Review of the Estonian Green Movement on the Risks of Nuclear Power
A group of local enthusiasts is promoting the idea of building a nuclear power plant somewhere on the
Estonian seashore. Seeking for support, the enthusiasts of nuclear energy (1) speak about atomic
power plants as a clean and safe way to produce energy, and as a possible solution for fighting climate
change. The environmental association Estonian Green Movement presented a broader picture in its
initial survey, where it pointed out various facts and examples from all over the world that
demonstrate the risks and questions that arise around nuclear energy. We decided to concentrate on
five serious problems of nuclear energy: nuclear waste, safety, technology readiness, the burden on
public finances and the time-critical nature of the climate crisis.

1) Ultra-dangerous nuclear waste
The production of nuclear energy inevitably causes radioactive waste, a significant part of which,
remains extremely dangerous for thousands of years due to its high radioactivity. Being lifethreatening, nuclear waste requires very reliable storage for hundreds or thousands of years, which is
inevitably costly. Unfortunately, nowadays there is not a single working solution for long-term storage
in the whole world, even though nuclear waste has been produced for already 50 years.
To date, waste is mostly stored in temporary storage sites in nuclear power plant areas which are
subject to a risk of leakage and terrorist attacks (2). Leaks of temporary stored nuclear waste have
taken place, for instance, in the Marshall Islands (3), moreover, problems occur even in Germany, a
country that has a rich and long-standing experience in nuclear energy. In the USA, the country that
produces the most nuclear energy, the lack of final storage facilities is also a big problem (4). The Yucca
Mountains are the only geologically suitable site for final storage, but for over 30 years it has not been
possible to build a storage facility there due to the lack of interest and money (5).
Finland is one of the few countries that has been working for a long time to find a geological disposal
facility for hazardous nuclear waste. However, the task is difficult. The search for the planned storage
site began already in 1983, the construction started in 2004 and the site Is still not ready (2; 6). For
Estonia, constructing such a site would be extremely expensive. One of the options for storing waste
produced by a hypothetical Estonian nuclear power plant is to use the, not ready yet, Finnish final
storage “Onkalo”, where the waste would be buried into granite (7). However, this solution is
impossible because according to the Finnish law, foreign nuclear waste cannot be either stored or
processed on Finland’s territory (34). Even if a Finnish storage site existed, its operators agreed to
accept Estonian nuclear waste and the laws allowed it, the super-hazardous waste would have to be
transported through the Gulf of Finland. Even in the case of a hypothetical final storage facility in
Finland or in any other foreign country (8), the spent nuclear waste would first still need to be cooled
down for many years on the site of a nuclear power plant before it could be transported.
Moreover, the small modular nuclear reactors that are advertised by Estonian nuclear enthusiasts but
are not actually in the development stage (i.e. not in commercial use), would use the exact same fuel
that is used for existing large nuclear power plants (9). Many modular nuclear power plants that are
under development would simply be smaller and therefor use less fuel per reactor (2). However, the
composition and the radioactivity of the nuclear waste would still be the same, no matter the size of
the plant. One modular nuclear power plant would produce approximately 20 tons of nuclear waste
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per year (10). If instead of one big “ordinary” reactor, were installed a couple of small ones, the
difference in the absolute amount of waste generated would not be very large.
Moreover, building modular nuclear power plants near “ordinary” ones or instead of “ordinary” ones,
would not reduce the size of the final storage facility and the level of radiation associated with the fuel.
Most likely, modular nuclear power plants have the tendency to use relatively high concentrations of
nuclear fuel made from fissile material (for e.g. uranium and plutonium), which can lead to a
reactivation of a nuclear reaction at the final storage site.
On paper there are also newer ones, the so-called nuclear power plants of the 4th generation, which in
theory would utilize already used fuel as fuel (7), which means that they would not make the situation
with nuclear waste even worse. Such nuclear reactors are in the initial phase of development now. It
will be possible (if at all) to see them in reality in decades. Based on power plants that have not yet
been used and have not been tested in commercial use, it makes no sense at all to discuss the economy
and safety of nuclear energy-neither in Estonia nor elsewhere. It is also wrong to say that the
production of high-risk nuclear waste is a clean way of producing energy.

2) Safety issues
In addition to the unavoidable generation of hazardous radioactive waste, one of the major risks
associated with nuclear energy is that accidents cannot be avoided in the long term (this applies to all
forms of energy production).
Risk studies unambiguously show that large and complex technological systems (a nuclear power plant
is one specific example) are not infallible and cannot be infallible (12). The risk of serious accidents
increases together with the more frequent extreme weather conditions, that are due to climate change,
that is why all risks tied to nuclear power plants increase, as well as the possibility that we will not be
able to rely on nuclear power anymore one day. This also reduces the reliability of nuclear energy as a
guarantee of a secure energy supply.
In the case of nuclear energy, even low-risk accidents involve high costs. For instance, a turbine might
break down without causing major disruption to its immediate surroundings, but a nuclear disaster
may make large areas uninhabitable for a long time. What is important here is not the probability of a
worst-case scenario but the ability of the society to cope with the consequences of such a scenario.
The problems become especially serious when for e.g. water sources are being contaminated. A
nuclear power plant constructor must be responsible not only for the health and the belongings of the
local population, but also for the local flora, fauna, ground, and water of a whole region, that can
potentially become victim of radiation. For instance, the Fukushima catastrophe in 2011 entailed the
evacuation of 150 000 people, among them, 40 000 have not been able to move back home even after
10 years (13).
In Estonia, nuclear enthusiasts have compared the amount of yearly radiation that one gets living near
an operating nuclear power plant with the amount of radiation one is exposed to eating a simple
banana (14). However, this comparison is not appropriate because the radiation dose that one gets
eating food does not remain in the body, whereas the radiation received from a nuclear power plant
might stay in the body, for example in the thyroid, provoking risks for the health (15).
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3) Technological threats
A nuclear power plant requires large investments to be launched and to be kept operational, and in
the interest of giving back the investments, the life of the plant should be at least of 40-50 years. The
energy market is currently evolving and changing rapidly, with the advantage of flexible and distributed
solutions over a central "big station", regardless of the "big" technology. Large investment in a
technology that requires a very long payback period create a dependence on this technology, the socalled “track dependence”. This phenomenon occurs when a specific technology (that is applied for
example for the extraction and use of oil shale) may no longer be economically or environmentally
viable. At the same time, existing technologies and social structures still require investment and
maintenance of life, and as a result, technology is seen as “impossible to set aside”. Which means that
the government may be put under great pressure to keep the industry alive at all costs. This situation
is profitable for companies operating in the sector. In the same way, at its time, the oil shale industry
resulted from the enthusiasm of individual Soviet scientists, although it was clear already back then,
that it was a low value source of energy (16; 17).
All of this illustrates that if the government agrees to use nuclear energy, then it must take into account
the technology and its effects “for a very, very, very long time” (18). In comparison, when the market
changes, it is possible, for example, to dismantle a park of wind turbines or of solar panels, it is also
possible to reuse certain components and store some of their parts without creating additional costs
and problems for centuries ahead.
As already mentioned, new modular nuclear reactors can seem to be reliable, because they are not
available yet for a commercial use. They just exist on paper (19). Therefore, all conceivable problems
and objections are easier to fend off. Various expressions and words such as « not related to the
proliferation of nuclear weapons”, ‘protected from overheating” and “cheap” seem to solve problems,
however, they also create a deceptive illusion (20). But these words and expressions do not say
anything about reality. There is a lack of transparent civilian control over the small nuclear reactors on
military submarines in military use today as well as over their effects and safety.
A scenario like in Chernobyl or Fukushima is most probably unlikely to happen in Estonia, but this is
not a reason not to worry, because what happened in both of these catastrophes was considered to
be impossible. Without decades of testing, a modular nuclear power plant as a new technology would
also be risky, as there is no experience to anticipate all the risks. At the same time, it is not possible to
predict the unlikely but catastrophic, so-called "black swan", scenarios.
In the case of nuclear energy, the so-called negative “learning curve” can be seen - the more nuclear
power plants are built, the more problems are identified (21). The more nuclear power plant designs
are developed, the more different safety issues are identified, which will also lead to higher unit costs
of nuclear energy (22).
For instance, in Canada, three small nuclear reactors of the same type as modular reactors have been
unsuccessful. Namely, two 10-megawatt MAPLE reactors were built, but they never became
operational because safety problems could not be solved, which led to the fact that the project was
abandoned a dozen years ago (23). The 10-megawatt Mega-Slowpoke district heating reactor was
never licensed due to similar safety concerns. This completed reactor is currently being dismantled
without having produced a single megawatt of energy, while a huge amount of energy has been spent
on its construction (19).
Even if a new type of small nuclear reactor receives a permit for operation, it makes sense to test the
reliability of this new technology for at least decades. Releasing a totally new technology into the world
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is a big risk not only for Estonia but also for the whole region. Especially in the case of a country that
has no experience in operating and supervising a nuclear power plant and where an overall knowledge
in energy matters appears to be low at the government level (24).

4) A long-lasting burden on public finances
Supporters of Estonian domestic nuclear energy argue that the costs associated with building and
maintaining a nuclear power plant do not require large subsidies from the state, because it is a private
business, and the risks are borne by the investors. However, similar projects around the world have
shown that it is expensive to maintain a nuclear power plant and that it therefor requires large public
investments (2). It can also again lead to the so-called path dependence described above. For example,
in the event of a major financial problem, a nuclear power plant may create the expectation of a
massive state rescue operation (this can be compared to the capitalization of large banks during the
financial crisis, since they were considered too large to shut down).
Even if a nuclear power plant was built and operated with purely private capital, it would automatically
incur high costs from the state budget as well. In Estonia, there is no significant public sector
competence to ensure safety related to a nuclear power plant. Creating a legal framework for the
deployment of nuclear energy alone will absorb money, time and attention from government agencies
and politicians, whereas that money, time and attention could be used more sensibly. Similarly,
taxpayers’ money would be used to train a number of professionals (part of the training would have
to be abroad), to create special new state control and supervision authorities and to set up safety
infrastructure, a crisis capacity and management plan.
The experience of other European nuclear countries shows that even in a country with single reactors,
a national regulator that is independent from the energy producer, employs at least a hundred top
experts with an annual budget of more than 15 million euros. The tasks of the independent monitoring
regulator are regulated on an international level, and the requirements do not change accordingly to
the size of the reactor. All these huge expenses are unavoidable for the state if it intends to let the
entrepreneurs try new technologies in Estonia. If a company planning a nuclear power plant fails, the
investments made by the state will also be lost.
World experience has shown that nuclear power plants are economically risky and low profit. The UK's
Hinkley Point nuclear power plant can compete with other electricity producers only because it has
been granted a 35-year fixed purchase price (twice the current market price for electricity) (32). During
the construction of nuclear power plants, large overhead costs are not uncommon, due to significant
delays in production and delivery (25). Primary cost estimations should not be taken into account as
97% of nuclear projects exceeded the primary planned budget. One average nuclear project costs in
reality an average of $ 1.3 billion more than originally planned (26). For example, the Finnish Olkiluoto
reactor, often cited as an example in Estonia, was supposed to start being operative in 2009, but even
now it is still assumed that the reactor will be connected to the grid at best at the end of 2021. As a
result, the originally planned costs have tripled.
It is emphasized that modular nuclear power plants are cheaper than "conventional" ones, because
their central components can be assembled on the line of a huge factory, like house parts in a modular
house factory. Theoretical cheapness thus implies mass production, which in turn requires a proven,
well-performing standard nuclear power plant project. Currently, there are about 150 different
theoretical models of nuclear power plants developed by various startups. Right now, the needed
demand for mass production is not achieved, so without this demand it is not possible for start-ups to
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find the investors they need for constructing expensive factories that would produce the components
for modular nuclear power plants. Therefore, entrepreneurs persuade governments to invest
taxpayers' money in the hope that, unlike in the past, this time something will come out of the
“renaissance of atomic energy” (19; 27).
Most probably, some of the start-ups that project nuclear power plants are willing to pay for the
installation of their first reactor in whatever country (for example, in Estonia that does not have an
independent and critical oversight) as far as it helps them to impress future investors and customers.
But in this case, we are dealing with a pilot project, and Estonia is essentially becoming a testing
laboratory for nuclear energy.

5) Nuclear energy will not solve the climate crisis
One of the most serious global challenges is the anthropogenic climate crisis. The Intergovernmental
Panel on Climate Change (IPCC) has stated that to contain the rise of the average atmospheric
temperature we need to act right away. (28) The achievement of the European Union’s 2050 climate
neutrality target requires immediate and sustained action in this direction rather than, for example,
waiting for a technical breakthrough in the 2040s. Even if fuel-free and waste-free technologies are
found (not a single generation of atomic energy is), then during the decades that are required for its
implementation, the climate crisis might worsen irreversibly.
It is not forbidden for private investors and scientists to test new technologies (unless it mindlessly
drains the public sector budget) but among the most important principles for solving the climate crisis
is that the solution should be the fastest and the cheapest. For example, the already existing and
constantly widespread wind and solar energy combined with storage already do correspond to this
principle (19). Countries that use more renewable energy than nuclear energy also have a smaller
carbon footprint (29).
As a positive example, Germany has decided to close all its nuclear power plants by 2022. This gave
the market a clear sign to invest in alternatives. The country bought 30 000 megawatts of solar and
wind power in just eight years. It would have been impossible to produce an equivalent volume of
atomic energy capacity in just eight years. With the installation of wind turbines, Germany reduced its
CO2 footprint already in the first year of construction, and the number keeps decreasing every year.
In fact, the nuclear power plants do not directly emit greenhouse gases into the air during the fission
process of atoms, but their carbon footprint must be estimated by the life cycle of nuclear fuel as a
whole. For instance, significant amounts of fossil fuels are used to extract resources, to crush ore, to
enrich uranium, to build power plants and storage facilities for nuclear waste, to stop the activity of a
nuclear power plant, and finally to transport waste, and in addition to all these points, there are the
environmental costs associated to thousands of years of storage. (30)
Considering the previous points, nuclear energy does not contribute to an emission-free climate, but
it is comparable in its CO2 emissions to solar and wind energy. However, there is a danger that a
hypothetical “nuclear renaissance” will cut subsidies for renewable energy, since the direct and hidden
costs associated with the nuclear power plant are high in both financial and political terms. There are
examples in the world when producers of nuclear energy paid to let wind turbines being shut down,
because otherwise nuclear energy would not be able to compete with the price of renewable energy
(31). Moreover, the production volumes driven by the renewable energy boom have created a market
situation in which renewable energy sources can now or will soon be manageable without any
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additional subsidies. Annual analysis by the financial advisory firm Lazard, show that building new
electricity generation capacity is more costly in nuclear power plants than in renewable energy. Unlike
nuclear power plants, the cost of building renewable energy capacity is on a clear downward trend
(33).

Summary
1) There is no escape from ultra-hazardous nuclear waste
- Nuclear waste originates from all known types of reactors
- Waste is stored for decades on the territory of nuclear power plants, waiting for a final disposal
- A working solution for final disposal in the world does not exist yet
- The problem of radiation has been going on for millennia

2) There are still security issues
- Large and complex technologies are not infallible
- Shutdowns or damages at a nuclear power plant endanger the power supply
- An evacuation zone in the event of even a minor accident is of tens of kilometers

3) The technologies are not ready
- In a rapidly developing energy market, flexible and local solutions are preferred
- Nuclear energy implies dependence on the path of specific technologies
- Commercial modular reactors exist only on paper
- Many of the experimental reactors that were built were shut down before they could be operative

4) A long-lasting burden on public finances
- The state would have to begin developping costly competence of licensing and independent
supervision
- The state would also have to create plans and funding in the event of a possible major disaster
- Due to the path dependence, government support may be required to maintain the viability of
nuclear energy
- The above costs are disproportionate and in the interests of only one private power plant
- Mass production of modular reactors (like other nuclear power plants) on the basis of private
capital alone is not realistic
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5) Nuclear energy will not solve the climate crisis
- Action to tackle the climate crisis is needed now, developing and building new types of nuclear
power plants takes time and is expensive
- The fastest and cheapest solution are the number one priority- Countries that use more renewable
energy than nuclear energy have a smaller carbon footprint
- Nuclear energy directly inhibits the production of wind and solar energy
- Creating new electricity generation capacity is more costly in nuclear power plants than in
renewable energy

Considering the above information, we urge decision-makers, local governments, experts and other
citizens to seriously weigh the suitability of a nuclear power plant for Estonia. Do we want to firmly
link Estonia to a form of energy that is risky in many ways, or do we want to contribute to renewable
energy sources? Our little Estonia cannot afford the luxury of moving in both directions at once.

NGO Estonian Green Movement
26 November 2020
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