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Energy supply
and holistic
decarbonisation

In Germany it was decided some time ago to cover an energy transition significantly more with
renewable energies.
Due to the accelerated climate change caused by the use of fossil energy sources and their
finiteness, in combination with the phase-out of nuclear power, accelerated by the reactor disaster in
Fukushima in 2011, the energy market is in a fundamental upheaval.
The most important stages of the holistic changeover are exemplified in Figure 1:

Figure 1: Energy transition in Germany - Steps to reduce greenhouse gases

While the share of renewable energies in the gross electricity supply in Germany was still 16.9
percent in 2010 a share of around 43 percent was already be covered by renewable energies in
2019.1 In 2020 this was then around 46 percent with about 9 billion kWh additional energy production,
compared to the previous year, made possible by the renewable energy sources wind, sun, water
and biomass.2
Quelle: Bundesregierung; URL: https://www.bundesregierung.de/breg-de/themen/klimaschutz/bundesregierungklimapolitik-1637146, Stand 31.03.2021
2
Quelle: Bundesregierung; URL: https://www.bundesregierung.de/breg-de/themen/energiewende/energie-erzeugen/
erneuerbare-energien-317608; Stand: 31.03.2021
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Wind energy in the electricity sector was the most important renewable source of energy generation.
With 131 billion kilowatt hours generated in 2020, their share was already 60 percent of the energy
generated by renewable energy sources. Wind energy generated more energy than any other
energy source in Germany.3
Even if the development of increasing renewable energy shares in the power supply describes a
positive trend, this trend is not automatically transmitted to the end consumers. From a final energy
consumption perspective, the share that could be covered by renewable energies was only 19.3
percent in 2020.4 The discrepancy in the proportions of renewable energy generation between gross
energy generation (60%) and the final energy consumption (19.3%) is due to the type of energy
required, which is often associated with difficulties in so-called electrification.
Some consumption sectors are difficult or even unable to electrify as they mainly consume the energy
in molecules, e.g. by fossil fuels such as oil and natural gas in combustion-based processes. The
holistic conversion of the consumption sectors electricity, heat and transport to renewable energies
therefore makes sector coupling indispensable and underlines the need for green hydrogen as a
connecting element that can also decarbonize those sectors that cannot be reached by electricity
through its CO2-neutral combustion.
Figure 2 below shows the greenhouse gas emissions in the respective sectors in millions of tons as
a CO2 equivalent.

Figure 2: Reduction of greenhouse gases in Germany from 1990 to 2020 5

Although all sectors, with the exception of the „buildings“ sector, fall below the planned annual
emission levels of the Federal Climate Protection Act, the significant reduction from 2019 to 2020 is
exclusively due to the special circumstances of the global pandemic due to COVID-19.
Quelle: Strom Report; URL: https://strom-report.de/windenergie/; Stand: 31.03.2021
Quelle: Umweltbundesamt; URL: https://www.umweltbundesamt.de/themen/klima-energie/erneuerbare-energien/
erneuerbare-energien-in-zahlen#ueberblick; Stand 07.05.2021
5
Quelle: BMU; URL: https://www.bmu.de/pressemitteilung/treibhausgasemissionen-sinken-2020-um-87-prozent/; Stand:
31.03.2021
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Objective Green
Hydrogen – The
National Hydrogen
Strategy in Germany

The National Hydrogen Strategy of the German Federal Government of June 2020 supports the goal
of greenhouse gas neutrality by 2050, together with the states of the European Union. The focus is
on security of supply, affordability and environmental compatibility for a successful energy transition,
in combination with innovative and intelligent climate protection. The versatility of hydrogen plays
a special role. Hydrogen cannot only contribute to power generation or mobility in fuel cells, it also
offers the potential to be used as a basis for synthetic fuels in the future and thus to decarbonize
sectors that cannot be achieved with renewable energy alone. “Green hydrogen” is only hydrogen
that was produced on the basis of renewable energies by the process of electrolysis. Only this type
of hydrogen meets the requirement of climate neutrality.6
The domestic market in Germany is to provide at least a total generation capacity of 5 GW by 2030
in order to be able to cover the demand expected by the Federal Government in the amount of 90
to 110 TWh. According to the National Hydrogen Strategy, this would correspond to a green primary
energy requirement of 20 TWh – assuming that electrolysis plants can be operated with an average
efficiency of 70 percent and 4,000 full load hours. This primary energy requirement would thus
already correspond to 2/3 of the gross energy consumption covered by wind in 2020. The potential
of green hydrogen becomes even clearer if when one also takes into account that 6,482 GWh had
to be regulated from renewable energy producers in 2019 – the majority of this was accounted for
by wind power with 5,084 GWh or 96.7 percent of the total downtime.7
In relation to the green primary energy demand for hydrogen production in the amount of 20 TWh,
the curtailment volume alone is 32.4 or 25.4 percent.
These figures already show that renewable energy sources are essential for the successful
implementation of the strategy. The catalogue of measures adopted in the National Hydrogen
Strategy with 37 specific actions is a first and right step. According to a study by PwC’s strategy
consulting company firm “strategy&”, countries can be classified as shown in Figure 3:

Quelle: Die Nationale Wasserstoffstrategie, BMWi, Juni 2020
Quelle: pv magazine; URL: https://www.pv-magazine.de/2020/05/27/2019-in-deutschland-6482-gigawattstundenerneuerbaren-strom-abgeregelt/; Stand: 26.04.2021
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Figure 3: Production potential for green hydrogen and consumption

Germany, along with other European countries, is classified as an importer. Due to the local conditions,
it is assumed that the required hydrogen demand cannot be covered by our own production facilities.
However, it is striking that Germany is listed in relative proximity to the “Self-sufficient” quadrant and
has the potential for self-sufficiency by means of local hydrogen production through innovative and
intelligent technical developments.
In the future, these requirements will be divided more strongly than today
into central and decentralized usage and consumption structures. While
a central production of hydrogen could be offered for a few large industrial
consumers, for most industrial consumers a decentralized hydrogen
production and in many cases using already existing renewable sources
of electricity is also possible in the future. For this reason, in the following
two chapters we go into more detail on the possibilities and backgrounds
why plants that are excluded from the EEG (Renewable Energy Sources
Act) remuneration are an interesting source of energy for the production
of green hydrogen.
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Centralized or
decentralized
generation

Almost dogmatically, the discussions are conducted in relation to a decentralized or central hydrogen
production. The focus should be on an open-ended view. The overarching objective should be to
achieve production close to consumption, as this is the only way to keep infrastructure costs and
energy requirements for transport routes as low as possible. We assume that this approach will go
hand in hand with the coexistence of centralized and decentralized hydrogen production plants on
an equal footing.
Generating plants in the immediate vicinity of consumption reduce costs for gas transport and at the
same time offer cost-cutting potential through corresponding scaling effects. This is countered by
the required energy transports, which in turn have to transport renewable energy to their destination.
Bottlenecks and de-regulation of renewable generation plants are already part of everyday life in
Germany within so-called redispatch measures.
On the other hand, there are rather smaller and more decentralized generation plants available for the
production of green hydrogen. Generation plants of this type have particular advantages, especially
whenever consumption can take place in relative proximity. For example, the first municipalities are
already converting parts of their public transport to hydrogen, which in the future will have to be
covered exclusively by green hydrogen.
In addition to local transport, private use by means of fuel cells, the use of hydrogen in operational
fleet applications, such as local disposal and delivery companies, up to private vehicles with greater
demands on flexibility, payload and range, also offer a correspondingly large potential for the more
local use and supply of e.g. ambient filling stations and thus decentralized production of green
hydrogen.
Furthermore, decentralized electrolyser systems offer the possibility of energy storage at the
generating site. Another advantage is the provision of network system services. An increasingly
fluctuating renewable energy grid requires precisely this flexibility at different hubs in order to maintain
the usual reliability and security of supply.
Through equal coexistence, not only can the transport routes for gas, electricity and road be reduced
and optimized, they also contribute to a higher efficiency of the overall system.
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The potential of green
energy from post-EEG
plants

The development of the market for renewable energies in Germany dates back to the late 1980s and
early 1990s. Flanked by the Electricity Feed-in Act of 7 December 1990, in which power utilities were
obliged to obtain electrical energy from renewable sources for the first time. A corresponding market
developed, which gained further momentum with the entry into force of the Renewable Energy
Sources Act (EEG) in 2000.8
Due to the size of the early renewable generation capacities, the focus in the following is on wind
power. For the time being, Photovoltaics or other renewable energy producers are not considered
in detail in this analysis. However, a comparable implementation of the solution concept is also
conceivable for these renewable energy sources.
Figure 4 shows how the market for wind energy in Germany developed in the years 2000 up to
and including 2019. The presentation is based on data from DEWI, IWR, AGEB, BMWi, Deutsche
WindGuard, TSOS © IWR as of 25 February 2020.9
This shows that a total capacity of just over 12 GW has already been installed in the first five years.
In particular, this service is already partial or will be confronted in the coming years with the so-called
post-EEG problem for a meaningful continued operation of funded plants.
Post-EEG refers to the period after expiry of the increased plant remuneration from the EEG. The
EEG has ensured an increased feed-in remuneration (above market price) for renewable energy
generation plants for the year of installation and 20 subsequent years. After 20 years of operation,
these plants and the renewable energy they generate run the risk of no longer having an economic
basis for continued operation. In principle, owners with priority area regulations can strive for socalled repowering. However, due to higher capacities and construction heights of currently available
turbines as well as the corresponding approval procedures and regional regulations, this is not
always an alternative. In Schleswig-Holstein alone, for example, around 1,000 wind turbines will
be phased out from the EEG remuneration by 2025, with around one-third of all turbines outside
designated priority areas.10

Quelle: Bundesministerium für Wirtschaft und Energie: Das Erneuerbare-Energien-Gesetz
Quelle: Windbranche.de; URL: https://www.windbranche.de/windenergie-ausbau/deutschland, Stand 19.04.2021
10
Quelle: Bundesverband Windenergie
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Figure 4: Expansion of wind energy generators per year in [MW]

Alternatively, existing wind turbines can also continue to be operate via so-called lifetime extensions
(LTEs), but then outside the EEG and in most cases via so-called Power Purchase Agreements
(PPAs). These then offer a contractually fixed price for the kWh generated, but often only costcovering and without long-term security.
However, this model is then contrasted with term extensions of up to 20 years, the planning of which
is difficult with short contract periods for PPAs, especially if there is a larger damage pattern in the
company and its repair is pending.
The only last option is to dismantle the generating plants. From an overall energetic point of view
and in combination with the expansion goals of renewable producers in terms of green hydrogen
production, this is certainly the worst option. However, practice shows that in the absence of
alternatives, the risk of shutdown and dismantling of the plants threatens in many cases.
The particular problem is that in this case, the annual increase in volume for onshore wind power
would have to be in the range of 7.4–8.4 GWel in order to achieve the interim target for reducing
emissions in 2030.11 At the same time, however, there is a stagnation in the expansion of wind
power in Germany. An achievement of the necessary expansion goals of the Federal Government is
therefore still not in sight.12 A dismantling of old plants caused by the post-EEG problem would further
endanger the objective, while continued operation would have correspondingly positive effects.

Quelle: Fraunhofer ISE; “Wege zu einem klimaneutralen Energiesystem 2050”; URL: https://www.ise.fraunhofer.
de/content/dam/ise/de/documents/publications/studies/Fraunhofer-ISE-Studie-Wege-zu-einem-klimaneutralenEnergiesystem-Update-Zielverschaerfung.pdf; Stand 20.04.2021
12
Quelle: Auswertung des IWR auf Basis von Daten der Bundesnetzagentur; Stand 05.04.2021
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A promising solution approach, which at the same time addresses the problem of the economically
unclear continued operation of so-called post-EEG plants, as well as the decentralized supply of green
hydrogen, is the expansion of renewable energy producers leaking from the EEG by corresponding
electrolysers for hydrogen production.
Wind turbines are particularly suitable here, as they were already built in comparatively large
capacities in early years (exemplary wind farms: 1998: 6x 0.6 MW + 1x 1 MW or 2001: 4x 1.513MW),
and in contrast to photovoltaics, there is no daily dark phase. Initial investigations at ConverterTec
Deutschland GmbH have shown that these plants offer an excellent opportunity to produce green
hydrogen in the immediate vicinity of the intended consumption. Using the example of a park with
a total installed capacity of 12.5 MW, such a 1 MW electrolysis plant can already be operated
economically today.14
In addition to the site-specific framework conditions, the flexibility of the electrolysers also plays a
decisive role here. Due to the volatility with which renewable energy producers provide green energy
and in order to avoid a further expansion of the investment volume towards an additional battery to
stabilize the base load supply for of hydrogen production, the operating range of the electrolyser is
crucial.

05

Necessary flexibility of
hydrogen production

While on the one hand the highest possible utilization must be ensured over the year-round
consideration of the full load hours, a variable hydrogen production and thus the consequences of
energy production are essential.
In order to be able to reach an optimal operating point, the design of the hydrogen-producing
electrolyser, taking into account existing renewable generation plants as well as the location, is
decisive. Available power classes, efficiencies and flexibility of production are decisive for the
selection of the technology.

Quelle: ConverterTec
Unter der Annahme dass grüner Wasserstoff zu einem Preis von 5,50€/kg (Übergabe Trailerabfüllstation) und
überschüssige Windenergie mittels Power-Purchase-Agreement zu 0,032€/kWh vermarktet werden kann.
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From today´s perspective, membrane electrolysis (e.g. anion-exchange membrane electrolysis, socalled “AEM electrolysis”) seems to be particularly suitable for decentralized hydrogen production.
The comparatively compact design enables a containerized installation on site, and the temperature
range can also be mapped accordingly. In addition, the required start-up times are short and thus
a highly dynamic and flexible operation is possible, which is particularly important in the direct
combination with volatile renewable energy producers.
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Storage and supply

In principle, hydrogen can be stored both gaseously (CGH2) and in a liquid state (LH2). Chemical
bonding, e.g. by means of metal hydrides or thermal oil, so-called Liquid Organic Hydrogen Carrier
(LOHC), are also technically feasible solutions.
Due to the indicated use in decentralized fields of application, only gaseous storage will be considered
in the further course. In principle, compression levels between 50 bar and 1000 bar can be realized,
always depending on the duration of storage, intended use and the load changes to which the
storage unit will be exposed.
Petrol stations and vehicle systems are available today as both 350 bar and 700 bar systems. While
current solutions for the local public transport sector are rather equipped with 350 bar tank systems,
an increasing number of 700-bar systems can be expected in the future.
Hydrogen technology can already be used to serve a wide range of users. Among other things,
passenger cars, light to heavy commercial vehicles, buses, trains, forklifts, but also vehicles on
construction sites, in ports or at airports are suitable for operation with hydrogen fuel cell technology.
Mobile applications have proven to be safe and reliable to use.
It can be assumed that the requirements for the range and flexibility of hydrogen vehicles will have
to adapt to today’s established usage scenarios. Therefore, 700 bar systems for medium and heavy
commercial vehicles are also under advanced discussion in order to make ranges in heavy commercial
vehicles over 500 km possible. The establishment of an international standard for mobility will open
up scaling options for both vehicles and the plant technology of filling and upstream generation.
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Due to the previously different pressure levels and the associated costs for storage and filling of gas
stations, it is not yet possible to show a clear overall system picture. Although it would in principle be
possible to fill gas stations without further compression level with a correspondingly high compression
at the production site, but this approach increases the local storage and transport costs. In addition,
the compression level would have to be selected in such a way that all systems can be filled with
today’s standards 350 bar and 700 bar without further compression. When filling a comparatively
low-pressure level through high pre-compression, additional losses would occur.
Against the background of the design, however, project-specific framework conditions must be taken
into account in any case. Interim storage with the appropriate trailer filling station, in the immediate
vicinity of the renewable generation plants, can already be implemented without any problems. The
stationary storage of hydrogen is also possible over long periods of time without loss and safely.
Modern storage solutions are scalable and, thanks to their modular design, flexibly usable and
maintainable, thus having consistent availability. Due to the variety of possible uses of the stored
hydrogen (reconditioning, use as a fuel), this is the key to a flexible coupling of different sectors. At
the same time, the local hydrogen storage serves to compensate for the volatile production capacity
in order to be able to guarantee constant delivery quantities.
Figure 5 shows an example of how the monthly amount of hydrogen produced in co-location with a
wind farm at a location in Germany15 can look like.

Figure 5: Hydrogen production volume in [kg] in March 2019

A compensation of the volatility is possible and can be achieved by dimensioning the hydrogen
storage. Alternatively, a hybridization of renewable producers is also suitable, which could be
achieved, for example, via an expansion using photovoltaics. This decision must ultimately be made
project-specific depending on location and costs.

15

Quelle: ConverterTec auf Basis realer Windenergie-Erzeugerdaten
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Decentralized use
today and outlook

The decentralized use of hydrogen will continue to increase in the future. Areas such as local public
transport in the form of, buses or train connections, for example (which are only 61 percent electrified
as of February 2021) offer easily predictable and concentrated customer potential. Further potentials
are, for example, vehicles in waste management, transport management, both in local distribution
and transit traffic, forklift applications within the logistics industry and regularly used passenger cars.
The supply of public hydrogen filling stations to cover a regional fleet supply can also represent a
significant potential for acceptance.16
The compilation does not claim to be complete, but rather shows the potential of exemplary fields of
application and current and future ones. In the future, growing local infrastructure and supply projects
thus offer ideal framework conditions for decentralized hydrogen production and thus local coverage
within the supply chain.
If grey hydrogen still has to be purchased from large producers and wholesalers today, it will be
possible in the future to cover the entire supply and acceptance chain independently by municipal
utilities and public transport operators via local infrastructure developers, as well as to be able to
deliver the regionally produced hydrogen to all road users via public filling stations. In this way, not
only can a significant proportion of the supply chain be covered, but also higher price stability and
independence can be achieved.
The month of decentralized hydrogen production of 10 tons shown in Figure 5 thus ensures the
operation of a hydrogen bus for around 1,250 km, with an average consumption of 8 kg/ 100 km.17

Quelle: Allianz pro Schiene; URL: https://www.allianz-pro-schiene.de/presse/pressemitteilungen/elektrifizierung-derschiene-braucht-einen-schub/attachment/210225_pm_elektrifizierung_grafik-4/; Stand 20.04.2021
17
Quelle: Wuppertaler Rundschau, URL: https://www.wuppertaler-rundschau.de/lokales/wuppertal-wsw-wasserstoffbusseauf-erfolgsspur_aid-53566975; Stand 26.04.2021
16
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Conclusion and
recommendation

Green hydrogen is the link between renewable electrical energy generation and energy demand,
which for a variety of reasons cannot be electrified or can only be electrified with great difficulty.
Due to growing demand for green hydrogen and a parallel consumption structure of central and
decentralized customers in the future, the existing renewable energy generation plants are particularly
suitable for decentralized production of green hydrogen.
On the basis of green hydrogen production, the often-unclear continued operation of existing plants
can also be secured in the long term. Term extensions beyond 10 or 15 years therefore appear
realistic. In addition, the holistic energy transition and sector coupling will be strengthened. Especially
in times of stagnating expansion of renewable energy producers, this argument receives special
attention, especially with regard to the optimal and cross-task utilization of still usable resources.
Studies based on real generation data show that the production of green hydrogen on existing
renewable energy producers is possible and reproducible, since the required electrical energy can
be provided in many post-EEG plants at particularly attractive costs.
There needs to be a clear political will to include these investments in the holistic view. Arguments
such as a lack of longevity are no longer an argument for term extensions of more than 10 or 15
years.
The increasingly growing customer structure continues to support the demand and offers local
utilities and service providers the opportunity to cover the entire value chain.
The distribution of the production sites will also have a positive effect on the transmission and
distribution networks, as central hydrogen production facilities will continue to have a high demand
for green energy transports, but at the same time their decentralized production will relieve the
network.
Call for action from all industry participants!

2021

13

2021

