen natural gas infrastructure is upgraded, these costs are
production. However, electrolysis still offers high poten 3.70 €/MWh(H2) for a transport over 600 km. For a new
tial, as the technologies are only at the beginning of their hydrogen infrastructure, the costs are between 4.60 and
development – moreover, they offer further advantages 49.80 €/MWh(H2) for a transport distance of 600 km [4].
because climate-neutral hydrogen can be produced by
For the distribution network, LCOD (levelised cost of
using climate-neutral electricity. Cost can be cut by techno distribution) is calculated in a similar way, which is given
logical progress and/or through economies of scale of as 0.23 to 0.47 €/MWh(H2)/km, if existing natural gas
larger production units.
networks can be upgraded. New distribution networks
range from 0.05 €/MWh(H2)/km (1000 km transport
distance) to 1.61 €/MWh(H2)/km (1 km transport

Photolysis
In photocatalytic water splitting, hydrogen is produced distance). If hydrogen is distributed by truck, LCODs of
from water using sunlight and semiconductors. This is also 0.54 to 2.46 €/MWh(H2)/km are given. Thus, there are
referred to as artificial photosynthesis. The required significant cost implications [4].
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Import location: Costs
in €/MWh(H2)
Rotterdam
Rotterdam implicit electricity costs
in €/MWh (electricity)
Algeciras
Algeciras implicit electricity costs
in €/MWh (electricity)
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If hydrogen is heavily used by a number of sectors in the
same area of energy supply (heat, transport, electricity),
seasonal storage facilities will be needed. Additionally,
storage facilities are also needed for intraday balancing,
or storage for a few days for supply security. The LCOS
(levelised cost of storage) ranges between 6 and
104 €/MWh(H2) [4].
Additional costs related to hydrogen infrastructure
can rise further for distribution of hydrogen to the end
customer, e.g. for filling stations. Here, the costs for
compressing hydrogen in particular is the main energy and
cost driver. Consequently, in order to use hydrogen on a
significant scale, an infrastructure for its transport and
distribution is necessary in addition to the production [4].
However, hydrogen transport also opens up the access
to global hydrogen production facilities through imports.
Here, hydrogen can be transported either as such or
converted into substances that are easier to transport and
then reconverted, as with ammonia (NH3) or methanol
(CH3OH). Costs for importing hydrogen are usually given
in €/MWh(H2).
To put these costs into perspective, we convert them
into electricity costs needed at the import location to
produce hydrogen by electrolysis. We assume that the
calorific value of hydrogen is between 33.33 kWh/kg and
39.41 kWh/kg and that electrolysis requires between
50 and 60 kWh of electricity to produce 1 kg of hydrogen.
Interestingly, the import of ammonia is significantly
cheaper. The electricity prices calculated from this can
then be compared with the LCOE (levelised cost of elec
tricity), which is available for a PV (photovoltaic) system
at the landing site. For example, according to World
Bank data, in 2018 in the Netherlands, PV had LCOE
of $12.41 ct/kWh(electricity) (equivalent to about
€10.41 ct/kWh (electricity), in Spain of $8.10 ct/kWh
(electricity) (equivalent to about €6.8 ct/kWh (electricity)
and in Germany of $11.19 ct/kWh (electricity) (equivalent
to about €9.39 ct/kWh (electricity).
The implicit electricity price compares the import costs
for hydrogen with the production costs for hydrogen with
an electrolyser in the importing country. According to the
study, ammonia can be imported from Chile at
€ 117/MWh (H2) to Rotterdam. From this, an electricity
price can be calculated at which hydrogen can be produced
in Rotterdam at the import costs by electrolysis. Given the
two assumptions that 50 kWh of electricity are needed to
produce 1 kg of hydrogen and that hydrogen has a calorific
value of 33.33 kWh/kg, an implicit electricity price of
117 €/MWh(H2) × 33.33 kWh/kg(H2)/50 kWh (elec
tricity)/kg(H2) is derived. This implicit electricity price
can then be compared with the LCOE for renewable
production at the Rotterdam site to determine whether
hydrogen production at the landfall site is competitive
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Figure 2
Comparison of the import costs with the production costs for hydrogen using electrolysis
in the importing country.

compared to import. Since the values for the amount of
electricity required vary with 50 to 60 kWh for electrolysis
and the calorific value of hydrogen varies between
33.33 kWh/kg to 39.41 kWh/kg, there is a band width in
the implicit electricity cost.
The table shows that both the Netherlands and Spain
already have economically attractive import options for
renewable hydrogen in the form of ammonia imports from
Chile. The transport costs are in the best case more than
compensated by the lower production costs. Spain, of
course, is different from Northwest-Europe, thanks to the
much better LCOE for PV.
In perspective, the costs will become lower – both for
the transport infrastructure and for hydrogen production.
The study published by the EU Commission [4] shows
import costs for 2050 that are significantly lower than the
import costs for 2020, assuming that hydrogen is imported
into Europe by pipeline from North Africa or Russia. The
share of transport costs is between 2 % and 10 % of the
total. Production of hydrogen in Europe therefore faces
intense competition if the production costs in Europe are
10 % higher than in the export regions.
Synthetic fuels
In addition to direct use, e.g. in fuel cells, hydrogen can
also be used for the production of synthetic fuels, which
has efficiency losses due to the additional application.
However, there can be advantages in transporting and/or
using the resulting synthetic fuel, which can also be used
as raw material in some instances. In the following, we
give a brief overview of possible energy carriers or raw
materials use [5, 6, 7, 8].

Australia
hydrogen H2

Australia
ammonia NH3

Chile
hydrogen H2

Chile
ammonia NH3

Saudi-Arabia
hydrogen H2

Saudi-Arabia
ammonia NH3

248

189

161

117

208

169

13.78-19.55

10.50-14.90

8.94-12.69

6.50-9.22

11.55-16.39

9.39-13.32

240

186

158

116

200

167

13.33-18.92

10.33-14.66

8.78-12.45

6.44-12.45

11.11-15.76

9.28-13.16

Table 1
Costs for imported hydrogen and implicit electricity costs at the point of import.
Note: The import costs for hydrogen [EU 2020b] are used to calculate the electricity costs that are just competitive for hydrogen production at the import location (Rotterdam or Algeciras):
if the actual market prices for electricity at the import location are higher than the calculated value, import is more economical. [4]
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For an evaluation of technologies, the starting point is
an assessment of energy and cost efficiency. In terms of
energy efficiency the drive unit is actually of less interest,
system efficiency is more decisive, i.e. “well-to-wheel”
from energy production to use in transport. However, cost
efficiency is also crucial: when comparing two tech
nologies, one may be more cost-efficient and the other
more energy-efficient. In this case, the economic decision
would – rightly – fall on the more cost-effective option.
This plays an important role especially in renewable
electricity generation with zero marginal costs for

electricity production.
Hydrogen: Apart from production, the decentralised
use of hydrogen does not require any storage, transport or
further downstream operations, which makes the process
appear simpler, in terms of efficiency – in contrast to
central solutions which benefit from more attractive
production costs. When used in a vehicle’s drivetrain, the
fuel cell has a lower efficiency than an electric motor. It is
also necessary to upgrade the gas grid for hydrogen
transport or use on-sites electrolysis or liquid organic

hydrogen carriers (LOHC). Anyway, hydrogen can be
imported – the challenges of expanding renewable
generation and developing the electricity grid are thus
significantly mitigated and may appear in some cases as
the only way forward.

|

Figure 3
Production costs of synthetic fuels. [6]
Source: Kramer, U. et al. (2018): D
 efossilierung des Transportsektors – Optionen und Voraussetzungen
in Deutschland, page 87

|

Figure 4
Electricity consumption for the production of synthetic fuels. [5]
Note: FVV = Forschungsvereinigung Verbrennungskraftmaschinen
Source:FfE Forschungsstelle für Energiewirtschaft (2019):
Welche strombasierten Kraftstoffe sind im zukünftigen Energiesystem relevant?

Methane: Methane is the main component of natural
gas, which also contains other gases in small quantities.
Methane can be used directly for electricity generation, but
also as a component, e.g. in the production of fertilisers or
even plastics. Furthermore, it can also be used as an e nergy
carrier in the transport or heavy-duty fuel in the heating
sector. Methane can be produced using climate-neutral
electricity, and also as bio-methane. Methane can be easily
fed into a well-developed natural gas transport network
regardless of its origin or converted into LNG for transport.
The disadvantage, however, is that a further production
step is necessary to extract methane from the climate-
neutral hydrogen which leads to significant energy losses.
Liquid fuels: Liquid fuels play an important role,
especially in transport applications. Methanol, Fischer-
Tropsch hydrocarbons, oxymethylene ether (OME),
dimethyl ether (DME) and other can be produced with
climate-neutral hydrogen. Similar to methane, proven pro
cesses can be used to transport these energy carriers. How
ever, again conversion into liquid fuels results in h
 igher
energy consumption.
The production of sufficient quantities of hydrogen
using renewable energies requires a significant expansion
of renewables electricity generation and transport to meet
the needs of energy supply (incl. sector coupling) and
industry. If this is not possible in a country or region, e.g.
due to a lack of economic viability or social acceptance, the
option of importing hydrogen or methanol or DME remains
more attractive, both in terms of energies and economics.
The imported energy carrier can then be used in industry
or energy conversion.
On the way to a global market
In the case of hydrogen, there is great interest in production
close to consumption. However, for various reasons, the
necessary preconditions are not in place everywhere. In
such cases, local demand cannot be met with local pro
duction alone for a number of reasons 
including high
production costs, lack of space or restrictions on the
necessary infrastructure development. For this reason,

large industrialised countries now regard the import of
hydrogen as an essential supplementary source, e.g. Japan
in cooperation with Australia. In Japan, it seems impossible
to meet the expected demand for hydrogen solely by
domestic production in its own country, hence hydrogen
import is an integral part of climate policy strategy.
In a recent study by the World Energy Council, three
main classes of criteria were identified for the import of
hydrogen and hydrogen-based products [9]:
p Criterion 1: The cost of generating renewable
electricity as the main factor for PtX (Power-to-X, i.e.
conversion of electricity in other energy carriers or raw
materials) production, mainly depending on the full
load hours of the installed capacities. Likewise, the
possibility of interplay between different types of

generation, e.g. combination of wind and solar, plays a
significant role, so does access to low-cost storage, as all
this allows the electrolysers to operate around the
clock.
p Criterion 2: Additional area-specific resource poten
tials or constraints such as for example, land require
ment or availability of water. The availability of water
can be improved through desalination solutions, if
necessary. Likewise, access to CO2 as a raw material for
PtX production is a crucial factor, so is the transport
infrastructure to remove the climate-neutral energy
carriers.

Serial | Major Trends in Energy Policy and Nuclear Power
Hydrogen – Important Building Block Towards Climate Neutrality ı Hans-Wilhelm Schiffer and Stefan Ulreich

|

Figure 5
Hydrogen production costs based on natural gas in selected world regions in 2018.
Typical production costs for hydrogen from solar and wind power. There are considerable
differences in production costs, suggesting the import of h ydrogen as a cost-effective
option for many northern European countries [10]. Source: International Energy Agency
(2019): The Future of Hydrogen

p Criterion 3 (“soft factors”): Other factors beyond
natural resources include the political stability of a
country or, for example, its development status and the
embedded energy framework. As with all other
economic activities, legal certainty plays an important
role.
The evaluation of these criteria led to a classification of
relevant production countries for hydrogen as possible
exporters to Europe and Germany in particular. The
decisive factor here is a large number of countries, which
avoids heavy dependence on a few countries – on the
contrary, the diversity of players means that intensive
competition can be expected, which ensures that

consumers can expect fair wholesale prices.
Looking at the current cost levels, fossil energy sources
have a competitive advantage over renewable energy as a
starting point for hydrogen production, including CCUS.
Hydrogen can often be produced more cheaply outside
Europe for two reasons that are closely related: the plant
load factor is higher in other areas, i.e. generating plants
run for considerably more hours in which they produce
electricity. This means that the electrolyser can also be
utilised much better. From an economic point of view, an
electrolyser works best if it is in operation every hour of the
year, because then the fixed costs are spread over more
hours. In this respect, cases where electrolysers are in
operation for a few hours only in order to absorb any
surplus electricity become a major economic handicap.
Possible export countries for hydrogen have different
prerequisites and preferences. This means that globally
intense competition can be expected. The well-known
transport solutions are available for hydrogen logistics.
Existing natural gas pipelines can only be used to a limited
extent, as hydrogen is particularly challenging in terms of
material embrittlement. For some time now, the gas
network operators have been carrying out projects – both
on the long-distance network level and on the distribution
network level – to upgrade the gas transport systems for
higher hydrogen admixture. An important point here,
however, is the extent to which the connected customers
can cope with a higher hydrogen content. In order to
transport the same amount of energy as in natural gas,
three times more hydrogen is required, since natural
gas and hydrogen have different product and energy
densities.

|
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Figure 6
Future hydrogen production costs from a combination of solar PV and onshore wind
systems [10].
* The costs reported by the IEA in 2019 relate to the year 2050. According to the IEA‘s
updated assessment (from the year 2021), the costs indicated could, however, be reached
significantly earlier than 2050. Source: IEA (2019)

Figure 7
Types of potential PtX producers/exporters and selected sample countries [9].
Note: The PtX types and the allocation of a possible candidate country within each category serve as
starting point to identify possible PtX development strategies; not a concise list and readily alterable.
Source: Frontier Economics (2018): International aspects of a Power-to-X Roadmap

Just like LNG in the natural gas sector, liquefied
 ydrogen LH2 can also be used to transport energy
h
quantities. To do this, hydrogen must be cooled to a

temperature of around -253 °C, i.e. significantly lower
temperatures than LNG at around -162 °C. The first ship
transport of LH2 between Japan and Australia is planned
for autumn 2021.
In addition, synthetic energy carriers based on
hydrogen can play an important role, as synthetic methane
can be transported to the end consumer using the existing
gas transport infrastructure or synthetic liquid fuels
with the existing transport infrastructure (e.g. tankers).
In its analysis for the German member committee of the
World Energy Council, Frontier Economics concludes
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that synthetic petrol from Iceland or North Africa/Middle
East will be competitive from around 2050. Due to changes
in the tax and levy system, these forecasts can shift in
time – both forwards and backwards. What is clear, how
ever, is that imports are significantly cheaper, especially
since synthetic petrol or methane can rely on transport
systems that are already established, such as pipelines or
oil t ankers [9].
Use of hydrogen
In principle, the use of hydrogen can be considered in all
energy consumption sectors. However, focal points for its
priority use are emerging within the various sectors. In
addition, there are different priorities for use in the

national economies around the world.
In industry, hydrogen can be considered as a feedstock
for a variety of processes and procedures. Hydrogen is
already being used in large quantities for the production of
ammonia, methanol and high-quality chemicals. There is a
significant number of other applications in the chemical
and petrochemical industries as well as in the production
of cement. In addition, the steel industry is seen as a
significant user of “green” hydrogen in the future. The di
rect reduction of iron ore by hydrogen is seen as the only
viable way to replace the coal-based blast furnace process.
In the transport sector, hydrogen can be used in fuel
cells of electric vehicles. This applies to cars, buses, trucks,
trains and for transport operations in industry, such as
forklifts or lift trucks. In the fuel cell, hydrogen is convert
ed into electrical energy and the vehicle is driven by an
electric motor. Synthetic fuels can be produced from
hydrogen with the addition of carbon, which – as applica
tions mentioned above – can also be used in aviation and
shipping. The CO2 needed for the process can be extracted
from the atmosphere. Alternatively, carbon produced
during the capture of CO2 in coal, gas or biomass
power plants or from non-avoidable industrial sources
(waste, sewage sludge, waste incineration, cement plants,
chemical industry) can be used. In January 2021, the first
commercial passenger flight in the world was operated

with “sustainably produced synthetic paraffin”. For the
KLM flight from Amsterdam to Madrid, 500 litres of
synthetic paraffin were blended, which Shell produced at
its research centre in Amsterdam.
In the buildings sector, hydrogen can be used to
1
generate electricity and heat using fuel cells, off-grid
power and heat (micro-CHP or CHP). The strongest
hydrogen application in the buildings is located in Japan.
There, more than 300,000 buildings are equipped with
fuel cell heating systems.
Electricity generation is another area of application.
Hydrogen can be converted back into electrical energy by
special gas turbines (currently with hydrogen as an
admixture) or stationary fuel cells. Typically, this is done
by converting renewables generated “surplus” electricity
into hydrogen, which serves as a storage medium and can
be used to generate electricity on demand.
Transport and industry are the most widely pursued
application sectors for hydrogen, the latter especially

in countries that have a strong industrial base and give
high priority to greenhouse gas emission reduction, as
is the case in Germany. All countries that pursue a
hydrogen strategy see transport as an important appli
cation area for this product. The only difference is in the
emphasis placed on different modes of transport. In Asian
countries in particular, Japan, South Korea and China, as
well as in California, fuel cell propulsion is also used for
passenger cars. In Europe, on the other hand, the focus is
on buses, trucks, trains, ships and air travel. There, the
future for passenger cars is seen in battery-powered

electric drives. Differences in orientation can also be seen
in the buildings sector. In Japan and South Korea, the
focus is on CHP using fuel cells. In contrast, in Europe the
approach aims to achieve the targeted greenhouse
gas emission reduction through improved insulation of
the buildings, phasing out oil for heating and transition to
electric heat pumps. The re-electrification of hydrogen
is mainly seen as a balancing mechanism for the
fluctuating power generation from wind and sun – this
mainly in Europe and in Australia.

Colour theory
Hydrogen is colourless. In order to classify the numerous possible p
 roduction p
 rocesses according
to their respective climate compatibility, hydrogen is categorised by assigning different colours.
Green: Production of hydrogen by electrolysis of water, i.e. the splitting of the w
 ater molecule into the
two elements oxygen and hydrogen. Only electricity from renewable energies is used in this process.
Grey: Hydrogen is produced by steam reforming of fossil fuels such as coal or natural gas. In the
process, CO2 is released depending on the CO2 intensity of the energy source used. The production of
one tonne of hydrogen from natural gas produces around 10 tonnes of CO2.
Blue: Natural gas is split into hydrogen and CO2. However, the carbon dioxide is captured and either
put to use or stored underground.
Turquoise: The hydrogen is produced via the thermal splitting of methane (methane pyrolysis). This
produces solid carbon that can be reused as a raw material. The prerequisites for the CO2 neutrality
of the process are the heat supply of the high-temperature reactor from CO2-free energies and the
permanent binding of the carbon.
Red: Red hydrogen is produced climate-neutrally with electricity from n
 uclear power plants.
White: There are very rare regions where natural deposits of hydrogen can be extracted.

1 A significant proportion of households are not connected to the natural gas pipeline network, but use liquid gas, for example. In the foreseeable future,
only liquid energy sources (and not hydrogen directly) will be usable here.
Serial | Major Trends in Energy Policy and Nuclear Power
Hydrogen – Important Building Block Towards Climate Neutrality ı Hans-Wilhelm Schiffer and Stefan Ulreich

Serial | Major Trends in Energy Policy and Nuclear Power
Hydrogen – Important Building Block T owards Climate Neutrality ı Hans-Wilhelm Schiffer and Stefan Ulreich

SERIAL | MA JOR TRENDS IN ENERGY POLIC Y AND NUCLEAR POWER

Strategies and projects worldwide
The study “International Hydrogen Strategies” commis
sioned by the World Energy Council – Germany and
presented by Ludwig-Bölkow-Systemtechnik GmbH in
September 2020 states that 20 countries worldwide,
representing 44 % of global gross domestic product (GDP),
have a national hydrogen strategy [11]. 31 countries,
representing another 44 % of global GDP, support national
projects and are considering policies in favour of hydrogen-
based technologies. The activities are broadly spread
around the world. The strongest trends are seen in Europe,
in the Asia/Pacific region, especially in Japan, South
Korea, China and Australia, in North and parts of South
America as well as in the Middle East and North Africa, the
so-called MENA regions. The most important drivers are:
achieving ambitious greenhouse gas emission reduction
targets, integrating renewable energies and exploiting
opportunities for economic growth.
The national strategies differ in their concrete
orientation, which is determined by the respective

| Figure 8
Number of hydrogen projects by world region [13].
country-specific interests. What they have in common,
Source: McKinsey & Company (2021): Hydrogen Insights
however, is the perception that hydrogen is an essential
and indispensable component of a decarbonised energy
system. For 2050, the aforementioned study expects
a global demand potential for hydrogen of up to
9,000 terawatt hours (TWh), corresponding to 270 million
tonnes per year, which is as large as the annual primary
energy consumption currently covered by renewable
energies worldwide.
The majority of long-term national strategies target
“green” hydrogen from renewable energies. However, on
the way to a decarbonised world by 2050, other types of
“low carbon” hydrogen are also being targeted. This is seen
as an effective and pragmatic way to kick-start a hydrogen
economy and achieve volume increases [12].
The hydrogen strategies of the various countries differ
in their orientation. On the one hand, the market sectors
for which hydrogen use is a priority. This also applies to the
role that hydrogen is to play in the future, either as an
import or export commodity.
Japan, South Korea and Germany in particular see
imports of hydrogen as an essential part of their respective
| Figure 9
Allocation of worldwide hydrogen projects by type of alignment [13].
national strategies. In Australia, Spain, Norway, Russia,
Source: McKinsey & Company (2021): Hydrogen Insights
Morocco, the United Kingdom, but also in the Middle East,
the development of export markets plays an important
role in strategy considerations. Some of the countries,
transport or steel production) or where fossil raw
especially in the Middle East, are interested in replacing
materials can be replaced (for example in the chemical
fossil energy exports with hydrogen exports. The most
industry). In some applications, local air pollution can
prominent cooperation at present is the “Hydrogen Energy
also be avoided. This goal is part of the strategies of
Supply Chain Pilot” between Australia and Japan. In this
Australia, China, South Korea and California. Further
project, hydrogen is produced in a process with integrated
more, hydrogen tech
nology enables the storage of
lignite gasification in Australia, liquefied there and trans
energy; “green” hydrogen can be used as load balancing
for the intermittent g eneration of electricity from wind
ported to Japan by ship. Commercialisation of this supply
and sun, facilitating its integration into the energy
chain on a large scale is planned by 2030. Saudi Arabia
system.
plans to start exporting hydrogen produced from
renew

able energy in 2025, and further export/import p Hydrogen as a universal energy carrier is suitable for
relationships are being discussed between MENA countries
diversifying the energy mix by reducing dependence on
as suppliers and Japan, South Korea and Europe as
fossil energies. This applies to countries that rely on the
recipients. In addition, future international hydrogen

import of hydrogen. However, the expansion of
markets could be served from South America.
hydrogen production at particularly suitable locations
In principle, an expansion of the hydrogen economy
can also help to expand the export portfolio.
can meet basic goals of energy and climate policy.
p Domestic hydrogen production and technology
development can promote economic growth and

p Insofar as hydrogen is produced on the basis of
strengthen economic power through technology
renewable energies or when fossil energies are used
leadership. Furthermore, additional income streams
with carbon capture and storage (CCS), greenhouse gas
can be generated through the export of hydrogen and
emissions can be reduced, especially in sectors that are
technologies along the value chain.
difficult to electrify (such as long-distance freight
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To achieve these goals, there are several stages to go
through:
p The period up to around 2030 can serve to activate the
market through technology development and to take
the first steps towards building up demand for
hydrogen.
p In the second phase up to around 2040, constant market
growth is seen with the development of hydrogen
technologies on a large scale (e.g. in Germany, develop
ment of up to 10 GW electrolysis capacity between 2035
and 2040) as well as commercialisation of hydrogen
use in a range of applications.
p In the third phase, by 2050, hydrogen technologies will
be ready for the market as an important building block
for the targeted greenhouse gas neutrality.
Strategies of selected countries
The publication of the World Energy Council – Germany
mentioned above describes the hydrogen strategies of the
governments of 16 countries (United Kingdom, Japan,
South Korea, Australia, Netherlands, France, Italy,
Spain, China, Ukraine, Germany, Switzerland, Morocco,
California as the most advanced country in terms of
hydrogen within the USA, Russia and Norway) and the
European Union. The following is an exemplary outline
of two countries whose strategy is geared in particular to
the future export of hydrogen and two countries that
intend to pursue their energy and climate policy goals
primarily by importing hydrogen. These are Australia and
Saudi Arabia on the one hand, and Japan and Germany
on the other. In addition, the hydrogen strategy of the
European Union is outlined and suitable starting points
for the establishment of a hydrogen infrastructure are
identified.
Australia aims to become a major supplier of renew
able and low-carbon hydrogen to the global market,
including associated technologies, by 2050. This is linked
to an expansion of the use of hydrogen at home and
primarily directed at the use of hydrogen in long-distance
transport by trucks, buses, trains and ships. This also
includes, among other things, synthetic fuels as an option
for air transport. Furthermore, possible uses in industry
and the feeding of hydrogen into gas pipelines, for example
for heating and cooking in buildings, are part of the
considerations. And finally, power generation is also
considered an interesting sector. Hydrogen can be used
there through re-electrification in fuel cells and gas
turbines.
The national strategy includes a wide range of
different measures to support hydrogen technology.
They range from financial support of around €400 million
for projects, technologies and applications, to regu
latory measures facilitating the development of a
hydrogen 
industry in Australia. Already, more than
30 hydrogen projects are being pursued or developed.
These include:
p Hydrogen Energy Supply Chain (HESC) to demonstrate
the supply chain from hydrogen production from lignite
in Latrobe Valle in Victoria and transport by LH2 ship to
Japan. The commercial phase of this project, involving
a number of Australian and Japanese companies, is
planned for 2030. Included is the implementation of
CCS technology to ensure “low carbon” production of
the hydrogen.
p Various power-to-gas projects, mainly based on wind
and solar power, with the aim of feeding the product
thus obtained into the local gas pipeline network.

p Establishment of a hydrogen centre in Alton,
Victoria, by Toyota – including electrolysis and
demonstration of the use of “green” hydrogen in the
transport sector.
p Demonstration project for hydrogen in the transport
sector including a fuel cell electric vehicle fleet in
Canberra.
A further illustration of the Australian ambitions is the
Australian-German project HySupply that started at the
end of 2020. Australian and German experts from industry
and science will investigate for a period of two years the
green hydrogen value chain between two industrialized
nations. Barriers to the creation of a global hydrogen
economy will be identified in order to pave the way towards
the development of a global hydrogen market.
Saudi Arabia, the world’s largest exporter of crude oil,
is striving to play a market-leading role in the supply of
hydrogen and to diversify its export portfolio in this way.
The country’s large reserves of natural gas enable it to
produce “blue” hydrogen. This is done by capturing CO2 in
the natural gas-based hydrogen production process. In
September 2020, the world’s first shipload of 40 tonnes of
“blue” hydrogen converted into ammonia was shipped to
Japan, according to ARAMCO.
The Kingdom also plans to produce “green” hydrogen
based on solar energy. In a joint venture of the
Saudi NEOM JV and ACWA Power with Air Products, five
billion US dollars are to be invested in hydrogen pro
duction capacities in NEOM, a futuristic city on the Red
Sea. The project will have an ammonia plant with an
annual capacity of 1.2 million tonnes, using hydrogen
produced on the basis of solar and wind including storage
with a capacity of more than 4 GW. The commissioning
of the production facilities is planned for 2025. The hydro
gen is to be used as a feedstock for the production of
fertilisers, chemicals and oil derivatives. With corres

ponding investments, Saudi Arabia hopes to maintain its
role as a major energy supplier for the world in the future,
since more and more countries are reducing their use of
fossil fuels.
Japan is one of the world’s leading hydrogen states.
The development of hydrogen technologies has been
supported by the state since the 1970s. The background to
this is the country’s low availability of domestic energy
resources, combined with a high dependence on energy
imports, and the commitments it has made to reduce
greenhouse gas emissions. Japan is striving for global
technological leadership in hydrogen and in this way also
wants to improve its industrial competitiveness.
The transport sector is seen as a focal point for the
increased use of hydrogen in the future. Here, the use of
hydrogen is to be directed towards fuel cell cars with
electric motors as well as fuel cell buses, trucks, forklifts,
trains and ships. Furthermore, the expansion of hydrogen
use in power generation, in the buildings sector and in
industry is envisaged.
Japan aims to be the first country to import large
quantities of hydrogen by sea using newly developed

hydrogen ships. By 2030, the annual import of hydrogen is
set to reach 300,000 tonnes. Until then, the imported
hydrogen will be produced mainly on the basis of fossil
energies, after 2025 it will be produced with low CO2
emissions using CCS technology. For the period from
2030, the aim is to supplement the fossil (+ CCS)
generated import volumes with hydrogen produced as
cost-
effectively as possible on the basis of renewable
energies.
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region mentioned is a corridor between Romania, eastern
Bulgaria and northern Greece.
Scenarios on the prospects for hydrogen
A number of institutions regularly publish analyses of the
future development of global energy supply. These include
the International Energy Agency and the World Energy
Council, energy companies such as BP and Equinor, and
consulting and service companies such as McKinsey, DVN
and Bloomberg. These insights into the future of energy
supply and demand have different orientations. A
distinction can be made between exploratory scenarios,
projections and normative scenarios. The modelled results
differ against the background of the approaches chosen
and the assumptions made.
However, the consensus from these studies is that
hydrogen is seen as an essential building block for a
successful transformation of the energy supply. The

greater the climate protection ambitions, the stronger the
role attributed to hydrogen.
According to Kearney, global consumption of hydrogen
could reach around 539 million tonnes in 2050 – up
from 70 million tonnes in 2019 [2]. According to this
consultancy, the increase of 469 million tonnes is
distributed by sector as follows in 2050:
p Transport:
154 million tonnes
p Energy use by industry:
112 million tonnes
p Buildings:
77 million tonnes
p Industrial raw material:
63 million tonnes
p Power generation and storage: 63 million tonnes
The Norwegian consulting and certification company DNV
has presented a projection which, based on model
calculations, shows how the world’s energy supply is
expected to develop by 2050 [18]. For hydrogen, a global
consumption of 24 EJ corresponding to 573 Mtoe in 2050
is anticipated. The level of demand for hydrogen is
identified as strongly dependent on the CO2 price. The
projection is based on the fact that the CO2 price develops
differently across world regions. For example, a CO2 price
of 80 US$/t is assumed for Europe and 60 US$/t for China
in 2050, but significantly lower price assumptions are
made for the other world regions. Global consumption of
hydrogen would be about twice as high in 2050 if a 400 %
higher CO2 price were assumed than in the DNV projection,
the company says.
The most recent study available is the Global Energy
Perspective 2021, which McKinsey published in January
2021 [19]. McKinsey examined three future paths, defined
as the Reference Case, Accelerated Transition Scenario and
1.5 °C Pathway. In the Reference Case, global hydrogen
demand triples from 2019 to 2050 at an average annual rate
of 3.5 % to about 200 million tonnes. The initial growth
driver is the chemical industry and, in the longer term,
transport. “Green” hydrogen starts to replace “grey” hydro
gen after 2030 and becomes competitive before 2040. In
2050, 80 % of hydrogen will be produced by e lectrolysis.
This development is favoured by a strong reduction of the
investment costs of electrolysers and the electricity genera
tion costs based on renewable energies. In 2050, about
80 % of hydrogen will be produced by electrolysis. In the
Accelerated Transition scenario, it is assumed that “blue”
hydrogen achieves cost parity with “grey” hydrogen a lready
in the early 2020s and replaces about one tenth of “grey”
hydrogen in existing applications by 2030. Electrolysis
capacities increase to 150 GW by 2030. Global demand
growth is progressing at annual rates of 6 %. The transport
sector contributes three quarters of this increase. The result
Serial | Major Trends in Energy Policy and Nuclear Power
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Germany already has a comparatively large hydrogen
market with an estimated demand of about 55 TWhH2 per
year corresponding to 1.65 million tonnes in 2019. The
most important consumers are the chemical industry
(ammonia and methanol) and refineries [14]. Most of the
production is based on fossil energies. There are over
30 power-to-gas plants with a total installed capacity of
29 MW.
The German government presented the National
Hydrogen Strategy in June 2020 [15]. In the period from
2020 to 2023, technologies in industry that use hydrogen
to decarbonise manufacturing processes will be funded
with over €1 billion. In addition, €7 billion will be made
available for the market ramp-up of hydrogen technologies
in Germany and another €2 billion for international
partnerships. The National Hydrogen Strategy also aims to
strengthen the competitiveness of German companies and
thus exploit the economic opportunities associated with
this technology. The EU and many other EU states have
also launched such strategies.
The development of a hydrogen economy – especially a
“green” one – cannot be realised without state support.
This is because hydrogen technologies are more expensive
than conventional production processes. The German
government as well as the EU want to alleviate the
resulting burdens by introducing so-called contracts for
differences.
The goal of the European hydrogen strategy is to
provide a total of 40 GW of electrolyser capacity for the
production of “green” hydrogen by 2030. Favourable
conditions for the development of a hydrogen infra

structure are given if two prerequisites in particular are
met. These include a large demand potential and cost-
effective access to renewable energies [16].
In a study for Europe, Agora Energiewende and
Afry Management Consulting identified four regions in
particular that have especially good conditions [17]. One
of these corridors runs in a broad strip parallel to the North
Sea and Channel coast between Lower Saxony and the
north-east of France, including the Netherlands and
Belgium. Several large hydrogen projects are already

planned in this region. For example, BP, Evonik, Nowega,
OGE and RWE Generation want to build Germany’s
first publicly accessible hydrogen network between
Gelsenkirchen and Lingen by the end of 2022. The core
elements are the construction of an electrolysis plant with
a capacity of 100 MW that converts renewable electricity
into “green” hydrogen, the transport of the pure hydrogen
in existing converted natural gas pipelines and its use in
refineries and later in other sectors. This project is
embedded in the “GET H2” initiative, in which BASF,
Stadtwerke Lingen, Hydrogenious Technologies and
research institutions such as the Jülich Research Centre
are involved in addition to the companies already
mentioned. Uniper and the Port of Rotterdam Authority
are sounding out possibilities for the production of “green”
hydrogen in Maasvlakte, a large industrial and port area
near Rotterdam. RWE Generation is planning to build an
electrolysis plant in Eemshaven to produce hydrogen with
an initial capacity of 50 MW, connected to the Westereems
onshore wind farm.
Agora Energiewende and Afry name Spain as the
second priority location. There are already concrete plans
there as well. An international consortium wants to install
a 100 MW electrolyser in the Valencia region to produce
hydrogen for the local ceramics industry. The experts see a
third corridor in the north and east of Poland. The fourth
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is a hydrogen demand of about 400 million tonnes in 2050.
In the 1.5 °C pathway, strong restrictions are assumed at the
expense of CO2-intensive energies, above all in industry and
transport, as well as strong political support in favour of
hydrogen – with the consequence that the global demand
for hydrogen increases to about 600 million tonnes by 2050.
The International Energy Agency – like McKinsey – has
modelled various scenarios [20]. These include in
particular the Stated Policy Scenario (STEPS), the

Sustainable Development Scenario (SDS) and the Net Zero
Emissions by 2050 Case (NZE2050). STEPS is based on
existing and currently announced policy frameworks and
targets, as far as they are underpinned by concrete
measures. In contrast, the “target scenario” SDS assumes
that the goals of a sustainable energy supply are
comprehensively achieved – including the goals of the Paris
Climate Agreement. With NZE2050, the SDS analysis is
expanded and it is assumed that climate 

neutrality
will be achieved worldwide by 2070. Accordingly, there
is a wide range of expectations, in terms of future
production of h

ydrogen between these scenarios. For
example, the following production volumes for hydrogen
are assumed globally in 2030: 0.4 million tonnes of oil
equivalent (Mtoe) in STEPS, 40 Mtoe in SDS (including
10 Mtoe in the EU) and 120 Mtoe in NZE2050. The amount
of electricity required to produce the 0.4 Mtoe in STEPS is
reported to be less than 10 TWh – compared to nearly
400 TWh in SDS. The electricity demand for hydrogen
produced by electrolysis within the EU is estimated at
5 TWh in STEPS and 200 TWh in SDS in 2030. In 2040,
global production of hydrogen remains limited to only
10 Mtoe in the STEPS scenario.
In its scenarios, Equinor shows, among other things,
what contribution hydrogen could make to achieving
the climate neutrality targeted by the EU by 2050 [21].
In the Reform scenario modelled by Equinor, the EU’s
energy-related CO2 emissions are reduced by 72 % by
2050 compared to 1990. In this scenario, hydrogen is
not yet assigned a growing role. However, if – in deviation
from this result – hydrogen were to be favoured by
appropriate policy frameworks, energy-related CO2
emissions could be reduced by 82 % by 2050 compared to
1990 and thus by 10 percentage points more than without
the additional introduction of hydrogen into the energy
mix. The contribution of hydrogen to the EU’s final energy
consumption would in this case reach 15 % in 2050, with
different shares in different sectors, ranging from 0 to
30 %. In transport, hydrogen could replace oil in particular,
and gas in stationary installations. With regard to the
production of hydrogen, it would be expected that from
today’s 100 % “grey” hydrogen (based on gas without
CCS), a ratio of 60 % “green” hydrogen and 40 % “blue”
hydrogen (gas with CCS) would be established by 2050,
with 90 % of the CO2 being captured and stored by the
blue share. In this case, electricity generation from
wind and sun would have to be 55 % higher in 2050
than e xpected in the Reform scenario.
BP and BloombergNEF also presented studies on
the longer-term prospects for global energy supply in
autumn 2020. As in the aforementioned studies, various
scenarios are modelled – including a normative scenario
that assumes climate neutrality by the middle of the c entury
and shows what needs to happen to meet this goal. BP’s Net
Zero Scenario concludes that hydrogen consumption must
increase to 60 EJ (equivalent to 1,433 Mtoe) by 2050 and
thus to about 15 % of global final energy consumption.
According to the results of BP’s calculations, half of the

production will then be divided between “green” and “blue”
hydrogen. Of the total hydrogen consumption in this BP
scenario in 2050, a good two-fifths are accounted for by
industry, just under a quarter by transport and a sixth each
by the buildings and electricity sectors [22]. For its NEO
Climate Scenario for 2050, BloombergNEF shows a global
consumption of hydrogen of 801 million tonnes. According
to BloombergNEF, an additional 36,000 TWh of electricity
will be needed to produce this amount of h
 ydrogen in 2050.
This is about one third more than the electricity consumed
worldwide in 2019. Including the 
additional electricity
needed to realise a pathway that r elies on clean electricity
and hydrogen, global electricity generation in 2050 is
expected to be around 100,000 TWh in this scenario [23].
The World Energy Council had already initiated
Hydrogen Global in 2019 as a platform with the aim of
promoting the development of clean hydrogen and

hydrogen-based fuels [24]. The platform serves to give
visibility to the commitments of governments, companies
and organisations to the development of hydrogen. For the
World Energy Congress 2022, which will take place in
St. Petersburg in autumn 2022, the World Energy Council
will present a new edition of its Global Energy Scenarios
study, which was last published in 2019. The model
calculations prepared for this study will also quantify the
future role of hydrogen for various scenarios – both
globally and differentiated by world region. The global
platform will be complemented by the work of the national
committees of the World Energy Council. The World
Energy Council Germany, in cooperation with Ludwig-
Bölkow Systemtechnik, has prepared a study detailing the
hydrogen strategies that have been launched worldwide.
One of the results is that the global demand for hydrogen
for the year 2050 is estimated at about 9,000 TWh or
270 million tonnes per year. This is about half of the
primary energy consumed by the EU per year. According to
the findings of this study, €40 billion is expected to be
invested in production capacities for “green” hydrogen in
the EU alone by 2030.
Conclusion
The recent studies on the prospects for global energy
supply have one thing in common: The goal of climate
neutrality, which many countries have set themselves from
the middle of this century, can only be achieved if the
roll-out of a broad-based use of hydrogen is seen as a
central element of decarbonisation. While hydrogen did
experience a hype driven by technical possibilities at the
turn of the millennium that ended in disillusionment, this
time an emerging market is apparent. Not only the climate
targets set in the various countries, but also the growing
efforts of many companies to manufacture and transport
their products in a climate-neutral way, suggest that
after a subsidy-induced start, a self-supporting market for
climate-neutral, especially green hydrogen will emerge
towards the end of this decade [25]. Moreover, this also
opens up opportunities for countries such as those in the
Middle East to transform themselves from exporters of oil
and natural gas to exporters of renewables produced
energy carriers.
The actual implementation of the possible scenarios for
the use of hydrogen depends crucially on political and
regulatory conditions. An interesting possibility to use
more hydrogen in a future energy system at reasonable
costs would be to use existing infrastructure in the future –
both for transport and for use by end customers, e.g. in
heating or mobility solutions.

Serial | Major Trends in Energy Policy and Nuclear Power
Hydrogen – Important Building Block Towards Climate Neutrality ı Hans-Wilhelm Schiffer and Stefan Ulreich

atw Vol. 66 (2021) | Issue 4 ı July

References

Dr Hans-Wilhelm Schiffer
Lecturer at RWTH Aachen University, Germany
HWSchiffer@t-online.de

Dr. Hans-Wilhelm Schiffer is member of the Studies Committee of the World Energy
Council, London and a visiting lecturer for Energy Economics at RWTH Aachen
University. Mr. Schiffer studied economics at the University of Cologne and at the
Pennsylvania State University. He started his career as scientific assistant at the
Institute for Energy Economics of the Cologne University. He then worked as a civil
servant in the Federal Economics Ministry, including a period with the British
Department of Energy, and the Federal Ministry for Environment in Bonn and
subsequently for the RWE Group in Essen. He is the author of the standard work
Energiemarkt Deutschland, published by Springer Vieweg in November 2018.

Prof Dr Stefan Ulreich
University of Applied Sciences, Biberach, Germany
ulreich@hochschule-bc.de

Prof. Dr. Stefan Ulreich teaches energy economics at the University of Applied
Sciences Biberach with a focus on commodity trading, risk management, energy
policy and digitization. Stefan Ulreich studied theoretical physics at the Ludwig-
Maximilians-University in Munich. He started his career at Dresdner Kleinwort
Benson in investment banking. Then he worked for the E.ON Group as energy
trader and originator, in the energy policy and in the energy strategy department.
Stefan Ulreich chairs the Task Force Renewables of the European Federation of
Energy Traders (EFET) and is active in the World Energy Council.

Advertisement

Media partner

#52KT
www.kerntechnik.com

52nd KERNTECHNIK
2022

Save the Date
https://www.kerntechnik.com/kerntechnik/

29 – 30 March 2022
HYPERION Hotel
Leipzig

KT52 atw2104 E 179x101.indd 1

Serial | Major Trends in Energy Policy and Nuclear Power
Hydrogen – Important Building Block T owards Climate Neutrality ı Hans-Wilhelm Schiffer and Stefan Ulreich

21.06.21 11:07

SERIAL | MA JOR TRENDS IN ENERGY POLIC Y AND NUCLEAR POWER

International Energy Agency (2019): The Future of Hydrogen – Seizing today’s opportunities
Kearney Energy Transition Institute (2020): Hydrogen applications and business models
International Energy Agency (2020): Energy Technology Perspectives 2020
European Commission (2020): Hydrogen generation in Europe: Overview of costs
and key benefits
[5] FfE (2019), Welche strombasierten Kraftstoffe sind im zukünftigen Energiesystem relevant?
(veröffentlicht 6.2.2019)
[6] FVV, Dr. Ulrich Kramer et al. Defossilisierung des Transportsektors (2018)
[7] Prognos AG, Fraunhofer-Institut für Umwelt-, Sicherheits- und Energietechnik UMSICHT
und Deutsches Biomasseforschungszentrum DBFZ (2018): Status und Perspektiven flüssiger
Energieträger in der Energiewende, MWV
[8] ProcessNet Positionspapier „Fortschrittliche alternative flüssige Brenn- und Kraftstoffe:
Für Klimaschutz im globalen Rohstoffwandel“ des temporären ProcessNet-Arbeitskreises
„Alternative Brenn- und Kraftstoffe“. http://dechema.de/Alternative_Brenn_und_Kraftstoffe
[9] Frontier Economics (2018): International aspects of a Power-to-X roadmap,A report prepared for
the World Energy Council Germany
[10] IEA (2019), The Future of Hydrogen (Technology Report)
[11] Weltenergierat – Deutschland and Ludwig-Bölkow-Systemtechnik (2020): International hydrogen
strategies
[12] Rolle, C. and Kusch, M. (2021): Wasserstoff als Treiber internationaler Zusammenarbeit?
Vergleich internationaler Wasserstoffstrategien, in: Energiewirtschaftliche Tagesfragen 71. Jg.
(2021) Heft 1/2
[13] Hydrogen Council, Mc Kinsey & Company (2021): Hydrogen Insights – A perspective on hydrogen
investment, market development and cost competitiveness
[14] Institute of Energy Economics (EWI) and The Oxford Institute for Energy Studies (2021):
Contrasting European hydrogen pathways: An analysis of differing approaches in key markets,
OIES Paper: NG 166
[15] Bundesministerium für Wirtschaft und Energie (2020): Die Nationale Wasserstoffstrategie
[16] European Commission (2020a): A hydrogen strategy for a climate-neutral Europe;
Communication from the Commission to the European Parliament, the Council, the European
Economic and Social Committee and the Committee of the Regions, COM (2020) 301 final
[17] Agora Energiewende and AFRY Management Consulting (2021): No-regret hydrogen:
Charting early steps for H2 infrastructure in Europe
[18] DNV (2020): Energy Transition Outlook 2020
[19] McKinsey & Company (2021): Global Energy Perspective 2021
[20] International Energy Agency (2020): World Energy Outlook 2020
[21] Equinor (2020): Energy Perspectives 2020
[22] BP (2020): Energy Outlook 2020 edition
[23] BloombergNEF (2020): New Energy Outlook 2020
[24] World Energy Council (2019): New Hydrogen Economy – Hope or Hype?, Innovation Insights Brief
[25] Energieinformationsdienst 16/21, Wasserstoff hilft bei industrieller Dekarbonisierung,
(as of 16th April 2021)

29

Authors

[1]
[2]
[3]
[4]

