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Taxonomy and Nuclear Energy
Climate change is one of the major challenges facing the world today, a challenge that needs
to be tackled if one wishes to leave a planet that will be livable by future generations. This
requires to anticipate the risks associated with climate change and take actions to reduce, its
global impact and consequences in terms of irreversible degradation of the environment,
natural disasters and large scale human migrations. This, in turn, will create considerable
financial and social costs affecting the human society at large and the global economy. This
is why it is important to design a framework for the long term such as the 2018 Long-Term
Strategy - Clean Planet for All- and the 2019 European Green Deal.
Although a sustainable transition should be considered as a top political priority, it will have
significant economic consequences and will require careful planning. In this respect the
Sustainable Finance Action Plan may potentially help distinguish decisions that will be
compatible with a sustainable economic growth and that will fulfil ambitions in terms of
climate change, ensuring the preservation of the planet.
Now, the finance action plan intends to use a classification system, a « taxonomy» of
sustainable economic activities in the « environmental sense » with the aim of making it an
international benchmark. To be recognized as sustainable from an environmental point of
view, an activity must substantially contribute to one of the six environmental objectives
(mitigation of climate change, adaptation, water protection, circular economy, biodiversity
and pollution prevention) and at the same time not cause significant harm to any of the other
objectives. This last point is evaluated through a criterion designated under the name of «Do
Not Significantly Harm» with the acronym DNSH.
A group of experts (designated as TEG: Technical Expert Group) mandated by the EU,
recently issued their conclusions on the « taxonomy». While recognizing that nuclear energy
supports the energy transition, by its low impact in terms of CO2 emissions the group also
considered that this energy did not provide all the environmental guarantees and consider
that « …in the long-term management of high-level waste, a combination of temporary
storage and permanent disposal in geological strata is most promising, but nowhere in the
world has a viable, safe and secure underground repository been established.» The group
could not conclude «that the nuclear energy value chain did not cause significant harm to
other environmental objectives over the relevant time scales».
If this view were to be adopted, it would make the task of climate change action much harder
to complete as it is probable that energy from other sources would not add-up. Climate
change action is difficult because the number of levers available to reduce emissions of
greenhouse gases is not large and because all these levers have technical limitations. In
selecting options it is important to not leap on simplistic conclusions that are known to be,
most of the time, erroneous.
Nuclear energy has merits that other sources of low carbon energy do not have. This needs
to be considered in a more balanced evaluation of energy generation activities. Such a rating
will require a thorough analysis based on a systems approach that should be entrusted to a
qualified group of experts.
Since greenhouse gas emissions are associated with production of energy it is important to
analyse the various options that can be taken in this area. In this general context, this
document considers three items:
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Some essential features of nuclear energy are summarized and in particular its
capacity to reduce GHG emissions, to diminish atmospheric pollution associated with
burning of fossil fuels and to deliver massive amounts of electrical energy in a reliable
manner. These characteristics are fundamental in assuring the delicate balance
between production and consumption of electricity at every instant in time.
Concerns about the environmental impact of nuclear energy are examined in second
stage, together with issues of radioactive waste management. The nuclear industry,
and agencies under the supervision of governmental authorities have developed
coherent systems for managing radioactive waste in a manner that is compatible with
the environment. It is indicated that the management principles, implementations and
operations that have been used up to now in countries exploiting nuclear power
comply with the DNSH criterion.
The taxonomy that is being proposed by the European Union to evaluate economic
activities with respect to their compatibility with climate change and environmental
goals. While this idea is attractive because it appears conceptually simple, it is shown
however, that it cannot be used without consideration of the system as a whole and
without a careful analysis of the consequences that it may induce. Will all the energy
supply be sufficient to respond to demand? Is the stability of the system assured?

There are major risks in ruling out levers that may be essential to the energy transition. It is
concluded that a balanced rating of energy options is needed that relies on a comprehensive
evaluation of their assets and drawbacks. To be credible the taxonomy requires that the
DNSH be carefully assessed in a scientific, rational and unbiased manner.
1 The energy sector faces a major transformation
The energy sector still contributes the largest share of total greenhouse gas emissions. To
achieve climate neutrality, this sector will inevitably have to undergo a major transformation.
Electrification will be one of the key enablers of the clean energy transition creating a
growing demand for electricity and this will be the case even if a significant effort is made to
increase efficiency in all activities. The EU will have to anticipate this growth to have enough
generation capacity that will be able to match the demand for electricity, in a clean,
affordable and reliable way.
The number of levers available to make the transformation is limited
To devise a new energy mix that is technically and economically feasible and that will be able
to provide the amount of energy needed will not be easy. Carbon free electricity generation is
the key to both a decarbonized mobility and a decarbonized energy system. Carbon free
mobility can be provided by biofuels, by electricity stored in batteries, or by fuel cells
converting hydrogen into electricity (hydrogen would originate from a carbon free process).
Biofuels are one of the means to achieve carbon neutrality; but their availability is limited as
the energy per square meter of land that can be harnessed in the form of biofuels is small
compared to what solar or wind can provide for an identical land use. And they compete with
the production of food which may have to be given priority as the world population is steadily
increasing.
Fossil fuels will have to be eliminated from electricity generation except if they are associated
with carbon capture and sequestration. However the possibility of sequestration of CO2 on a
realistic scale has not been demonstrated and its implementation on a large scale is only
conceptually feasible. This leaves renewables and nuclear power as sources of a carbonfree European electrical power system. Among renewables hydro-electricity generation
stands out as a low carbon option and because in most cases water can be stored in large
reservoirs, this source of energy is dispatchable (it can be mobilized to respond to demand).
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However, the amount of energy that can be produced is limited by the mass of water that is
stored in the reservoirs and by the fact that most of the hydroelectric potential is already
exploited in Europe.
The other two leading of renewable technologies that are considered to generate carbon free
electricity are wind and solar. Their costs have plummeted in recent years, but their output
depends on weather conditions (wind) and on time of day (solar). It is then necessary to cope
with their intermittency or variability. It is often proposed that storage capacities be used to
compensate electricity that is not produced by PV or wind turbines. So far, batteries can be
used for daily storage. One concept that has been put forward and that appears attractive
with the development of electric mobility, would be to employ the batteries mounted in
electrical vehicles as a storage capacity that could be used when there is no wind or sun.
However, even a fleet of 10 Million vehicles each having the capacity of a Renault Zoe rated
at 50 kWh would only be able to store 0.5 TWh or less than half of the electrical energy
consumed in France in a single day. By the end of a day with no wind or sun, the energy in
this whole fleet of cars would be depleted. However, much greater capacities than daily
storage need to be considered. Batteries cannot be a solution to store the great amount of
energy required to balance surplus and deficits over weeks or even months. Many alternate
solutions could be considered: mechanical (compressed air, hydroelectric energy storage),
chemical (producing and storing hydrogen etc.), thermal (molten salts, etc.). However, none
offers the storage capacities that will be needed.
In contrast nuclear power plants are able to provide massive amounts of electricity in a
reliable and dependable manner. This essential difference between intermittent/variable and
dispatchable energies needs to be considered as a first order factor in designing the future
electrical energy mix. Because the electrical system requires a constant balance between
production and demand, it is essential to make sure that enough dispatchable energy
sources are available and can be used to respond to demand.
In defining the future electrical energy system, energy sources that are dispatchable and
dependable have more value than those that do not have these features.
2 The stability of the electrical network constitutes a major issue in a climate-neutral
Europe
Nuclear power plants currently provide more than 45 % of the low-carbon electricity
generation in the EU. Nuclear thus saves half a billion tonnes of CO2 emissions every year in
Europe compared to fossil fuels, which is more than the emissions of the UK or France
alone. According to the Intergovernmental Panel on Climate Change (IPCC) figures, life
cycle emissions produced by nuclear power are among the lowest at 12g of CO2/kWh. The
IPCC analysis for nuclear energy includes the whole life cycle, comprising uranium mining,
enrichment and fuel fabrication, plant construction, use, decommissioning and long-term
waste management.
Since nuclear power generation does not depend on weather conditions and thus constitutes
a reliable source of electricity that is essential to industry, data centers, communication
networks, ground transportation, hospitals, homes and businesses 24 hours a day, 365 days
a year. Nuclear can be flexible and does not undermine the deployment of renewables.
Flexible nuclear operation can help add more wind and solar to the grid. Nuclear and
renewables should be partners in fighting climate change.
3 Assessing the environmental impact of nuclear energy operations
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There are two ways of assessing the impacts on the environment associated with energy
production systems, depending on time and scale considered. When one examines large
potential impacts, like those affecting the atmosphere and impacts extending over long
periods of time, it is appropriate to use a Life Cycle Analysis starting with the construction
and ending with the dismantling of the facility (over about a century for a nuclear power plant)
to evaluate global impacts. Life Cycle Analysis accounts for the impacts already recorded
and for those expected. When the impact is limited to and around the sites of the facilities
and when the time refers to “daily-life” impacts, both immediate and long-term deferred
impacts are important; but only the former can be measured, while the latter is obtained from
projections relying on detailed modeling in combination with experimental data.
Nuclear energy and global impacts on the environment
According to Life Cycle Analyses (LCA), nuclear energy generates low amounts of CO2 per
kWh. This is illustrated in Figure 1 where median values in terms of gCO2/kWh are displayed
for selected sources of electricity.

Life Cycle CO2 equivalent (gCO2/kWh) – Median values
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Figure 1. Life cycle CO2 equivalent (from selected electricity supply technologies. Arranged
by decreasing median (gCO2eq/kWh) values (from Ref. [2]).
These emissions are as low as those of hydroelectric energy, notably lower than those
associated to photovoltaic energy and just a little higher than those induced by wind turbines.
It is however important to remember that intermittent energy sources need to be
compensated when they are not available and that this will modify their environmental
performance but is not usually taken into account in the LCA. A more striking representation
of the capacity of nuclear energy to produce massive amounts of electricity with a limited
level of emissions is given in Figure 2. Each point in this diagram corresponds to the
production during one hour of a certain amount of energy in MWh (horizontal axis). For that
point the vertical axis gives the amount of CO2 in grams per kWh. The cloud of points are
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colored to distinguish the various European countries. Norway, Sweden and France appear
at the bottom of this diagram. While Norway gets most of its electricity from hydropower,
Sweden and France both have large shares of their electricity from nuclear plants. This
graphically demonstrates the considerable reduction of CO2 emissions that nuclear power
allows.

Figure 2. Each point in this diagram shows the amount of energy (in MWh) produced during
one hour over a full year of operation. The vertical axis gives the corresponding amount of
CO2 emissions in grams per kWh. The various colors distinguish the European countries.
Adapted from Sylvestre Huet, May 2019 (Ref. [3]).
Both the IAEA and the EU regulatory framework ensure that nuclear power plants comply
with the highest safety standards. The framework applies to the full nuclear lifecycle including
the management of nuclear waste and it ensures that nuclear waste is safely managed in the
long-term. Interim storage solutions that are fully operational worldwide are licensed by
competent authorities, comply with the highest safety regimes, are developed in a
transparent manner and undergo strict environmental impact assessments.
Radiological impacts mainly originate from the releases of radioactive gases (rare gases,
tritium, radon, others) and liquid effluents (mainly conveying tritium) to the environment. The
radiological impact on the public is however a very small fraction –less than about 1% – of
the overall level of natural sources of radiation. The long-term effects of low and very low
dose/dose rate exposures is subject of a debate but most epidemiological studies around the
world show no evidence of their effects on the life realm.
Local impacts on the environment
As opposed to NPPs, fossil fuel plants (and in particular those using coal or lignite) emit large
amounts of air pollutants in the form of particles, nitric and sulfur oxides, heavy metals and
various other chemical species that need feasible but expensive abatement technologies
(Best available technologies are De-NOx, De-SOx, and dust removal system). Furthermore,
coal fired plants emit significant quantities of natural radioactivity mainly in the form of radon
and the solid waste ashes contain sizable amounts of uranium and thorium that are actually
managed as radioactive waste (Tenorms – Naturally occurring radioactive materials). Thus,
when nuclear energy replaces fossil fuel electricity generation, it has a positive effect on the
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atmospheric environment. The absence of emissions brings a direct improvement in air
quality.
The environmental footprints are mainly associated with front-end facilities. The front-end of
the nuclear fuel cycle starts with ore extraction in the mines and ends with the delivery of the
enriched uranium to the nuclear fuel assembly producer (UOX fuel; it includes handling of
plutonium for MOX fuel fabrication).
Water withdrawal and consumption
Nuclear power plants require large quantities of water to condense the steam driving the
main turbine. Because of the Carnot rule which applies to all thermal plants, roughly one third
of the thermal energy of the reactor is converted to electricity, and two thirds is dumped to
the environment. This paragraph provides a brief review of the environmental consequences
of this issue, which depend on selected technologies.
•

•

Many nuclear power plants are built close to the seashore, and are cooled with seawater. The temperature of the cooling sea water increases by ~7°C in the condenser
before being returned to the sea: surface seawater heating after first dilution does not
exceed 1 °C in an area that can vary from 1 to 20 km2. The cooling water flow has to
be sufficient to ensure a temperature increase that respects the needs of aquatic life
in the vicinity.
When nuclear power plants are built inland near large rivers, two technical options
may be used: (1) Once through cooling system: the cooling water withdrawn from the
river is returned after having cooled the condenser. A large water flow is necessary to
ensure a limited temperature increase. But actual water consumption is limited to
extra evaporation of water returned to the river with an increased temperature. Large
amounts of cooling water are needed, but water consumption is significantly smaller
than withdrawal. (2) Wet tower cooling system: part of the water having cooled the
condenser is steamed to the atmosphere, and is diverted from the other water
demands.

As the latent heat of water is much higher than its sensible heat (five times more energy is
needed to vaporize one liter of water, than to heat it from 0 to 100°C), wet tower cooling
withdraws less water than once-through cooling, but more water is lost to the atmosphere.
Use of land and natural resources
By generating massive amounts of electricity nuclear power is able to deliver the energy
needed by the large cities that characterize modern societies. The high power available at
the power plant and its ability to operate for most of the year are such that the land area to
produce a MWh is notably smaller than that required by wind turbine fields or PV farms.

Figure 3. Left: a view of Princess Amalia wind farm comprising sixty 2 MW turbines and
producing an annual 435 GWh. Right: Taishan nuclear power plant with two 1700 MW EPR
producing a nominal electrical energy of 24000 GWh.
Land occupation with regard to energy produced is significantly lower for nuclear energy than
that needed for PV or wind farms. This is illustrated in Figure 3. On the left one sees the
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Princess Amalia wind farm offshore from the coast of Netherlands comprising 60 turbines of
2 MW each scattered over an area of 14 km2. This field produces an annual amount of 435
GWh of electricity. On the right, a view of the Taishan EPR with a nominal annual production
of 24 TWh (24000 GWh). To obtain the same amount of energy with wind turbines, one
would have to set up 55 fields similar to the Princess Amalia wind farm with 3000 turbines
covering an area of 700 km2. One can say that renewable facilities are “country sized”
because they are so diffuse (i.e., because their effective power per square meter is small)
(see Ref. [1] for a comprehensive analysis of the different sources of energy).
Another feature of nuclear power is that it consumes significantly less resources than other
types of energies. This point is illustrated in a comparison carried out by the DOE in its
quadrennial technology review 2015 and highlighted in the joint report of the Chinese
Academy of Engineering, the Academy of Sciences and the Academy of Technologies
entitled "Nuclear Energy and the Environment" from which the graph below is taken:

Figure 3. Materials required (fuel excluded) for various technologies. (Adapted from Ref. [4]).
Production of non-radioactive technical waste from the construction of reactors is lower than
that associated with the construction of wind turbine or photovoltaic farms. In terms of
consumption of standard materials for construction and critical metallic materials, nuclear
energy requires much lesser amounts than photovoltaic and wind energy for the same
quantity of energy.
4 Radioactive waste management
Management of radioactive waste is an integral part of the nuclear fuel cycle. Today
industrial channels for radioactive waste management are operated in all nuclear countries.
The great majority of these wastes (the less radioactive and more abundant) is finally
disposed of in surface/sub-surface repositories; the remainder (the more radioactive and less
abundant) is kept in storage pending the launching of deep geological repositories. Despite
of the high level of care taken in such operations, sorting out fissionable material still held in
spent fuel (essentially plutonium), and nuclear waste leads to the release of a few
radionuclides into the environment. In a long-term future (from centuries up to thousands of
centuries) one may expect the return to the biosphere of some radionuclides from disposedof radioactive waste in the geosphere. However, in all cases, measures are taken today to
keep the radiological impacts within the normal variations of natural sources of radiation
irrespective of geography and timescale.
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Principles of radioactive waste management
The first basic principle is the inter-generational equity (i.e., our generation should not leave
the burden of our technical decisions to future generations). The environment is the common
property of all generations. Leaving a clean environment to the next generations is a major
duty of the present one, particularly with respect to restraining addition of radioactivity to the
natural radioactivity. The second is the inter-generational right of access to information so
that each generation remains informed about the practices of radioactive waste management
at national and international levels. Keeping the memory, as long as possible, of the location
of radioactive waste having possibly an impact on the environment is the duty of national and
international organizations in charge of this management.
To restrain releases of radionuclides to the environment, operators have to implement the
BATs (Best Available Technologies) for management of wastes in all nuclear facilities, and
minimize their production. This is already current practice
Nuclear energy yields short- and long-lived radioactive waste. Short lived waste originating
from the operation, maintenance and decommissioning of power plants (filters, used parts,
tools, rubble ...) are compacted in steel or concrete drums to be stored in concrete cells (in
France these storage centers are managed by Andra). These represent 90% of the volume
of radioactive waste and contain 0.1% of the total radioactivity, lose half of their radioactivity
over a period of 31 years or less, which makes them almost completely inactive after 300
years. The management of short lived radioactive waste is implemented through industrial
channels leading to their disposal in near surface repositories.
Radioactive waste from mining/refining uranium is suitably disposed-of (for mining waste,
mostly in situ). The immediate impacts on the environment mainly originate from the release
of effluents from processing/packaging crude radioactive waste. Under the present practices
these activities have low local and global impacts on health and the environment.
In France, long lived waste mainly originate from the processing of spent fuel. They are
transported and treated in La Hague where 95% is recycled in the form of new fuel usable in
power plants or recoverable materials and where 5% are transformed into vitrified waste and
stored in La Hague. They represent 10% of the total stock of radioactive waste and
concentrate 99.9% of the total radioactivity. These high activity waste lose their radioactivity
over long periods of time.
The management of long-lived radioactive waste depends on their radiological activities. The
most radioactive waste (spent fuel or high-medium level radioactive waste from
reprocessing) is to be disposed-off in deep geologic formations.
Strategies of radioactive waste management
The global strategy defining radioactive waste management is to (1) maximize in-reactor
burning of radioactive materials, (2) concentrate and confine radionuclides and toxics and (3)
finally dispose of ultimate radioactive waste in repositories. These engineered infrastructures
are designed to isolate radioactive waste from the biosphere in such a way that the time of
return of radionuclides to the living world be as far-off as possible: in terms of centuries or
thousands of centuries. Dilution strategy is avoided. Thus, radioactive waste management
basically differs from the management of conventional waste. It requires a high level of
scientific and technical competence and strong support. The principle of “safety first” should
be implemented, even if at the detriment of economy.
Radioactive waste management framework
The frameworks of radioactive waste management are defined at the international level by:
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The Common Convention (IAEA, INFCIRC/546, December 24, 1997) on the safety of
management of spent fuel and radioactive waste. This convention is the result of
broad discussions between 1994 and 1997 following the Convention on nuclear
safety (IAEA, INFCIRC/449, July 15, 1994). It includes a section on protection of the
environment against ionizing radiations. It calls for periodic reports from contracting
nuclear countries about how they accomplish their obligations with regard to the
dispositions of the convention. Today 43 countries report each three years to IAEA,
The recommendations of ICRP (IAEA, Safety series 115-I, Vienna, 1994) which are
taken into account by all countries.

European countries have also to consider the European Council Directive 2011/70/Euratom
which requires that each country develop a waste management policy protecting human
beings and the environment. In addition, there are, under the IAEA authority (and European
Commission), international regulations dealing with the transportation of radioactive waste
packages which require robust canisters to protect the public and the environment. The
implementation of the commitments of the Common convention is a key item and the IAEA
follows the three years update of the contracting parties.
Countries that are parties to the Common Convention on the safety of the management of
spent fuel and radioactive waste, and they have established a comprehensive legal and
organizational framework for the effective and safe management of spent fuel and
radioactive waste.
The French radioactive waste management framework
The management of radioactive waste in France is governed by two laws: the 1991 law
(focused on research) and the 2016 law (focused on implementation of decisions). The
Ministry of Ecology Transition and Solidarity develops the policy and implements the
Government's decisions. Several nuclear operators are involved: EDF which operates 58
nuclear reactors, Orano-Cycle and Framatome which operate the facilities of the front and
back-end of the nuclear cycle, CEA which leads R&D on nuclear energy and Andra which is
in charge of the long-term management of radioactive waste. The safety authority ASN
assures, on behalf of the French state, the control of nuclear safety and radiation protection
so that people and environment are protected from risks related to nuclear activities. IRSN is
the technical support of ASN for safety case analysis. It carries out its own researches on the
noxiousness of radwaste and on environmental impacts of radioactive waste management.
Finally, there is a High committee for transparency and information on nuclear safety. This
committee formulates recommendations to improve the transparency and the quality of
information for the public.
Intermediate level long-lived waste (ILW-LL) and High-level waste
According to nuclear experts, the isolation of ILW-LL (106 to 109Bq/g) and HLW (109Bq/g and
more) from the environment and confinement of radionuclides can be assured in deep
geological formations combined with multiple engineered barriers. Such formations must
have been stable for hundreds of millions of years and feature favorable geochemical
properties like limitation of water circulation and retention of chemical elements. The basic
reason for choosing geological disposal for high-level waste comes from sociological
considerations about the stability of society that cannot be assured for more than a few
centuries. It is then rational to entrust geology in keeping this waste away from the biosphere
for a very long period of the order of geological times.
Whatever the nuclear fuel cycle option chosen, after a long interim storage period (for
example in cooling ponds or in dry storage) allowing a decrease of their thermal radiation,
packages of HLW and ILW-LL will be disposed-off in deep geologic formations. To this
purpose, special surface facilities are designed to accommodate the reception of such
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packages until their further handling. Primary packages are then placed in an over-package
before being disposed-of. Environmental impacts during storage as well as during the
dropping of packages into the repositories are the same as those encountered during
operation of nuclear facilities, particularly with regard to authorized releases.
As already indicated a deep repository is designed to accept all the radioactive waste that
cannot be disposed of in surface/subsurface repositories. There is no limitation of its capacity
with respect to activity of radionuclides.
There are several concepts for deep repositories depending on the geological rock formation
chosen for siting them, for instance clay or granite. Clay slows down and finally stops the
migration of all radionuclides present in spent fuel because of its high capacity to catch them
by various mechanisms. This is why clay is used as a buffer if the selected rock is granite.
Extensive and detailed investigations have been carried out and are still underway in
countries that need to find a site for their deep repositories.
Up to now only Finland has drilled shafts in granite to establish an underground spent
nuclear fuel repository (Onkalo) down to about 450 m. Sweden is close to do the same.
Spent fuel will be encapsulated in copper canisters and deposited surrounded by bentonite
rings in wells drilled in the granite of the Scandinavian shield (KBS3 concept). All galleries
and shafts will be filled with bentonite before the repository is sealed off. France is ready to
apply for the license to install a repository in clay at 500 m in a few years from now for ILWLL and HLW produced by reprocessing. In France, over-packed nuclear glasses will be
deposited in horizontal tunnels and over-packages of ILW-LL will be deposited in large
cavities both excavated in the (vertical) center of an extended horizontal clay layer 130 m
thick (Callovo-Oxfordian clay) as shown in Figure 4.

Figure 4. Schematic view of the Cigeo project. The Callovo-Oxfordian hard clay layer was
deposited 160 million years ago. It is thick, homogeneous over a large area, has a low
permeability and is located in a stable geological environment.
All engineered structures as well as galleries and shafts will be sealed with special
concrete/bentonite plugs. Such engineered structures are expected to confine radionuclides
(and toxics) over a very long periods (typically geological times) that will prevent any impact
on the biosphere. Work carried out in the underground laboratory in Bure shows the total
absence of open cracks or fractures, through which water could circulate. The layer is
11

insensitive to the effects of seismicity and tectonic movements. The only mechanism of
migration of radioactive species in the clay is then diffusion, which is extremely slow. This
rock has moreover important capacities of “retention” by sorption of the radioactive
molecules on the clay minerals layers, providing a further reduction in their speed of
diffusion: the duration of retention of the radioactivity in the layer of clay is of the order of
hundreds thousands or even millions of years (depending on the nature of the molecules),
allowing this radioactivity to be reduced by natural decay to insignificant values.
Finally, the Callovo-Oxfordian layer of clay is strong enough to allow the safe digging of
access shafts, main galleries and package storage cells. The feasibility of sealing all of these
structures has been tested in situ; it benefits in the long term from the plasticity of the rock,
which generates the slow convergence of the alveoli and the closing of any deep void.
The simulation of the long-term evolution of the components of a repository after its closure
is the main issue of the safety case analysis. Despite their capacity to isolate and confine
radionuclides, packages of ILW-LL and HLW will progressively be corroded and release of
radioactivity will subsequently occur. The migration of radionuclides and other elements will
then slowly start by diffusion. According to numerous leaching experiments and detailed
examination of natural analogues, the life of nuclear glass or uranium oxide packages is
estimated to be over hundreds of thousands of years. Results of numerous simulations
demonstrate that migration of actinides could not be more than ten meters in clay and the
time of mobile fission products to reach the biosphere would be so long that their activity
would be drastically decreased.
Simulations of the migration of radionuclides into the environment enable the calculation of
concentrations of long-lived radionuclides at the outlets of the site. Then, according to
scenarios of land and water use, doses to people can be derived according to standard
methods in use today.
Several simulations for periods of up to a million years or more showed that, owing to the
efficiency of radwaste packages, of natural and engineered barriers in deep repositories,
such release of radionuclides will lead to doses at ground surface that will not exceed one
tenth of a percent of the exposure to natural background radioactivity.
Thus, according to simulations supported by a large database, long-term deferred impacts, if
any, are expected to be lower than those associated with natural radiation.
As perceived by the public, the management of radioactive waste is one of the challenges of
nuclear energy. This challenge is addressed by the nuclear industry, under the supervision of
regulators and governmental authorities. The management principles, strategy, regulatory
framework, operations, experimentation, simulation and planning of high level waste disposal
in geologic repositories is sufficiently advanced to provide reliable solutions to this issue. It
has been recently acknowledged by the European Community that Finland, France and
Sweden are advancing their solutions for long-term storage of high-level radioactive waste.

5 Using a taxonomy in the energy field
The European Union strategy in terms of sustainable finances is intended to provide a
comprehensive vision combining financial regulations and climate change to orient capital
investments to finance transition. This framework is to rely on a taxonomy to distinguish
economic activities that would be considered in the action plan. One may however question a
classification that uses as a sole criterion the DNSH with its qualitative, narrow definition and
subjective rating framework. DNSH cannot serve to distinguish options that will allow the
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needed transition to low carbon energies and in particular those that will assure the
transformation of the electrical energy sector.
•

•
•

By setting artificial boundaries between activities the taxonomy implies that they are
independent and can be judged with no consideration of their integration in a system,
this misses an essential feature of the electrical grid that connects all components
and specifically the generation sources. The system cannot be managed by simply
adding up sources of energy without verifying that this collection will have the
capacity to provide the energy needed by modern society,
The taxonomy gives no assurance that the equilibrium between consumption and
production will be satisfied at all times and hence that the stability of the electrical
system will be achievable,
In general, the economic viability of an activity cannot be solely evaluated with
regard to its adequacy with respect to a limited set of conditions that exclude some
essential requirements. A narrow consideration of this kind will have serious social
and economic consequences and its sustainability is not guaranteed.

These three items are examined successively to underline some of the shortcomings of the
taxonomy.
The capacity to provide the energy needed
One major challenge for the future energy mix is to assure a sufficient level of energy
production using only low carbon sources. It will not be easy to replace the large amount of
energy that is currently originating from fossil fuels. The current share in terms of primary
energy is of more than 80% of a total amount that is of the order of 13.5 GTOE (Giga Tonnes
Oil Equivalent) in 2018. The remarkable analysis by MacKay [1] shows how difficult this will
be even with a decisive effort to improve energy efficiency and reduce demand. Renewable
energies do not add up. To supply the amount of electricity that is currently being consumed
in France with for example offshore wind turbines would require that the entire 3200 km of
France’s coastline be equipped with these machines distributed in a band of 5 km but even
so this would not replace the energy provided by fossil fuels that corresponds to a share of
about 50% of the primary energy.
The stability of the system needs to be assured
If the equilibrium between production and consumption cannot be obtained in a dependable
manner this will induce a loss of stability that will have major consequences in a society
where everything requires the continuous delivery of electricity. In the future mix most of the
energy will be in electrical form. The difficulty will then be compounded by the necessity to
equilibrate consumption and production. Since most renewables are intermittent / variable
sources of electricity, this equilibrium will require additional capacities of electricity production
to compensate the missing energy when there are clouds, when winter comes or when the
sun has set down. Up to now, this compensation has been achieved in many European
states by thermal power plants burning coal. Thus the final outcome of the development of
renewables has been to make use of additional electrical production capacities that emit CO2
so that the demand in terms of electricity can be fulfilled and an equilibrium between demand
and production can be achieved.
The reduction of stability of the electrical network will augment the probability of a black out.
This might have a major impact and if the return to normal takes too much time it will induce
a general disorganization of society with unbearable consequences. An energy source that
can be mobilized to respond to demand is clearly superior to one that is intermittent/variable
and is highly dependant on weather conditions (wind) or on solar radiation (PV)and cannot
be relied upon for assuring this equilibrium. There is no equivalence between means of
electricity production that are variable or intermittent and means that provide an energy that
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can be mobilized (i.e., that is capable of delivering a certain amount of electricity on
demand).
Consider for a moment a situation where the only electrical energy sources would be made
of renewables and there would be no wind or sun. The limited storage capacities would be
rapidly depleted (except in a few places in Europe) and after a short period of time this would
induce a general black out with economic and social impacts on a modern society which
heavily relies on the availability of electricity in all its activities. Does such a system comply
with the DNSH? Clearly not, it is potentially the capability to do a significant harm to our
society.
If the decision-making process fails to consider this fact, it might orient investments in
directions that are orthogonal to those needed for a safe operation of the system. A
superficial evaluation of the various options that does not take into account the stability of the
electrical grid will not do. And in this respect, one should keep in mind that there are not so
many sources of electricity that are dependable and dispatchable.
Economic viability
A third issue raised by the taxonomy principle is that it does not consider the underlying
value chain. Promoting the development of a specific source of energy has important
economic and geopolitical implications. For example, since most solar PV panels are
imported from China, promotion of this energy source will augment the trade unbalance with
that country. In this respect, lessons learned from the Covid19 epidemic that European
countries have currently experienced underlines the limitation of a policy in which Europe is
excessively dependent on Chinese production. When masks, medication and respirators
were needed in Europe, they were not available. Also, production of solar PV panels in China
heavily relies on electricity that is produced by coal plants (95% of electricity in China is of
that kind). As a consequence, production of these panels might induce additional emissions
of greenhouse gases. Of course these emissions will not take place in Europe conveying the
false impression that this policy leads to a reduction of the CO2 footprint, but in reality this will
not help reducing the global level of greenhouse gas emissions.
Thus a simplistic approach to a problem that is systemic in nature may lead to poor
decisions. The question that is raised at this point is that of classifying PV with respect to the
“Do Not Significantly Harm” criterion. If one forgets what has been explained previously, one
may perhaps consider that PV does no significant harm. But in doing so one ignores
evidence and other issues like the amount of land that is being artificialized by large scale PV
farms, the large amounts of material that are needed for PV including plastics, glass,
aluminium, some rare metals like copper etc. i.e., real problems that are most often
downplayed.
This analysis indicates that the DNSH criterion cannot solely distinguish economic activities
that are positive and those that are not. The taxonomy needs firmer grounds. This shows that
assets of any given activity should be rated, that drawbacks should be taken into account
and that a systems based approach should be used to analyse impacts that an activity may
have with a broader view than the other five environmental goals. The objective of providing
electricity reliably is critical in modern societies. Sources of energy that do not have that
characteristic and require that other capacities handle such situations cannot be considered
in isolation.
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Conclusion
In summary, it is first pointed out that nuclear power has essential assets that are needed for
a successful European energy transition to carbon neutrality in 2050. It is recommended that
the situation of nuclear energy within the framework of the European taxonomy be decided
by taking a full account of scientific facts and in particular by making use of a systems
approach relying on a comprehensive analysis. This should include a thorough examination
of the important assets of this energy option in terms of demonstrated GHG emission
reduction, significant improvement of atmospheric air quality when nuclear power plants
replace fossil fuel thermal plants, a capacity to deliver massive amounts of electrical energy,
to respond to energy demand and to assure an equilibrium between consumption and
production. The principles, strategy, regulatory framework, operations, and planning of highlevel radioactive waste disposal in geologic repositories are sufficiently advanced to provide
reliable solutions to this issue. The decision to include nuclear energy in the taxonomy
should then be founded on an investigation by a qualified group of experts having the
capacity to develop an independent, scientifically based, evidence informed advice.
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