=
—
—

i

Danish Offshore Technology Conference 2024

Nuclear in the energy transition

Status and perspectives of nuclear power as part of the
Danish energy system

Bent Lauritzen
Centre for Nuclear Energy Technology
DTU Physics



=
—
—

i

Tripling nuclear energy by 2050

Expected increase in nuclear capacity, with 6 - 24% from Small Modular Reactors
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FIGURE 6. WORLD NUCLEAR ELECTRICAL GENERATING CAPACITY
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Outline ...

e Why nuclear ?
e Sustainability and outlook

- small modular reactors
e Nuclear power in Denmark?
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= Why nuclear?

Energy policy trilemma: the provision
of secure, clean and affordable energy
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Source: WEC (2024) .
World Energy Trilemma 2024 Full Report.pdf Nord Stream 2
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https://www.worldenergy.org/assets/downloads/World_Energy_Trilemma_2024_Full_Report.pdf?v=1721938251
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Energy policy trilemma: the provision
of secure, clean and affordable energy
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Barriers to nuclear:

A « Public acceptance
« Lack of skills

« High unit costs
 Lack of innovation
e Regulations

ENERGY ENVIRONMENRAL
EQUITY SUSTAINABILITY
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Source: WEC (2024) .
World Energy Trilemma 2024 Full Report.pdf Nord Stream 2
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https://www.worldenergy.org/assets/downloads/World_Energy_Trilemma_2024_Full_Report.pdf?v=1721938251

Nuclear power
— sustainability and outlook
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2022: EU to label nuclear as a sustainable energy source

ur World

What are the safest and cleanest sources of energy? jefad

Death rate from accidents and air pollution

Measured as deaths per terawatt-hour of electricity production.
1 terawatt-hour is the annual electricity consumption of 150,000 people in the EU.

Coal

36% of global electricity

Oil

3% of global electricity

Natural Gas

22% of global electricity

Biomass

2% of global electricity

Hydropower

12% of global electricity

24.6 deaths
)‘\IZSO—ﬁmes higher than solar

18.4 deaths
’\61 3-times higher than nuclear energy

2.8 deaths -
4.6 deaths-

1.3 deaths |
171,000 deaths from Bangian Dam failure in 1975, China

\

Greenhouse gas emissions

Measured in emissions of CO,-equivalents per gigawatt-hour of electricity over the lifecycle of the power plant.
1 gigawatt-hour is the annual electricity consumption of 150 people in the EU.

820 tonnes
273-times higher than nuclear energy/‘

720 tonnes
180-times higher than wind J

78 230
tonnes

. 34 tonnes

Wind

7% of global electricity

Nuclear energy

10% of global electricity

Solar

4% of global electricity

0.04 deaths ‘

0.03 deaths |

Includes deaths frokn Chernobyl and Fukushima disasters

0.02 deaths

4 tonnes

3 tonnes

5 tonnes

Source: Our World in Data
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Pfenninger & Keirstead (20156)

Brouwer et al. (2016)
Pattupara & Kannan (2016)
Buongiorno et al. {2018)
Sepulveda et al. (2018)
Cometto et al. (2019)
Van Zuijlen et al. (2019)
Zappa et al. (2019)
Kerkhoven et al. (2020)
Kan et al. (2020)

Fattahi et al. {2022)
Scheepers (2022)

Veenstra et al. (2022)

Estimated cost WITH nuclear are
/ Equal to / Lower

than costs WITHOUT nuclear

Higher Equal to -

X
X

s
X OXx X X X

HKooX X X X X X

XX X X

Costs of electricy production, with and without nuclear

Source: Raad voor de leefomgeving
en infrastructuur, 2022
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Nuclear outlook: Small Modular Reactors

French conceptual design (CEA/EDF)

NUWARD, 170 MW, PWR

 Modular manufactoring ... integrated in a metallic containment
immerged in a water basin

Improved economy -

« Simple and safe designs

« Standardization and series
production

* Single design approval

— Reducing construction
times and costs

Source: CEA 2021
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New applications of nuclear energy

Hydrogen

Flexible

electricity Process

heat

Desalination District
heating
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Advanced liguid-fueled Molten Salt Rectors (MSRS)

MSRs can provide sustainability benefits:

* Improved safety

« Significant load-following capabilities

* Increased fuel utilization

* Transmutation of nuclear waste

%, copenhagen

* Process heat for industry (~ 700 °C) i
“iri atoOmICS

« and improved economy?

AsesEABORG
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Nuclear power in Europe

. Countries with
nuclear power

Countries planning or
considering nuclear power

Countries without
nuclear power

. Denmark

58 -
Sourgei Power (2024) Europe’'s SMR Alliance Endorses
Nine Nuclear Projects in Push for 2030s Deployment



https://www.powermag.com/europes-smr-alliance-endorses-nine-nuclear-projects-in-push-for-2030s-deployment/
https://www.powermag.com/europes-smr-alliance-endorses-nine-nuclear-projects-in-push-for-2030s-deployment/

Nuclear power in Denmark?
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August 2022

MW Denmark - Electricity Supply Profile - August 2022
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E Net import O Controllable production BEWind [OSolar
Totals in GWh: Export: 51 Import: 1028 Controllable: 774 Wind: 744 PV: 284 Source: ENTSOE

November 2022

MW Denmark - Electricity Supply Profile - November 2022
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O Netimport O Controllable production EWind [ Solar
Totals in GWh: Export: 377 Import: 211 Controllable: 1053 Wind: 2126 PV: 33 Source: Energinet

Danish electricity supply —arole for nuclear?

Need to balance weather-
dependent wind and solar:

Large scale energy storage?

 Batteries
« Thermal, mechanical
e Chemical - P2X

Dispatchable production

« Biomass (sustainability?)
 Hydropower (import)
« Gas turbines (fossil)

* Nuclear power

‘Source: Paul-Frederik Bach (pfbach.dk) ‘


http://pfbach.dk/
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The role of nuclear in the future energy system m

Perspectives

 New applications
 New technologies
 Danish industry

Benefits
« Security of supply
 Energy autonomy
 Low environ. impact

Challenges
* Public acceptance
 Radioactive waste
« Lack of skills

Uncertainties
 Decarbonizing ?
e Economy ?
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== Nuclear power in Denmark?
MILEPAL 1 MILEPAL 2 MILEPZAL 3
Klargerelse til Klargerelse til Klargarelse til
A-kraft mulighed informeret indgaelse af aftale igangsaetielse og
inkluderet i en forpligtelse til et for konstruktion af drift af det ferste
national atomkraftprogram det farste atormnkraftvaerk
energistrategi atomkraftvasrk
Roadmap for nuclear power
Infrastructure development FASE 1 FASE 2 FASE 3
Overvejelser fer en Forarbejde til Aktiviteter for at
] beslutning om at kontraktindgaelsen implementere det
[ ksaatte et i af et farst
(IAEA M I|EStoneS ApproaCh) atg:krrasf?;r;gfam atggll?;{'igf?v?agrﬁ eiter atnmi::ffvwm
en politisk
1) Ready to commit to a nuclear R
energy programme s
2) Ready to invite bids for FORSTE ATOMKRAFTPROJEKT
construction Endelig Ibrugtagning
: _— investeringsbeslutning
Forundersegelser Projektudvikling S Idriftsasttelse
3) Re ady to CommiSSion and Konstruktion Dekommissionering
operate

Mindst 10-15 ar

IAEA

International Atomic Energy Agency
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