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Solution to climate change:

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

Bent Lauritzen
Centre for Nuclear Energy Technology
DTU Physics
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The role of nuclear in the future energy system é%

Expected increase in nuclear capacity, with 6 - 24% from SMRs

FIGURE 6. WORLD NUCLEAR ELECTRICAL GENERATING CAPACITY
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Source: IAEA 2024 (https://doi.org/10.61092/iaea.e3qb-hsrr)
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Outline ...

e Why nuclear ?
e Nuclear power technology

- sustainability and outlook
e Nuclear power in Denmark?




Olkiluoto 3

=
—
—

W

Why nuclear? (EU Parliament - STOA)

Drivers:

« Clean energy

« Secure energy

. Affordable energy Need for (electricity):

* Dispatchable energy

RUSSIA

« Scalable energy

BELARUS
POLAND

KYIV &
SLOVAKIA UKRAINE

HUNGARY MOLDOVA

« Zero carbon

ROMANIA

BLACK SEA

BULGARIA GEORGIA Nord Stream 2
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Why nuclear?

Nuclear gives:

« Clean energy

. Security of supply European barriers:

Public acceptance
Lack of skills

 Energy independence

* High unit costs

BELARUS
POLAND

KYIV g
SLOVAKIA UKRAINE

HUNGARY MOLDOVA

 Lack of innovation

P
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Regulations

ROMANIA

BLACK SEA

BULGARIA GEORGIA .NOI‘d Stream 2

Date DTU Title



Nuclear energy in the EU, 2020
Electricity generation by source, EU

I 683512GWh
@ gross nuclear
ek electricity production
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Non-renewable waste
2.182
0,8%

Petroleum products
6.068
2,1%

Gas
59,838
21.1%

Nuclear and renewables
have at least to double in
order to replace fossil fuels

Source: Eurostat, 2017, 2020




Nuclear power technology
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Nuclear energy from splitting uranium
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Radioactive fission prooucts

Nuclear power characteristics:

» (Extremely) high energy density
« Abundant energy supply

« Radioactive fission products

« Cooling required at all times
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Light Water Reactor (LWR)
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Uranium ore

Refuelling a reactor.
Photo: Vattenfall

. UO, fuel pellet
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Boiling Water Reactor - BWR

Containment Structure

Reactor
Vessel l !
= 1 i | y {

Control Rods

Condenser
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Nuclear power
— sustainability and outlook
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Provision of clean and safe energy

ur World

What are the safest and cleanest sources of energy? [

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 olg (Tadin?

24.6 deaths
kIZSO-ﬁmes higher than solar

l\élfz’—h‘mes higher than nuclear energy

2.8 deaths -
4.6 deaths -

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

X

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 A

720 tonnes
180-times higher than wind A

78 230
tonnes

. 34 tonnes

Wind

7% of global electricity

Nuclear energy

10% of global electricity

0.04 deaths ‘

0.03 deaths

Chernobyl and Fukushima disasters

Includes deaths fro

Solar

4% of global electricity

0.02 deaths

4 tonnes

3 tonnes

5 tonnes

Source: Our World in Data
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Radioactive waste management

Storage pond for used fuel at Sellafield, UK
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SKB: Karnbransleforvaret
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Kapslingsrr Anvint kdrnbrénsle Bentonitlera Slutférvarets ovanmarksdel

\

/

Slutférvarets undermarksdel

Brinslekuts Kopparkapsel med
av urandioxid insats av segjarn

Source: SKB 2022: \Var metod - SKB



https://skb.se/projekt-for-framtiden/karnbransleforvaret/var-metod/
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Costs of electricy prodution, with and without nuclear

1 Pfenninger & Keirstead (2015)
Brouwer et al. (2016)
Pattupara & Kannan (2016)

Buongiorno et al. {2018)

2

3

4

L5} Sepulveda et al. (2018)
6 Cometto et al. (2019)

Fi Van Zuijlen et al. (2019)
8 Fappa et al. (2019)

9 Kerkhoven et al. (2020)
10 Kan et al. (2020)

1 Fattahi et al. (2022)

12 Scheepers (2022)

13 Veenstra et al. (2022)

Estimated cost WITH nuclear are
| Equal to / Lower

than costs WITHOUT nuclear

Higher Equal to -

X
X

o
XX X X X

X
X
X
X
X
X
X
X
X
Source: Raad voor de leefomgeving
X en infrastructuur, 2022
X
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NPP construction time - in the world
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Median construction
time ~ 7 years

Median construction time in months

Source: 2023, Median construction time for nuclear reactors 2021 | Statista



https://www.statista.com/statistics/712841/median-construction-time-for-reactors-since-1981/
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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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Flexible
electricity

Process
heat

..............

heating




Nuclear power in Denmark?
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Danish electricity supply

August 2022

MW
5000
4000
3000
2000

-1000
-2000
-3000

lODOi
0 I

Denmark - Electricity Supply Profile - August 2022

O Net import

O Controllable production BEWind O Solar

Totals in GWh: Export: 51 Import: 1028 Controllable: 774 Wind: 744 PV: 284 Source: ENTSOE

November 2022
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Denmark - Electricity Supply Profile - November 2022
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O Net import

O Controllable production EWind [OSolar

Totals in GWh: Export: 377 Import: 211 Controllable: 1053 Wind: 2126 PV: 33 Source: Energinet

Need to balance weather-
dependent wind and solar:

Large scale energy storage:

- Batteries
« Thermal, mechanical
« Chemical (P2X)

Dispatchable production

 Biomass

« 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 é%

Perspectives

 New applications
 New technologies
 European industry

Benefits

« Security of supply
 Energy autonomy
 Low environ. impact

Challenges
 Public acceptance
 Radioactive waste
« Lack of skills

Uncertainties
* Decarbonizing ?

Nord Stream 2 « Economy ?

P
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