uclear renaissa

Reactor Institute Delft Process & Energy laboratory



The Dutch energy landscape in 2020
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The Dutch energy landscape in 2050

« The EU & NL is committed to become climate-neutral by 2050
« Large increase in renewable energy foreseen in the Netherlands

« Intermittency of solar and wind energy poses serious problems for the £
electrical grid

« Currently, over 40% of Dutch energy is provided by gas power plants
* In parallel, electricity demand increases by a factor 3-5

+ Load following of other energy sources is necessary
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New roles for nuclear power
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Advantages of CO, Brayton cycles 'i!U Delft

« Thermal efficiency is potentially higher than steam cycles
» Tiny furbomachinery

A Heat addition

v Recuperation
=5
o
@ Critical (ot
o .
£ point
" \»2 |
1
Stiicatglection supercritical CO, turbine
liqui pour
d - > steam turbine small & cost-effective systems

Entropy



Nuclear — sCO, on land

« Current NPP (39 gen.) are limited to efficiencies of ~ 35 %.

« Advanced reactor designs allow for much higher
efficiencies when considering combined cycles.

» Reactor conditions crucial for power cycle design

1. HTGR reactor suited to combined cycle as
femperatures are between 250 and 750 °C.

2. Molten salt reactor is ideal with a recompression
sCO, Braytfon cycle

« sCO, power cycle well-suited for load-following owing to
its compact design

» Potential student project: modern NPP design
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Other options for load—following 'i!U Delft

* Novel reactor designs allow for enhanced ramping compared to older generations
« Combine reactor with molten salt storage and a steam cycle
« Small modular reactors have less inertia

* Enhanced nuclear load-following will lead to new engineering challenges



New nuclear steam generator designs
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To utilize the high temperature heat of novel reactors, U-tube is replaced with once-through SG

Helical coil OTSG is most offen mentioned

OTSG allows for superheating of vapour, while U-tube doesn’t
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New nuclear steam generator designs TUDelft

« Helical coil OTSG

a) Inherently flexible towards thermal stresses due tfransients N

) more prone to two-phase instabilities /,'1\
c) instabilities affect reliability/safety A::VZ\{%;
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New nuclear steam generator designs

« Helical coil OTSG

a) Inherently flexible towards thermal stresses due transients
) more prone to two-phase instabilities
c) instabilities affect reliability/safety

Flow instabilities lead to local variations in mass flow rate,
pressure, temperature, heat tfransfer rate

« Different reactor coolants — water, helium, molten salt,
lead, may lead to different two-phase flow behaviour

« Potential student project: NSSS design for novel reactors
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Nuclear powered process industry

» For the coupling of Nuclear power and chemical process, look
towards developments in chemistry

a) Nuclear industry looks for higher temperatures
b) Chemical industry is looking fo lower process temperatures

« Example: reverse water gas shift reaction (currently 200 °C)
« Crucial step in the production of synthetic fuels

* Food & pulp process are also looking to lower temperatures &
other technologies

« Potential student project: process design of nuclear- chemical
plant

Heat application processes

Types of Nuclear power plant

"]
TU Delft

Low Medium High
temperature 300 temperature 600 temperature 00 1200
Glass and cement manufacture |G
Direct steelmaking manufacture NI
Thermochemical H, production INEIGIGTGTNEEGEGEEEE
Steam electrolysis NG
Methane reforming IR
Petrochemical (ethylene, styrene) [INNININININGGEGGGEGGG
I Fetroleum refining
I shale and tar sands oil production
I Fulp and paper production
I District heating
I Scawater desalination

Existing fleets

I L ight water reactor (LWR)
I Heavy water reactor (HWR)

Developing reactors

I small modular reactor (SMR) (light water reactor)

D Liquid metal reactor

1 0" (emperature
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Future reactors

I I Supercritical water reactor

R I Gas cooled fast reactor

R S S Molten salt reactor

source: IAEA
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ummary TUDelft

« Load following & industrial process heating are potentially new opportunities for nuclear power

« Added complexity leads to engineering challenges — no dealbreakers
a) sCO, cycles offer high efficiency, compact designs, but material choice & generator design are important
b) helical coil OTSG is inherently flexible, but can show complex two-phase flow phenomena

c) combination of nuclear and chemical process is alternative to fossil fuels, but it is much more complex than
matching temperatures between technologies
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