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 District heating in Europe has

• Largest market shares in 

Nordic and Baltic countries, 

• Largest volumes in Germany, 

Poland, and Sweden

• Fastest growth in relatively new 

DH countries

• Largest share of coal as DH 

fuel in Poland, Czechia, 

Germany, Finland (2017 data)

European district heating (DH) overview
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 Existing nuclear DH in

• Czechia (~0.5% of supply?)

• Hungary (~2% of supply)

• Slovakia (~0.5% of supply)

• Switzerland (~7% of supply)

 Previously nuclear DH in

• Sweden in 60’s and 70’s

• Lithuania before Ignalina was 

closed in 2009

European district heating (DH) overview
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 Increasing unit size and increasing 

requirement for operation hours 

both quickly reduce the number of 

suitable DH grids.

 The larger the units are compared 

to the grid, the more they have to 

follow the load.

 Only few base load units can fit in 

to system

Baseload vs. peak load

Data from Helen (Helsinki, Finland) open data:

https://www.helen.fi/en/company/responsibility/current-topics/open-data

0

500

1000

1500

2000

2500

3000

1

4
0

0

7
9

9

1
1

9
8

1
5

9
7

1
9

9
6

2
3

9
5

2
7

9
4

3
1

9
3

3
5

9
2

3
9

9
1

4
3

9
0

4
7

8
9

5
1

8
8

5
5

8
7

5
9

8
6

6
3

8
5

6
7

8
4

7
1

8
3

7
5

8
2

7
9

8
1

8
3

8
0

D
H

 s
u

p
p

ly
 (

M
W

)
2015 2016 2017 2018 2019 2020

Example: 5000 h, ~600 MW

https://www.helen.fi/en/company/responsibility/current-topics/open-data


29/11/2022 VTT – beyond the obvious

 Different fuels 

for different 

regions and 

uses

 Data from 2017, 

recent price 

increases and 

new investments 

have changed 

the figure 

 Full load hours 

own estimations

Existing units, Finland 2017
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 Figure shows a 

simplified structure 

of the DH/DC 

energy system 

model

• Analysis of the 

current systems

• Estimating the 

development

• Studying policies

• Comparing 

investment options

Modelling city level energy systems



Finnish capital region: Results from the
SMR vs ambient heat HP scenarios

29/11/2022 VTT – beyond the obvious

SMR cases



Finnish capital region: Heat-only-SMR vs
CHP-SMR
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 Investment model is run with

varying gas (50/100 €/MWh) and 

electricity prices (40→100 €/MWh)

 Investments in CHP units start with

70+ €/MW electricity prices

 Effect of natural gas price on 

investments is relatively small

 12 new units of SMR-CHPs add

600 MW in power generation

capacity → affects market prices?
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 Built with Backbone open source modelling 

framework 

 Enables flexible energy system modelling
• Multiple energy vectors: electricity, electricity 

reserves, district heat, hydrogen

• Storages (electricity, heat, h2)

• Conversions between grids (e.g. P2X and heat 

pumps)

• Can easily change time series years (profiles from 

certain historical year, but with future demands)

• Can model a city or region within a country, 

currently applied for Finnish cities

Modelling Northern European energy 
markets with Backbone



 Assuming 4x NuScale modules

• 4x 73 MWe_net

 Wind and solar replace most of the 

fossil fuels already in the reference 

scenario, additional nuclear

• increases domestic generation

• Slightly decreases CO2 emissions 

• Sligthly reduces renewable energy 

share, but not amount

Adding NuScale x4 
to Baltic countries
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 Almost equal profitability in each country 

due to electricity trade and typically the 

same marginal prices between Baltic 

countries

 Assuming historical (2015-2020) low 

prices result to low profitability around 

5% with default costs

 Assuming current high prices (2021-

2022) results to a very good profitability 

(15+% IRR) with default costs

Profitability strongly depends on 
assumed fuel prices
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* NuScale estimates that total investment costs would 

be around 3400 USD/kWe_gross

(~3500 EUR/kWe_net with 31.10.2022 exchange rate)



 Siting units to Baltic capitals

 Number of units by scaling output 

power (MW_DH) from 2x to 6x of 

the summer demand of each city

 First units replace natural gas in 

Tallinn and Riga. Replacing 

biomass from 3x-4x onwards.

 Already first units replacing 

biomass in Vilnius

Adding LDR-50 SMRs 
to Baltic countries
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 Current high prices favour also a district 

heat reactor, but the profitability highly 

depends on the existing DH system and 

its units

 Good profitability (10+ % IRR) with 1000 

EUR / kW_DH investment cost in Tallinn 

and Riga also with low prices

Profitability strongly depends on 
assumed fuel prices and location
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 In our and in many international studies, the nuclear DH seems to be 

the cheapest option to replace a large amount of thermal capacity

 Payback time and relative cost efficiency depends especially on 

• Studied system (e.g. costs of the other units)

• Assumed availability of local resources (biomass, warm waste heat)

• Assumed development of the studied system

• Amount of invested capacity (smaller unit costs, but less operation hours)

• Assumed licensing and investment costs of SMR

• At what year the heat SMR would be available

• Assumed development of competing technologies

Nuclear DH seems to be a very 
cheap option
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 2017 Feasibility and cost-assessment of different SMR concepts (unpublished)

 2018 Municipality level potential estimate for heat only and CHP SMRs in Finland (unpublished)

 2018 Conference paper on Small modular reactor as a part of a district heating system

 2018-> Company projects with Finnish and Nordic district heating companies

 2019 Technoeconomic analysis of NuScale and DHR-400 in the Capital region of Finland 
https://www.researchgate.net/publication/332046309_A_techno-economic_assessment_of_NuScale_and_DHR-

400_reactors_in_a_district_heating_and_cooling_grid

 2022 Comparing SMRs and large heat pumps as options to produce district heating 2022 
https://doi.org/10.1016/j.enss.2022.03.001

 2022 Simulating difficult load following cases with APROS

 2022 Prospects of SMRs in Baltic countries https://www.researchgate.net/publication/365038639_Prospects_of_electricity_and_heat-

only_SMRs_in_the_Baltic_Region

 2022 SMRs investment under high fuel price scenarios in Finland (Nov 2022) 

https://www.researchgate.net/publication/365038504_Investments_in_Nuclear_Heating_in_Helsinki_Metropolitan_Area_During_Volatile_Energy_Markets

Upcoming work extending the existing analysis to new cities in Finland and other countries in the Northern Europe. Work 

done in Tandem and other projects

Quick review of our SMR 
technoeconomic studies

https://www.researchgate.net/publication/332046309_A_techno-economic_assessment_of_NuScale_and_DHR-400_reactors_in_a_district_heating_and_cooling_grid
https://doi.org/10.1016/j.enss.2022.03.001
https://www.researchgate.net/publication/365038639_Prospects_of_electricity_and_heat-only_SMRs_in_the_Baltic_Region
https://www.researchgate.net/publication/365038504_Investments_in_Nuclear_Heating_in_Helsinki_Metropolitan_Area_During_Volatile_Energy_Markets
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Modelling 
investments to 
district heat SMRs
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