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Challenge: decarbonization of the energy sector
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IPCC scenarios: Global CO2 emissions must be reduced to
zero by 2055.
Meeting the climate goals requires a comprehensive energy
transition, and liberating entire industries from fossil fuels.
In many countries climate actions have so far been focused on
electricity production.
Heating is another major source of CO2 emissions, especially in
countries with cold winter climate.
Heat, unlike electricity, cannot be transported cost-effectively
over long distances.
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Case Finland
●

VTT’s district heating reactor project

Almost 50% of Finnish houses, residential and commercial
buildings are connected to a local district heating network.
More than 80% of domestic electricity production is covered by
low-carbon technologies, but fossil fuels are still used for cogeneration of heat and power.
Goverment-issued phase-out for coal by 2029.
Similar challenges in several European countries.
War in Ukraine has brought serious concerns on the security of
supply.
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LDR: ”Low temperature district heating and desalination
reactor”.
The project was launched in March 2020.
Aim is to develop a low-temperature SMR for the Finnish and
European heat market.
Combination of conventional LWR technology and innovative
passive safety design.
Primary circulation by natural convection, connection to district
heating network via secondary circuit and heat exchangers.
Simplified design, taking advantage of low operating
temperature and pressure (< 150 °C / < 1 Mpa).
Modular technology – the heating plant may be comprised of
one or several 50 MW LDR-50 units.
Designed primarily for district heating, but the same technology
can be applied to desalination.

Passive decay heat removal function
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What about nuclear energy?
●

●

●

●

●

●

District heating networks operate at around 65-120 °C
temperatures.
The operating regime can be easily reached with any nuclear
reactor technology.
Low-temperature district heating reactors were extensively
studied and developed in the Nordic countries in the 1970’s and
1980’s.
Renewed interest in recent years, following the challenges
related to the decarbonization of the heating sector.
Since the market is divided into a large number of independent
networks, most conventional SMRs are too large to meet the
demand.
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The low operating temperature of the LDR-50 reactor enables
passive decay heat removal without any mechanical moving
parts.
The reactor units are submerged in a pool of water, and
comprised of an inner reactor vessel and outer containment.
The containment space is partially filled with water.
In normal operation (a), temperature at the lower part of the
reactor vessel remain below 100 °C.
When heat transfer through primary heat exchanges is
compromised (b), temperature at the bottom begins to rise.
Water in the containment space begins to boil, forming an
efficient heat transfer route into the pool.
Patent for the invention granted in 2021.
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