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1 INTRODUCTION

This Appendix is part of the IEA DHC Annex TS3 guidebook. The full guidebook is available
at https://www.iea-dhc.org/the-research/annexes/2017-2021-annex-ts3

Author: Dennis Cronbach (Fraunhofer IEE)
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THE OVERALL PICTURE

Germany’s goal for 2050 is to transform into a low-emission society. In 2020 however, fossil
fuel sources still contribute significantly to the energy system. The share of renewable energy
in total primary energy consumption was 16,8% in the last year. The largest share of renewable
energy sources is formed by wind energy plants, which supply 27% of the total electricity
demand. In the whole, 50,5% of the total electricity demand was covered by RES.

Regarding the heating sector, only 11,5% of the total heating energy consumption was covered
by renewable sources in 2016. The largest part was covered by natural gas (44,5%). Sector
coupling technologies contribute with 12,5% for direct usage of electrical power and district
heating energy with 7,1%. It is, however, expected that the share of district heating energy and
direct usage of electrical power will rise in the future, due to the increasing amount of installed
heat pump systems.

The electrification of the heating sector is stated as an important near term goal (2030) by
several studies, alongside with the electrification of traffic. It is also mentioned that incentives
and subsidies are necessary in order to achieve this goal (BDEW, 2021) (ISE, 2021) (Agora
Energiewende, 2017).

Increasing share of renewable energy sources. A mixture of wind, solar and
@ water power is used to cover ~ 50% of electricity demand. Note that nuclear power
is not included.

Heating sector still relies heavily on fossil fuels. Only 11,5% of the heating
@ demand were covered by renewable sources in 2020.

Ambitious 2030 and 2050 renewable energy targets. Comparable to other
@ European countries like denmark, Germany has ambitious goals for the future
energy system. 80 % of electricity demand shall be covered until 2050.
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A.1.1 KEY STATISTICS

The origins of the current German energy system and the initiation of the transformation of the
energy system date back to the 1970’s. Because of the oil crisis and public concerns about the
utilization of nuclear energy, many countries began to change energy politics and economy. In
the 1990’s, the “Stromeinspeisegesetz” was created, which was a large catalyst for renewable
energy sources. With this law, grid operators had to feed in the energy produced by renewable
plants with a high priority. During the following years, renewable power systems like wind and
solar power systems began to expand.
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Figure 1: Gross energy consumption (Bundesministerium fiir Wirtschaft und Energie, 2021).

This trend is still ongoing (figure 1) and has to increase even more, if the climate goals for 2030
shall be achieved. The expansion of wind power plants began to decrease, however, in 2020.
This has several reasons, for example low incentives or new regulations, like a higher
prescribed distance a wind power plant has to have from households. Since 2017, new plants
have to be part of a tender process, which also delays further expansion. In 2020, companies
agreed to build 770 new wind power plants. In 2015, 40% more plants were built.

The development of CO2-emissions can be seen in Figure 3. Since 1990 the CO2-emissions
have decreased, mainly due to a shift in fuel consumption from oil and coal to natural gas, and
due to the increasing use of renewable energy.
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Figure 2: Total CO, emissions (Bundesministerium flir Wirtschaft und Energie, 2021).
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POLICS AND STRATEGY

Germany is part of the European Union (EU) and therefore contributes to the common
greenhouse gas reduction target of 40% in 2030. For 2030, the german government decided
to choose a more ambitious target of a reduction of 65% compared to the emissions in 1990.
A target of 100% emission reduction was set for 2045. This chapter elaborates on the purpose
and definition of these targets, and the past and present energy policies related to the fulfilment
of these targets. Finally, the chapter summarizes obstacles for the introduction of sector
coupling technologies and lists trends regarding new business models.

A.1.2 POLITICAL GOALS AND AGREEMENTS

In June 2021, the German government decided to reduce the GHG emissions to 35% of the
emissions in 1990. This goal is included in the novel “Bundes-Klimaschutzgesetz (KSG)”, or
climate protection law. The climate law does not contain concrete steps towards the goals.
Instead, a council was created, which observes the yearly progress. It was also decided to
publish more detailed climate reports every years.

Some of the steps the government will take are summarized in the following

e Incentives: The government increases subsidies for green heating technologies.
Subsidies for solar power plants are extended.

¢ Increasing costs for usage of fossil fuels. Reduction of EEG levy.

o Transformation of district heating networks. These will be supplied by renewable
energy sources.

o “Reallabore”. These are dedicated areas for testing devices and regulations.

A.13 ENERGY PRICE STRUCTURE
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German electricity price structure in 2021
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Figure 3: Structure of the German electricity price in 2021. Source: (Verivox, 2021)

According to different sources, the current structure of the electricity price is the reason for
different obstacles regarding the expansion of sector coupling technologies. As shown in
Figure 3 , the amount of taxes and levies have a high share on the total price. There are
currently discussions ongoing if the price structure could be changed in order to support the
consumers. A smaller electricity price could lead to an expansion of sector coupling
technologies like heat pumps or electric vehicles. On the other hand, if part of the taxes and
levies are transferred to fossil fuels, it would probably decrease the usage of these. As can be
seen from Figure 4, the share of taxes is much lower compared to electricity. However, there
are no concrete plans available yet on how to relieve the consumers.

IEA DHC ANNEX TS3 HYBRID ENERGY NETWORKS GUIDEBOOK 10
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German oil price structure in 2021
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Figure 4: Structure of the german oil price in 2021

A1.4 SUBSIDIES AND LEVIES

The EEG (Renewable energies act) is based on the Stromeinspeisungsgesetz. As already
mentioned, this law was an important advance towards the expansion of renewable energy
sources in Germany, as it guaranteed producers of renewable energy a fixed price.

This is also a problem for the grid operators, as they have to pay a high price for the produced
energy. The EEG power has to be offered on the electricity spot market and is sold there
usually for a lower price. In order to avoid losses, the consumers have to pay the difference
between the guaranteed feed-in tariff and the spot market price. This difference is the EEG
levy.

Although some politicians want to fade out the EEG levy and replace it by payments financed
of taxes, the future of the EEG levy is still discussed. A tax replacement of it would be a
significant financial burden, which would be especially difficult to implement after the corona
pandemic in 2020.

D ENERGY NETWORK
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A.1.5 KNOWN PROBLEMS ARISING FROM ENERGY PRICE
STRUCTURE AND SUBSIDIES

As (Agora Energiewende, 2017) reports, the future energy system will rely on sector coupling
technologies like heat pumps, which lead in the whole to a better efficiency of renewable
energy sources, as these devices may flexibly create demand in times where there is excess
power available.

The major obstacle which can be identified for the expansion of sector coupling technologies
related to the energy price structure is already shown in figure [3]. The high electricity tax rate
and also the EEG levy increase artificially, making some business strategies inefficient.

Problems, arising from this price structure are, e.g. mentioned in the final report of the Orpheus
project.

In the future, it will become inevitable to view the different energy sectors as one unit, leading
to a restribution of the tax burden to other sectors as well. The C02 tax introduced in 2021 in
Germany might be a first step in this direction and may be a way to start the fade out process
of the EEG levy.

However, in june 2021 it turned out that a very fast transformation of the tax system may not
be accepted by the Germans: Annalena Baerbock, candidate for chancellor of the political
party “Die Griinen”, suggested to raise the price for gas up to 16 ct./I. As the media reported,
this other members of political parties and also some members of her own party, did not agree
with this increase (taz, 2021). An increase of gas would lead to a more difficult situation for
people who live in rural areas and are dependent on their car. It might be helpful to introduce
further incentives for people to invest in electric vehicles, new heating systems and a better
connectivity of public transportation first. In this way, more people would benefit from a
redistribution of electricity taxes.

A.1.6 KNOWN OBSTACLES FOR THE INTRODUCTION OF NEW
OPERATION AND BUSINESS STRATEGIES FOR HYBRID

NETWORKS FROM A REGULATORY POINT OF VIEW
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In section 5.2.2 of the annex, an article of IKEM was mentioned, which emphasized
suggestions for a regulatory transformation with respect to sector coupling technologies. These
are probably valid for several European countries, but as they were originally intended for
Germany, they are summarized here again:

Reduction of grid charges: Currently, batteries and Power-to-Gas plants connected to a grid
do not have to pay grid charges. A suggestion is to include all kinds of coupling points, e.g.
heat pumps.

Reduction of EEG levy: A reduction of the EEG levy is proposed. This could be an incentive

for new sector coupling technologies.

Reduced costs for flexibility providing plants: If a coupling point is able to provide flexibility for
the connected grid, costs, e.g. grid charges, could be reduced.

Unified framework for electricity tax reduction: It is mentioned that some devices have the

possibility to pay a reduced electricity tax. One example are batteries, which only have to pay
taxes as long as they are discharged. It is suggested to unify these different regulations in
order to provide fair conditions for all types of coupling points.

A.1.7 TRENDS FOR NEW BUSINESS STRATEGIES

Trends in Germany show that the study created by IRENA in (International Renewable Energy
Agency, 2019) identified the correct trends for business models for future energy systems.

In the end of June 2021, the concept of energy communities described in two directives by the
European Union shall be transferred into national law in each member state. Unfortunately, no
information regarding the current progress of this transfer could be found, but it is clear by the
directives that consumers will have access to new ways of energy trading and that there will
be a closer connection between the different energy sectors. According to the IRENA study,
there are also projects taken place which examine the possibilities of peer-to-peer energy
trading approaches. These measures might introduce the current consumer as a new actor in
business model concepts, leading to better sector coupling business strategies.
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Another approach which is used in Germany is the one using aggregators to accumulate
demand flexibility of small devices which is then offered at the balancing market. Aggregators
also make it possible to control a set of sector coupling devices, which also enables new
operational and hence business strategies. If no aggregator is involved, network operators
alone are typically not allowed to control coupling devices due to unbundling regulations.
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CURRENT ENERGY SYSTEM IN GERMANY

This chapter provides an overview of the primary energy production technologies and energy
demands in Germany, with an outlook towards how the future energy system is expected to
develop and how technologies should be integrated across different sectors and energy grids.
Scenarios for the future German energy system are described more in chapter 4.

As can be seen in Figure 5, the German energy consumption is fairly equally distributed across
the industry, transportation and household sectors. It can also be noted that in the past 30
years, the amount of consumed energy did not change a lot in these sectors.
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Figure 5: Energy consumption per sector [3].

A.1.8 PRODUCTION OF ELECTRICITY, DISTRICT HEATING AND
DISTRICT COOLING

An overview of the German energy production can be seen in Figure 7. The share of stone
and brown coal decreased significantly in the past 30 years. As a replacement, renewable
energy sources were added. However, besides an increased amount of RES, also the share
of wood, waste and waste heat production grew significantly. Unfortunately, the source did
summarize these three positions into one, but probably wood forms the largest share. The
image shows that there is still energy produced by coal power plants. It is planned to shut
down these in 2038. With respect to the climate goals of Germany, this is very late.
Interestingly, in 2020 there was also a new coal power plant set into operation because of
economical reasons (Datteln 4) (Endres, 2020).

IEA DHC ANNEX TS3 HYBRI
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On the other hand, the expansion of wind power decreases as shown in Figure 5. The
decrease is because of limited space for new plants and a complicated approval procedure.
Small improvements regarding the procedure were made during the last months, but in
general, the decrease in wind power expansion is contradictory to the climate goals,
especially because also in Germany there are many projects ongoing to support sector
coupling technologies like e-mobility or heating technologies like heat pumps. Without a
sufficient amount of renewable energy sources covering this demand, sector coupling
technologies are meaningless with respect to the german climate goals.

Stand: 31.12.2020
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Figure 6: Amount of wind power plants in Germany. The line graph shows the accumulated
value of wind power plants, while the bar plot shows the amount of new plants in
the corresponding year (Bundesverband fiir Windenergie, 2020).

Especially the sharp decrease of new plants between 2017 and 2018 has to be noted.
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Figure 7: Total production of energy by fuel [3]

The electricity system in Germany is well-connected to neighboring countries by electricity
transmission lines. The amount of imported and exported power during the last 30 years is
shown in Figure 8, although no export data for the last years was available. However, it is clear
that Germany increased the amount of exported energy during the last years, while the amount
of imported power could be reduced. In the frame of the low expansion rates of renewable
energy systems the high amount of exported power is especially interesting.
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Figure 8: Import and export of electricity from Germany.
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In comparison to other countries like Denmark, district heating systems are not as common.

. The biggest district heating systems can be found in Hamburg, Berlin and Mannheim. The
largest amount is created with CHP plants. As can be seen from Figure 8, there is no district
heating system which is fuelled using renewable energy sources. Instead, there is still a large
amount produced by coal power plants. The biggest share of district heating energy is
natural gas with 42%.

An alternative to the mentioned fuels is heat created by biomass plants. These plants are
already used for smaller district heating systems and in order to achieve the climate goals,
these plants are also subsided by the German government.

District heating fuels in 2018

1%

m waste heat ®coal ® natural gas oil

Figure 9: District heating production [3].

A.2 FUTURE SCENARIOS FOR THE ENERGY SYSTEM

Many studies are available which show different scenarios for the German energy system in
the years to come. These studies have been created by different institutions. In the following
sections, the results of (Fraunhofer ISE, 2020) and (Agora Energiewende, 2017) are
summarized.

A21 NECESSARY DEVELOPMENTS UNTIL 2030

IEA DHC ANNEX TS3 HYBRI
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The scenario for 2030 of the Bundesverband Erneuerbare Energien declares a goal of a
reduction of 65% in carbon dioxide emissions. The main measures to reduce the emissions
evaluated by the Bundesverband are (Bundesverband Erneuerbare Energie e.V., 2021):

1. The renewable energy production has to be expanded to 1084 TWh. In 2019, the
production from RES sources was at 455 TWh according to the study. This means that
in 2030, the RES energy has to be increased by a factor of 2,4.

2. The study mentions sector coupling technologies as an important pillar for the emission
reduction. The usage of sector coupling technologies will lead to an increase of
electricity demand.

3. The main lever to increase RES production is the expansion of wind and solar power.
It may be possible to increase the share of renewable energy to 77%.

4. Besides the increasing RES production for electricity, it is very important to use
renewable energy sources for heat production as well. One way to do this might be to
use more biomass plants.

5. Usage of PTX technologies.

A very important aspect is the increasing electricity demand in the transport sector due to
electric vehicles, although the study also assumes that more bio energy is used and that PTX
technologies will be set into operation to fuel ships and airplanes.

The increasing amount of electric vehicles may help to reduce the problem of volatility of
renewable energy sources. The study mentions that 40 TWh may be lost if there are not
enough storages available to store generated power during peak production times.

According to (Agora Energiewende, 2017), gas grids will be extended by Power-to-gas-plants.
Gas grids are also prepared for the reduction of gas demand. Instead, district heating grids will
be extended and be driven by a low temperature. At the same time, oil heating devices will be
replaced by heat pumps.

A.22 GERMAN ENERGY SYSTEM IN 2050

There are several studies available which outline the path towards a 100% emission free
energy system in 2050. These paths require significant changes in the current energy system.
The main transformation aspects are summarized in (Brandes, et al., 2020):

- ltis assumed that the required power in 2050 will be at 1250 — 1570 TWh. This number
does not include the required power to cover the sectors mobility and heat. This means
that the amount of wind power parks and solar power plants has to increase
accordingly. In 2050, 240-300 GW of wind power and 340-450 GW of solar power have
to be installed.

- Because of the volatile energy source, storages will be necessary

- Itis important that in 2030, a share of 30 % electromobiles is available.

- The biggest transformation takes place in the heating sector. It is expected that in 2050,
90% of the heating supply is covered by heat pump and district heating systems. To
achieve this goal, a continuous transition is necessary as outlined in Figure 10.
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Figure 10: Transition of heating supply until 2050. The y axis shows the number of household
connections in millions. As shown, the amount of gas infrastructure has to
decrease, while at the same time the number of district heating grids and heat
pump systems has to increase.

However, there are also studies available, which state that the heat pump will not play a major
role in the future German energy system. Instead, also the gas system, will take part in
supplying heat energy. As gas producers, one can think of hydrogen or biomass production.
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energy, electromobility, PTX for traffic, PTX for ship and air traffic.
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