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Nuclear Power is Dead,  
Long Live Nuclear Energy!
Simon Wakter

The supposed demise of nuclear power has long been asserted by those opposed to the technology. But as the world 
struggles to meet the Paris Agreement climate goals of limiting global temperature increase by 1.5 °C to 2 °C compared 
to pre-industrial levels, neither the historic contribution nor the important future role of nuclear energy should be 
 ignored. Nuclear is an indispensable tool to meet the dual challenge of meeting an increasing energy demand while 
phasing out fossil fuels. To paraphrase the speech of Robert Cecil at the final meeting of the League of Nations – nuclear 
power is dead, long live nuclear energy!

1 Nuclear Power in a Clean Energy System, International Energy Agency (IEA), May 2019
2 European Commission Joint Research Centre, Technical assessment of nuclear energy with respect to the ‘do no significant harm’ criteria of Regulation (EU) 2020/852 

(‘Taxonomy Regulation’), Petten, 2021, JRC124193
3 Eurostat, Electricity production by source, EU-27, 2019, https://ec.europa.eu/eurostat/statistics-explained/index.php/Electricity_generation_statistics_–_first_results

Many countries have made pledges to decrease emissions 
or set net zero goals by the year 2050. This leaves just 
 under 30 years to dramatically reduce emissions, while 
global energy use is expected to continue rising. As  pledges 
are often phrased in terms of reductions in relation to 1990 
emission levels, it also means that just over 30 years have 
passed since the ‘benchmark’ year. In those 30 years, the 
share of fossil fuels in both electricity and total energy 
 consumption has remained virtually unchanged, at around 
65 percent and 85 percent respectively. The share of 
 nuclear energy in electricity production today is around 
ten percent, a drop from a high of 17.5 percent in 1996. The 
drop in nuclear production is only in terms of the share of 
total production – nuclear electricity production has 
 actually increased in absolute terms, but world electricity 
demand has roughly doubled in the same period. Total 
 energy demand has increased by about 60 percent.

Higher energy and electricity consumption is correlated 
with higher development and human welfare indicators. 
The increased access to and use of electricity has contri-
buted greatly to the improved standards of living for 
 hundreds of millions of people. But many people still lack 
access to electricity and much of the worlds electricity and 
energy consumption is still fossil fuelled. As has become 
abundantly clear, energy production must increase but 
must also be clean. 

Globally, the combined share of low carbon techno-
logies amounts to approximately 35 percent of total 
 electricity production. Nuclear accounts for 30 percent of 
this low carbon electricity, second only to hydro power’s 
46  percent. In advanced economies, nuclear energy 
 supplies 40 percent of low carbon electricity.1,2 Within the 
EU, just over half of electricity is produced from low carbon 
technologies and nuclear supplies almost half of this clean 
electricity.3

The world now faces the enormous, twofold challenge 
of transitioning to clean energy while meeting the increase 
in energy and electricity demand.

Energy enables modern lives
Access to affordable energy is the foundation of modern, 
civilised societies. The ability to use energy when and 
where it is needed enables almost every other human 
 activity. This has been illustrated and reinforced by events 
during the past year. In Libya, already strenuous condi-
tions have worsened through prolonged power outages 

added on top of the daily trials of coronavirus lockdown. 
The lack of electricity, frequent blackouts and interrup-
tions to internet and running water made working or 
 studying from home virtually impossible. 

In Japan, a cold spell coupled with an already tight LNG 
market in Asia brought power prices to record highs. 
 Intraday power prices reached over ¥250/kWh, or roughly 
€2/kWh, with spot prices topping out at around  
¥155/kWh, or €1,20/kWh.

In Texas, arctic temperatures brought electricity 
 demand surging toward all-time highs and prices topped 
out at over $9,000/MWh, or €7,700/MWh. When power 
plants (primarily gas power plants) dropped from the grid 
due to the cold, grid operators initiated rotating outages 
which then turned into lasting blackouts for millions of 
peoples. 

Both in Texas and in Japan, utilities as well as consum-
ers have been hit by the record breaking prices leading to 
extraordinary corporate and personal financial difficulties. 

Electricity is key
The key to solving a large part of the decarbonisation chal-
lenge is electricity. Dramatic cost reductions in wind and 
solar production has redrawn the map and enabled a large 
scale roll out of clean electricity only ever before seen in 
the nuclear energy programmes of countries such as Swe-
den and France. 

 | Figure 1 
Low carbon electricity generation in advanced economies in 2018.
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Electrification also brings with it great potential for 
 improvements in efficiency. For example, the electrifica-
tion of transportation through electric vehicles offers 
 significant efficiency improvements compared to fossil 
fuelled cars.

Large scale production of hydrogen through electrolysis 
enables the decarbonisation of several industry processes, 
such as iron production. Direct electrification through 
Electric Arc Furnaces, EAF, enables fossil free steel 
 production.

It’s a power grid, not an energy grid
Electrification is a versatile tool for decarbonisation, but 
places high demands on the power grid. Analysing and 
 designing systems based on the required energy on a  yearly 
basis is not sufficient. 

Before transmission of power through alternating 
 current was discovered by Nikola Tesla at the end of the 
19th century, so called flatrod systems (German: Kunst-
gestänge or Stangenwerk) were used to transfer power. 
Flatrod systems, made up of timbers which were tied or 
joined together, made it possible to transfer power both 
horizontally and vertically over distances up to a few 
 kilometres. 

Similarly to the flat rod system swinging back and forth, 
alternating current is based on the current constantly 
changing direction. Just like the flatrods, it is the oscilla-
tions that transmit the power. In Europe, the oscillation 
takes place 50 times per second and must always stay at 

4 Ritchie, H.; Our World in Data – Sector by sector: where do global greenhouse gas emissions come from? https://ourworldindata.org/ghg-emissions-by-sector

this constant frequency. A multitude of instrumentation 
and control systems are in place to make sure the system is 
 always balanced – the production and load must always be 
equal.

The economic market for trading, called the power 
 market, is not really a market for power but rather for 
 energy. Energy becomes a commodity to be produced, 
 distributed and consumed. This step away from the 
 physical concept of energy enables competition but also 
brings difficulties.

In order to function properly, and in turn enable the 
market, the power grid also requires balancing and 
 ancillary services. Such services may consist of inertia, 
 reactive power or short circuit power, all of which have so 
far been provided largely for free by large generators such 
as nuclear power plants. While markets exist for some 
 services, e.g. for frequency reserve measures, it is likely 
that new markets for such services will be necessary in the 
future to ensure the functioning of the power system.4 

Nuclear can already provide many of these services 
 today and with the right incentives it is possible to expand 
the services, e.g. through integrating thermal storage with 
molten salt in advanced reactors. 

It’s not all electricity
Electrification is key to decarbonisation, but does not 
paint the full picture. Some sectors, e.g. energy-intensive 
 industry and heavy-duty transportation (such as long-haul 
aviation, maritime shipping and some road freight), are 

 | Figure 2 
Global greenhouse gas emissions by sector.

4 
This is shown for the year 2016 – global greenhouse gas emissions were 49.4 billion tonnes CO2 eq.
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more challenging to decarbonise and will require greater 
effort and novel approaches. These sectors, heavy industry 
and heavy-duty transports, make up almost one-third of 
global carbon emission.

Iron and steel production makes up seven percent of 
greenhouse gas emissions. The emissions stem from two 
sources – from the fossil fuels used to heat and power the 
process, and from the coking coal used as raw material in 
the reduction process itself. Low carbon energy can  replace 
the fossil fuels used to power the process, and clean 
 hydrogen can replace the coking coal used for the  reduction 
of oxygen in the iron oxide. Hydrogen is also an important 
feedstock in ammonia and fertilizer production as well as 
for refining fossil fuels, biofuels or plastics. This hydrogen 
demand, today around 70 million tons per year, is  currently 
met almost exclusively by production from fossil fuels.

The production of cement produces around three 
 percent of global greenhouse gas emissions. Again, the 
emissions stem from two sources. In this case roughly 
60  percent of emissions are inherent to the calcining 
 process itself, while the remaining 40 percent arise from 
the use of fossil fuels for heating the production process. 
Electrification and fossil free fuels can replace the fossil 
 fuels, but emissions inherent to the calcining process will 
require carbon capture technologies.

A large part of transportation can most likely be solved 
through electrification, but heavy-duty transportation will 
require higher density energy storage or fuels. This could 
be in the form of hydrogen, ammonia or other electrofuels 
such as synthetic hydrocarbons which can be made 
through the Fischer-Tropsch process, combining carbon 
monoxide (from carbon capture) and hydrogen into liquid 
hydrocarbons. 

Energy use in buildings is another major sector, behind 
almost one-fifth of emissions. Although electrification is a 
major part of the solution, a large share of the property 
stock relies on fossil gas for heating. Replacing gas boilers 
with ground source or air source heat pumps could prove 
prohibitively expensive – especially for those in energy 
poverty, already struggling with a “heat or eat”-dilemma. 
Existing grids, built for gas heated buildings, would 
 struggle to serve the increased power demand during cold 
or hot spells. Hydrogen, either replacing or mixed into ex-
isting gas pipelines, and district heating have both been 
proposed as solutions.

The scale of energy use in buildings is often overlooked. 
For example, final energy consumption for heating in 
 German residential buildings is roughly equal to the total 
German electricity production, approximately 560  TWh 
per year. Since 95 % of this heating demand is met with 
fossil fuels, heating the country’s 40 million homes 
 produces almost ten percent of Germany’s greenhouse gas 
emissions. Even partially meeting this energy demand 
with clean hydrogen would require an extraordinary 
amount of electricity for electrolysis – hydrogen from fossil 
methane is not carbon neutral, especially when accounting 
for flaring and fugitive emissions – meaning electrification 
and district heating may prove to be more sensible 
 solutions. Nuclear CHP plants could provide cities with 
both electricity and district heating, which is already done 
at several locations today. District heating reactors, that 
produce only heat and not power, are also being developed 
and constructed.

5 Ember, Global Electricity Review 2021, https://ember-climate.org/project/global-electricity-review-2021/
6 Qvist, S.; Gładysz, P.; Bartela, Ł.; Sowiżdżał, A. Retrofit Decarbonization of Coal Power Plants—A Case Study for Poland. Energies 2021, 14, 120.  

https://doi.org/10.3390/en14010120

All in all, industry and transport together with energy 
use in buildings make up almost 60 percent of global 
 emissions. Nuclear is an important tool in these “hard-to-
abate” sectors.

Small solutions to big problems
A new wave of modern small and advanced modular 
 reactors are currently being designed, licensed and built 
all over the world. These reactors have increased passive 
safety features, reduced or no emergency planning zone 
and significant potential for cost savings.

To compensate for lack of economies of scale, otherwise 
associated with larger reactors, smaller reactors take 
 advantage of simpler construction principles, modularity 
and standardisation to decrease cost. The smaller size also 
decreases initial capital expenditure, construction time 
and overall risk. This creates a feedback loop which works 
to decrease the overall cost of capital, which for traditional 
large scale reactors can account for up to 70 percent of 
 total costs.

More is more when it comes to heat output
Many advanced reactors work at significantly higher 
 temperatures than conventional reactors. Where today’s 
boiling and pressurised water reactors work at tem-
peratures around 300 °C, advanced reactors cooled with 
molten lead, sodium or gas work at temperatures between 
500 and 700 °C. This means higher efficiencies and opens 
up a range of new applications.

Advanced nuclear reactors, providing high temperature 
heat and electricity now become an attractive option for 
hydrogen production, process heat, district heating, 
 desalination and carbon capture through direct air capture 
(DAC). Nuclear energy can be integrated across the 
 manufacturing process in many applications, e.g. for 
 production of iron and steel where high temperature 
 electrolysis, electricity production and large amounts of 
high temperature heat can dramatically reduce emissions 
and improve efficiencies. 

Coal power remains largely unthreatened as the world’s 
main source of electricity production, with global output 
increasing to over 4,630 TWh in 20205. One solution, as 
explored in an article by Qvist et al.6, is “retrofit decar-
bonisation” – a term which includes repowering of coal 
units with low-carbon energy technology. The prospect of 

 | Figure 3 
Steam temperature comparison, nuclear and coal power plants.
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advanced reactors capable of high temperature output, 
suitable for existing coal powered steam turbines, and the 
fact that more than half of the world’s 2,000 GWe coal fleet 
is less than 14 years old combine to create a compelling 
 argument. 

Integrating and reusing the existing site, equipment 
(cooling water systems and steam cycle) and grid connec-
tion could lower upfront capital costs by 28 – 35  percent 
and levelized cost of electricity by 9 – 28 percent compared 
to a greenfield installation. 

Standardisation, harmonisation, cooperation
To realise the potential of small and advanced modular 
 reactors it is essential to avoid unnecessary, country- 
specific design modifications or changes to documenta-
tion. Policymakers and regulators must work to ensure 
stability and predictability in the licensing process as well 
as to increase international harmonisation of licensing 
 requirements. 

Redesigning SMRs for each country would quickly 
 become prohibitively expensive, which means licensing 
 regimes need to be performance-based rather than 
 prescriptive. Licensing should also be risk-informed and 
technology-inclusive. In the cases where that is difficult or 
not possible it is important that regulators agree on 
 terminology and definitions, possibly through a taxonomy 
of licensing requirements. One example is the definition of 
active and passive systems, which has varying definitions 
between different countries and different organisations.

Increasing standardisation and harmonisation through 
international cooperation is a low cost, no-regrets option 
for countries wishing to expand the use of nuclear energy.

Enabling nuclear energy
Nuclear energy is a flexible solution which can help solve 
many challenges – providing electricity and heat for 
 several applications ranging from industrial process heat, 
through hydrogen production to carbon capture and 
 production of electrofuels. Nuclear also provides firm 
 power and grid stability, aiding in the integration of 
 variable renewable energy sources. 

In addition to contributing to the historic and future 
 decarbonisation of energy use in the west, expansion of 
nuclear energy is a promising solution for economies in 
transition and developing economies seeking to improve 
living standards while reducing greenhouse gas emissions. 
Over 30 “nuclear new-comers” have concrete plans to 
 develop nuclear energy projects in the coming decade. 
 Recent research by Kenton de Kirby and Jessica Lovering 
offer important insights and lessons on how to enable the 
success of nuclear energy in emerging markets.

In their report7, de Kirby and Lovering find that local 
opposition to projects in emerging markets differs from the 
anti-nuclear movement of the 1970’s which, in high- 
income countries, has protested nuclear on ideological and 
absolutist grounds. The authors warn against projecting 
fundamental anti-nuclear sentiments onto activists in 
newcomer countries. Instead, local opposition is largely 
based in a worry about livelihoods, lack of local economic 
benefit and government corruption as well as the govern-
ment’s inability to respond effectively in the event of an 
accident.

To gain public trust and consent, stakeholders must 
 establish strategies and take concrete action to improve 

7 de Kirby, K; Lovering, J. A Socially Sustainable Future for Nuclear Energy in Emerging Markets, 2021  
https://thebreakthrough.org/issues/energy/socially-sustainable-nuclear-in-emerging-markets

transparency, involve the local community and work to 
 understand activist’s concerns – all while addressing 
 perceived risks and building trust in regulators and 
 relevant institutions. The report goes on to offer concrete 
ideas and best practices for effective engagement with 
 local communities.

Nuclear power is dead,  
long live nuclear energy!
From harmonisation and standardisation of licensing 
 requirements in established nuclear energy countries to 
stakeholder engagement in emerging economies, nuclear 
energy (like other clean energy technologies) must be 
 enabled through proactive work from politicians, policy-
makers and international institutions.

75 years ago, in the spring of 1946, Robert Cecil 
 participated in the final meeting of the League of Nations 
in Geneva. Lord Cecil was one of the architects of the 
League and participated during the creation of the United 
Nations. He ended his final speech at the meeting with the 
words: “The League is dead, long live the United Nations.”

Whether the world successfully eradicates global 
 poverty while managing climate change will be largely 
 determined by the events in emerging markets. Nuclear 
energy is an indispensable tool to meet the dual challenge 
of increasing energy consumption while phasing out fossil 
fuels. Just as the League was succeeded by the United 
 Nations, formed to meet new challenges, so our view of 
 nuclear must grow to meet the challenges that lay ahead. 
To paraphrase the speech of Robert Cecil – Nuclear power 
is dead, long live nuclear energy!
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