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Nuclear energy is produced by a neutron that generates
a large amount of energy through a fission reaction. This
process has the great advantage that no direct CO,

emissions are produced. For this reason, nuclear energy has
been considered by some scientists in recent years to be
“renewable” energy, or at least safe and environmentally
friendly.

However, nuclear fission produces extremely hazardous,
long-lived radioactive waste. It has to be stored depending
on its radioactivity. To date, we have not found a solution for
long-term radioactive waste other than storing it in deep
tunnels 500 metres below sea level and leaving this poisoned
gift to future generations. Moreover, the risks of nuclear
incidents cannot be excluded. Another problem that must be
considered is the harmful impact on fauna and flora caused
by the water used to cool the reactor. In 2011, the
Bundestag voted by a large majority to phase out nuclear
power by 2022. However, due to the war in Ukraine and the
energy crisis, it was decided to postpone the nuclear phase-
out date until October 2022. So what does the future of
nuclear energy look like?

Nuclear Power Plants in The Landscape

COOLING TOWERS IN THE LANDSCAPE COOLING TOWERS IN THE LANDSCAPE

Source: Atlas of Places, Jiirgen Nefzger, Fluffy Source: Atlas of Places, Jiirgen Nefzger, Fluffy
clouds, 2003-2005 clouds, 2003-2005
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COOLING TOWERS IN THE LANDSCAPE
Source: Atlas of Places, Jiirgen Nefzger, Fluffy
clouds, 2003-2005

Nuclear powers plants are implanted in the landscape, almost like

a scenic object. The shape of the cooling chimneys has become an
icon and can give rise to various reactions. Some are fascinated by
their shape, others are frightened by them and see in these clouds of
smoke the risk of long-lasting radioactive waste and nuclear
incidents. It is in these multiple reactions that one can feel the
tensions and the visions that differ concerning the future of nuclear
power. But what is really happening behind these enclosed sites ?
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Nuclear powers plants are implanted in the landscape, almost like

a scenic object. The shape of the cooling chimneys has become an
icon and can give rise to various reactions. Some are fascinated by
their shape, others are frightened by them and see in these clouds of
smoke the risk of long-lasting radioactive waste and nuclear
incidents. It is in these multiple reactions that one can feel the
tensions and the visions that differ concerning the future of nuclear
power. But what is really happening behind these enclosed sites ?

It All Starts with a Neutron

FISSION PROCESS

The nuclear reactor is driven by the splitting of atoms, a process
called fission, where a particle, a neutron, is fired at an atom, which
then fissions into two smaller atoms and some additional neutrons.
Some of the neutrons that are released then hit other atoms, causing
them to fission too and release more neutrons. This chain of fission of
uranium atoms is what releases the large amount of energy as heat.
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THE INFRASTRUCTURE OF A NUCLEAR POWER PLANT

Uranium journey Water circuit Electricity

Trucks bring uranium fuel pellets to the nuclear power plant site
where they are stored in sheds until they are brought to the reactor
to produce heat through the previously explained fission reaction.

The generated heat is removed from the reactor by water. This heat is
then used to generate steam, which drives turbines for electricity
production. The steam that makes the turbines turn is then cooled
down by another circuit before going back to the reactor again,
forming a closed circuit.

The cooling water circuit is composed of a cooling tower that has

a water pool inside, filled up with water taken in rivers. Five percent of
the water evaporates while ninety five percent goes back into the
river.
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DIRECT CO, EMISSIONS IN GERMANY, 2019

Source: Statista
[https://de.statista.com/statistik/daten/studie/42195/umfrage/deutschland-
verbrauch-an-primaerenergie-in-millionen-tonnen-oelaequivalent/].

In the entire electricity generation of a nuclear power plant, therefore,
no CO, is emitted. This is a major advantage of nuclear power

generation compared to other fossil fuels. So how is it that nuclear
energy is so heavily criticised?

FISSION PROCESS
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Uranium journey
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The nuclear reactor is driven by the splitting of atoms, a process
called fission, where a particle, a neutron, is fired at an atom, which
then fissions into two smaller atoms and some additional neutrons.
Some of the neutrons that are released then hit other atoms, causing
them to fission too and release more neutrons. This chain of fission of
uranium atoms is what releases the large amount of energy as heat.

THE INFRASTRUCTURE OF A NUCLEAR POWER PLANT

Water circuit Electricity

Trucks bring uranium fuel pellets to the nuclear power plant site
where they are stored in sheds until they are brought to the reactor
to produce heat through the previously explained fission reaction.

The generated heat is removed from the reactor by water. This heat is
then used to generate steam, which drives turbines for electricity
production. The steam that makes the turbines turn is then cooled
down by another circuit before going back to the reactor again,
forming a closed circuit.

The cooling water circuit is composed of a cooling tower that has

a water pool inside, filled up with water taken in rivers. Five percent of
the water evaporates while ninety five percent goes back into the
river.
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DIRECT CO, EMISSIONS IN GERMANY, 2019

Source: Statista
[https://de.statista.com/statistik/daten/studie/42195/umfrage/deutschland-
verbrauch-an-primaerenergie-in-millionen-tonnen-oelaequivalent/].

In the entire electricity generation of a nuclear power plant, therefore,
no CO, is emitted. This is a major advantage of nuclear power

generation compared to other fossil fuels. So how is it that nuclear
energy is so heavily criticised?

How Clean Is Nuclear Energy?

NUCLEAR WASTE NUCLEAR WASTE
Source: Atlas of Places, Greg White, Nuclear Source: Atlas of Places, Greg White, Nuclear
Waste, 2011 Waste, 2011
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NUCLEAR WASTE
Source: Atlas of Places, Greg White, Nuclear
Waste, 2011

The radiation hazards for employees, the surrounding population and
the damage to the environment in the event of a nuclear incident as
well as the question of short and long term storage are the biggest
challenges resulting from nuclear energy production. Today, no
satisfactory storage solution has yet been found for the longest-lived
waste, that can last up to 2 million years.

YELLOW CAKE
Source: Bloomberg
URANIUM ORE [https://www.bloomberg.com/news/articles/2019-
Source: Worldatlas 04-15/uranium-loosening-expand-phosphate-link-
[https://www.worldatlas.com/articles/what-is- to-weapons-proliferation]

uranium-used-for.html]

NUCLEAR FUEL PELLETS
Source: Deep Isolation
[https://www.deepisolation.com/about-nuclear-
waste/what-is-nuclear-waste/]
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NUCLEAR FUEL CYCLE
Source: World Nuclear [https://world-nuclear.org/]

It all starts with the mining of uranium, a naturally radioactive metal.
Once the earth is extracted the uranium ore can be isolated and
crushed into a powder. It is then leached in sulfuric acid to allow the
separation of the uranium from the waste rock. This powder is also
referred as “yellow cake.” This product is not directly usable in

a reactor, only seven percent of natural uranium, the U-235 isotope, is
capable of undergoing fission. In order to make it into a fuel, the
uranium oxide is first refined to uranium dioxide through the process
of conversion.

After it’s been converted it can be enriched to isolate the U-235
isotope. It is crushed into a powder and molded in the form of pellets.
The pellets are inserted into thin tubes known as fuel rods, which are
then grouped together to form fuel assemblies. The fuel normally
stays in the reactor core for several years.

After that, the used fuel goes into a reprocessing plant to separate it
into different waste. Some of it can be reused in the previous
processes and the most radioactive one, the fission product, needs to
be cooled down and stored in a very protected space.
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Low level waste
90% of the waste
1% of the radioactivity

Intermediate level waste
7% of the waste
4% of the radicactivity

High level waste
3% of the waste
95% of the radioactivity

2

LOW-LEVEL WASTE, INTERMEDIATE-LEVEL WASTE, HIGH-LEVEL WASTE
Source: World Nuclear [https://world-nuclear.org/]

The waste is stored according to its level of radioactivity and of its
half-life, the time taken for the radioactivity to fall to half its original
value.

Most of the low level waste comes from the operation and
decommissioning of nuclear facilities. The waste includes items such
as scrap metal, paper and plastics. About ninety percent of the
radioactive waste is in this category but only one percent of the total
radioactivity of the wastes.

The intermediate level waste have a longer half life than the low level
waste. The major components are the nuclear reactor parts and
graphite from reactor cores. It needs to be stored for a longer time in
an intermediate disposal.

The fission product is the most radioactive waste produced by the
power plant. High level waste is characterized by its high radiation
level but it also requires a special handling due to all the heat that it
releases. It represents about three percent of wastes but it is ninety
five percent of the radioactivity. Beyond storage in dry casks, many
options have been investigated. The most realistic solution is deep
geological disposal until the level of radioactivity decreases over time.
Some of the waste would have to stay thousands of years
underground and we could ask ourselves how to communicate it to
the next generations.
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RADIOACTIVE WASTE STORAGE, NUCLEAR
INCIDENTS, ENVIRONMENTAL DAMAGE

The water that is used to cool the reactor circuit is then poured in the
rivers again but it is hotter than when it enters the power plant site.
This difference of temperature has negative consequences on the
flora and fauna of the. It causes the extinction of some of the fishes
that can’t adapt to this heat. High temperatures also favour the
development of algae that consume a lot of oxygen to the detriment
of other organisms, which end up dying of asphyxiation. Moreover, the
risk is also sanitary since the heating of the water by the power plants
could lead to the development of bacteria, such as legionella species
for example, a source of contamination of rivers.

There are a series of issues that can lead to dramatical nuclear
incidents, rather caused by natural disasters as in Fukushima or by
human mistakes in Tschernobyl. In Fukushima, for example, the loss of
external and internal alimentation led to the explosion of the reactors
and an overheating of the temperature of the waste pool. The
emergency of the situation resulted in a high quantity of gaseous and
liquid radioactive effluents.
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INACTIVE AND ACTIVE NUCLEAR POWER PLANTS IN GERMANY
IN 2021 (LEFT) AND ENERGY CONSUMPTION PER ENERGY
SOURCE IN GERMANY BETWEEN 1965 AND 2021 (RIGHT)

Source: Clean Energy Wire [https://www.cleanenergywire.org/]

These two documents illustrate the phenomenon of decommissioning
of nuclear power plants in Germany in recent years, a phenomenon
that started in 2006, following the implementation of the Shroeder
plan by Angela Merkel. Today, only three nuclear plants are still in
operation in Germany. The decommissioning date for these was set
for 2023. However, due to the energy crisis this date has been
postponed by one year.

14/ 34 06.07.2026 08:12:43 www.topalovic.arch.ethz.ch


https://www.cleanenergywire.org/
https://www.cleanenergywire.org/

Architecture of Territory/Atlas/Fall 2022/Power to the People

— -

NUCLEAR WASTE NUCLEAR WASTE
Source: Atlas of Places, Greg White, Nuclear Source: Atlas of Places, Greg White, Nuclear
Waste, 2011 Waste, 2011

NUCLEAR WASTE
Source: Atlas of Places, Greg White, Nuclear
Waste, 2011

The radiation hazards for employees, the surrounding population and
the damage to the environment in the event of a nuclear incident as
well as the question of short and long term storage are the biggest
challenges resulting from nuclear energy production. Today, no
satisfactory storage solution has yet been found for the longest-lived
waste, that can last up to 2 million years.

YELLOW CAKE
Source: Bloomberg
URANIUM ORE [https://www.bloomberg.com/news/articles/2019-
Source: Worldatlas 04-15/uranium-loosening-expand-phosphate-link-
[https://www.worldatlas.com/articles/what-is- to-weapons-proliferation]

uranium-used-for.html]
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NUCLEAR FUEL PELLETS

Source: Deep Isolation
[https://www.deepisolation.com/about-nuclear-
waste/what-is-nuclear-waste/]
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NUCLEAR FUEL CYCLE
Source: World Nuclear [https://world-nuclear.org/]
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It all starts with the mining of uranium, a naturally radioactive metal.
Once the earth is extracted the uranium ore can be isolated and
crushed into a powder. It is then leached in sulfuric acid to allow the
separation of the uranium from the waste rock. This powder is also
referred as “yellow cake.” This product is not directly usable in

a reactor, only seven percent of natural uranium, the U-235 isotope, is
capable of undergoing fission. In order to make it into a fuel, the
uranium oxide is first refined to uranium dioxide through the process
of conversion.

After it’s been converted it can be enriched to isolate the U-235
isotope. It is crushed into a powder and molded in the form of pellets.
The pellets are inserted into thin tubes known as fuel rods, which are
then grouped together to form fuel assemblies. The fuel normally
stays in the reactor core for several years.

After that, the used fuel goes into a reprocessing plant to separate it
into different waste. Some of it can be reused in the previous
processes and the most radioactive one, the fission product, needs to
be cooled down and stored in a very protected space.

Low level waste
90% of the waste
1% of the radioactivity

Intermediate level waste
7% of the waste
4% of the radicactivity

High level waste
3% of the waste
95% of the radioactivity

LOW-LEVEL WASTE, INTERMEDIATE-LEVEL WASTE, HIGH-LEVEL WASTE
Source: World Nuclear [https://world-nuclear.org/]

The waste is stored according to its level of radioactivity and of its
half-life, the time taken for the radioactivity to fall to half its original
value.

Most of the low level waste comes from the operation and
decommissioning of nuclear facilities. The waste includes items such
as scrap metal, paper and plastics. About ninety percent of the
radioactive waste is in this category but only one percent of the total
radioactivity of the wastes.
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The intermediate level waste have a longer half life than the low level
waste. The major components are the nuclear reactor parts and
graphite from reactor cores. It needs to be stored for a longer time in
an intermediate disposal.

The fission product is the most radioactive waste produced by the
power plant. High level waste is characterized by its high radiation
level but it also requires a special handling due to all the heat that it
releases. It represents about three percent of wastes but it is ninety
five percent of the radioactivity. Beyond storage in dry casks, many
options have been investigated. The most realistic solution is deep
geological disposal until the level of radioactivity decreases over time.
Some of the waste would have to stay thousands of years
underground and we could ask ourselves how to communicate it to
the next generations.

RADIOACTIVE WASTE STORAGE, NUCLEAR
INCIDENTS, ENVIRONMENTAL DAMAGE

The water that is used to cool the reactor circuit is then poured in the
rivers again but it is hotter than when it enters the power plant site.
This difference of temperature has negative consequences on the
flora and fauna of the. It causes the extinction of some of the fishes
that can’t adapt to this heat. High temperatures also favour the
development of algae that consume a lot of oxygen to the detriment
of other organisms, which end up dying of asphyxiation. Moreover, the
risk is also sanitary since the heating of the water by the power plants
could lead to the development of bacteria, such as legionella species
for example, a source of contamination of rivers.
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There are a series of issues that can lead to dramatical nuclear
incidents, rather caused by natural disasters as in Fukushima or by
human mistakes in Tschernobyl. In Fukushima, for example, the loss of
external and internal alimentation led to the explosion of the reactors
and an overheating of the temperature of the waste pool. The
emergency of the situation resulted in a high quantity of gaseous and
liquid radioactive effluents.
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INACTIVE AND ACTIVE NUCLEAR POWER PLANTS IN GERMANY
IN 2021 (LEFT) AND ENERGY CONSUMPTION PER ENERGY
SOURCE IN GERMANY BETWEEN 1965 AND 2021 (RIGHT)

Source: Clean Energy Wire [https://www.cleanenergywire.org/]

These two documents illustrate the phenomenon of decommissioning
of nuclear power plants in Germany in recent years, a phenomenon
that started in 2006, following the implementation of the Shroeder
plan by Angela Merkel. Today, only three nuclear plants are still in
operation in Germany. The decommissioning date for these was set
for 2023. However, due to the energy crisis this date has been
postponed by one year.

The History of Nuclear Energy:
Between Warfare and Clean Energy
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The history of nuclear power generation has been a double edged
sword from the very beginning. On the one hand, a lot of electricity
could be generated for the people, not entirely without dangers, but
on the other hand, the energy from uranium was used in parallel for
military purposes.

1942
The start of the Manhattan project.
Research and development of the first nuclear weapons.

TRINITY TEST
Source [https://i.redd.it/nvdpcuctoe341.jpg]

1945
The Trinity test, the first detonation of a nuclear weapon.
Atomic bombs dropped on Hiroshima and Nagasaki.
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THE WORLD'S FIRST BREEDER REACTOR
Source: Encyclopedia of Forlorn Places [http://eofp.net/ebr1.html]

1951
In the USA the first electricity-generating nuclear power plants was
invented, the Experimental Breeder Reactor I.
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FIRST GERMAN RESEARCH REACTOR IN GARCHING
Source: Lebendiges Museum Online [https://www.hdg.de/lemo/kapitel/geteiltes-
deutschland-modernisierung/aufbruch-zu-neuen-grenzen/naturwissenschaft-und-
technik.html]

1957
The First German nuclear research reactor in Garching.

1962
Kahl nuclear power plant with a capacity of 15 MW feeds electrical
power from nuclear energy into the German supply grid for the first
time.

1973
The first oil crisis accelerated the planning of nuclear power plants.
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DEMONSTRATION IN WHYL
Source: Regionalverband Sudlicher Oberrhein [http://www.bund-rvso.de/wyhl-
chronik.nhtml]

1974
Occupation of the Wyhl nuclear construction site for several months

by approx. 28,000 demonstrators.

1979
About 100,000 people demonstrated in Hanover when the Gorleben

train with nuclear waste arrived.
The largest German demonstration of that time with around 100,000
participants took place in Bonn against nuclear power.

1980
The German party die Griinen was founded.
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THE BATTLE OF BROKDORF
Source: Deutschlandfunk Nova
[https://www.deutschlandfunknova.de/beitrag/atomkraftgegner-ein-leben-lang-
gegen-akws]

1981
Around 100,000 people demonstrate against the continued
construction of the Brokdorf nuclear power plant.

TSCHERNOBYLS NUCLEAR MELTDOWN
Source: Pinterest [https://www.pinterest.com/pin/chernobyl-beforeduringafter-
accident--544865254893470886/]

1986
Tschernobyl, the nuclear disaster in Ukraine revitalised the German
anti-nuclear movement.
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2000
Beginning of the nuclear exit with the Atomkonsens: Germany wants
to take the last nuclear power plant off the grid in 2021.

DEMONSTRATION IN JULICH
Source: Aachener Zeitung [https://www.aachener-zeitung.de/lokales/juelich/anti-
atom-proteste-mahnwache-vor-dem-forschungszentrum_aid-24744899]

2010

The Bundestag approved an extension of the operating life by 8 and
14 years respectively.

That led, among other things, to a Demonstration in Jilich against
nuclear power.

Fukushima accident FUKUSHIMA ACCIDENT
Source: Open Source Investigations
[https://www.opensourceinvestigations.com/japan/declassified-the-aftermath-of-
the-fukushima-disaster/]
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2011

A nuclear accident happened at the Japanese Nuclear Power Plant.
The Bundestag votes with a large majority in support of the nuclear
phase-out till 2022.

2012
First demonstration at the Hambacher Forst.

ENDE GELANDE ACTION
Source: Ende Geldnde [https://www.ende-gelaende.org/news/eindruecke-ende-
gelaende-november-2017/]

2015
The first Ende Geldnde action took place, followed by annual actions
against lignite mining.

2022
Only three nuclear power plants are still active in Germany.
In Liizerath demonstrations against lignite mining take place.

Because of the energy crisis, the decommissioning of the last three

nuclear power plants is postponed by one year. It is now scheduled
for 2024.
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The history of nuclear power generation has been a double edged
sword from the very beginning. On the one hand, a lot of electricity
could be generated for the people, not entirely without dangers, but
on the other hand, the energy from uranium was used in parallel for
military purposes.

1942
The start of the Manhattan project.
Research and development of the first nuclear weapons.

TRINITY TEST
Source [https://i.redd.it/nv4pcuctoe3d41.jpg]

1945
The Trinity test, the first detonation of a nuclear weapon.
Atomic bombs dropped on Hiroshima and Nagasaki.

TE

THE WORLD'S FIRST BREEDER REACTOR
Source: Encyclopedia of Forlorn Places [http://eofp.net/ebr1.html]
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1951
In the USA the first electricity-generating nuclear power plants was
invented, the Experimental Breeder Reactor |.

Tl Nt e | =
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FIRST GERMAN RESEARCH REACTOR IN GARCHING
Source: Lebendiges Museum Online [https://www.hdg.de/lemo/kapitel/geteiltes-
deutschland-modernisierung/aufbruch-zu-neuen-grenzen/naturwissenschaft-und-
technik.html]

1957
The First German nuclear research reactor in Garching.

1962
Kahl nuclear power plant with a capacity of 15 MW feeds electrical
power from nuclear energy into the German supply grid for the first
time.

1973
The first oil crisis accelerated the planning of nuclear power plants.
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DEMONSTRATION IN WHYL
Source: Regionalverband Sudlicher Oberrhein [http://www.bund-rvso.de/wyhl-
chronik.nhtml]

1974
Occupation of the Wyhl nuclear construction site for several months

by approx. 28,000 demonstrators.

1979
About 100,000 people demonstrated in Hanover when the Gorleben

train with nuclear waste arrived.
The largest German demonstration of that time with around 100,000
participants took place in Bonn against nuclear power.

1980
The German party die Griinen was founded.

THE BATTLE OF BROKDORF

Source: Deutschlandfunk Nova

[https://www.deutschlandfunknova.de/beitrag/atomkraftgegner-ein-leben-lang-

gegen-akws]
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1981
Around 100,000 people demonstrate against the continued
construction of the Brokdorf nuclear power plant.

TSCHERNOBYLS NUCLEAR MELTDOWN
Source: Pinterest [https://www.pinterest.com/pin/chernobyl-beforeduringafter-
accident--544865254893470886/]

1986
Tschernobyl, the nuclear disaster in Ukraine revitalised the German

anti-nuclear movement.

2000
Beginning of the nuclear exit with the Atomkonsens: Germany wants
to take the last nuclear power plant off the grid in 2021.

DEMONSTRATION IN JULICH
Source: Aachener Zeitung [https://www.aachener-zeitung.de/lokales/juelich/anti-
atom-proteste-mahnwache-vor-dem-forschungszentrum_aid-24744899]
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2010

The Bundestag approved an extension of the operating life by 8 and
14 years respectively.

That led, among other things, to a Demonstration in Jiilich against
nuclear power.

Fukushima accident FUKUSHIMA ACCIDENT

Source: Open Source Investigations
[https://www.opensourceinvestigations.com/japan/declassified-the-aftermath-of-
the-fukushima-disaster/]

2011

A nuclear accident happened at the Japanese Nuclear Power Plant.
The Bundestag votes with a large majority in support of the nuclear
phase-out till 2022.

2012
First demonstration at the Hambacher Forst.
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ENDE GELANDE ACTION
Source: Ende Geldnde [https://www.ende-gelaende.org/news/eindruecke-ende-
gelaende-november-2017/]

2015
The first Ende Geldnde action took place, followed by annual actions
against lignite mining.

2022
Only three nuclear power plants are still active in Germany.
In Lizerath demonstrations against lignite mining take place.

Because of the energy crisis, the decommissioning of the last three

nuclear power plants is postponed by one year. It is now scheduled
for 2024.
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