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The energy challenge for the industry

Need for 24hr reliable power and heat supply

Behind the meter, weather independent

CO2 reduction requires replacement of gas
Replacing gas fired CHPs

Pricing, grid congestion, deteriorating security of supply
Long term stability
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The Netherlands: Nuclear Facilities

In the Netherlands, there are six sites that house nuclear
facilities, which involve a range of applications
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Nudlear power plant
Commissioned: 1969 Shutdown:1997
Licensee: Joint Nudear Power Plant Nederland
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Nuclear project references Haskoning

International:

« LNPP: EDF Energy (formerly British Energy) 4 Environmental Impact Assessments

» LNPP: Washington River Protection Solutions (WRPS) Hanford nuclear site

 LNPP: Sizewell UK (EDF), station B and C, environmental studies, construction design
* LNPP: Hinkley UK (EDF), station B and C, environmental studies, construction design

NL studies:

+ SMR: KGG Detailed case study and strategic insights for Terneuzen cluster (DOW): 2025
« SMR: Strategic study, added value SMR in Port of Rotterdam, 2025 — present

« SMR: Policy study Province Zeeland: added value and role of Province and companies
 SMR: Province Gelderland: role of SMRs in energy system

* SMR: Province Zuid-Holland: potential SMR locations and development framework

« SMR: Dutch datacentre developer: location study for powering Al developments

« LNPP: City Rotterdam: Impact study in Maasvlakte Rotterdam
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What is a Small Modular Reactor?
Genlll is not small, process equipment is modular

e Small

+ Smaller in size compared to a ‘normal’
nuclear reactor. Typically, electrical
output is between 25 and 500 MWe

*  Modular
*  Components are manufactured in

factories and assembled on-site, and is _$ @ ‘0 me _®

flexible in deployment. Can be placed in
remote aeras, industrial clusters, (OIr°ENCE LARGE, CONVENTIONAL REACTOR SMALL MODULAR REACTOR MICROREACTOR
supplement to existing grid 700+ MW(e) Up to 300 MW(e) Up to ~10 MW(e)

* Reactor Qé

*  Nuclear reactor — Uses radioactive
material to heat up water to either o 8388 e e
produce electricity or heat for other o GB5 000 | '
industrial applications. 3 : BL0 1H

* On asmaller scale there are the
microreactors that have a capacity up to
~25 MWe that also use radioactive
material to produce electricity or heat
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SMR Plant setup

Only the heat source is different (compared to coal or gas)
>90% production factor

Small modular reactor in cogeneration-modus, for both high-value heat and electricity preduction

. Retour from
Steam, high pressure, process

high temperature

Watar

- Low-valus
residual heat

Water

Steam
Turbine

Electricity

Reactor building

T 4 # High-value heat
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Types of SMRs

Gen llI+ is improved, downsized, proven technology, mostly power focused
GenlV is innovative, intrinsically safe, comblnmg power & heat

GENERATION 111 / 111+ GENERATION IV

Gen llI+ SMRs

» Based on existing nuclear technology (e.g.LWRs like PWR and
BWR)

* Use enriched uranium (3—-5% U-235) and light water as coolant and
moderator

* Modular design with enhanced safety systems

Kashiwazaki Olkiluoto ‘ Future

* Operate at temperatures up to 300°C (without extra facilities)

Innovative designs

Gen IV SMRs Advanced and evolutive reactors
» Use advanced coolants (molten salt, helium, liquid metal) and fuel : & e i GFR Gas-cooled fast reactor
. . . (GE-Hitachi; Toshiba BWR) el S ! LFR Lead-cooled fast reactor
CyCIeS (eg, TRISO, thOI’Ium, I'ecyC|ed p|ut0nlum) E iz:;a‘)(oLUIH‘ECI_(EI\I\JODBZHT’\I\.;H Pequefios reactores modulares . MSR  Molten salt reactor
. BawW mPower PWR .

° = H = H H _ H H AP1000 (Westinghouse-Toshiba PWR) e N . SFR Sodium-cooled fast reactor
Offer.lr.1tr|n3|c safety (e.g., passive cooling, self-regulating L e CNEA CAREM PWR e e
reaCtIVIty) E APWR [Mitsubishi PWR) L D'_&F :A‘Hv\fn_ . reactor

. ) Atmea-1 [Areva NP-Mitsubishi PWR] iAERLIS'Nl::; s VHTR  Very high-temperature
* Operate at higher temperatures (400—600°C), better suitable for: :  canbusaecterwr e : reactor
) ) ) :  EPR(AREVA NP PWR) e ‘-Giddo ;e» s : BWRX-300 Srmall medular reacter from
Industrial heat applications & it o GEH
Hydrogen production via high-temperature electrolysis (SOEC) 1990 2000 2010 2020 2030 2040
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Generation IllI+ SMRs

First 4 western Genlll SMRs are being built in Canada, UK follows, mid temp

Technical Characteristics G E H itaCh |

Based on existing nuclear technology (e.g., Light water reactors like
PWR and BWR)

Use enriched uranium (3—-5% U-235) and light water as coolant and Generation I+

moderator Reactor Type: Boiling Water Reactor
Advanced Safety Systems: Gen lll+ reactors incorporate passive safety Thermal Output: ~900 MW

features, meaning they can shut down and cool themselves without Electrical Output: ~300 MW

human intervention or external power.

Operating Temperature: ~300°C

Can be configured to produce in cogeneration (Electricity and heat
Pressure:

output)

Operational Capabilities
Electrical output inbetween 250-470 MW per reactor Rolls RoyCe
Thermal output inbetween 900-1200 MW per reactor

Operating temperature 200-300 C Generation I+

Limited load following (50-100% capacity); efficiency loss at partial load Reactor Type: Pressurized Water Reacto S
Thermal Output: ~1200 MW
FOAK expected around 2030; NOAK commercially available around 2035 Electrical Output: ~470 MW

Operating Temperature: ~300°C

_ _ . Pressure:
Installation footprint 10-15 hectares, construction area 20-30 hectares
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Generation IV SMRs
Innovative concept that needs substantial development, high temp

Technical Characteristics

New reactor designs dependent on fuel type. H exana

Advanced Safety Systems:

Negative temperature coefficient Generation IV

Passive decay heat removal, Low-pressure operation Reactor type: Sodium cooled fast reactor

Thermal Output: ~400 MW, t per unit
Electrical Output: ~ 150MW, e per unit
Reactor Outlet Temperature: ~500°C
Potential for actinide burning Operating Pressure: Near atmospheric
Waste handling::requires new standards and licensing pathways

Walk-away safe designs, Advanced fuel cycles:
Closed-loop options, Reduced long-lived waste

Can be configured to produce in cogeneration (Elecitricity and heat output)

FOAK expected around 2035; NOAK/commercially available around 2040 Th Orizon
Large SMR’s 10-15 ha — medium SMRs 3-10 ha, construction area 2x

Operational Capabilities Generation IV

Electrical output between 250-500 MW per reactor Reactor Type: Molten Salt Reactor (M3,
Thermal Output: ~250 MW

Electrical Output: ~100 MW
Operating Temperature: ~550°C
Pressure: Low?

Thermal output between 700-850 MW per reactor
Operating temperature 400-600 C
Flexibility via molten salt battery/storage
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Micro reactors (Gen IV <50MWe)

Easier to integrate in existing energy systems, high temp

Technical Characteristics INSEES
New (even smaller) reactor designs:
Often black start capable and can operate in island mode Generation IV
Advanced Safety Systems: No operator intervention needed Reactor Type: High Temperature Gas-cooled
in emergencies Thermal Output: ~75 MW
Can be configured to produce in cogeneration (Electricity and Electrical Output: ~25 MW
heat output) Operating Temperature: ~650°C

Commonly use TRISO fuel Pressure: Low

Operational Capabilities V\/eSti ng house e\/l nCi

Electrical output inbetween 5-25 MW per reactor

Thermal output inbetween 15-75 MW per reactor CerEreian 1Y

Operating temperature 400-600 C Reactor Type: High Temperature Gas-cooled
Flexibility realised via molten salt battery/storage Thermal Output: ~15 MW

Electrical Output: ~5 MW

Operating Temperature: ~up to 750 °C
Pressure: Low

Designed to be transportable by truck and rapidly deployable

FOAK expected 2030; NOAK commercially available around 2035
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Permitting
Two main permitting processes in NL, not aligned, no SMR short cuts

. P Plan Project
MAEMENELICRAEEE Environmental Environmental Impact
Impact Assessment Assessment

i : If a change to the A MER is necessary for
Permitting (interview ANVS) environmental plan is the establishment and
Developing and financing necessary, according S EIFE USIEETr
to article 16.34 & 16.36 reactor with a Nuclear

of the Omgevingswet, Energy Act (Kew) permit,

a Plan-MER is based on appendix V of

Typical project planning necessary the Omgevingsbesluit
e For the licence application
Initial Risk assessment a Project-MER needs to
be setup
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Does an SMR have an economic edge?

SMRs can be competitive, CAPEX estimates are to be proven
High CAPEX, low OPEX: requires >20yr offtake agreements

Levelized Cost of Electricity in € MWh
450

400 ry

350

300

& The Path to a New Era for Nuclear Energy, IEA (2025)

& Levelized Cost of Electricity- RE Technologies, Fraunhofer (2025)
Financing New Nuclear, Profundo Research (2024)

& Marktanalyse Small Modular Reactors, NRG (2023)
Eigen analyse, Haskoning (2025)
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SMR Large Nuclear Gas turbine
Power plant Natural gas

*No SMR’s have been built in the Western world yet. The CAPEX and LCOE/LCOH estimates are therefore highly speculative
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Main insights of several Dutch SMR projects

Offerings

SMRs may become a weather independent element in our energy system earliest in 2035 assuming
technology developments and costs levels are realised as currently expected

SMRs are most valuable for industrial heat production SMR’s (no competition with wind and solar pV) or
for producing power ‘behind the meter’ in a flexible CHP setup

Requirements

Need for long term asset strategy (and well organised industrial cluster)
SMRs require very largescale energy offtakers that are willing to sign a long-term energy contract
SMR projects are large scale and complex construction projects with a high CAPEX

Investment climate and communication: public-private risk sharing and transparent communications
are crucial to underpin social support and investments

Stimulate international cooperation and harmonize safety- and fuel standards
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SMRs can help solve the industrial energy challenge
The SMR OEMSs are to prove this can become reality

Need for 24hr reliable heat (and power) supply
Behind the meter, weather independent

CO2 reduction requires replacement of gas
Replacing gas fired CHPs

Pricing, grid congestion, deteriorating security of supply
Long term stability
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