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Executive Summary

Germany is an interesting case for decarbonization policy in view of its ambitious objective of net zero
by 2045 and its pioneering role in and focus on developing renewables and energy efficiency as
predominant instruments. While other countries differ regarding their energy supply potential and their
climate, geography and economy, Germanyds decarboni s:
reference, especially for countries with a similar seasonality of energy demand and renewables supply.

This paper shows why for Germany an all-renewables, predominantly electric approach to achieving

net zero by 2045 will not work, nor will it maintain reliable energy supply. The inclusion of CCS from

power plants and blue hydrogenf r om ATRs ( Aut ot hermal reforming) is es
decarbonization goals, it will open a challenging but feasible way to reach net zero by 2045 and keep

the high reliability of energy supply. In view of the limited carbon budget and the short time left until

2045 it is urgent to develop a concept of capture, transport and sequestration of CO2 and foster its
implementation. In view of political but also geological restrictions for CO2 sequestration in Germany

cooperation with Norway to use its large potential for sequestration on the Norwegian shelf looks like

an obvious and promising approach.

The use of natural gas in Germany (especially Russian gas) is questioned now as a result of the war in
Ukraine. However, carbon capture and sequestration for decarbonisation is not limited to gas: post-
combustion CO:2 capture from lignite power plants works just as well and is more advanced than for
gas-fired power and is based on a national resource, while blue hydrogen also can be produced with
ATRs from oil. It should be noted however that both lignite and oil produce larger CO2 streams that
need to be handled than natural gas.

With the short time left to 2045 and the new uncertainties, caused by the pandemic and the present
Russian-Ukrainian war, feasibility is of the essence, accounting for natural, technical but also political
givens.

Chapter 1 (introduction and context) addresses the landmark Ruling on the Climate Protection Act of

2019 (CPA) by the German Constitutional Court of 29 April 2021. The Ruling argued that Germany with

its 1% share of the worl dbés population coulbudgetnot <cl a
than such share of the ca, 500 Gt CO: outlined in the IPCC report on global warming of 1.5°C). Spending

too much of this budget by 2030 by the present adult generation would unfairly curtail the freedom of

the younger generation. As a result, an Amendment to the Climate Protection Act of June 2021 pushed

up the 2030 GHG emissions reduction target from 55% to 65% compared to 1990 levels and introduced

a binding net zero target for 2045. This added a second major rule for energy to the existing reliable

energy supply requirement of the 2005 Energy Industry Act (EnWG Art. 1).

In its Coalition Agreement (CA), the new German Government! sworn in on 8 December 2021 stipulated
concrete targets for the rollout of renewables by 2030. It claimed a transitional role for gas in stabilising
energy supply, as well as technology openness, but was silent on CO:2 sequestration (and
conspicuously on the CO2 budget) and on how to combine decarbonisation and reliability.

With the start of the war in Ukraine by Russia on 24 February 2022, the issue of dependence on Russian
gas (and oil, coal and nuclear fuel) has come into focus again. Major changes in energy policy are under
discussion: to become more independent of Russian gas supply at least in the medium term, without
reneging on climate targets. However, the difficulties of transforming intermittent renewable power
production into reliable dispatchable power or energy-rich molecules are often ignored or
underestimated in that discussion.

1 The new Government is based on a coalition of the Social Democratic Party (SPD), the Green Party (Bundnis 90 / Die

Grinen) and the Liberal Party (Freie Demokratische Partei i FDP).
iii
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A challenge for Germany in that context is the seasonality of sunshine and weather. The country also
faces a north-south divide: strong offshore and onshore wind, de facto all salt caverns for Hz storage
and the potential to export CO: are in the north, while the south is dominated by large PV capacities.

Chapter2r ai ses the question of how to provide rel
climate targets for 2030 and 2045. Renewable energy is predominantly intermittent power from PV and
wind, which do not provide reliable dispatchable electricity nor energy-rich molecules. The conversion
of renewable power into hydrogen by electrolysis is in the very early stages of deployment globally, and
the development of hydrogen storage in Germany needed to provide hydrogen on demand is not even
at a phase of conceptual discussion. The rollout speed of renewable energy foreseen in the CA is highly
ambitious judged by past performance and by the obstacles and restrictions which can be expected.
But even at that speed and with very optimistic assumptions on reducing final energy demand 7 just on
a volume basis (i.e., disregarding structure), the 2045 target for net zero will be missed by some
decades if it is based on renewables only.

i abl e e

Chapter3 | ooks at the essential role of carbon capture a

net zero and energy reliability targets. CCS for lignite-fired power and for blue hydrogen from gas or
l iquid hydrocarbons needs to be added as anoth
this would require substantial efforts in addition to the ongoing efforts for the further development of
renewables, the combination of both approaches should allow Germany to reach net zero by 2045 while
maintaining reliable and competitive supply. Including CCS would create the diversification of
technologies and parallel paths to simultaneous early decarbonisation saving on the CO2 budget.

The technologies for CCS are available and tested on an industrial scale, but they will be deployed only
when the price of CO2 emissions reaches the level sufficient to cover the costs of the CCS chain, which
for large volumes is estimated at aroun d 1 0 0 2.(rhetdiscGnBnued development of technologies
to retrofit lignite power plants with industrial-scale post-combustion decarbonisation would need to be
resumed as soon as possible for lignite to be used as a national resource in line with the net zero target
for 2045.

While Germany is not ready for CO2 sequestration on its own territory, CO2 transportation by pipeline
in Germany for shipment to Norway is possible: Norway is developing its large CO2 sequestration
potential beyond its own limited needs for use by its international partners, and Germany could certainly
be such a partner.

Chapter 4 looks at the need and requirements for a German infrastructure to export CO2 to Norway.

In view of the prospect of more than 200 min t CO2/a from Germany to be sequestered under the North
Sea, a large CO: collection system with several trunk lines will be needed by 2045. Transportation of
CO:z2 in the superfluid phase is a proven technology applied in the US (e.g., the 800 km, 186 bar, 30-
inch Cortez pipeline with a 20 min t CO2/a capacity). It requires a steady CO: flow, as does sequestration
in saline aquifers. While Germany could start with a system designed to carry large volumes with high
load factors, as in the US, over time more streams from scattered sources with lower volumes / load
factors would have to be integrated, e.g., from load-following power plants.

This raises issues of moving CO: into and out of storage,? possibly salt caverns, needed to steady the
CO: flow. It is high time to develop concepts for CO2 collection systems in Germany, fill in the missing
rules for CO:z transportation and come to arrangements with North Sea littoral states like Norway to
allow the export of CO2 under the 2009 Amendment to the London Protocol. Such measures would not
be particularly expensive, but addressing them now would save precious time in view of the limited
carbon budget.

2 Inthispaper,t he term fisequestrationo i s useaendd fiogt tric®gdppesalivalaes n
withdrawal.
iv
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Chapter 5 looks at how to mobilise the investment for reaching net zero by 2045 while maintaining
reliable energy supply. With 23 years left until the set target date, new investment and new infrastructure
should be minimised when existing investment or infrastructure can continue to be used, in view of the
stress on the work force and capital and the complexity coming with a completely new energy
infrastructure.

A penalty for CO2 emissions appears to be a good instrument for stimulating investment into
decarbonisation. However, without the possibility for industry to abate CO2 emissions by its own action,
mainly by CCS, the CO: price would become just an additional unavoidable tax i if the industry chooses
to stay in Germany. While it would be used to pay for decarbonisation via renewables according to
Government planning, this would not have the desired effect on cutting carbon emissions in the industry
sector. With the CO: price reaching the level where CCS becomes commercially reasonable, the
German Government should take action to remove the obstacles to CCS and foster taking up stalled
development of technology to retrofit fossil fuel-fired power plants with decarbonisation and equip ATRs
with COz capture.

Finally, conclusions are drawn for a decarbonisation approach. It is essential that Germany revise its
rejection of CCS as an instrument of decarbonisation and of maintaining reliable energy supply. The
immediate steps should include fostering cooperation with Norway on large-scale CO: collection in
Germany with corresponding sequestration under the Norwegian Shelf. This would require Germany to
ratify the Amendment to Art. 6 of the London Protocol and agree with Norway on its provisional
application. In Germany, a concept for large-scale CO2 capture and collection should be developed as
soon as possible. This could be based on existing TRL 9 technologies. Projects to retrofit lignite power
plants with post-combustion decarbonisation, unfortunately cancelled ten years ago, should be
revitalised. This would also contribute to reducing import dependence in the light of the Russia-Ukraine
war, as well as to decarbonising dispatchable power. With assurance of a high enough CO: price
covering the costs of the CCS chain, filling the gaps in the rules for permitting CO: pipelines and for the
recognition of CO2 sequestration abroad, the industry should be able to develop business models for
all of the CCS chain.
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1. Introduction

1.1 Legislative development

1.1.1 Reliability of energy supply as a legally binding target

So far, the reliability and competitiveness of energy supply have been the main criteria for the German
energy sector stipulated in Art. 1 of the Energy Industry Act (Energie Wirtschaftsgesetzi EnWG)3. The
EnWG goes back to 1935 and was worked over in 2005. Adequacy of resources and reliability of supply
were in focus. It is the binding standard for the construction of new energy infrastructure.

High reliability was achieved in Germany notwithstanding phasing out nuclear and an impressive build-
up of renewable power. The German SAIDI (system average interruption duration index), both for gas
and electricity, continues to be amongst the lowest in Europe.

1.1.2 Decarbonisation, climate targets

In 2001, Art. 20a GG (GG = Grundgesetz, the German Constitution) was added to the Constitution,
raising the protection of the environment for future generations to constitutional rank, with an obligation
for governmental institutions to act accordingly.*

The Energiewende of 2010° was a framework declaration by Parliament with generic and legally non-
binding climate targets, such as achieving an 80% to 95% GHG reduction by 2050 compared to 1990
levels. This declaration was supported by a bundle of specific legislation and regulatory actions to foster
decarbonisation, such as the rules for planning gas and electricity grids. Unlike in countries such as the
UK, decarbonisation was not enshrined into binding legislation.

As Germany became part of the 2015 Paris Agreement and with Art. 20a GG, decarbonisation was
translated into binding law by the Climate Protection Act® of 15 November 2019. It made the
decarbonisation target (-55% vs the 1990 level) binding for 2030, putting it on a par with the legally
binding reliability target for the energy sector. The targets beyond 2030 remained non-binding
ambitions.

The CPA affects all energy sectors, however it does not impose actions or restrictions on the energy industry,
but an obligation on the Government to take necessary actions to deliver the detailed targets of the Act. Its
decarbonisation targets became challengeable in the Constitutional Court, and they were challenged as not
stringent enough for present younger generations.”

1.1.3 The Ruling of the Constitutional Court

By its Ruling of 29 April 2021,8 the Constitutional Court declared parts of the Climate Protection Act to
be unconstitutional. The reasoning was remarkable in several aspects:

3 (Energy Industry Act, 2005), Ar t . 1(1): A(l) Zweck des Gesetzes ist eine mo°glic
verbraucherfreundliche, effiziente und umweltvertragliche leitungsgebundene Versorgung der Allgemeinheit mit Elektrizitat,
Gas und Wasserstoff, die zunehmend auf erneuerbaren Energien ber
4 (German Constitution), Art . 20a: ADer Staat schg¢tzt auch in Verantwortung f
Lebensgrundlagen und die Tiere im Rahmen der verfassungsméafigen Ordnung durch die Gesetzgebung und nach
MaCgabe von Gesetz und Recht durch die vollziehende Gewalt wund o

5 (Bundestag, 2010). On 30 June and 1 July 2011, this concept was translated into a package of legal acts, which inter alia
banned nuclear power in Germany after 31 December 2022: (Bundestag, 2011).

5 (CPA, 2019).

7 One complaint was raised in 2018 by the solar industry, BUND (an NGO) and several individuals from Germany. It was
followed by three more complaints in 2020 by younger individuals (one was 11 years old), including from Bangladesh and
Nepal, supported by several NGOs, such as DUH (Deutsche Umwelthilfe). All complaints were dealt with by the ruling.

8 (The Federal Constitutional Court, 2021).
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% The Court derived its yardstick from the IPCC report on 1.5°C,° with its assessment of the
remaining COz budget. The Court concluded that a reasonably conservative CO2 budget should
be the starting point for the Climate Protection Act.

% It pointed out that Germany could not hide behind other countries not doing enough and that
Germany could only claim a share of the carbon budget in 2015 in proportion to its share in
global population in 2015, i.e., roughly 1%.

% I'n the Courtds view, g2 budget, the Glimatet Protedtidan Act ef 2049
implied more stringent restrictions becoming necessary after 2030 to the detriment of the
freedom of present younger generations: the law was not sufficiently ambitious for before 2030
and not concrete enough for after 2030.

The legislator was given until the end of 2022 to remedy these shortcomings.

Already on 12 May 2021, the Government presented a draft amendment to the Climate Protection Act.10
This amendment passed both chambers of Parliament!! just before the summer break and subsequent
federal elections. As a result, the CPA includes now (i) a more ambitious binding decarbonisation target of -
65% for 2030, (i) binding T instead of previously only intended i targets for the time after 2030, mainly an
88% CO:2 reduction (vs 1990 levels) by 2040, and (iii) a net zero target for 2045. The targets are broken
down by sector and year. It is the responsibility of the respective ministry to adopt adequate measures if
development is off track.

In parallel, the Government approved a support package of EUR 8 bin on 23 June 2021 to implement
the new targets.12

1.2 The Coalition Agreement of the new Government

The new German Government elected on 8 December 2021 is supported by the Social Democrats, the
Green Party and the Liberal Party. These parties signed a Coalition Agreement3 on 7 December 2021,
which put at its core climate protection in a social-ecological market economy.4 The CA confirmed the
climate goal of 1.5°C while claiming a position for Germany as a strong industrial economy.!® It took a
holistic approach to climate protection, dealing with aspects of the economy, environment and nature
protection, agriculture and food, and mobility before addressing the specific climate-related issues of
transformation of the energy sector. The new Government aims at shaping a reliable and cost-efficient
path to climate neutrality by 2045 in a technology-open way.® Any reference to the CO2 budget, the
guideline for the Ruling of the Constitutional Court, is conspicuously absent, ignoring the scientific
yardstick to guide climate policy to stay within 1.5°C. The CA is also silent on how much the single
measures spelled out in it should contribute to reaching the targets of the amended Climate Protection
Act.

1.2.1 Aiming at minus 65% of GHG by 2030

Partly due to a shrinking economy linked to Covid-19, partly due to closing some of the oldest lignite
power plants, in 2020 Germany reached its decarbonisation targets of -40% GHG emissions compared
to 1990. Reducing the emissions by another 25%, or 291 min t CO:2 eq per year. would translate into
438 min t CO2 eq per year in 2030, as shown in Figure 1.

9  (IPCC, 2018).

10 (Draft Law on the First Act to Amend the Federal Climate Protection Act, 2021).

1 (The Federal Government, 2021). The amendment passed the Bundestag on 24 June 2021 and the Bundesrat on 25 June
2021.

12 (The Federal Ministry of Finance, 2021).

13 (CA, 2021).

14 lbid., pp. 24-64.

5 lbid., p. 24.

n

ng

Cc

1% pid. | p. 55: ADabei sichern wir die Freiheit kommender Generati on

Bundesverfassungsgerichtes, indem wir einen verlasslichen und kosteneffizienten Weg zur Klimaneutralitat spatestens
2045 technologieoffen gestalten. i
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energy sector industry road transport households commercial agriculture other emissions
water

Source: (The Federal Environment Agency, 2022)

To allow for net zero by 2045, a major step is reaching the 2030 target of -65% of GHG emissions

(compared to 1990 Il evels). The CA ai ms poaverprodidctioche al | y 0)

by 2030, eight years earlier than the phase-out of coal-fired capacity under the existing Coal Phase-out
Act. The CA provides concrete detailed targets for creating new renewable peak capacity to replace
coal-fired power, while envisaging extra power demand from sector coupling (BEVs and heat pumps)

and maintaining reliability by gas-fired power.

For 2030, gross electricity production is to grow to 680-750 TWh'” i an increase of 20%-32.2%

compared to the 2020 figure of 567 TWh,18 e.g., due to assuming 15 min BEVs.

Renewables should contribute 80%, resulting in
(an increase of 105%-135% vs 2020 levels, with 254.7 TWh renewables)

For PV, the 2030 target is 200 GW (vs 58.4 GW in 2020) resulting (at 800 h/a) in
For offshore wind, the target is 30 GW (vs 7.8 GW in 2020) resulting (at 3500 h/a) in
Assuming biomass and hydro as in 2020:

That leaves for onshore wind:

7 (CA, 2021, pp. 56-57), for projections for renewables.
18 (Destatis Statistisches Bundesamt, n.d.).

544-600 TWh

160 TWh

105 TWh

70 TWh
209-265 TWh
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Compared to power generation of 104 TWh from onshore wind in 2020, this would require an increase
of 90 TWh to 146 TWh. At 1,800 h/a, this would translate into a capacity of 116 GW to 147 GW, an
addition of 59.4 GW to 90.4 GW, respectively.

No concrete target is mentioned in the CA for onshore wind capacity, but 2% of the area of Germany is
stipulated to become available for onshore wind; however, no timeframe is mentioned. A study by the
UBA (Umweltbundesamt i Federal Office for the Environment)!® estimates a need of 0.9% of the
German area for a total of 80 GW of onshore wind by 2030; 1.7% i corresponding to a total of 130 GW
by 2040; and 1.9% 1 to achieve 155 GW by 2050. Twenty percent of gross electricity production, i.e.,
136-150 TWh, would be fossil fuel-based by that point, compared to 181.6 TWh fossil fuel-based
generation in 2020, as demonstrated in Figure 2.

Figure 2: Envisaged development of annual gross electricity production, TWh/a
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While these detailed targets for renewables deployment are very ambitious and in need of more
discussion, reaching them would contribute substantially to phasing out unabated coal and thus to
reaching the overall -65% decarbonisation target by 2030.

In 2020, power production from lignite and hard coal stood at 134.5 TWh i way below 171.5 TWh in

2019 and then 162.6 TWh in 2021. This suggests that a substantial part of the 2020 decrease was due

to the effects of Covid-19 on the economy. At the same time, CO2 emissions from lignite and hard coal-

based power production reached 126 min t CO2z in 2020 (compared to ca 160 min t CO2 in 2019).2° An
increase in renewable production from 289 TWh to 345
power production from lignite and coal (assuming there is enough dispatchable power left), thereby
reduci ng temissionsdby up@®A50 mint CO:2 (not CO:2 eq).

The targets for renewable capacity additions by 2030 are concrete and lend themselves to detailed
discussions on how to achieve them and on their implications for reliability and reaching net zero by
2045. The CA is vaguer on other major elements (not surprising for a compromise between three
political parties with different priorities).

19 (Federal Ministry for Economic Affairs and Climate Action, 2021, p. 47).
20 (The Federal Environment Agency, 2022).
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1.2.2 Hydrogen and reliable power supply

The 2020 Hydrogen Strategy will be developed further, with priority given to domestic production based
on renewable energy. By 2030, the capacity of electrolysis is planned to reach 10 GW.%!

For reliability of power supply, the CA suggest building new gas-fired power capacity with the caveat of

it being hydrogen-ready.??fi Nat ur al gas 1is i ndi spen $dlhidsaggestothe t he tr ¢
availability of green hydrogen to take over the role of primary energy supply for flexible gas / hydrogen

power plants. The CA is silent on how much hydrogen transportation and storage and how much

hydrogen-fired capacity is needed for that vision.

1.2.3 Net zero by 2045

While the targets for 2030 are detailed by the CA, addressing net zero by 2045 remains abstract, except
for the further deployment of offshore wind to reach 70 GW by 2045. Keeping within the limited CO2
budget, a core argument of the Ruling of the Constitutional Court, is not mentioned.

The CA claims technology openness in its introductory remarks.?* However, by 2045, infrastructure

should not be used any longer for fossil fuels.?> CO2 sequestration is only mentioned implicitly with a

vague reference to fitechnical negative emissionso at
concept.?6

This strongly suggests an underlying model of an all-renewables world by 2045, where the necessary
input of energy-rich molecules comes from green hydrogen from renewable electricity via electrolysis.
This concept of an all-renewable energy supply implied by the CA depends on uncertain technology
developments followed by large-scale deployment, which are not addressed in any substantive way.

1.3 Fallout of the war in Ukraine started by Russia on 24 February 2022

Tension about the deployment of Nord Stream 2 already existed following US sanctions starting with
CAATSA?" in 2017 and the more recent delay of the start of operation in view of EU regulations. The
present Russia-Ukraine war added new concerns about Russian gas supplies, which were put under
further scrutiny. Stopping gas deliveries has become part of the rhetoric of both sides and the question
of payments has become contentious.

A high share of German energy imports is from Russia, not only for gas, but also for coal, oil and nuclear

fuel. This triggered discussions and activities to reduce dependence on Russian gas imports by pipeline,

as wel |l as on imports of oil and coal . Nucl ear fuel
three nuclear plants will close by 31 December 2022 and prolonging their operation would run into legal

and, above all, practical obstacles.

The intention of the German Government is to foster the construction of two land-based LNG terminals:
one in Wilhelmshaven, the other in Stade or Brunsbdittel. As they will only be available in the medium
term, probably not before 2025, the plan is to charter several FSRUs ?® to be moored near

2L (CA, 2021, pp. 59-60).
2 pid.,p.59:AWi r beschleunigen den massiven Ausbau der Erneuerbaren Enc¢
Gaskraftwerke, um den im Lauf der nachsten Jahre steigenden Strom- und Energiebedarf zu wettbewerbsfahigen Preisen
zu decken. Die bis zur Versorgungssicherheit durch Erneuerbare Energien notwendigen Gaskraftwerke missen so gebaut
werden, dass sie auf klimaneutrale Gase (H-r eady) umgestellt werden k°nnen. A
2 Jpbid , p. 59: MHErdgas ist fg¢r eine | bergangszeit unverzichtbar. i
2 bid., p. 55: ADa b éreiheit komrheademGengrationerlim Sinne der Entscheidung der
Bundesverfassungsgerichts, indem wir einen verlalichen und kosteneffisienten Wewg zur Klimaneutralitat spatestens
2045 technologieoffen ausgestalten. i

% lbid., p. 65.
% bid. p. 6 5 :nenfuligizur Ndweridigkeit auch von technischen Negativemissionen und werden eine
Langfriststrategie zum Umgang mit den etwa 5% unvermeidlichen Re

27 (US Department of the Treasury).
2% (News Text Area, 2022).
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Wilhelmshaven and Brunsbiittel and to launch an emergency procedure to construct a pipeline to link
the Wilhelmshaven FRSU to the national gas grid, using existing plans from an earlier LNG project at
Wilhelmshaven. Also, the German Government took initiatives to acquire extra LNG cargoes from Qatar
and the UAE to fill German storages to levels achieved in previous years.?° In addition, the first warning
stage of the emergency plan for gas has been announced.3°

Further considerations include replacing gas in power production by more lignite as a national resource,
and in the medium run, further expanding and accelerating the rollout of renewables and energy saving.
For the time being, issues of climate protection were moved further down the priorities list in favour of
energy security and military issues.

1.4 German geography

Germany has reliable power and gas systems; while electricity grids cover all of the country, gas covers
all densely populated areas.

The energy geography of Germany has several north-south dichotomies.

1.4.1 For electricity

Winds are much stronger in the north (onshore and even more so offshore), while the sun is stronger
in the south. This is reflected in the distribution of the respective wind/PV capacity, the winter/summer
divide and in the summer day/night divide of renewable power production.

Figure 3: Wind (top) in the north and PV (bottom) in the south of Germany
Cxsy

Source: (Technische Universitat Dresden, 2015)

2 (Kurmayer, 2022) and (Deutsche Welle, 2022).
%0 (Deutsche Welle, 2022).
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This adds to the historical north-south bottleneck in the electricity grid.

1.4.2For natural gas

After the closing in of Groningen and the changes in the use of Russian gas import routes, Germany
predominantly imports gas in the north via Emden/Dornum, Greifswald and at bidirectional transfer
points in Frankfurt/Oder. Bidirectional import points in the south (Waidhaus, Oberkappel) and the west
(from the Netherlands) lost their earlier importance.

Storage capacity differs as well: the south has less send-out capacity and volume and has only porous
storages (mainly exhausted gas fields); higher storage volumes are in the north, as are all salt caverns
(except for some in Sachsen Anhalt).

15Germanyds |ink to neighbouring countries

Due to its central position in the EU, both the power grid and the gas grid are interlinked with
neighbouring countries and are part of the EU market. In 2021, Germany exported 65 TWhe with a net
export of 21.2 TWhe compared to net public3! power generation of 491.5 TWhei.

The (non-) availability of renewables is similar in neighbouring countries (simultaneous wind in the north
and sunshine in the south). The EU market allows for mitigating renewables unreliability with
hydropower in neighbouring countries, mainly in the Alps. There are underwater cables32 connecting
the UCTE system of which Germany is a part with the hydro plants of the NORDEL system in Sweden
and Norway. These opportunities are limited and are shared with other EU countries.

Germany plays an important role in the transit of gas: of the overall supply of 1,724 TWhin 2020- most
of it being imports - about 910 TWh,33 were consumed in Germany, the rest was transported to
neighbouring countries. There are several large transit systems for Russian, Norwegian and Dutch gas:
north-south (Eugal, OPAL, TENP) and east-west (NETRA, MEGAL, MIDAL, NEL, etc.).

As for hydrogen, there is a concept for an EU-wide grid (H2 Backbone) based on expected hydrogen
imports from North Africa and a concept for using the (rather low-diameter) pipelines in Spain and
France for hydrogen transportation to northwestern Europe. It remains to be seen what volumes can
be realised and by when within these concepts.34

CO2 exports from the EU northwest coastline are part of the Norwegian Longship / Northern Lights pilot
project to transport CO2 to Norway and sequester it in saline aquifers under the Norwegian part of the
North Sea.

31 Public electricity supply does not cover industrial supply, which is dealt with in a different category, i.e., power generation
predominantly for industrial purposes,not feeding into the public grid.

32 The recently started Nordlink has a capacity of 1 400 MW.

33 (Bundesnetzagentur, 2022, p. 334).

34 (Gas for Climate, 2021).
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Figure4: Ger many 6 s gasadtworkanl 2021

Source: (ENTSOG, 2021)
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