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Research themes

Energy
e solar cells
e batteries

>— Materials research
e hydrogen storage

e magneto caloric
J nuclear reactors
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Research themes
Health

e radiation and radionuclides for diagnostics and therapy
e pre-clinical imaging methods and systems

e (new) production routes for (new) radionuclides |
e nuclear reactors and facilities for isotope production
e robust and adaptive proton therapy (HollandPTC)
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Electricity consumption in the
Netherlands

e(r;ergieinNeder'and-n' Households 23 TWh/a Total 106 TWh/a
TUDelft (1 TWh = 1 billion kWh) ;
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Energy consumption in the
Netherlands Fossil energy consumption 2928

PJ/a oil 39%, gas 40%, coal 14%

Nuclear
Renewable

941
—> RAJE
[ ]

.I’:/’U Delft 82PJ/a\ 378PVa 1107 PJ/a

World population and electricity use

Country Population Electricity CO2 emission
(million) (kWh/cap) (ton/cap)

World 7429 3110 4.35
OECD 1284 8048 9.02
China 1386 4290 6.57

IEA, Key world energy statistics, 2018
data from 2016
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Syst IX electricit ti
Figure 1.6: Optimal capacity mixes for New England
Nuclear - None Nuclear - Nominal Cost Nuclear - Low Cost
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Nuclear fission

Fission products
(radio-active)
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Fission chain reaction
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Production of plutonium

Uranium-238 Plutonium-239
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Energy from 1 gram U-235

Gasoline Coal

” 2500 liter
TUDelft ;

From neutrons to fission

James Chadwick Otto Hahn and Fritz Strassman

Discovery of neutron 1932 Discovery of nuclear fission 1938
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Enrico Fermi Chicago Pile 1
1901-1954 Worlds’ first man-made nuclear fission reactor (1942)
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Painting Gary Sheehan

%
TU Delft wikimedia commons, GNU 19
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Nautilus maiden voyage 1955

“‘Underway #n nuclear power”
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Pressurized Water Reactors

Containment Structure

Pressurizer _Steam
) Generat
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Moderation of neutrons
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Fuel enrichment

U-238 U-235
ee99,3% .. 0,7%
oo 96% e 4%

__________
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4% enriched uranium
in nuclear fuel
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Ultra centrifuge technology
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Pump coast-down to 20%
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Radiotoxicity thorium-MSR
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Heat Transfer Reactor Experiments
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Alvin Weinberg Alvin’s 3P reactor
1915-2006

§ REACTOM TEST. FABRXCATED
ENTIRELY OF ZIRCALOY-2
MAT

4 https://www.ornl.gov/content/alvin-m-weinberg-fellowship https://en.wikipedia.org/wiki/Aqueous homogeneous reactor

TUDelft

wikimedia commons, GNU 41

Molten Salt Reactor Experiment
1965-1969

https://en.wikipedia.org/wiki/Molten-Salt Reactor Experiment

] See movie: http://energyfromthorium.com/2016/10/16/ornl-msre-film/
TUDelft 42
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TUD Molten Salt Breeder Reactor

FUDelft = R (m)

Power density [MW/m3]
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Salt temperature [K]
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European SAMOFAR project
Safety analysis of the Molten Salt Fast Reactor
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Molten Salt Fast Reactor
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MSFR Load follow operation
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Thorium by-product mining

Summary of Cumulative By-Product Thorium
Availability from Multiple Sources

Primary Commodity

Potential Associated Thorium
Yield (tonnes/yr Th)

Titanium 79 800
Uranium 9000
REEs (“Direct™) 780
Tin 760

Iron )
40 years of global
electricity production!

]
TUDelft

Ault et al,, Nuclear Technology, 189:152-162, 2015
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Abundancy of thorium

On some beaches the energy contents of one
kilogram of sand corresponds to thousands of
litres of gasoline

]
TUDelft
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MSR research themes

Chemistry fuel S Reactor physics,
cycle, Salt control Safety analysis,
Salt properties

ququququ

Safety analysis
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5
TUDelft 50

Conclusions

* Thorium-MSR power plant:
— |s safe and sustainable
— Produces much less long-lived nuclear waste
— Consumes thorium or existing nuclear waste

* Research areas:
— Fuel salt (properties, chemistry, extraction, (re)processing)
— Structural materials (radiation, temperature, corrosion)
— Numerical simulation (design, safety analysis, licensing)

- — Experimental validation (freeze plugs, salt flow, freezing,
TUDelft components testing, ...)

52
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Historical research at TU Delft
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i1 O Prof )l Went Prof D.G.H. Latzko
TUDelft  (1907-1086) 124) -

KEMA Suspension Test Reactor
1974-1977

TUDelft ~
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