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Clean energy, water and air are life-giving resources for which
we at LUT University seek new solutions with our expertise in
technology and business.

We help society and businesses in their sustainable renewal.
Our international community consists of 6500 members.
Our campuses are in Lappeenranta and Lahti, Finland.
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Turning
emissions into
opportunities

BUSINESS

Sustainable renewal
of business and
industry

ENERGY

Refining Transitionto a
sidestreams carbon-neutral
into value world
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OUTLINE

»» Why nuclear?

»» "Small” "Modular” Reactors — examples
= Use cases: electricity, heat and both
= Technologies

»» Cost and availability
»» Siting and licensing

»» LUT research into SMRs

»» Conclusions



[Bloomberg
New Energy
Outlook 2021]:
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Figure 4: Electricity generation by Figure 5: Electricity generation by
technology in the Green Scenario, 2050 technology in the Gray Scenario, 2050

8% ’

32%

121,549TWh " 62,185TWh
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Figure 6: Electricity generation by
technology in the Red Scenario, 2050

96,417TWh

Other mWind Solar mOther renewables mBioenergy
B Nuclear Hydrogen Oil with CCS B Gas with CCS B Coal with CCS

Qil Gas m Coal

Source: BloombergNEF Note: includes both Source: BloombergNEF
power for end-use economy and hydrogen
manufacturing.

Source: BloombergNEF Note: includes both
power for end-use economy and hydrogen
manufacturing.
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NUCLEAR — PROVEN EMISSIONS REDUCTION

g CO,/kWh electricity Loviisa 1 start-up 1978

000 Loviisa 2 and Olkiluoto 1 start-up 1980
450 Olkiluoto 2 start-up 1981
400 In total, 2300 MWe

350
300
290
200

150 : )
100 Loviisa 1,2 and Olkiluoto 1,2

5 Power uprates to 2800 MWe

[Suomen kasvihuonekaasupaastot 1990-2018, Tilastokeskus 2019. s. 18]

1970 1975 1980 1985 1990 1995 2000 2005 2010
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ELECTRICITY CONSUMPTION IN NORDICS IS STABLE

Annual consumption grew until ca. 1985 in Sweden, until 2005 in Finland
Thereafter, plateau.
Will there be an energy system transition to materially change this? If yes, how fast?

TWh
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Total consumption in Finland
[Energiateollisuus 2021]

rrror.... .. v o ‘¢ 'ro—— T/ T r——— T+ T°r °r T° T "1™ T1/TT/—/—T"1T/—/—"—T1T/ /T /T /1
1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020



¢ wr o
University

FINNISH ELECTRICITY DEMAND AND SUPPLY IN 2020

Hourly consumption in Finland 2020

[https://www.fingrid.fi/sahkomarkkinat/sahkomarkkinainformaatio/kulutus-je
tuotanto/]
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Wind and solar fail to
meet seasonal
demand.

Solar mirrors the
seasonal demand
profile.

[https://www.fingrid.fi/sahkomarkkinat/sahkomarkkinainformaatio/tuulivoiman-tuotanto/ ja ...aurinkovoima/]
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[Fast week (25.-31.10.2021) status

10 OO0 -
<@ 000 -
2 000

7 000 —

e 000 . Wind and solar fail to meet daily
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?:'f_’:: Solar (actual)
/\ Ave 823 32
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[https://www.fingrid.fi/sahkomarkkinat/sahkomarkkinainformaatio/tuulivoiman-tuotanto/ ja ...aurinkovoima/]




Systeemihinta —

Jarjestelmakustannus VTT:n
mukaan. Kuka maksaa?
Asiakas maksaa.

[OECD, 2012, Nuclear
Energy and Renewables :
System Effects in Low-carbon
Electricity Systems. OECD -
NEA, Report NEA No. 7056,
Paris, France, December
2012, 252 p. ISBN 978-92-
64-18851-8.
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huomioitu jarjestelmakustannus

Grid reinforcement and extension
Grid connection
Balancing
-6

Back-up costs
OCO2 cost 4,9

NUC|€<’:W|\|UC|€_ar GasCC Coal Peat Wood  Solar Wind Wind
greenfield CCS cond. cond. PV Land Sea




A 3000 MWth / 1000 MWe nuclear power
plant consumes about 22 tn of fresh fuel
annually

y

T & SECURE

Same fuel as operating reactors
Same waste management procedures

Controllable output (“dispatchable”), helps
maintain electric grid balance and stability

Secure supply, fuel easy to store

Cogeneration feasible if heat customers
nearby

gL
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NEA 7056,
2012
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NUCLEAR — HIGHLY ACCEPTED NATIONALLY

What is your general
attitude to nuclear

Ydinvoiman kannatuksen kehitys 1983-2020

oower in the Finnish Millainen on yleissuhtautumisenne ydinvoimaan
conditions? energianlahteena Suomen oloissa?

1983-2005 Gallup omnibus-kysely, 2006- puhelinhaastattelu

Positiivinen; 49 %

2020 response:
49 % in favour

16 % against

More than 3:1in \

favourl 100/ o e
Negativiinen; 16 %

Rapid increase among 0% +——

the young.

Kantar TNS
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NUCLEAR — HIGHLY ACCEPTED LOCALLY, TOO

"Energia-alalla suunnitellaan pienydinvoimaloita. Hyvaksyn sellaisen
sijoittamisen kuntaani."
[uudet valtuutetut, Helsinki]
Tyhja
o,
5.9 % 24% Téysin samaa mielts
17.6%

Taysin eri mielta

Eri mielta
14.1 %

Meutraali

22.4%
Samaa mielta

37.6%

Lahde: Iltalehden kuntavaalikone 2021

LPR:n uuden valtuuston kanta pienydinvoimaan

Taysin samaa mielta (7)

Ei t t
i vastannu 13.7 %

vaalikoneeseen (9)
17,6 %

Taysin eri
mieltd (6)
11,8%

Eri mielta (4)

0,
7,8 % Samaa mielt3 (19)

37,3%
Neutraali (6)

11,8 %
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SMR POWER RANGES AND USE CASES

» “SMR” is a broad notion; generally, < 1000 MWth; feasible for many applications

Thermal power 1000..10 1000..100 200.. ~500
(MW) 100

Max temp (°C) 300 300 300 900

Units / 1..12 1..12 1..2 .. 1..few
Installation

Nature of Traditional Heat new Movement New, material
application production

TRL S
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NuScale: 4..12 modules / plant
200 MWth / 60 MWe per module

Cost target 2250 $/kWe Cost estimate 4200 $/kWe
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47 %
Fossil

Forest fuelwood
21%

Industrial
wood
residues
12%

361/ TWh
(2019)

Emission

5 MtCO./a [Finnish Energy 2020]



LUT HEating Reactor

[fissioreaktori.wordpress.com]
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COST AND AVAILABILITY

Olkiluoto 3 EPR 4300 On sale
Barakah APR1400 4000 On sale

SMRs BWRX-300 870 Coming soon
NuScale 200 Certified in US

District LUTHER 24 Concept
heating
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YDINKAUKOLAMPO

LUTissa kehitelldaan puhdasta kaukolamporeaktoria, kokoluokkaan 24 MWth
voidaan monistaa helposti,
sijoittaa mahdollisimman moneen isoon tai keskikokoiseen kaupunkiin,
haastaa optimoimaan valvontamenettelyt (kustannusrakenne).

Kaukolammon tarve kesalla on pieni

Reaktorin aikakaytettavyys rajoitettu,
n. 9 kk / a eli 6500 h

tammi helmi maalis huhti touko kesa heina elo syys loka marras joulu

laskennallinen kuukausikaytté 2020

m 2016 2017 2018 m 2019 w2020 normaalilla keskilampétilalla
(keskiarvo v. 1981-2010)
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KAUKOLAMMON KYSYNNAN PYSYVYYSKAYRA

Kysyntakayra, jossa SMR tuottaa 6500 h nimellistehollaan

Kaukolampdotehon kysyntd suhteessa maksimiin

0,2

(= 33 % kulutushuipusta)

215
430
645
860
1075

1290
1505
1720
1935
2150
2365

oOMmMoOmLMOoOoOLOoOLWwoLuwm
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Vuoden t

SMR == huippukuorma

S 4730

4945

=3

5160
5375
5590
5805
6020

kysyntakayra

6235

6450

6665

6880

7095

7310

7525

7740
7955

8170
8385

8600
8783

Perustuu Helenin vuoden
2016 tuntikohtaiseen dataan.

SMR-lammitystehoksi
voidaan ottaa n. 1/3
huippuarvosta ja silti kattaa
puolet energian tarpeesta...
se fossiilinen osuus ©
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LEVELISED COST ESTIMATES, ELECTRIC & HEAT

LCOHs; 24 MWth, 5%

Nuclear, Fuel 2 €/MWh

Large reactors

Nuclear, Fuel , 4 €/Mwh

Indicative LCOEs at 5% interest

Full-power months in a year Full-power months in a year
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SITING AND LICENSING

Electricity production: needs access to (national) power grid and heat sink
Distance from population centres is practical; few national sites

Cogeneration and heat-only: needs access to district heat network or heat customer
Distance from population centres is impractical; many sites all over the country

Traditional siting rules only consider large electricity producing plants

First codified in Guide YVL 1.10, 11.7.2000: 1 km site area, 5 km precautionary action zone
and 20 km emergency planning zone

Currently promulgated in obligatory STUK Regulation Y/2/2018

Siting rule revision for SMRs is being prepared for in VN-TEAS PIEMOS study by LUT
Risk ~ radioactive inventory; the smaller the reactor, the smaller risk
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Big pressures to reduce
fossil fuels

Coming pressure to
reduce biofuels as well
- Habitat loss!

Nuclear heat would be
economic for about 50 %
of total energy demand
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NEW BUSINESS MODELS AND OPPORTUNITIES

Present nuclear company An established large An established mid-size
Turnover > 1 Bn€/a company becomes nuclear company becomes nuclear
Turnover > 1 Bn€/a Turnover ~100 M€/a

Buys a few commercial SMR- Buys a few commercial SMR- Buys a few small reactors
plants for its current site, or plants

Expands its activities by Builds on new sites only Builds on new sites only
building small reactors on new
sites
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VN-TEAS funding to develop basis for Mustavasiillysluetiel,
new nuclear law (PIEMOS) luvut -3 |

LUTHER heating reactor concept

Axial and radial power distributions

d eve I O p I I l e I It Normalized Axlal Cora Power Distribution with Various Insertion Helghts ’
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LUT ONGOING RESEARCH INTO SMRS (2)

»» MOTEL test facility to study SMR
architecture and key novel
component behaviours

= QOperational since 2021

»» OSAFE national nuclear safety SuoMiReaktori Defence-in-De
research project to develop ez
(NQ)

efficient safety assessment and
licensing methods

[&"
ation
Bundle Fine Bundila Bundle C Lmip MiA
motian Drop Drop
District heat || Option X
network Ground—>Atm
Closed systems and buildings

2142020 Finnfeactar introsuciion o Westmghouse (63 LUT & Juband Hywarmen. Al Rights Rasened

Through-wall conduction, bailing
on the system surfaces

HVAC isclation;
Containment heat remaval via
Centamnt leop = Ground - Atm
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CONCLUSIONS

Nuclear power
Climate friendly, resource efficient, secure dispatchable supply
Bad experience of large units: expensive, slow to license and build

Small Modular Reactors contain a broad range of designs for electricity and heat
production

Commercialisation beginning in the US and Canada

Promise faster and more cost efficient deployment

Finnish heating reactor development and deployment is totally realistic
Siting and licensing

Heat supply requires siting closer to population centres. This will be safe

Licensing process updates will benefit all nuclear facilities

LUT Nuclear Engineering is very active both on technology and regulations
development
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