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The Future of Nuclear: The Role of Nuclear 
in the Upcoming Global Energy Transition 
Hans-Wilhelm Schiffer

1 Introduction The paper presents the main findings, which the World Energy Council (the Council)  presented 
in a paper on The Future of Nuclear: Diverse Harmonies in the Energy Transition with contributions from the World 
 Nuclear Association and the Paul Scherrer Institute. In this report, the future of nuclear is described through the lens of 
the Council´s World Energy Scenarios archetype framework – Modern Jazz, Unfinished Symphony and Hard Rock – in 
three plausible, alternative pathways for the future development of the sector. This report also describes implications 
for the role of nuclear energy in the global energy transition. Nuclear energy could take three different pathways within 
the upcoming decades. In the main part of this paper – following a brief section on the current role of nuclear in the 
global energy supply (Chapter 2) – the characteristics of the three scenarios including the methodology underlying 
their quantification (Chapter 3), and the key findings of the identified future pathways (Chapter 4) are explained. 
 Chapter 5 deals with a comparison of the global results of the EIA´s International Energy Outlook 2019 (U.S. Energy 
Information Administration, September 2019) and the IEA´s World Energy Outlook 2019 (International Energy  Agency, 
November 2019). A conclusion is presented in Chapter 6.

2  Current role of nuclear energy  
in global energy supply

Global electricity generation increased fivefold compared 
to the level in 1971 to 26,615 TWh in 2018. 63 % of the 
growth recorded during this period was covered by fossil 
fuels, 25 % by renewable energies and 12 % by nuclear 
 energy. As a result, the energy mix in global electricity 
 generation has changed as follows: The share of fossil 
 energies in total electricity generation has decreased from 
74 % in 1971 to 65 % in 2018. This decline was compen-
sated for by an increase in the share of nuclear energy from 
2 % to 10 % and of renewable energies from 24 % to 25 % 
(Figure 1).

In the 1970s and 1980s, nuclear power plants were hea-
vily expanded. The number of plants in operation worldwi-
de had quintupled from 84 in 1970 to 420 in 1989. Since 
then, there has only been a slight increase – to 449 plants 
in operation by December 2019 with a capacity of around 
400 gigawatts (GW). Correspondingly, electricity genera-
tion based on nuclear energy increased from 1970 to 1990 
with annual growth rates of 17.5 %. This was  followed by a 
significant slowdown in the average growth rates to 2.6 % 
per year in the decade from 1990 to 2000. Since 2000, 
electricity generation based on nuclear energy has stagna-
ted. In 2018, it amounted to around 2,700 TWh.

The nuclear power capacities are installed in 31 count-
ries. The installed capacity is mainly concentrated on 
countries in North America (29 %), Western Europe 
(28  %), Asia (28 %), Eastern Europe including Russia 
(14 %) and to a lesser extent in South America (< 1 %) and 
the Middle East / Africa (< 1 %). The United States leads 
the ranking of states according to the number of nuclear 
power plants with 96 plants, followed by France with 
58 plants, China with 48 plants and Russia with 36 plants. 
52 nuclear power plants are under construction, including 
nine in China, seven in India, six in Russia, and four each in 
South Korea and UAE. In addition to Turkey, Belarus and 
Bangladesh, the UAE belong to the new nuclear energy 
states, i.e. the countries in which nuclear power plants ha-
ve not yet been connected to the grid, but are now under 
construction.

The contribution of nuclear energy to electricity 
 generation is very different in the countries that use 
 nuclear energy. There is a range from 2 % in Iran to 72 % in 
France (Figure 2).

The age of the existing nuclear power plants extends 
over a period of half a century. Corresponding to the focus 
of the commissioning of nuclear power plants in the 1970s 
and 1980s, the age group 30 to 40 is the most populated.  
A good 200 plants and thus almost half of the reactors in 
operation can be assigned to this category. Just under 100 
plants are younger than 20 years, about 50 plants are 
 between 20 and 30 years old and almost 100 plants are 
 older than 40 years (Figure 3).

 | Fig. 1. 
World Electricity Production by Energy Source in TWh. Source: IAEA

 | Fig. 2. 
Share of nuclear power in total electricity generation 2018. Source: H.-W. Schiffer based on World 
 Nuclear Association, London, August 2019
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3  The World Energy Council's  
global energy scenarios

In 2019, a series of forecasts and scenarios on the develop-
ment of global energy supply in the coming decades were 
published. These include – among others (Figure 4) – the 
scenarios of the World Energy Council, which this organi-
zation presented at the World Energy Congress in Abu 
Dhabi in September 2019. (WEC 2019a). The Council's 
 scenarios selected are exploratory routes through the 
Grand Transition. They do not follow a normative  approach 
that is designed to meet a future goal. Neither are they to 
be understood as a forecast. Rather, they span a range of 
plausible pathways to the development of the global 
 energy supply.

3.1 Description of the scenarios
When naming the three scenarios considered, the Council 
used Modern Jazz, Unfinished Symphony and Hard Rock 
to reflect different music genres, giving an idea of the 
mood of each scenario (Figure 5). 

 p For example, Modern Jazz reflects the notion that  
Jazz is the music of boundless individualism where 
 improvisation and innovation are essential elements.

 p Unfinished Symphony: You cannot play a symphony 
alone; it takes an orchestra to play it and a conductor to 
take the lead.

 p And finally, Hard Rock is an expression of the strength 
of spirit in facing hard times.

 p “While all three scenarios reflect the same pre- 
determined factors, each individual scenario places a 

different emphasis on how four critical uncertainties 
might play out.” (WEC 2019b). 

 p Pre-determined factors are: Lower rates of growth in 
population than in the past, a rise in the penetration of 
new technologies, an increasing appreciation of the 
planet´s environmental boundaries, and a shift in 
 economic power towards Asia.

 p The Council recognizes four critical uncertainties: The 
pace of innovation and productivity gains, the evolve-
ment of international governance and geopolitics, the 
priority given to climate change and connected issues 
and the preferred mode of managing the energy sector 
– via state regulation, market mechanisms or a mixture.

 p “These four critical uncertainties interplay and create 
the underpinnings of the Council's three unique 
 scenarios to 2060 – Modern Jazz, Unfinished  Symphony 
and Hard Rock.” (WEC 2019b).

 p Modern Jazz follows a market-driven approach. The 
world is highly productive, with fast economic growth 
and strong technological development. Digitally 
 enabled technology innovation and new business 
 models address sustainability.

 p Unfinished Symphony follows a government-driven 
 approach to achieving sustainability through inter-
national cooperation. An extensive network of fiscal 
 incentives such as green subsidies and converging and 
effective carbon pricing across the different parts of the 
world is assumed.

 p In Hard Rock, national interests prevent countries from 
collaborating effectively on a global level, with limited 
attention to addressing climate change. Technologies 
are mandated based on the availability of local 
 resources. Protectionism rather than free trade 
 dominates the scene.

Probabilities of occurrence are not assigned to the 
 scenarios. On the contrary, it is conceivable that the actual 
development in the individual states and regions of the 
world does not follow the same scenario. In fact, different 
signals, which can be ascribed to one of the scenarios, are 
perceived in reality. If frameworks are set by increased 
 regulation, the development follows the Unfinished 
 Symphony scenario. A strong commitment to national 
 unilateralism is attributable to the Hard Rock scenario. If a 
pioneering innovation from the private sector is the driver 
of change in a region, the development follows the Modern 
Jazz scenario. In addition, over time, the primary direction 
of development can change from one scenario to another 
scenario. Since 2016, signals from each of the three 
 scenarios have been recorded in different regions of the 
world. And there has been a change in the perception of 
the Hard Rock scenario, which – unlike in the past – is no 
longer perceived as an outsider scenario. 

 | Fig. 3. 
Age of Operating Reactors. Source: IAEA Source: IAEA Power Reactor Information System (PRIS)

 | Fig. 4. 
Scenarios and projections of various institutions on the development of the global energy supply. 
*  In addition, the BP study includes “alternative” Scenarios, among others „More Energy,  

Less Globalization“

 | Fig. 5. 
World Energy Scenarios.
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3.2 Methodology for quantification
Experts from all over the world participated in a scenario 
study group that basically developed the report under the 
guidance of the Council´s London office with the support 
of Accenture Strategy. The scenario storylines that  resulted 
from this expert consultation process were quantified by 
the Paul Scherrer Institute (PSI) using its Global Multi- 
regional MARKAL (GMM) model. The model is based on 
input assumptions reflecting the scenario storylines and 
determines the least-cost configurations of the global 
 energy system from a social planner’s perspective with 
 perfect foresight. The GMM model represents the global 
energy system disaggregated into 17 world regions 
 including region-specific characteristics of energy supply 
and demand, as well as the corresponding CO2 emissions. 
The evolution of key scenario drivers is expressed in 
 coherent storylines of future economic and social develop-
ments. The iteration between the development of the 
 narratives and their quantification provided the foun-
dation for a powerful set of scenarios.

The GMM model represents in detail the energy system of 
a region from resource extraction to energy end uses. GMM 
includes more than 400 energy conversion technologies 
with their technical, economic and environmental characte-
ristics. Beyond conventional technologies, the model  
also includes zero-carbon technologies and even options to 
achieve net negative CO2 emissions, such as  bioenergy 
 conversion with CO2 capture and storage.  Applying perfect 
foresight, GMM optimizes the total  discounted energy 
 system cost over the entire model  horizon. Non-cost and 
 behavioral assumptions are  modeled as side-constraints.

In all three scenarios, a slowing population growth is as-
sumed, with an increase compared to today by one third to 
10 billion by 2060. GDP is assumed to develop  differently 
across the scenarios with the highest average growth rate 
between 2015 and 2060 in the Modern Jazz scenario and 
the lowest growth in the Hard Rock scenario (Figure 6). In 
the scenarios, the different climate policy priorities are  
included via different levels of low-carbon technology 
 support and different CO2 pricing (Figure 7). The CO2 
 prices rise to 110 US$2010 by 2060 in the Unfinished Sym-
phony scenario – compared to a range of 60-90  US$2010  
in Modern Jazz and only 19-45 US$2010 in Hard Rock.

4  Results with the main focus  
on nuclear energy

In addition to the study World Energy Scenarios 2019, the 
Council published a specific paper on The Future of 
 Nuclear: Diverse Harmonies in the Energy Transition. 
(WEC  2019b). In this report, the World Energy Council, 
with contributions from the World Nuclear Association 
and the Paul Scherrer Institute, “has developed new 
 insights into the future role of nuclear. These insights 
 contributed to the development of the Council's new 
 nuclear perspectives through the lens of its three global 
 archetype scenarios – Modern Jazz, Unfinished Symphony 
and Hard Rock. A plausible role for nuclear to 2060 is 
 described in the context of each scenario.” (WEC 2019b). It 
is clear that nuclear energy will feature in the global  energy 
mix for decades to come. However, its share in the mix and 
its rate of growth will depend on a number of factors. “So-
me of these are largely determined by actions taken within 
the sector, e.g. speed of innovation in new nuclear techno-
logy and  shaping policies on legacy waste management, 
whilst  other factors such as energy policies, market design 
and financing structures are shaped and influenced by ot-
her stakeholders.” (WEC 2019b).

4.1 Global results by scenario
Nuclear energy will grow in all three scenarios. But the pa-
thways are very different – depending on the scenario as-
sumptions and the underlying storyline (Figure 8). 

In the consumer-empowered and market driven world 
of Modern Jazz, investors prefer smaller projects with low 
capital requirements and relatively quick returns  compared 
to larger projects that require governmental intervention 
and support or the build-up of institutional capacity. New 
build is largely driven by China, India and Russia in the 
 period 2020-2030, and developing economies in the 

 | Fig. 6. 
Main assumptions of the three WEC scenarios. Source: Paul Scherrer Institut

 | Fig. 7. 
CO2 prices assumptions by scenario in US$ (2010) per tCO2. Source: Paul Scherrer Institute

 | Fig. 8. 
Global power generation by energy sources in TWh. Source: World Energy Council, Paul Scherrer 
 Institute, Accenture Strategy: World Energy Scenarios/2019, September 2019
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 Middle East, like Iran, Turkey, Egypt, as well as Bangladesh 
and Indonesia in 2030-2040. These developments firmly 
place nuclear energy as a power source for emerging 
 economies, in which the governmental backing for this 
technology can be expected also in the future. The rate of 
new nuclear construction in developed countries of  Europe 
and North America slows down. Many markets do not 
 value nuclear´s contribution as a dispatchable source in 
electricity rooted in large-scale smart grids, decentralized 
generation, variability, and effective energy storage. 

“Despite the fact that lifetime extension of existing 
 reactors is one of the best power generation investments 
available in the market from a levelised cost of electricity 
point of view, a number of EU countries and the US provide 
only limited support to nuclear energy. In leading-edge 
countries, stability is so reliant on demand-side flexibility 
and supply-side optimization that ‘older world’ capacity 
reserves no longer seem necessary. Most older generation 
reactors in the US and Europe are scheduled for retirement 
and decommissioning, which reduces nuclear baseload 
available to the grid by 2040. Among the many countries 
that opt not to extend the lifetime of their reactor fleet, so-
me struggle to meet pressing carbon targets.” (WEC 
2019b).

Because of the competition from other low-carbon 
sources, nuclear´s share in electricity generation accounts 
for only 8.5 % by 2060, compared to 11 % in 2015. Nuclear 
installed capacity increases by around 52 % from 407 GW 
in 2015 to 620 GW in 2060. “In the Modern Jazz scenario, 
the nuclear industry has the potential to reinvent itself, 
from selling units to providing services, and to remain an 
energy source of choice as some of the major existing 
 nuclear countries and emerging economies expand their 
nuclear fleets.” (WEC 2019b).

In Unfinished Symphony, governments support an 
 acceleration of a net-zero carbon energy transition. Such a 
policy also favours nuclear energy and paves the way for a 
bright future for nuclear energy. Innovations such as Gen 
IV reactors and SMRs are accelerated. Due to high demand 
and availability of new investment instruments, these 
 reactors are commercially introduced by 2035-2040 and 
by 2060 they make up 25-30 % of all new orders by 
 capacity. 

“The major share of new nuclear capacity is rolled out 
using the fleet approach in China, India, Russia and the 
Middle East in 2020-2030. In Africa, major nuclear 
 construction programmes are started by South Africa, 
 Nigeria, Tanzania and others to meet rising energy   
demand from rapid urbanization. Power plants are  
built on time and budget, aided by the enhanced  
capability and  capacity of the nuclear industry and 
 facilitated by  extensive use of digital technologies in 
 design, planning, and  construction stages. Digital twins 
support safe, reliable and efficient plant operations.” 
(WEC 2019b).

In the European Union, better coordinated climate 
 policies supported by new energy regulations and 
 financing institutions are an encouragement to review the 
position on the role of nuclear in tackling climate change. 
Digitally enabled nuclear new build is on a roll across the 
EU, especially in the nuclear accustomed markets of 
 Bulgaria, the Czech Republic, Finland, Hungary, Slovakia. 
The same is going to take place in the UK.

“Lifetime extension remains high on the nuclear  agenda 
2020-2030 both in the EU and in the US. Digital tools 
 become significant for analysis and decision making.  
Most ‘old world’ reactors are put on lifetime extension 

 programmes to keep them operational for another 20 ye-
ars or more.” (WEC 2019b).

In Japan, existing reactors are upgraded and restarted. 
“Japan also returns to the global nuclear technologies 
 market as a strong nuclear exporter by 2035, building 
power plants in the EU, US, and the Middle East. South 
 Korea's nuclear projects extend from the Middle East to the 
EU and Africa from 2040. There is growing global demand 
for nuclear power and competitive global supply chains 
from major reactor vendors in Russia, France, Japan, 
 Korea, and China.” (WEC 2019b).

In this scenario, nuclear accounts for 13.5  % of total 
global electricity generation by 2060, compared with 11 % 
in 2015. The installed nuclear capacity almost triples to 
1002 GW by 2060, compared to 2015. “In addition to  
new build and lifetime extension initiatives, new nuclear 
 technologies – small modular reactor, floating units and 
Gen IV reactors – make a significant contribution to the 
global nuclear fleet.” (WEC 2019b).

In Hard Rock, which is characterized by a fragmented 
world with low economic growth, increasing geopolitical 
tensions and low levels of cooperation between nations, 
national security, jobs, skills development and local 
 environmental issues are top of national agendas. 

“Nuclear new capacity is driven mainly by the fleet 
 approach in China, India, Russia between 2020 and 2030 
– countries that made a strategic bet on nuclear as a main 
source of energy and development. This is followed by new 
build programmes in 2030-2040  in the Middle East, 
 including in Saudi Arabia, the United Arab Emirates, Iran, 
Turkey, Egypt and others. In these countries the core 
 nuclear technology remains large-scale Gen III and Gen 
III+ reactors for centralized power systems. Incremental 
innovations and the use of digital technologies make Gen 
III+ a natural choice for all newcomers as it is a reliable, 
well-studied, serially built, and economically efficient 
 nuclear solution.” (WEC 2019b).

Russia and China remain the dominant players in the 
nuclear technology market. “In 2030, Russia and China 
successfully debut both commercial Gen IV and SMRs. By 
2045 Russian and Chinese Gen IV and SMRs have also 
been installed in a number of other locations around the 
world. Neither Gen IV nor SMR make any considerable 
 impact on the overall energy system by 2060.” (WEC 
2019b).

In the 2020s the EU and the US generally favour  policies 
that allowed lifetime extension of existing reactors. The 
granted 20-year life extension will keep them operational 
beyond 2040-2050. However, between 2035 and 2040, 
lifetime extension is no longer an option for a large part of 
the existing fleets in the EU and the US. As a consequence, 
some countries drift gradually towards nuclear new build 
options, while a few others will decide to opt out of  nuclear. 
As far as new build is concerned from 2020-2030, the US 
and most EU countries are reluctant to proceed in some 
cases due to low public acceptance and in others due  
to unclear economic viability. However, others go in the 
 opposite direction. The Czech Republic, Hungary, 
 Slovakia, and Bulgaria decide to extend their nuclear 
 programmes for 2030-2040.

In this scenario, nuclear´s share in global electricity ge-
neration reaches 12.5 % by 2060 compared with 11 % in 
2015. Installed nuclear capacity increases by 71  % from 
407 GW in 2015 to 696 GW in 2060. “The main focus areas 
are new construction in emerging markets and lifetime 
 extension initiatives in developed economies.” (WEC 
2019b).
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4.2  Global CO2 emissions by scenario
None of the scenarios shows a development, which leads 
to an achievement of the Paris Climate Agreement. In 
 Unfinished Symphony, CO2 emissions peak by 2020, in 
Modern Jazz by 2030 and in Hard Rock by 2040. The 
 development indicated in the scenarios leads to an  increase 
in the global temperature of 2 to 2.3 degrees Celsius in 
 Unfinished Symphony, approximately 2.5 degrees in 
 Modern Jazz and more than 3 degrees in Hard Rock 
( Figure 9).

The Nationally Determined Contributions (NDCs) are 
the heart of the Paris Agreement and the achievement of 
these long-term goals. The Paris Agreement requires each 
country to outline and communicate their post-2020 
 ambitions to limit the emissions of greenhouse gases. With 
the announced efforts by the countries, we are so far not 
on track to keep the global temperature increase below 
2  degrees Celsius. To achieve the even more ambitious 
1.5 degree target, the world had to be carbon-neutral by 
2060.

The 25th Conference of the Parties (COP 25) to the 
 UNFCCC in Madrid in December 2019 ended with no 
 major breakthrough. The conference agreed to ask 
 countries to come up with more ambitious targets to cut 
greenhouse gas emissions by the time of the COP 26, which 
is expected to take place from 9-19 November 2020 in 
Glasgow, UK.

4.3 Selected regional developments
The Council´s scenario study provides not only global 
 results but a breakdown by eight world regions is given as 
well (Figure 10).

As far as nuclear energy is concerned, there is a clear 
shift in the use of nuclear energy to the Asian market 
 within the upcoming decades. The highest capacity 
 increases are going to take place in China, + 180 GW in 
Modern Jazz, + 320 GW in Unfinished Symphony and + 
200 GW in Hard Rock by 2060. The outcome for India in 
2060: + 50 GW in Modern Jazz, + 140 GW in Unfinished 
Symphony and + 70 GW in Hard Rock. Furthermore for 
the region Middle East and North Africa significant  nuclear 
capacity increases are indicated: + 17 GW in Modern Jazz, 
+ 37 GW in Unfinished Symphony and + 15 GW in Hard 
Rock (Figure 11). 

In 2015, 42 % of the world's nuclear power capacity was 
distributed to Europe including Russia, 30  % to North 
America, 26 % to Asia, 1 % to South America and 0.5 % 
each to the two regions of Sub-Saharan Africa and Middle 
East & North Africa. By 2060, the share of the three Asian 
regions will increase to 56 % in Modern Jazz and Hard 
Rock and even 61 % in Unfinished Symphony. The share of 

North America and Europe combined decreases from 72 % 
in 2015 to 40 % in Modern Jazz and in Hard Rock. In 
 Unfinished Symphony it will be 33 %. Installed capacity in 
the Sub-Saharan Africa, Middle East & North Africa and 
Latin America regions combined is going to account for 
 between 4 % (Modern Jazz and Hard Rock) and 6  % 
( Unfinished Symphony) of global nuclear capacity in 2060 
compared to 2 % in 2015 (Figure 12).

5  Comparison of the WEC scenarios  
with the findings of other institutions

“By benchmarking against peer studies and refreshing its 
global horizon scanning, the Council's comparative review 
has validated the continued relevance, plausibility, and 
challenges of its existing archetypal framework and the be-
nefits of continuing to work with the plausibility-based, 
narrative-led methodology in maintaining openness to 

 | Fig. 9. 
Global CO2 emissions from fuel combustion by scenario in bn t.  
Source: World Energy Council, Paul Scherrer Institute, Accenture Strategy 
World Energy Scenarios/2019, September 2019; Kober et al (2018) 
* until 2100  | Fig. 10. 

Regional breakdown for modelling.

 | Fig. 11. 
Nuclear: Installed Capacity in GW. Source: Paul Scherrer Institut

 | Fig. 12. 
Installed Nuclear Generation Capacity (GW) by Region. Source: World Energy Council, World Energy 
 Scenarios 2019, The Future of Nuclear: Diverse Harmonies in the Energy Transition. London 2019 
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new developments. The comparison of different types of 
global energy scenarios has helped identify some  important 
gaps in bridging the flexibility of the narrative-led, 
 plausibility-based approach with the rigidity of long-term 
global energy system models.” (WEC 2019c).

The following three most relevant global energy 
 scenario studies, published in the second half of 2019, we-
re selected for comparing the results:

 p WEC´s World Energy Scenarios 2019 (WEC 2019a)
 p EIA´s International Energy Outlook 2019 (EIA 2019)
 p IEA´s World Energy Outlook 2019 (IEA 2019)

This paper concentrates on EIA´s Reference Case, two of 
the three scenarios of the IEA (Stated Policies Scenario 
and Sustainable Development) and the three WEC scenari-
os. In addition, IAEA's 2019 edition of the Energy, Electrici-
ty and Nuclear Power Estimates for the Period up to 2050 
is referred to in the comparison. The year 2040 is chosen 
for the comparison, as the time horizon of the IEA scenari-
os is to 2040 only.

The Reference Case (RC) of the EIA reflects current 
trends and relationships among supply, demand, and 
 prices in the future. The RC includes some anticipated 
changes over time, such as expected regional economic 
and demographic trends, planned changes to infra-
structure and assumed incremental cost and performance 
improvements in known technologies based on historical 
trends. (EIA 2019).

The Stated Policies Scenario of the IEA, which occupies 
a central position in the WEO analysis, reflects the impact 
of energy-related policies that governments have already 
implemented including an assessment of the likely effects 
of announced policies as expressed in official targets and 
plans. Furthermore, a dynamic evolution of the cost of 
 energy technologies, reflecting gains from deployment and 
learning-by-doing is assumed in this scenario. (IEA 2019).

The Sustainable Development Scenario of the IEA is an 
essential counterpart to the Stated Policies Scenario. It sets 
out the major changes that would be required to reach the 
key energy-related goals of the United Nations Sustainable 
Development Agenda simultaneously, such as a reduction 
in greenhouse gas emissions in line with the Paris Agree-
ment, universal access to modern energy by 2030 and a 
dramatic reduction in energy-related air pollution. (IEA 
2019).

The projections of the International Atomic Energy 
Agency (IAEA) “for nuclear electrical generating capacity 
are presented as low and high estimates, reflecting diffe-
rent driving factors that have an impact on the worldwide 
deployment of low carbon energy source.” (IAEA 2019).

The main results of the comparison, as far as the  expected 
development for the global nuclear capacity is concerned 
(Figure 13): EIA's Reference Case is very much in line with 
the Stated Policies Scenario of the IEA and WEC's Modern 

Jazz, while the other two WEC scenarios expect a stronger 
development for nuclear energy. The Sustainable Develop-
ment Scenario of the IEA, a normative scenario, comes to 
slightly higher numbers for nuclear  energy by 2040 compa-
red to WEC's Hard Rock. The by far strongest upward pa-
thway for nuclear energy is seen in WEC´s Unfinished Sym-
phony. The numbers shown in  Unfinished Symphony for 
2040 even exceed the high case of IAEA's outlook. The IAEA 
has published a range for the global nuclear capacity bet-
ween 353 GW and 628 GW for 2040 and between 371 GW 
und 715 GW in 2050. (IAEA 2019).

6 Conclusion
A wide range of technologies is necessary to bring energy 
economic development closer to climate policy require-
ments. The focus should be on approaches that enable 
greenhouse gas emissions to be reduced at the lowest CO2 
abatement costs. These include in particular:

 p Improved efficiency when converting and using energy.
 p Expansion of renewable energies – focused on tech-

nologies and locations that have comparatively 
 favorable conditions.

 p Identification of new customer-centric growth oppor-
tunities in electrification, storage, power-to-X and the 
new hydrogen economy.

 p Expanded use of nuclear energy by extending the 
 lifetime of existing plants, provided that their safety is 
fully guaranteed, and construction of new plants at 
 locations where the economic and political conditions 
offer a solid basis for this.

 p Implementation of an energy infrastructure to prevent 
greenhouse gas emissions from the combustion of fossil 
fuels and production processes from entering the 
 atmosphere (carbon capture and usage/storage), and 
technologies to generate negative CO2 emissions.

 p Securing new opportunities for international trade not 
only with clean electrons but also with clean molecules 
(gaseous and liquid) including hydrogen.

CO2 pricing that is at a comparable level worldwide as  
far as possible, a technology-neutral political framework 
and increased international cooperation are crucial for 
 achieving the sustainability goals. Commitments agreed 
under the Paris Agreement and other initiatives have the 
potential to support nuclear energy development.
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