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Climate crisis

 IPCC: Limiting the adverse effects of climate change 
requires stopping global warming to 1.5°C

 This can be accomplished only by reducing global net 
CO2 emission to zero by 2050

 Energy sector is a major source of carbon emissions

 Achieving the goal requires a comprehensive overhaul 
of the entire energy system

 Long way to go – emissions are still on the rise, despite 
political agreements and significant investments in 
renewable energy!



Carbon emissions from the energy sector

 Climate action is strongly focused on electricity production, 
but fossil fuels are the main source of energy also in 
transportation, industry and heating

 Electrification provides solutions, but also increases the 
demand for low-carbon electricity

 Long-term plans rely on hydrogen economy

Major challenges especially in applications where fossil 
energy is consumed in some other form than electricity

Electrification of the energy system leads to competition 
between different segments 



Carbon emissions from the energy sector

 Heating is a major source of carbon emissions in 
countries with cold winter climate

 Alternatives to fossil fuels (bioenergy, geothermal, heat 
pumps) have their limitations

 District heating is a popular heating form in Europe
(3500 networks, 60 million people)

 Much of the production is co-generation using fossil fuels 
– decarbonization with wind, solar or conventional 
nuclear energy de-couples heat from electricity

 Natural gas is no longer considered a viable interim 
solution



What about nuclear?

 Energy in nuclear fission is released as heat – could this 
be applied to district heating?*

 Nuclear certainly has some advantages:

 Low carbon footprint (comparable to wind power)

 Production not dependent on weather conditions or 
market price of electricity

 Capable of base-load and load follow operation

 Security of supply (fuel for several years of operation 
can be stored on site)

 But unlike electricity, heat cannot be transported over 
long distances – are we ready for urban reactors? IPCC life-cycle estimates of specific CO

2
 emissions for 

different energy sources (electricity production)* The idea is not completely new. Nuclear power plants have been used for co-generation 
in Bulgaria, China, Hungary, Russia, Sweden, Switzerland, Slovakia and Ukraine. 



VTT’s district heating reactor project

 VTT’s district heating reactor project was launched in 
2020:

 District heating covers almost 50% of the Finnish 
heat market

 Phase-out of coal in energy production by 2029

 Peat and natural gas not viable options, biomass 
considered only an interim solution

 Preliminary market studies at VTT in 2019:

 Nuclear energy is an economically viable heating 
option in the 2030’s

 However, none of the developed SMR concepts 
provides an ideal solution for the Finnish case



What’s so special about district heating?

 The total capacity of current heating plants in Finland is more than 20 GW, but the consumption is divided into 
166 municipal district heating networks

 Conventional SMRs could replace large co-generation units in the capital region, but most networks cannot 
utilize the full capacity of a typical reactor designed primarily for electricity production

 Heat-only reactors are developed in China, but they are designed for the local needs (cities with millions of 
inhabitants)

 SMR-scale HTGRs designed to produce industrial heat could be used for co-generation, but applications for 
high-temperature heat do not exist in every network



What’s so special about district heating?

 Electricity production at high thermal efficiency requires ~300 °C steam, but district heating 
networks operate at 65–120 °C 

 The operating pressure of the reactor can be reduced from 15 MPa to less than 1 MPa (closer to 
an espresso machine than a traditional PWR)

 Modest operating conditions simplify manufacturing of pressure components and design of 
passive safety systems

 When the reactor is designed for production heat, there is no need for turbine or generator



LDR district heating reactor technology

 The developed technology was named LDR (Low-temperature 
District heating Reactor)*

 Conceptual design 2020-2022 (self-funded project)

 In January 2023 VTT announced a two-year 5M€ investment 
to advance and commercialize the technology

 Currently involves 30–40 technical experts from VTT, external 
partners involved through contract work

 Spin-off company Steady Energy founded in June – technical 
development continues at VTT as contract work

 Milestones: large-scale electrically heated test facility (2027), 
Pilot plant (2030), commercial technology (2030’s)

* In some contexts also referred to as “Low-temperature District heating and Desalination 
Reactor. 





LDR district heating reactor technology

 Design goals:

 Basic solutions relying on well-known light water reactor 
technology (more than 70 years of industrial experience)

 Passive safety features taking advantage of low operating 
temperature and pressure

 Serial-produced components using conventional 
manufacturing techniques

 Compatibility with the Finnish nuclear waste disposal concept 
(deep geological disposal)

 No “moonshots”, no “quantum leaps”, no reliance on exotic 
technology that has not been invented yet!



LDR-50 reactor module

 A single LDR-50 reactor module produces 50 MW of 
heat:

 Essentially a PWR-type SMR

 Reactor operates at 150 °C temperature and 
0.8 MPa pressure

 Primary coolant circulation by natural convection 
(no pumps)

 Connection to district heating network via 
intermediate water loop and heat exchangers

 Heating plant may consist of one or multiple 
independent LDR-50 units

 Both above- and underground siting options 
considered



Example layout: 4-unit LDR heating plant
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Example layout: 4-unit LDR heating plant



LDR-50 passive cooling function

 The reactor module is comprised of two nested 
pressure vessels:

 Inner reactor vessel

 Outer containment vessel

 Intermediate space between the vessel is partially 
filled with water

 In normal operation, heat is extracted through the 
main heat exchangers

 Temperature at the lower part of the module is low, 
and heat losses to the surrounding reactor pool 
remain small



LDR-50 passive cooling function

 When the heat exchangers stop working, temperature 
at the lower part of the module begins to rise

 Water in the containment space starts to boil

 Top part of the containment vessel is filled with steam, 
which begins to condense on the cool outer wall

 This forms an effective passive heat transfer route into 
the pool, without any mechanical moving parts

 The pool can receive decay heat for several weeks 
without any cooling or operator action*

* The pool is also equipped with an emergency water injection line (defence-in-
depth requirements)



LDR-50 reactor and fuel cycle

 LDR-50 is based on conventional light water reactor technology

 Commercial low-enriched uranium oxide fuel (~2.5% U235)

 Standard 17x17 PWR fuel assembly truncated to 100 cm active length

 Energy density of uranium is very high – a single LDR-50 fuel assembly can produce as 
much heat as 6 million liters of heating oil



LDR-50 reactor and fuel cycle



LDR-50 reactor and fuel cycle

 The core is comprised of 37 fuel assemblies

 The reactor operates two years with a single fuel 
loading 

 13 oldest assemblies are replaced after each cycle

 Fabrication of new fuel batch requires 7.5 tons of 
natural uranium

 For comparison, the estimated annual uranium 
production capacity of the Sotkamo mine in Finland is 
around 200 tons



LDR-50 reactor and fuel cycle

 Spent fuel assemblies become high-active 
radioactive waste:

 Cooling in reactor pool for 4–6 years

 Centralized interim storage

 Geological final disposal

 LDR heating plants are designed for 60 years 
of operation

 Fuel consumed by a single reactor over its 
entire lifetime would fit inside two parking 
spaces



Heating solution for the 2030’s

 Several municipal energy companies see nuclear 
district heating as a promising option for the 2030’s

 But there are also challenges:

 The current licensing procedures were drafted for 
large NPP units

 Reactors have to be built close to consumption, 
which puts even more emphasis on safety

 Small unit size and passive safety features are a 
major advantage

 Nuclear energy has strong political and public support 
in Finland, but urban reactors will be an entirely new 
discussion!

Survey on Finnish energy attitudes – Should reliance on 
nuclear energy be increased, kept as-is or reduced? 
Source: Energiateollisuus ry



Heating solution for the 2030’s

 The first LDR units are planned to be built in Finland

 Potential market covers European countries with existing 
district heating networks and public support for nuclear

 New business model needed for fleet operation:

 Heat as a service for municipal energy companies

 Owner / operator responsible of safety and nuclear 
waste

 Centralized maintenance, fuel and waste 
management

 Alternative uses for LDR technology: desalination, low-
temperature industrial heat, direct air capture of CO2
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Thank you for your attention!

Questions – Jaakko.Leppanen@vtt.fi

LDR website – https://ldr-reactor.fi (Finnish and English versions)

mailto:Jaakko.Leppanen@vtt.fi
https://ldr-reactor.fi/
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