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Agenda

Á Introductionto study

Á Methods

Á Main results

Á Interpretation of results

Á Questionsanddiscussion
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Primary aims:

ü To examine the components of a fully-integrated (power, heating/cooling and mobility) 
fully-functional, reliable and recarbonizedenergy system for Finland in 2050

ü To determine the extent to which differing levels of nuclear power and forest-based 
biomass affect the cost of such an energy system

ü To explore the roles of energy storage solutions in facilitating high shares of variable 
renewable energy generation, with a particular focus on Power-to-Gas (PtG), Power-
to-Liquid (PtL) and energy storage technologies

ü To develop more accurate future energy scenario modelling methodology in Finland 
that includes complete transparency of modelling assumptions

ü To encourage discourse on energy-related issues that will contribute to the 
transformation of the Finnish energy system towards long-term sustainability
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The uniqueness of our work

ü Only research to consider 100% RE scenarios for Finland

ü Only research to seek a virtually carbon-free energy system by 2050

ü Full integration of power, heating/cooling and mobility sectors

ü Greatly expanded roles for wind and solar energy

ü First study to explore large-scale energy storage solutions and Power-to-Gas (PtG)

ü System modelled on an hourly resolution using historical data for a calendar year

ü Full transparency of technical and economic assumptions

ü Results suggest that a 100% RE scenario is a highly competitive cost solution 

compared to other test scenarios with increasing shares of nuclear power and a 

Business As Usual (BAU) scenario
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EnergyPLAN

ÅDevelopedin 1999 at 

AalborgUniversityin 

Denmark

ÅWidelyusedand respected

ÅEnergy systemanalysis

carriedout in hourlysteps

for oneyear

ÅModelincludesanalysisof 

electricity, heatingand 

transport sectors

ÅResultsformbasisof 

technicalregulationand 

market optimization

strategies

ÅMain aimis to assistin the

design of nationalenergy

planningstrategies

ÅModelcanalsobeappliedon 

largerand smallerscales

ÅFreedownloadfrom

http://www.energyplan.eu/

http://www.energyplan.eu/
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Introduction to scenarios

ī 2012 Reference

ī 2020 Reference

ī 2050 Basic (Maximum 145 TWhth biomass)

ī 100 % RE

ī Low Nuclear (1.6 GWe)

ī Medium Nuclear (2.8 GWe)

ī New Nuclear (4GWe)

ī 2050 Low Biomass (Maximum 113 TWhth biomass)

ī 100 % RE

ī Low Nuclear (1.6 GWe)

ī Medium Nuclear (2.8 GWe)

ī New Nuclear (4GWe)

ī 2050 Reference Business As Usual (BAU)

Test scenarios

Å Target of essentially 

zero carbon 

emissions from 

energy sector

Å Target of complete 

energy 

independence ð

Finland as an island
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Introduction to scenarios

Key insights: 

ÅGetting the least cost mix of technologies is a manual balancing act using EnergyPLAN

ÅEnergyPLANseparates electrolysers for different end products ðin reality integrated

Technology

Installed Capacity GWe

2012 2020

2050 

Basic 

100% 

RE

2050 

Basic 

Low 

Nuclear

2050 

Basic 

Medium 

Nuclear

2050 

Basic 

New 

Nuclear

2050 Low 

Biomass 

100% RE

2050 

Low 

Biomass 

Low 

Nuclear

2050 

Low 

Biomass 

Medium 

Nuclear

2050 Low 

Biomass 

New 

Nuclear

2050 

BAU

Wind onshore 0.175 1.6 30 22.5 16 10.5 38 32 34.9 21 3

Wind offshore 0 0.9 5 5 5 5 6 6 6 6 1.5

Solar PV 0.01 0.1 30 30 30 30 35 35 35 35 1

Hydro - Run of river2.595 3.111 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

CHP - DH 3.49 3.5 9 8 7.5 7 8.5 7.5 7 6 4

Condensing 2.045 1.5 0 0 0 0 0 0 0 0 3

Nuclear 2.75 4.3 0 1.6 2.8 4 0 1.6 2.8 4 6

PtG - CHϞ 0 0 23.5 19.6 17.6 17.6 29.4 27.4 25.4 23.5 1.0

PtG - HϜ 0 0.142 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57
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Primary energy

Key insights:

Å Strong roles for renewables in test scenarios

Å Domestic hydrogen becomes major element of TPED 
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Electricity production

Key insights:

Å Electricity has increased role in energy system due to its flexibility

Å Electricity from wind and solar PV become backbone of system
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Electricity consumption

Key insights:

Å Closer relation of end user consumption to total production in reference scenarios

Å Large demand for electricity in PtGprocesses 
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Total annual costs

Key insights:

Å Stranded investments in nuclear/ coal power stations not accounted (higher WACC?*)

Å Test scenarios have high level of investment

Å Reference scenarios have high level of fuel and COϜcosts (risk of high CO2 price**)

* WACC 7% Ƹ 15%

BAU: + 3 bû

New Nuclear: + 2 bû

** CO2 price75 Ʒ 150 ú/t

BAU: + 1.9 bû

ratherlikelyaccordingto LudererG. et al., 

Environ.Res.Lett., 8, 034033, 2013 
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Levelizedcost of electricity

* Includes 40% electrical efficiency + 50% thermal efficiency; ** final value is levelizedcost of energy(incl. heat)

Key insights:

Å Despite higher LCOE, offshore wind distribution favourable to energy system and may lead to overall cost 

reduction in new simulations

Å Low full load hours in thermal plants lead to high LCOE

For 2050 

Basic 

Medium 

Nuclear 

Scenario

Units
Wind -

onshore

Wind -

offshore

Solar PV 

- ground 

mounted

Solar PV -

rooftop

Hydropower 

- Run of the 

river

CHP 

plants

Nuclear 

plants

PtG

Methane

Capex û/kWe 900 1800 300 400 3060 820 6500 870

Opex_fixed % of capex 4.51 % 4.55 % 2.00 % 1.00 % 4.00 % 3.66 % 3.50 % 3.30 %

Opex-var û/MWhe 0 0 0 0 0 2.7 0 0

Fuel û/MWhe 0 0 0 0 0 27.288 5.4 40

Efficiency % - - - - - 90 %* 37 % 51 %

Lifetime Years 30 30 40 40 50 25 40 30

Full load 

hours
Hours 2816 4280 982 982 6123 1124 7963 2667

WACC % 7 % 7 % 7 % 7 % 7 % 7 % 7 % 7 %

crf %year ¹̄ 8.06 % 8.06 % 7.50 % 7.50 % 7.25 % 8.58 % 7.50 % 8.06 %

LCOE ûcents/kWhe 4.0 5.3 2.9 3.5 5.6 12.2** 10.4 11.5**
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Carbon emissions

Scenario parameter 2012 2020

2050 

Basic 

100% 

RE

2050 

Basic 

Low 

Nuclear

2050 

Basic 

Medium 

Nuclear

2050 

Basic 

New 

Nuclear

2050 

Low 

Biomass 

100% RE

2050 Low 

Biomass 

Low 

Nuclear

2050 

Low 

Biomass 

Medium 

Nuclear

2050 

Low 

Biomass 

New 

Nuclear

2050 

BAU

COϜ-equivalent 

emissions Mt
48.15 48.97 0.20 0.21 0.22 0.26 0.17 0.25 0.24 0.27 25.10

Cost of COϜ-

equivalent 

emissions (MEUR)

289 1224 15 16 17 19 13 19 18 20 1882

Renewables share of 

primary energy (%)
33 34 100 89 81 74 100 89 82 75 43

Key insight: 

Å Future aim should be virtually zero emissions from energy sector

Å Denmark has goal of zero emissions from power sector by 2035 and zero emissions from all 

energy sectors by 2050

Å Small amounts shown in table from non-biogenic component of waste
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Interpretation of results

ü A 100% renewable energy system seems possible for Finland, given the assumptions made in 
this study

ü The 100% RE scenarios are highly cost competitive

ü High level of energy independence seems achievable

ü Prominent roles of renewable energy and energy storage solutions should be considered in all 
future modelling

ü Opportunities exist for increased domestic investment and RE-based employment

ü Flexibility should be a defining feature of future energy systems

ü 100% RE should be an equal partner in all future discourse regarding the Finnish energy system

ü Further study is needed related to how people will choose to live, how they will perceive risk and 
the role of energy in their lives (Futures Research) in order to hone the technical requirements of 
the energy system used in modelling 


