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Motivation
The Finnish energy system is at a crossroads due to an aging system of power
generation, opinions about different modes of net zero-carbon energy generation,
responsibilities to mitigate climate change, and worries of fluctuating energy prices

At the same time, Finnish society has goals regarding national energy security and a
wish to both retain a competitive industrial sector and meet the needs of a future
society

Our work sought to envision and analyse a future, fully sustainable energy system for
Finland in 2050 from a variety of perspectives

This included an examination of the components of a fully-integrated energy system,
the roles of different energy generation and storage technologies, the sustainable use
of energy resources, and the possible impacts on Finnish society

Where possible, we sought to examine various barriers to achieving a more
sustainable energy system, and suggest ways to prevent or overcome those barriers
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A change is coming – but what will we call it?
There is current overlap of the meaning and usage of transition and transformation

While the terms do not refer to different concepts, they are not framed equally
Different articles show different motivations (general vs social)
Actions needed to achieve change are portrayed differently
Transition articles show extra social obstacles or emotional barriers
Degree of change different in transformation articles: radical, fundamental

The consequences of confusion may deflect attention away from the issue of mitigation
of climate change

Linguistic confusion generally results in resistance to the overall message
Results of our analysis suggest:

Change to physical forms and systems should be denoted as transformations
Change to large socio-technical systems should be denoted as transitions when
the focus is on a higher order of change that highlights the ways society motivates, 
facilitates, and benefits from change

Child M., Breyer Ch., 2017. Transition and transformation: A review of the concept of change in 
the progress towards future sustainable energy systems. Energy Policy, 107, 11-26, DOI: 
10.1016/j.enpol.2017.04.022; http://bit.ly/2oDiTJo
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Results from Finland

Finland was modelled as an energy ‘island’ in several 
overnight scenarios for 2050 using the EnergyPLAN tool 
for the power, heat and mobility sectors
A 100% renewable energy system seems possible for 
Finland, given the assumptions made in this study
The 100% RE scenarios are cost competitive compared to 
those with increasing shares of nuclear power
Prominent roles of renewable energy and energy storage 
solutions should be considered in all future modelling
Opportunities exist for increased domestic investment 
and RE-based employment
Flexibility should be a defining feature of future energy 
systems

Child M. and Breyer Ch., 2016. Vision and Initial Feasibility Analysis of a Recarbonised Finnish 
Energy System, Renewable and Sustainable Energy Reviews, 66, 517-536, DOI: 
10.1016/j.rser.2016.07.001; http://bit.ly/2ioGCtI
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The role of storage
Different forms of variable RE may complement each
other seasonally
Energy storage solutions contribute greatly to the
energy system by offering flexibility and integration
of the power, heating/cooling and mobility sectors
V2G batteries have a much more significant role
than stationary batteries
Thermal storage is rather plentiful already in Finland, 
but utilised primarily in urban areas during winter
Gas storage and infrastructure plays a greater role
than thermal storage

Provision of storage daily, weekly, and 
seasonally

Flexibility of the energy system is harnessed at 
times of high and low RE availability

Child M. and Breyer Ch., 2016. The role of energy storage solutions in a 100% renewable Finnish 
energy system, Energy Procedia, 99, 25-34, DOI: 10.1016/j.egypro.2016.10.094; 
http://bit.ly/2pWUjYP

Electricity storage

Gas storage

Electricity generation
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The role of solar PV

Solomon A., Child M., Caldera U., Breyer Ch., 2017. How much energy storage is 
needed to incorporate very large intermittent renewables? Energy Procedia, 135, 283-
293, DOI: 10.1016/j.egypro.2017.09.520; http://bit.ly/2iSx1kS

Child M. and Breyer Ch., 2016. The role of energy storage solutions in a 100% 
renewable Finnish energy system, Energy Procedia, 99, 25-34, DOI: 
10.1016/j.egypro.2016.10.094; http://bit.ly/2pWUjYP

Solar PV can play a significant role in the Finnish energy system
10% of final energy consumption and 16% of total electricity
generation
45% of PV is directly used annually, up to 80% during peak
production

Solar PV is seasonally complemented by both wind and CHP 
energy production
Barriers currently prevent further solar PV capacity increase, but
these can be overcome with new policy, regulation and behavior
V2G batteries have a much more significant role than stationary
batteries
PtG and energy storage solutions contribute significantly to the
energy system
There is no time when there is no sun, wind, or water
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Finland as an island
Finnish transition to 2050 was modelled for the power
sector with LUT Energy System Transition model with
Finland as an energy ’island’ 
LCOE of 63.4 €/MWh achieved in 2050
Results were similar in proportion to EnergyPLAN 
results with regards to relevance of wind, solar, biomass
and hydropower
Key difference was that offshore wind was not
employed as part of a least cost solution
Relevance of gas and battery storage was confirmed
Role of PtG was small compared to EnergyPLAN results
of power, heat and mobility sectors
Important role of PV prosumers was visible

Ram M., Bogdanov D., Aghahosseini A., Oyewo S., Gulagi A., Child M., Fell H., Breyer Ch., 
2017. Global Energy System based on 100% Renewable Energy – Power Sector. Study by
Lappeenranta University of Technology and Energy Watch Group. Lappeenranta. Berlin. 
November 2017. http://bit.ly/2hU4Bn9 and http://bit.ly/2z5edmo
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Finland as part of the Nordic countries
Finland was modelled in an overnight scenario for 2050 
as an interconncected member of the Nordic countries
using the LUT Energy System Transition model

Two sets of cost assumptions used (LUT and VTT)
Both simulations showed Finland as a strong importer
and Norway as a strong exporter
Average LCOE was 40.2 €/MWh in LUT simulation and 
45.4 €/MWh in VTT simulation

45.8 €/MWh and 52.9 €/MWh for Finland, respectively
Higher PV prosumer generation in LUT simulation due to 
lower cost assumptions for PV and batteries
Prosumerism resulted in lower biomass and hydro-

based generation, but wind capacities were still quite
similar
LUT results also showed lower need for imports and 
higher relevance of storage

LUT Assumptions

VTT Assumptions
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Finland as part of the Baltic Sea Region
A transition to 2050 was simulated for an interconnected 
Baltic Sea Region power system using the LUT Energy 
System Transition model
The BSR can achieve 100% RE by 2050, reaching 45 €/MWh
by 2050 (54.2 €/MWh in Finland)
The BSR can become the first EU region to achieve 100% RE
Battery storage becomes an important source of system 
flexibility, especially for prosumers
Gas infrastructure maintains a strong position

Imported NG is gradually replaced by domestic biogas, 
biomethane and SNG

Diverse RE generation and interconnections also contribute 
to system flexibility and lower overall costs
Simulation results do not show significant need for grid
expansion (+1 GW between Finland and Estonia)
Establishing a stronger European Energy Union can result in 
cost savings for member states

Child M., Bogdanov D., Breyer Ch., 2018 (forthcoming). The Baltic Sea Region: Storage, grid 
exchange and flexible electricity generation for the transition to a 100% renewable energy 
system, International Renewable Energy Storage Conference, Düsseldorf  



Achieving long-term sustainability in the Finnish energy system: overview and insights
Michael Child Michael.Child@lut.fi14

Finland as part of Europe
A transition to 2050 was simulated for an interconnected 
European power system using the LUT Energy System 
Transition model
Europe can achieve 100% RE by 2050, reaching 57.5 
€/MWh by 2050 (63.2 €/MWh in Finland)
Battery storage becomes an important source of system 
flexibility, especially for prosumers
Gas infrastructure maintains a strong position

Imported NG is gradually replaced by domestic 
biogas, biomethane and SNG

Diverse RE generation and interconnections also 
contribute to system flexibility and lower overall costs
Simulation results show need for grid expansion
between Finland and BSR (+3 GW)
Establishing a stronger European Energy Union can 
result in cost savings for member states

Several publications forthcoming
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Results from Åland
A fully sustainable Åland energy system can be achieved by 2030

V2G connections and other energy storage solutions increase 
flexibility and balance high variable renewable energy generation

Correlation between V2G charging and variable RE generation
Further possibilities for V2X should be explored

Expanding V2G services can result in less need for other energy 
storage solutions and reduced offshore wind power generation 
capacity, resulting in lower annualised costs

V2G connections serve a strong role in accepting energy 
produced by solar PV and wind power generation in times of 
excess, about half of charged energy put back to the grid

Island energy systems offer interesting possible blueprints of the
coming energy transition as high shares of renewables will be
achieved earlier on islands than larger continental systems

Child M., Nordling A., Breyer Ch., 2017. Scenarios for a Sustainable Energy System in the Åland
Islands in 2030, Energy Conversion and Management, 137, 49-60, DOI: 
10.1016/j.enconman.2017.01.039; http://bit.ly/2pcwQSE
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Other results - Ukraine

Ukraine can achieve 100% RE by 2050, with average LCOE of 
70 €/MWh over entire transition

By 2050 LCOE is 54 €/MWh
After 2035, the optimal mix will be lead by solar PV and wind
Battery storage becomes an important source of system 
flexibility
Gas infrastructure maintains a strong position

Imported NG is gradually replaced by domestic bio and 
synthetic methane
PtG technology provides flexibility and storage on a 
seasonal level

Nuclear and fossil fuel plants can be allowed to live out their 
expected lifetimes
Several barriers exist related to the current energy system 
which can be overcome through policy and planning

Child M., Breyer Ch., Bogdanov D., Fell H., 2017. The role of storage technologies for the 
transition to a 100% renewable energy system in Ukraine, Energy Procedia, 135, 410-423, DOI: 
10.1016/j.egypro.2017.09.513; http://bit.ly/2imPouf
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Other results – La Gomera
100% renewable energy system 
scenarios were modelled and 
simulated for the island of La Gomera
with the EnergyPLAN modelling tool
Different scenarios are analysed from 
the distribution system operator’s 
point of view to determine the most 
economic one
A highly electrified transport sector 
supports the economic transition of 
the energy system
A combination of different transition 
concepts leads to lowest annualised 
costs of the energy system

Maschede H., Child M., Breyer Ch., 2018 (submitted for publication). Assessment of sustainable 
energy system configuration for a small Canary island in 2030
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Prosumers and peer-to-peer organisations

Energy is not solely a techno-economic question, but has implications for the whole 
of society – its culture, values, lifestyles, and power structures 
Changes in energy systems affect societies over decades, and long-term social and 
cultural processes in turn affect energy systems
We propose a decentralised peer-to-peer society as an emancipatory and 
transformative socio-cultural vision of the era of renewable energy systems
In practical terms, prosumerism can form a strong basis of the P2P society
Prosumer production and storage can contribute greatly to future energy systems
Levels of V2G participation can also play a significant role
Demand response should not be underestimated, but is rarely studied in detail
In short, individual participation in global climate action can influence its outcome
Technology must follow societal goals, and not determine them

Routsalainen J., Karjalainen J., Child M., Heinonen S., 2017. Culture, values, lifestyles, and 
power in energy futures: A critical peer-to-peer vision for renewable energy. Energy Research & 
Social Science, 34, 231-239, DOI: 10.1016/j.erss.2017.08.001; http://bit.ly/2iCyA6B
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Summary

A 100% renewable energy system with energy storage solutions can provide reliable, 
sustainable energy services by 2050

A 100% renewable energy system is lower in cost than the current system based on 
nuclear and fossil fuels

Interconnections can result in further cost savings

Smart Charging and Vehicle-to-Grid connections offer significant potential to 
contribute to system flexibility and cost savings

Individuals, businesses and industries can actively participate in the energy system
transition towards sustainability through prosumerism and peer-to-peer organisations

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



NEO-CARBON Energy project is one of the Tekes strategy research openings
and the project is carried out in cooperation with Technical Research Centre of 
Finland VTT Ltd, Lappeenranta University of Technology (LUT) and University

of Turku, Finland Futures Research Centre.

Thank you for your attention!

@NeoCarbonEnergy

www.neocarbonenergy.fi
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