
 
 
 

Fukushima nuclear crisis 
February 2012 
_____________________________________________________________________
On 11 March 2011 a magnitude 9.0 earthquake struck off the coast of Japan, followed by a tsunami 
that slammed the country’s eastern coast, destroying communities and taking the lives of tens of 
thousands of people. 

The event led to the biggest nuclear disaster since Chernobyl in 1986. It also exposed serious 
failures in the Japanese system for ensuring the safety of nuclear reactors. 

Nuclear meltdown 

The earthquake caused the loss of external power at the Fukushima Daiichi nuclear power plant, 
a site with six reactors. The subsequent tsunami flooded the plant’s back-up diesel generators, 
causing complete loss of power and leading to a failure of the cooling systems. Due to the lack of 
cooling, the nuclear fuel was damaged and melted in reactors #1, #2 and #3. The build-up of 
hydrogen gas due to the damaged fuel resulted in hydrogen explosions in these three units and 
damaged the containment structure in reactor #4. 

The nuclear disaster was rated Level 7 on the International Nuclear Event Scale (INES), the highest 
rating. Japan’s Nuclear and Industrial Safety Agency (NISA) estimated that the amount of radioactive 
caesium sent into the atmosphere by the explosions was equivalent to 168 Hiroshima bombs.1 

The possibility of a meltdown as a result of a tsunami had been predicted in documents made 
public since 2008 by the Japan Nuclear Energy Safety Organisation. Tokyo Electric Power 
Company (TEPCO), the plant owner, was aware of the possibility of a tsunami exceeding the 
design limits of the Fukushima nuclear plant, but never attempted to upgrade or fortify its facilities. 
Instead, regulators and TEPCO ignored the danger. This failure of human institutions to invest in 
safety measures led to the Fukushima disaster.  

Evacuation 

More than 150,000 people fled the contaminated areas up to 50km around the Fukushima plant.  
The 20km evacuation zone is still off limits; experts expect it will be uninhabitable for decades. 
Most of those who evacuated from other areas have thus far chosen not to return, due to 
concerns about radiation, unemployment and fears of living in a ‘ghost town’. 

Contamination 

A study conducted by scientists from the Woods Hole Oceanographic Society called the Fukushima 
disaster ‘the largest accidental release of radiation to the ocean in history’. In April 2011, oceanic 
levels of caesium-137 measured off the coast of the Fukushima Daiichi plant were 50 million times 
higher than before the disaster.2 

Concerned researchers warn that the full effects of radiation on the ecosystem will not be known for 
decades. Testing of oceanic samples gathered by Greenpeace showed excessive levels of 
radioactive caesium in seaweed and fish. An analysis by Asahi News, using data from TEPCO, 
showed that 462 TBq (terabecquerel = trillion becquerel) of radioactive strontium have been 
released into the Pacific Ocean.3 If it enters the food chain, radioactive strontium accumulates in 
bones and can cause leukaemia and bone cancer. 

In Japan, contaminated rice, beef, fruits, vegetables, milk and baby formula were found, causing 
distress among residents and taking a huge toll on the Japanese economy. In January 2012, the 
Ministry of Economy, Trade and Industry (METI) admitted that radioactive gravel had been used 
                                                 
1 The Telegraph (2011). Fukushima caesium leaks ‘equal 168 Hiroshimas’: Japan's government estimates the amount 

of radioactive caesium-137 released by the Fukushima nuclear disaster so far is equal to that of 168 Hiroshima 
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3 Naoya Kon (2011). Hundreds of trillions of becquerels of radioactive strontium leaked into sea. The Asahi Shimbun, 
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to construct new homes and condominiums, and to repair roads and other infrastructure damaged in the 
earthquake. No regulations had been established to monitor radiation in stone and gravel. 

Homes, schools and municipal areas need to undergo extensive decontamination, including soil removal. About 
29m cubic metres of radioactive soil will need to be removed from Fukushima Prefecture alone. Removal is 
extremely difficult, and the government is still trying to determine where that radioactive soil will be stored. Waste 
disposal is an ongoing and growing concern.  

State of the Fukushima reactors 

In December 2011, the government and TEPCO declared the reactors had achieved a cold-shutdown-like status, 
even though they still can’t determine the exact location or temperature of the melted fuel. The nuclear fuel is 
believed to have burned through the substantial steel floor of the reactor’s pressure vessel and possibly even 
through the thick concrete base of the containment vessel below.  

The government declared cold-shutdown for political reasons, to fulfil an earlier promise to achieve cold-shutdown 
before the end of 2011. The reality is that the four nuclear reactors at Fukushima Daiichi are not in a stable state, 
and the release of radioactive materials continues to contaminate the ocean as well as pollute ground water. 
Radiation levels remain too high for workers to enter the reactors, and efforts to view the interior using an 
endoscope have failed. Workers continue to inject nitrogen into the reactors to prevent another hydrogen explosion.  

Efforts to decontaminate highly radioactive water used to cool the reactors have been fraught with difficulty; 
currently, over 100,000 tonnes of contaminated water is being stored at the plant. Cooling operations are 
makeshift. The damaged reactors continue to contaminate the environment and remain vulnerable to damage from 
Japan’s frequent earthquakes. 

Current estimates indicate decommissioning of the Fukushima Daiichi reactors will take 40 years. 

Costs 

The Japan Centre for Economic Research has estimated the entire cost of compensation and decommissioning of 
the six Fukushima reactors at between $520bn and $650bn US dollars4. TEPCO’s liabilities will soon outweigh its 
assets. As a result, the Japanese government has already agreed to provide TEPCO $11.6bn and the company 
has asked for an additional $9bn. These amounts do not include government funds used to underwrite 
compensation costs for the victims of the disaster. 

Compensation process 

Only a small fraction of the people evacuated has received compensation. TEPCO’s compensation procedures 
have been complicated and restrictive, slowing down applications. Initially, TEPCO required applicants to fill in a 
58-page form, accompanied by a 158-page manual. In contrast, one TEPCO nuclear accident manual was just 
three pages long, and another only six pages long. Victims complained about the form and the company has 
simplified it. 

Political and social effects 

Outside Japan, the effects of the disaster were felt around the world. Many nations re-evaluated the ability of their 
own nuclear reactors to withstand natural disasters. Germany has shut down some of its reactors and has vowed to 
abandon nuclear energy entirely.  

The Fukushima disaster raised serious questions about the myth of nuclear safety. In Japan, it revealed 
considerable corruption in the nuclear power sector, including efforts to mislead the public, as well as repeated 
examples of cronyism between power companies and the government agencies that regulate them.  

Public support for nuclear power in Japan has largely eroded. Currently, over 90% of Japan’s 54 reactors are 
offline. All could by offline by May 2012, if none is restarted. Many local government officials have said they will not 
grant approval for restarting reactors. Contrary to the cries of the nuclear industry, there have been no significant 
problems with the electricity supply, and Japan has shown that it can survive without nuclear power. 

 
For more information, contact: enquiries@greenpeace.org 
Greenpeace International 
Ottho Heldringstraat 5, 1066 AZ  Amsterdam, The Netherlands 
Tel: +31 20 7182000 

                                                 
4 Japan Centre for Economic Research (2011). Abstract The 38th Middle-Term Forecast, 2 December 2011, p.3. 

http://www.jcer.or.jp/eng/pdf/m38_abstract.pdf. 
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_____________________________________________________________________
March 2011 
11 March a magnitude 9.0 earthquake strikes off the east coast of Japan. A large tsunami follows. External power is lost 
at the Fukushima Daiichi nuclear power plant; back-up generators also go down. Without power, cooling systems fail. 
Within days, three of the plant’s reactors experience meltdown, and hydrogen explosions destroy the reactor buildings. 

12 March Japan declares a 20km evacuation zone around the Fukushima Daiichi plant, displacing tens of thousands of 
residents. The government later expands the zone to other highly contaminated areas, leading to the eventual evacuation 
of 150,000 people. 

23 March new analysis prepared for Greenpeace by a nuclear safety expert shows that enough radioactivity was released 
into the atmosphere to rank at Level 7 on the International Nuclear Event Scale (INES). This is the scale’s highest level, 
and equal to the 1986 Chernobyl nuclear disaster. Despite clear facts and INES criteria, TEPCO – the operator of the 
Fukushima nuclear plant –  only upgrades its ranking at this time from Level 4 to Level 5 scale of accident. 

26 March Greenpeace specialists begin independent measurements of radiation in the contaminated region and 
immediately find radiation levels high enough to require evacuation in several locations to the northwest of the crisis-
stricken Fukushima Daiichi nuclear plant, including Iitate village, 40km from the plant and 20km beyond the official 
evacuation zone. Although the Japanese government rejects these findings, experts of IAEA confirm the need for 
evacuation two days later. 

April 2011 
TEPCO admits that radioactive water from Fukushima reactor #2 is leaking into the ocean from a crack in the 
maintenance pit near the reactor. In addition, TEPCO intentionally dumps 11,500 tonnes of radioactive water into the sea, 
ignoring protests from other nations and its own fisheries industry. Measurements show levels of radioactive iodine-131in 
seawater at 7.5 million times the legal limit. 

4 April Greenpeace expands its radiation team operating in Fukushima prefecture. Based on more detailed findings, 
Greenpeace calls for an expanded evacuation zone, and urges the evacuation of pregnant women and children from high-
risk areas.  

6 April Greenpeace radiation experts begin food testing and find radiation levels above official limits in vegetables 
collected from gardens near Fukushima City, Koriyama and Minamisoma, and from a supermarket in Fukushima City.  
In the meantime, Japan announces it will raise the allowable radiation levels for children to 20 times higher than the 
internationally recognised and legal limit of 1 millisievert a year. 

12 April Japan finally and officially rates the disaster at Level 7 on the INES scale, a decision Greenpeace calls ‘woefully late’. 

22 April the government finally concedes that radiation levels remain too high in Iitate and other contaminated areas, and 
urges residents to evacuate – one month after Greenpeace’s demand to widen the evacuation zone. 

May 2011 
TEPCO finally admits that the meltdown began in reactor #1 within five hours after loss of power, and also occurred in 
reactors #2 and #3. 

Greenpeace’s flagship Rainbow Warrior arrives in Japan. Greenpeace urges the Japanese authorities to undertake 
comprehensive radiation testing of seaweed along the Fukushima coast, after it carries out the first marine radiation 
monitoring. Initial tests by Greenpeace register significantly high levels of radioactive contamination, far beyond allowable 
limits for food consumption. 

June 2011 
NISA, Japan’s nuclear regulator, announces that radiation releases of radioactive isotopes of iodine and caesium from the 
accident are more than double what they originally stated: 770,000 terabecquerels, up from 370,000 terabecquerels if 
iodine-131 equivalent. 

Greenpeace radiation experts find very high levels of contamination in the backyards of Fukushima City schools and 
kindergartens, as well as on access roads that children use. Radiation levels at a public playground actively used by 
families and kids reach 9.5 microsieverts an hour, and a hotspot next to a public school reads 45 microsieverts an hour, 
even after decontamination efforts.  

Greenpeace again calls the government to secure better monitoring, to provide better information and protection of 
people, and to give support to highly vulnerable members of the community – such as children and pregnant women –  
to allow them to voluntarily evacuate from highly contaminated places. 

July 2011 
Over the course of this month, numerous scandals reveal which power companies tried to directly influence the outcome 
of town hall meetings designed to determine public support for nuclear power. Later, revelations show that local and 
national government figures were involved in the scandals. 



 
 
 
Prime Minister Kan calls for a nuclear-free Japan. Under pressure, he later says this is his personal view and not government policy. Kan is 
eventually pushed out and replaced by Yoshihiko Noda, who is considerably more pro-nuclear. 

Reports surface that the Nuclear Safety Commission noted the possibility of a power loss to nuclear plants, including Fukushima Daiichi, as far 
back as the 1990s, but downplayed the risk. 

Japan bans cattle shipments from Fukushima after cows eat contaminated straw. Over the next month, this affects thousands of cattle from 
prefectures around the nation. The beef industry is decimated, affecting farmers nationwide. 

Nuclear Minister Goshi Hosono says that the government will move to lift some of the evacuation zones. Greenpeace responds, arguing that the 
situation at the Fukushima nuclear plant is not under control and supplies of uncontaminated food remain in jeopardy. 

August 2011 
Japan’s Foreign Minister announces that, as a result of the beef crisis, Japan can no longer vouch for the safety of the food it exports. In a 
related discovery, radioactive rice – a staple of the Japanese diet – is found. 

The outgoing NISA chief says that nuclear regulation in Japan is inadequate and admits that he knew that a meltdown was possible on 11 March. 

Greenpeace calls on the Prime Minister to delay the opening of schools in Fukushima City after finding radiation dose rates again exceeding 
international safety standards at several schools and many public areas in the city.  
The findings, released shortly before schools were to restart, indicate that schools should not re-open until properly decontaminated. 

September 2011 
Scientists at the Japan Atomic Energy Agency (JAEA) report that the disaster may have released more than three times as much radiation into 
nearby ocean waters as initially reported by TEPCO: up to 15,000 terabecquerels of iodine-131 and cesium-137. TEPCO only reported 4,720 
terabecquerels. 

Hydrogen is discovered in pipes at reactor #1, but TEPCO insists that there is no risk of explosion ‘in the immediate future.’ 

October 2011 
The Japan Nuclear Energy Safety Organisation (JNES) reveals that NISA officials secretly acknowledged the possibility of full nuclear meltdown 
on 25 March – at the same time that both NISA and TEPCO were only saying that the reactors were ‘slightly damaged’.  

For the first time, Japan admits that decommissioning the Fukushima reactors will take more than 30 years, a figure later amended to 40 years. 
In May, TEPCO said the plant would only be shut down for six to nine months. 

TEPCO announces the discovery of xenon-133 and -135 in reactor #2, a sign that criticality and possible nuclear fission are occurring. The utility 
later retracts its statement and blames the discovery on spontaneous fission. The incident highlights the instability of the reactors, as well as 
TEPCO’s lack of information about their current state. 

November 2011 
Japan’s largest retailer, AEON, announces that it is moving to zero radiation contamination of its food products after Greenpeace’s campaign 
focusing, in particular, on seafood. 

December 2011 
TEPCO releases an interim report, saying that its employees made no errors in the handling of the nuclear disaster. Meanwhile, a government 
panel publishes a highly critical report, charging that both TEPCO and NISA directly contributed to the nuclear crisis. 

Prime Minister Noda announces that ‘cold shutdown’ of the Fukushima reactors has been achieved. The milestone is symbolic and political, 
designed to adhere to a schedule announced in September by Nuclear Crisis Minister Goshi Hosono and to allay public fears. Members of 
Noda’s own party call the declaration ‘a fiction’. 

Nine months after the triple meltdown at the Fukushima Daiichi nuclear plant, Greenpeace finds radioactive hotspots and signs that the official 
decontamination programme is both uncoordinated and thoroughly inadequate. 

January 2012 
Japan announces it is considering nationalising TEPCO. 

In spite of the increased risk of earthquakes, Japan’s nuclear industry continues to push nuclear power. Meanwhile, scientists from the 
University of Tokyo report that there is a 70% chance that a magnitude 7.0 earthquake will hit the Tokyo region, home to 12.9 million people, in 
the next four years. The chance of a similar quake hitting the same area within the next 30 years is 98%. 

Over 90% of Japan’s reactors are offline. Only three of 54 reactors are operating and no significant problems with the electricity supply are evident. 
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Nuclear power:  
dirty, dangerous and expensive 
February 2012 
_____________________________________________________________________
Nuclear reactors are inherently unsafe. As happened after Chernobyl in 1986, the Fukushima 
nuclear disaster in March 2011 again exposed the fundamental flaws of reactors and highlighted 
the serious institutional failures in the oversight of nuclear safety. Some of these failures are 
replicated worldwide by the nuclear industry and regulatory systems that should protect the public 
from accidents. As a result, millions of people who live near reactors are at risk. 

In Japan, the failures of the human institutions that oversee reactor safety led to the Fukushima 
disaster. The reactor operator, Tokyo Electric Power Company (TEPCO), and the Japanese 
government were well aware of the risks of earthquakes and tsunamis years before the disaster. 
Yet, they were ignored. 

Nuclear risks 
In both the Chernobyl and the Fukushima disasters, massive amounts of radioactive materials 
were released into the atmosphere. Hundreds of thousands of people were affected. People who 
had to evacuate from the 30km exclusion zone around Chernobyl still cannot return, and that area 
remains a no-go zone. In Japan, at least 150,000 people had to leave contaminated areas around 
the plant. Experts expect the 20km evacuation zone around the plant will be uninhabitable for 
decades. High contamination and worry about being unemployed are keeping people from 
returning to some of the other contaminated areas.  

Nuclear reactors will always be vulnerable to the deadly combination of human errors, design 
failures, terrorist attacks and natural disasters. One lesson to be learned again and again from 
nuclear accidents is that the nuclear industry’s risk assessments fail to take institutional failures 
into account, while human and institutional behaviour are the principal contributors to reactor 
accidents.  A series of these institutional failures set the stage for the Fukushima Daiichi disaster, 
including a system of industry-led self-regulation, the industry’s overconfidence, and its inherently 
dismissive attitude towards nuclear risks, as well as its neglect of scientific evidence. Self-
regulation by the nuclear industry can be found in many places in the world.   

Nuclear accidents and ‘near misses’, in which the fuel rods at the core of a reactor come close to 
melting down, continue to occur in nuclear plants around the world. Since Chernobyl, the US 
alone has faced nearly 200 ‘near misses’ according to the US Nuclear Regulatory Commission.1 
In 2003, the French nuclear safety agency activated its emergency response centre after flooding 
threatened two reactors at a plant in the southwest. In 2007, an earthquake in Japan caused a 
fire that shut down seven reactors at a nuclear plant on the country’s west coast. It took more 
than two years for the first reactor to come back online, and some of them have not restarted yet. 

The nuclear industry profits; people suffer 
When there is a nuclear disaster, the public pays the price in three ways. First, their lives and 
health are put at risk from massive releases of radioactive materials. Second, their lives are 
disrupted. They have to leave their homes, set up temporary homes without compensation and 
live without jobs. Families can be split up. Parents live with the ongoing worry that the health of 
their children may suffer. Third, the people who suffer the misery and disruption of a nuclear 
disaster end up paying the clean-up costs, the decommissioning of destroyed reactors and the 
compensation through their taxes. 

In general, governments and nuclear regulators put the profits of nuclear industry ahead of 
protecting people. The operators of nuclear plants are almost universally protected from paying 
the full costs of disasters caused by their plants.  

 

                                                 
1 An American Chernobyl: Nuclear near misses at US reactors since 1986 



 
 
 
They are not required to have insurance that would cover the full cost of a disaster, in part because such 
insurance would make nuclear power too expensive. The amount of liability they have to pay is almost universally 
capped at a level far below the real costs of a disaster. 

The expense of nuclear reactors 
Nuclear reactors are expensive to build. From initial planning to first operation can take at least a decade. Cost 
overruns and delays are the norm for reactor construction. For example, the French nuclear company Areva is 
building new reactors in Finland and in France. The costs of both projects have increased by about €3bn each, 
nearly double the original price and the reactors are nowhere near completion. This problem is repeated with 
almost every reactor project in the world.  

Radioactive waste: the long-term problem 
In addition to the risks of operating reactors, there are also significant risks associated with spent nuclear fuel and 
other radioactive wastes. Even after 60 years of nuclear power, there is no solution for safe, long-term storage of 
radioactive waste anywhere in the world.  At present, radioactive waste around the world is stored in temporary 
facilities while discussions continue about long-term storage. 

The International Atomic Energy Agency estimates that the nuclear industry produces about one million barrels of 
‘Low and Intermediate-Level Waste’ and about 50,000 barrels of the even more dangerous ‘High-Level Waste’ 
every year. On top of that reactors produce spent nuclear fuel, yet another high-level waste. The most hazardous 
waste needs to be stored securely for hundreds of thousands of years before it is considered safe. 

The nuclear industry’s proposed solution, backed by many governments, is to bury radioactive waste in deep 
geological repositories. Even though the industry has been examining this idea for decades, not one single 
repository has been built. 

Some spent nuclear fuel is reprocessed, which means that plutonium and unused uranium are separated out from 
other waste with the intention of reusing them in nuclear power plants. In reality, the term ‘reprocessing’ or 
‘recycling’ is misleading, since a lot of the recovered materials are not reused. Reprocessing does not get rid of any 
of the radioactivity in the spent fuel - but the process does spread it about through discharges to the environment 
and through creating a larger volume of different waste flows.  

Nuclear reactors and climate change 
The nuclear industry often claims that nuclear energy is needed to combat climate change. However, nuclear 
power is in fact an expensive and dangerous distraction from the real solutions to climate change. The operation of 
nuclear plants prevents the large-scale integration of renewable energy into the electricity grid. Greenhouse gas 
reduction targets can only be met through using renewable energy technologies and energy efficiency. Every dollar 
spent on nuclear power is a dollar stolen from the real solutions to climate change. 

Nuclear is not the way to fight climate change – it simply delivers too little, too late, and it is too expensive. Nuclear 
power could at best make only a negligible contribution to emission reductions: Even if the entire global fleet of 
reactors was quadrupled, a completely far-fetched scenario, this would lead to at most a 6% reduction in global 
CO2 emissions, which would come too late due to long construction times, well beyond the deadline that climate 
scientists have set for avoiding catastrophic climate change. 
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Radiation is a form of energy. There are several types of radiation: heat, light, microwave and 
nuclear. The common characteristic of nuclear radiation is that it is so energetic that it can destroy 
molecules. Heat and sunlight are unable to do such damage. 

Radioactive substances emit nuclear radiation (from here onwards, radiation refers to nuclear 
radiation). These substances are made of non-stable atoms that disintegrate into stable atoms. 
During disintegration the atom emits energy in the form of radiation. This process is also called 
radioactive decay. 

The radioactivity of a substance is the indicator for the amount of disintegrations of atoms in the 
substance. Substances with high radioactivity are very radioactive for two reasons: 

• The substance has many of radioactive atoms within it; and 

• The radioactive atoms in this substance decay very quickly. 

The most radioactive substances are a combination of both. 

Nuclear radiation is divided into three types of radiation: gamma, beta and alpha. Most radioactive 
elements send out a combination of these three types of radiation. Gamma radiation is a ‘wave’, 
just like light, but with more energy. Beta radiation consists of small particles (electrons) travelling 
at an incredible speed. Alpha radiation consists of big particles (two protons, two neutrons 
altogether), also travelling with incredible speed. 

An important difference is the ‘destructive power’: alpha radiation has the most ‘destructive power’ 
and gamma radiation the least. Radiation with the greatest ‘destructive power’ loses energy 
rapidly and does not travel far. For example, alpha particles do not penetrate skin, or even a 
piece of paper. 

Effects of nuclear radiation 
The risk of radiation exposure can come from external radiation from radioactive elements outside 
of the body, or from internal contamination of the body with radioactive elements that enter the 
body or from both sources. Radiation can destroy molecules in our body, such as DNA molecules 
in cells. 

Exposure to radioactivity has been linked to genetic mutations, birth defects, cancer, leukaemia 
and disorders of the reproductive, immune, cardiovascular and endocrine systems. High doses of 
radiation (> 1 sievert) can result in immediate health effects and even death. The health effects of 
low doses of radiation will only become visible over the longer term. Internal contamination with 
radioactive materials often results in significant radiation exposure because the substances can 
stay trapped in the body for long periods of time and continue to emit radiation. 

Radiation dose 
A radiation dose is the amount of energy that radiation gives to the body. The dose is the 
indicator of the risk: a high dose is a high risk. When radiation travels through the body and hits 
cells and organs, a person receives a radiation dose.  

Since alpha radiation doesn’t penetrate skin, alpha-emitting atoms are not dangerous outside of 
the body. But, if an organ takes up an alpha-emitting atom, the large particles of alpha radiation it 
gives off will create significant damage in the body. The radiation can have an impact on 
everything (DNA, cell membranes) it encounters and, therefore, result in a relatively high dose. 

Gamma radiation travels right through your body, but since the chances of it ‘hitting’ something 
are quite small it does not deliver such high doses. However, all gamma-emitting atoms – 
whether inside or outside of the body – add to the radiation risk. 

 

 



 
 
 
Radioactive contamination 
A person or an object becomes contaminated when radioactive elements are present on it (external contamination) 
or in it (internal contamination). Radioactive elements behave like all elements: they can end up anywhere: in dust, 
food, furniture, humans etc. Like normal ‘dirt’, most of the external contamination can be washed away, after which 
the person/material is called decontaminated. Internal contamination is a bigger problem because it’s more difficult 
to remove. 

No safe dose 
There is no safe dose of radiation. Radiation doses need to be kept as low as possible. Internationally accepted 
limits are set for members of the public for doses that are in addition to background or natural radiation. The limit is 
set at one millisievert a year. For nuclear workers, this limit is 20 millisieverts a year. To compare, the global 
average for natural radiation doses is 2.4 millisieverts a year. 

Terminology 
Dose = total amount of energy from radioactivity absorbed by the body over a certain period. 

Measuring units: 
− microsievert (µSv)  
− millisievert (1 mSv = 1000 µSv)  
− sievert (1 Sv = 1000 mSv).  
 
Dose rate = the amount of radioactivity absorbed per hour, expressed in  

Measuring units: 
− microsievert an hour (µSv/h)  
− millisievert an hour (mSv/h =1000 µSv/h) 

Routes of radiation exposure  
In the case of a major accident at a nuclear plant, a radioactive cloud can cause direct and indirect radiation 
exposure. People who encounter a radioactive cloud will be directly at risk from the external radiation dose of the 
cloud and from inhaling radioactive particles. Indirectly, there is a risk of inhaling radioactive particles that were 
deposited and re-suspended, and of ingesting radioactivity spreading in the food chain. 

Radioactive materials are also spread by water. Contamination can end up in ground water, rivers and oceans. In 
addition, rainwater causes radioactive materials to travel, often causing an accumulation of radioactivity where 
water collects. Radioactive materials in water can be taken up by the food chain, for example by animals and fish or 
through the roots of plants and trees. 

The exposure to radiation and the resulting health risks depend on many factors. For children (especially at a 
young age) and pregnant women, the potential health risks are higher because of the sensitivity of the reproducing 
human cells in their bodies. It is of paramount importance that this group takes all necessary precautions. 
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Renewable energy is the future: nuclear energy is the past 
Renewable energy is a viable option for replacing the world's dirty, dangerous and terribly 
expensive nuclear reactors. The nuclear disaster at Fukushima in March 2011 again exposed the 
inherent dangers of nuclear reactors. In Japan, the triple meltdown of reactors following the 
tsunami and earthquake that hit the eastern shore of Japan was caused by the failure of the 
human institutions that were supposed to protect the public from nuclear accidents.  

Institutional failure has been the main cause of all past nuclear accidents, including the accident 
at Three Mile Island in the US and the disaster in Chernobyl in Ukraine. Similar institutional 
failures are a repeated in many countries with reactors, putting millions of people who live near 
reactors at risk. Fukushima is a warning to the rest of the world.  

Replacing nuclear with renewable energy 
New installed capacity of renewable power – especially wind and solar photovoltaics – is much 
larger than new installations of nuclear power by an order of magnitude for over a decade. In fact, 
the overall capacity of the fleet of nuclear power plants is in constant decline. For example, in the 
EU over 6,000 megawatts (MW) of installed nuclear reactor capacity was retired during 2011, and 
only 311MW of new capacity was added to the electricity grid. In the same period, over 
30,000MW of new wind and solar capacity was connected to the grid. The Greenpeace Global 
Energy [R]evolution scenario shows that sources of renewable energy could supply 38% of global 
power demand by 2020 and 95% by 2050. 

 

  
Source: EWEA 2012 

The growth of renewable energy has been unprecedented over the past 25 years. Wind and solar 
have maintained double-digit growth rates since 2000. No other segment of the energy sector has 
grown this fast. Wind power is the most economic new power plant technology, due to reduced 
installations costs, no fuel costs and construction time of less than one year, compared to over 10 
years to construct nuclear power plants. In addition to replacing nuclear, renewables could lead to 
phasing out of over 90% of fossil fuels in the power and heating sectors by 2050, while in the 
transport sector the use of fossil fuels could be reduced from the current 98% down to about 30% 
by 2050. 

Countries can create an indigenous, locally produced energy supply based on renewables and 
cut the drain on their resources of buying energy. Since renewable energy doesn’t have fuel 
costs, the global savings on fuel costs could be $282bn a year through to 2030 and about $964bn 
a year from 2030 to 2050. 

 



 
 
 
Some examples of the success of renewables: 

• Spain generated more than half its electricity demand on 9 November 2009 with wind energy.  
• Spain's wind energy overtook coal as its third-largest producer of power in 2009. 
• During 2010, China built roughly one windmill every hour. 
• The wind industry installed just over 41,000MW of new clean, reliable wind power in 2011, bringing the total 

installed capacity globally to more than 238,000MW at the end of last year. This represents an increase of 21%, 
with an increase in the size of the annual global market of just over 6%.  

• Today, about 75 countries worldwide have commercial wind power installations, with 22 of them already passing 
the 1 gigawatt (GW) level.  

• More than half of all new wind power was added outside the traditional markets of Europe and North American 
in 2010, for the first time. 

• New Zealand generates 10% of its electricity needs from geothermal power. 
• Portugal's renewables went from 15% to 45% in its electricity grid in just five years. 
Nuclear energy and the conflict with renewables 
The nuclear industry often claims that nuclear energy is needed to combat climate change. This is wrong. Research 
by Greenpeace and others shows that continuing to operate nuclear plants prevents the large-scale integration of 
renewable energy into the electricity grid. Nuclear also channels investment away from renewables where 
investment can make a difference in fighting climate change. 

The argument that nuclear power could help fight climate change is seriously flawed. If the entire global fleet of 
reactors was quadrupled, a completely far-fetched scenario, this would lead to, at most, a 6% reduction in global 
CO2 emissions, and only after 2020, well beyond the deadline that climate scientists have set for avoiding 
catastrophic climate change.   

A key problem with nuclear power is that it must run around the clock with a constant output capacity, which is 
called ‘baseload’. The nuclear industry presents this as an advantage, which it is not. First, a permanent power 
generation mode – ̶ independent from the actual need in the power grid – is needed to generate as much electricity 
as possible to make generation costs low. If the operational hours were reduced to half, the cost would double. So 
the ‘baseload’ strategy is more an economic than a technical concept. 

Second, unlike modern gas turbines, which can react within seconds to fluctuating demand in the electricity grid, 
nuclear power stations are unable to react to the demand curve, and demand must follow the operation mode of 
nuclear power plants. This leads to the inefficient use of electricity. In almost all countries with a winter heating 
demand, a large share of nuclear in their power mix goes hand in hand with the expansion of highly inefficient 
electrical heating systems. For example, France, with about 80% nuclear in its power mix, had an overall power 
demand of 101GW on a cold day in February 2012, while Germany, which has 15 million more people than France, 
with 20% nuclear in its power mix had a demand of just over 50GW on the same cold day. (Bunesnetzagentur – 
German Grid Authority – 9 February 2012). Germany has far better insulated houses and a significantly lower 
share of electrical heating systems.    

The inflexibility of nuclear reactors has a negative effect on renewables. For technical and safety reasons, nuclear 
plants cannot easily be turned down so wind operators are often told to shut off their generators to give priority to 
electricity from nuclear plants, an economic and ecological mistake.  As a result, nuclear energy blocks the 
development of renewable energy technologies by commandeering space on the electricity grid and reducing 
income for wind operators.  

Renewable power plants can be built much more quickly than nuclear and are safe. In addition, renewables can 
replace several times more of the carbon that is leading to climate change for the same cost as nuclear and at a far 
faster pace. 

At present, over 90% of the Japan’s reactors are offline. The rest may be offline by May 2012. Given that only three 
of 54 reactors are operating and there have been no significant problems with the electricity supply, Japan has 
shown that it can survive without nuclear power. 
 
For more information, contact: 
enquiries@greenpeace.org 
 
Greenpeace International 
Ottho Heldringstraat 5, 1066 AZ  Amsterdam, The Netherlands 
Tel: +31 20 7182000 
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