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Project Background 
 

The low carbon energy transition is high on the political agenda in many places around the world. In the 

European Union, as well as in many of its member states, 80-90% reductions in energy-related GHG 

emissions by 2050 is a stated political ambition. In the Nordic countries, varying levels of ambition have 

been stated, but there is a strong political consensus that carbon neutrality is a priority.  

The project NORSTRAT addition Baltics 2 is one of two additional projects of the Nordic Energy Research 

project NORSTRAT (project no 40007 – 64, further referred to as the NORSTRAT project) in the program 

SES2050, financed by Nordic Energy Research. The project examines the challenges of becoming a 

carbon neutral country in the context of the Baltic States and as part of the Nordic region. The project 

looks at the different power system development scenarios as a result of strategic choices in the Nordic 

energy transition towards low carbon power production and examines how renewable power 

integration will be pushed into the Nordic power system as well as what kind of grid developments are 

needed in order to facilitate such a transition.  

The aim of the NORSTRAT addition Baltics 2 project for Estonia is to provide knowledge and 

understanding about a possible carbon neutral future in the Estonian power system in a time perspective 

up to 2050. The results from the project can be useful for decision makers in Estonia, but also in the 

Baltic Sea region.  

According to the contract between Nordic Energy Research and SEI Tallinn, the content of the Technical 
Report of the project consists of the following components:  
 

1. Description of the existing power system in Estonia including information on consumption, load 

profiles, production per source, transmission grids, grid bottlenecks, any rationing, policies, 

plans and institutional context for development of the production and the transmission system; 

2. Overview of the potential for new renewable sources for electricity generation in Estonia up to 

2050 (including locations of the resources); 

3. Development of scenarios for the electricity system in Estonia up to 2050 with high shares of 

renewables taking into account the scenarios developed in the NORSTRAT; 

4. Evaluation of impacts on the need for transmission grids and especially on the need for 

transnational grids between Estonia and other countries; 

5. Analysis and recommendations of policy instruments in Estonia for the development of a carbon 

neutral electricity system. 

 

The tasks 1 to 4 were implemented by Dr Reeli Kuhi-Thalfeldt, and task 5 was implemented by Mr Valdur 

Lahtvee in the period of 2013-2016. 
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Executive Summary 
 

The present study is carried out to complement the analysis of Nordic Energy Research project 
NORSTRAT on Nordic countries with the insight into the Estonian power system and trends to meet the 
carbon neutral prospect up to 2050.  

The study comprises two parts: firstly, the state of the art of the power sector in Estonia and 
secondly, potential scenarios for Estonia to have a carbon neutral power sector by 2050. The description 
of the current power sector, including power generation capacities, transmission systems and 
consumption patterns) is based on literature review. The scenarios of having a carbon neutral energy 
sector in Estonia by 2050 were developed by using three quantitative models – LEAP, Balmorel and EMPS 
model.  

Estonia’s energy sector is largely based on fossil fuel – oil shale that has historically counted for 
over 90% of the final energy consumption. The total share of oil shale has dropped to 89% in 2013 and 
to 87.2% in 2014. Thus the primary task for Estonia is to increase the share of renewable energy sources 
in final energy consumption. The constructed scenarios are expected to facilitate the transition towards 
low-carbon electricity generation via varying shares of renewables, and grid development options.  
As the emphasis of the report is on wider exploitation of renewable energy sources with the aim of 
transition to low carbon power generation by the year 2050, the proposed scenarios include different 
shares of renewables to be used in energy mix. Renewable energy based energy production has made a 
long leap during the last decade and in particular in electricity generation. Wind energy based power 
generation has been negligible small in 2000, however, by 2014 the installed electrical capacity overrode 
the 300 MW boundary and the share of renewables reached 11% boundary, including hydro energy-, 
biomass- and other renewables based generation. However, there are no offshore wind parks under 
construction yet, the long term energy sector development plan foresees to add 307 MW more to 
current onshore capacity and around 700 MW to offshore wind based electricity generation capacity.  
Relatively small-size co-generation plants based on biomass have been commissioned, but there are 
more to come in the near future. During the years 2000-2014 the share of combined heat and power 
production in the electricity generation has not increased and formed 10% of gross electricity 
consumption in 2014.  

For the scenario-building three different energy sector models - LEAP, Balmorel and EMPS model 
were used. Each out of these models emphasize different aspects of scenario-building thus allowing to 
describe the electricity generation sector from different aspects. The LEAP, the Long-range Energy 
Alternatives Planning System, is a Windows-based software tool for scenario-based energy policy 
analysis and climate change mitigation assessment. LEAP model was used to simulate the electricity and 
heat generation until the year 2050. The model also shows the forecasts of CO2 and other air pollutants 
emissions in case of different scenarios. It also gives the future energy balances, primary energy 
consumption by sources and by fuels. The Balmorel model was used for analysis of electricity market 
and district heating sectors, considering various environmental, economic and technical limitations and 
other factors. Balmorel is a least cost dispatch power system linear programming model. Balmorel model 
gives the estimation of electricity generation capacities needed. The EMPS is an electricity market model 
that can handle systems with large shares of conventional and varying other electricity generation as 
well as long- and short-term storage options. The evaluation on the need for transnational transmission 
grids was made with the help of EMPS model.  

The modelling results describe fast growth in wind energy based electricity generation in all four 
scenarios (BAU, Carbon Neutral, 100% renewable (RES) and 100% renewable with increased demand 
(RES+). The increased investments into renewables to cover the increased demand in transport sector 
(electromobility) and strong shift towards usage of heat pumps in households’ space heating are 
envisaged. Oil shale based electricity generation in Estonia will be phased out starting from 2040, wood 
and wind are going to replace the demand. The share of solar energy based electricity generation will, 
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however, remain extremely modest considering the given set of assumptions. Nuclear energy in carbon 
neutral scenario will not have significant share in overall generation capacity. The modelling calculations 
clearly demonstrate that the biggest investments in case of RES+ scenario result in the highest 
generating capacities of wind, biomass and solar and therewith meets the goal of becoming a country 
with carbon neutral energy sector the best. However, still some fossils’ (shale oil) based electricity 
generation remains as the investments have a long payback period.  

Transforming the energy sector into carbon neutral, the system of transmission grids plays an 
important role. The transmission grid development scenarios were analysed with the help of EMPS 
model and an investment algorithm for profitable expansion of transmission links as presented in more 
detail in NORSTRAT D3.1 report by Nordic Energy Research. Evaluation on the need for transmission 
grids in Estonia, and between neighbouring countries are presented in case of different NORSTRAT 
scenarios. The NORSTRAT project study focused particularly on developing a grid development scenario 
which could support the shift of the Estonian electricity sector from the current oil shale dominated 
electricity production to a 100% renewable-based future. However, the current governmental policy has 
given the advantage to maintaining the use of oil shale until 2040.  

In order to transform energy sector into low-carbon, the Government has to phase out 
subsidies to fossil oil shale use in electricity generation e.g. abolish exemption of large electricity 
producers from carbon tax, phase out excise tax exemptions to fossil fuels used by the agriculture and 
fisheries sectors; increase investment support for the construction of the small scale biomass, solar and 
wind plants; reshape support scheme for renewable electricity generation by lifting the tax burden from 
consumers to the state budget and revenues from emission trade; promote the establishment of energy 
cooperatives by awareness rising and preferential taxation; increase significantly investment support to 
energy efficient renovation of housing; support micro-energy production in the public and private sector 
by providing investment support and tax deduction from private investments; prepare a national spatial 
plan on renewable energy use; use the EU structural funds for targeted investment into the grid aiming 
for a wider utilisation of renewable resources for electricity generation; invest into new interconnections 
with Latvia and Sweden in order to benefit from production and balancing capacities of the wider power 
system; apply strictly Green Public Procurements by the purchasing of green electricity and biofuels by 
the public sector; continue providing the investment support to public transport based on electricity and 
renewable fuel (biomethane); restore investment support and provide tax incentives for the 
replacement of conventional vehicles with electric and renewable fuel cars; strengthen legislation in 
support of central heating and provide investment support for shifting heat-only boilers to cogeneration 
plants using renewable fuels. 

The key to the full utilisation of the vast renewable energy resources of the Baltic States and at 
the same time increasing energy security is the integration of the Baltic States Power System with the 
Nordic Power System by investing into new interconnections with Sweden and Finland. Not only the 
Baltic States but also the whole Nordic-Baltic region will win from a better connected and integrated 
power system capacity to balance production fluctuations of possible new large scale offshore wind 
power capacities in the Baltic Sea. Also investments into the national transmission grid development 
are needed, since the grid today in areas with most wind resource potential (the west coast, islands and 
the EEZ marine area) is underdeveloped. International interconnections would enable the balancing of 
national renewable electricity capacities against wind fluctuations. Moreover, if the Baltic States were 
better connected with the Nordic Power System, Norwegian and Swedish hydropower capacity could 
also be used to balance new wind power capacities in the region.  
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1. National Climate and Energy Policy Targets 
 

According to the National Renewable Energy Action Plan (NREAP) submitted to the European 

Commission, the renewable energy targets of Estonia by 2020 are set as the following (NREAP, 2010): 

● Overall target: 25% of renewable energy in final consumption; 
● Heating and cooling: 38.4% of demand met by renewable energy sources; 

Electricity: 17.6% of electricity demand met by electricity generated from renewable energy sources; 

● Transport: 10% of energy demand met by renewable energy sources. 
 
The following measures are designed to facilitate the achievement of these targets: 
 

● Feed-in tariff; 
● Certificate of origin; 
● Excise duty exemption for biofuels; 
● Investment support for renewable energy projects; 
● National Energy Technology Programme (ETP). 

 

Currently, Estonia is well on track to reach the renewables target (25% of renewables in the final 

consumption by 2020). In 2014, the share of renewables in final energy consumption was 25%, and 15% 

of gross electricity consumption. However, the cogeneration of heat and power production formed only 

10% of electricity production and biofuels in transport sector only 0.2% (Statistics Estonia).  

In 2013, GHG emissions in Estonia totalled 21.8 million tons, which is 45.7% lower compared to the base-

year level of 1990. Estonia is therefore well ahead of the Kyoto target (Ministry of the Environment, 

2015). However, the reduction of emissions was already met in 1993 and this was due to the transition 

from planned to market economy after Estonia regained its independence in August 1991. The 

restructuring of industry caused a reduction of electricity production by almost a half, which was caused 

by significant decrease in exporting electricity (Tartu University et al., 2013). Estonia is still among the 

top three per capita and per GDP greenhouse gas emitters in Europe – mainly due to its carbon and 

energy-intensive oil shale based energy generation sector, rapid growth in road freight transport and 

car use, low energy efficiency of the new vehicle fleet and the high energy consumption of buildings. 

Still, the average carbon footprint of the Estonian electricity has decreased to 0.91 kg CO2 per kWh 

(Kallaste, 2014). 

Estonia has transposed the relevant EU Directives and regulations into national legislation (e.g. 

Electricity Market Act, District Heating Act, Natural Gas Act, Environmental Charges Act, Environmental 

Impact Assessment and Environmental Management Act, Sustainable Development Act, Waste Act, 

Water Act, Ambient Air Protection Act, Nature Conservation Act). Estonia is currently updating the 

necessary plans and measures for the different thematic objectives in the sectors of energy efficiency, 

renewable energy, transport, climate change adaptation, nature conservation, bioenergy, rural 

development, and forestry and fisheries development. Other important legal acts that provide measures 

relevant to climate change mitigation and adaptation and a shift towards a low carbon economy include 

for example the Environmental Charges Act. 
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The current Estonian energy policy agenda is set in a number of strategy documents, including the 
Estonian Electricity Sector Development Plan for 2018, the National Energy Sector Development Plan 
until 2020 and the National Renewable Energy Action Plan 2020, all adopted by the Estonian Parliament 
in 2009. These policy documents outline the medium-term strategy for the oil shale industry and the 
direction of the electricity production to balance the overall energy mix. Currently there are no valid 
national or sector-specific strategies and action plans on climate change mitigation and adaptation nor 
for the development of low-carbon economy and/or power system. However, some climate change 
issues are addressed in the Estonian Environmental Strategy 2030, the National Reform Programme 
2020, the National Energy Sector Development Plan until 2020, the National Waste Management Plan, 
the Water Management Plans, the Forestry Development Plan until 2020, the Nature Conservation 
Development Plan 2020 and the National Transport Development Plan 2014-2020.  
 
The Estonian Ministry of the Environment has carried out a background study on Opportunities for Low-

carbon Economy (Tartu University et al., 2013) comparing different development scenarios. Also, a 

National Climate Change Adaptation Strategy 2016-2100 is under development and the preparation on 

the National Climate Policy until 2050 is in the phase of finalisation. Both of the long-term policy 

documents are expected to be adopted in 2016. The National Energy Sector Development Plan 2030+ 

(ENMAK 2030+) with the outlook to 2050 is waiting for the approval by the Parliament in 2016. The 

Bioeconomy Action Plan 2014-2030 with the outlook to 2050 is to be approved in 2016 as well.  

The main policy measures pointed out in the National Reform Programme “Estonia 2020” (2013) include: 

expansion of cogeneration of electricity and heat, reconstruction of oil shale fired plants and increasing 

the share of renewable energy, establishment of sufficient energy connections in the region, 

conservation of energy consumption in private households, reducing the need for transport, increasing 

use of public transport and increasing the fuel efficiency of vehicles, development of an intelligent power 

grid, development of energy and resource efficiency of companies, supporting R&D in resource 

efficiency and eco-innovation investments. The reduction of waste generation and increasing recycling 

are remaining priorities, particularly due to high percentage of oil shale waste, enhancing the value of 

biomass in Estonia, including developing the production of biomethane for transport fuel (The National 

Reform Program “Estonia 2020”, 2013). 

There are measures for increased use of renewable energy, reconstruction of public buildings and 

private houses including renewal for heating system, electro-mobility programme and renewal of the 

public transport fleet. Apart from EU and national budgets, many of these measures are funded through 

the Green Investment Scheme. The development of renewable energy and cogeneration is promoted 

using the feed-in-tariff, which producers will receive in addition to price of selling electricity to the 

market (Electricity Market Act): 

● A subsidy of 53.7 €/MWh in case electricity is produced based on renewable energy (hydro, 
wind, biomass, biogas, solar), but in case of biomass - if used in cogeneration mode only. For 
wind power an annual limit of total generation up to 600 GWh has been set, thus exceeding the 
total output by all wind parks, payment of all subsidies will be terminated; 

● A subsidy of 32 €/MWh is paid for electricity produced from waste, peat or oil shale gas or for 
production units with capacity up to 10 MW (mainly for natural gas CHP-s), but only in case 
when using high-efficient cogeneration. 

 
In addition to the renewable energy subsidies, a subsidy is also paid for the electricity production from 
oil shale, if the plant has started the operation between 01.01.2013-01.01.2016. The subsidy is 16 
€/MWh, if the CO2 price is higher than 20 €/t, 15 €/MWh if the CO2 price is 15-20 €/t, 14 €/MWh if the 
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CO2 price is 10-14.99 €/t and 0 €/MWh if the CO2 price is less than 10 €/t within the EU Emission Trading 
Scheme. 
  
Further, also some small and micro-producers have received investment support. In the period 2009-
2011, the Estonian Environmental Investment Centre (KIK) supported the investments into CHP plants 
and wind parks, which were financed from the CO2 quota sales. The investment support was 37.8 million 
€ and as a result 12 MW small scale CHP-s and 25 MW wind power parks were built (KIK, 2011). 
 
In 2012, the Estonian Ministry of Economic Affairs and Communications had an investment support 
program via Foundation KredEx for households to install a small wind turbine or solar panels with a 
maximum capacity of 11 kW. The total support was 1 million €, which could raise the distributed 
generation capacity by 0.5-0.6 MW. The support program was so popular that the submission of 
applications was terminated after few days of its announcement. Another part of the support program 
was devoted to the refurbishment of heating systems of private houses (KredEx).  
 
In order to support the deployment of electric vehicles, the Government concluded a contract with 

Mitsubishi Corporation in March 2011 for the sale of Assigned Amount Units (AAU) in the amount of 10 

million AAUs to start the Estonian electrical vehicles mobility programme titled ELMO. The programme 

consisted of three parts:  

● 507 Mitsubishi iMiev electric cars were allocated to the Ministry of Social Affairs to be used by 
social workers in municipalities; 

● the Ministry of Economic Affairs and Communications developed a support system for private 
persons for the acquisition of electric cars; 

● infrastructure development for charging electric cars, and the network of 165 CHAdeMO-
standard fast chargers covering the whole country.  

 
Distribution of the purchase grant and the administration of the quick charging network was organised 

by the Foundation KredEx. The goal of the programme was to speed up the use of electric cars in Estonia, 

and to facilitate the meeting of the goal to increase the use of renewable energy by 2020, since the 

electric cars were to use green electricity only. The single grant for acquisition of an electric car was up 

to 18,000 € of the total purchasing price. Also, new EV (electrical vehicle) owners could apply for a 

support of 1,000 € for setting up a charging system at their home. It was possible to apply for the grant 

to purchase electric cars from 18 July 2011 until August 2014. From the funds of the ELMO programme, 

the acquisition of about 650 electric cars and plug-charged hybrid vehicles was supported (ELMO). There 

is also free parking for electric cars in certain public parking areas in the capital city of Tallinn. Electric 

cars are also allowed to drive on public bus lanes. 

In 2014, Foundation KredEx announced a support scheme for private households replacing a liquid fuel 

based (typically light fuel oil) heating system with a heat pump. Up to 40% of the total (max 10,000 €) 

heat pump instalment costs is covered. A total of 5 million € is planned to be allocated for the grant 

(KredEX). 

Although there have been several support schemes launched for private people to uptake renewable 
energy sources based electricity generation, acquisition of electric vehicles (including in the social 
sphere) and heat pumps, the volumes of financing have been limited and thus insufficient. Therefore, 
these single activities could be classified as demonstration projects only. Still, the positive initiatives 
demonstrate the further need for additional funds to provide a continuing development in the field of 
renewable energies. 
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2. Description of the power system of Estonia 
 

2.1. Electricity generation 
 

Total electricity generation in Estonia is around 12,000 GWh and it has increased from 8,510 GWh in the 

year 2000 to 13,274 GWh in 2013, but eventually has decreased to 12,430 GWh in 2014 (Figure 1). A 

fossil fuel, oil shale based electricity production has historically formed the most of the total electricity 

production, but its importance has been decreasing (Figure 1), forming 87% (10,829 GWh) of the total 

electricity generation in 2014 (Table 1). Oil shale based electricity production also includes electricity 

generation from oil shale oil and oil shale retort gas. The latter is a by-product of oil shale retorting. 

Although the share of oil shale based electricity production has been decreasing, the total electricity 

production from oil shale has been increasing from 7,870 GWh in 2000 to 11,058 GWh in 2014. Natural 

gas has a decreasing importance in Estonia’s electricity production mix, as electricity generation from 

natural gas has reduced from 560 GWh in 2000 to 64 GWh in 2014 (Table 1). Oil shale and natural gas 

have been substituted mainly by wood and wind power. Electricity generation from other fuels (peat, 

hydro energy, biogas, black liquor and animal waste) has such a small share in electricity generation that 

it is not visible in Figure 1.  

As shown in Table 1, electricity generation from renewable energy sources was 1,371 GWh in 2014, 

largely generated from wood and wind. Hydro energy and other renewables (biogas, black liquor and 

animal waste) have a minor role in the electricity generation mix. In 2014, wood formed 5.5% and wind 

power 4.9% of the total electricity generation (Statistics Estonia). 

 

Figure 1. Electricity production by fuel in Estonia in 2000-2014. Source: Statistics Estonia  
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Table 1. Electricity generation by source in Estonia in 2014, GWh. Source: Statistics Estonia 

Source (Fuel) Production, 

GWh 
Share from  

total 
Total Renewables 1,371 11.03% 
Incl. Wood 687 5.53% 
Incl. Wind 604 4.86% 
Incl. Hydro 27 0.22% 
Incl. Biogas 29 0.23% 
Incl. other renewables 24 0.19% 
Total Fossil 11,058 89.99% 
Incl. Oil shale 10,246 82.43% 
Incl. Oil shale retort gas 534 4.27% 
Incl. Oil shale oil 43 0.48% 
Incl. Natural gas 64 1.03% 
Incl. Peat 53 0.82% 
Incl. Municipal solid waste 112 0.90% 
Incl. Coal 6 0.05% 

                                                 TOTAL   12,430 100% 

 

In the last decade, production of electricity from renewable sources has increased significantly (Figure 

2, Figure 3). The share of electricity generated from renewable sources was only 2.1% of the total 

electricity consumption in 2008. The figures increased to 10.4% by 2010 and to 15.3% by 2014. The 

increase was due to the new wood-based combined heat and power (CHP) plants that were put into 

operation in 2009 and 2010. This has increased the share of electricity produced from biomass to two 

thirds of the total renewable electricity production. Additionally, wood was co-fired with oil shale in the 

Narva power plants in 2011 – 2012, due to renewable energy subsidies. 

The production of wind energy based electricity generation has also increased year by year. In 2008 and 

2009, the production of wind energy increased by almost 50% compared to the previous years. But 

during the last years the annual rise in wind power production has been around 15-20%.  

The share of combined heat and power production in the electricity generation has not increased during 

the period of 2010-2014 and formed 10.0% of gross electricity consumption in 2014. Most of the 

electricity is still produced from oil shale in Narva power plants, which are operating in condensing mode 

with a relatively low efficiency. 

Despite a significant tempo in increasing the share of renewables in the electricity production, Estonia 

is far from achieving its goal defined in Estonia’s long-term national energy strategy until 2020 (ENMAK 

2020), to reduce the share of oil shale in power production below 50% of the country’s total power 

production mix by 2020. 
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Figure 2. Share of renewable energy and combined heat and power in Estonia in 2002-2014. Source: Statistics 
Estonia 

 

Figure 3. Production of electricity from renewable energy sources in Estonia in 2000-2014. Source: Statistics 
Estonia 

According to the Estonian transmission system operator (TSO) Elering, the net installed capacity of the 
Estonian electricity producers was 2,656 MW in September 2013, of which 1,700 MW was usable during 
the peak hour (Elering, 2015a), (Table 2). In September 2013, the capacity of oil shale fired power plants 
was 1,887 MW, that of natural gas fired power plants 182 MW, wind power plants 307 MW, biomass 
based power plants 85 MW, power plants using household waste 17 MW, biogas power plants 10 MW 
and hydro power plants 8 MW. Solar photovoltaic based capacity was negligibly small, at around 4 MW 
(Table 2). There were two emergency reserve power plants using fuel oil or natural gas with a capacity 
of 110 and 140 MW, respectively.  
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Table 2. Installed net capacity of electricity producers in 2013 (Elering, 2015a).  

Power Plants 
Capacity, 

MW 
CHP mode, 

MW Fuel 

Narva Power Plants (Eesti and Balti) 1,677 192 Oil shale  

Industrial CHP plants 111 100 Oil shale, oil shale gas 

Iru Power Plant 1 156 156 Natural gas 

Iru Power Plant 2 17 17 Municipal solid waste 

Emergency reserve power plants in Kiisa 250 0 Fuel oil, natural gas 

Tallinn, Tartu and Pärnu CHP plants 63 63 Biomass, peat 

Small CHP plants 62 62 Biomass, natural gas, biogas 

Wind power plants 307 0 Wind energy 

Hydro Power plants 8 0 Hydro energy 

Micro producers 5 0 Solar and wind energy 

TOTAL 2,656 590  

 

Estonian power production will face a challenge in 2016, which concerns electricity generation from oil 

shale in the two Narva power plants due to the closing down of a number of power units and limitations 

for operation. In the Eesti and Balti power plants there are currently 11 units, of which (Elering, 2015a): 

● 5 old power units with a total net capacity of 749 MW, of which two units (220 MW) were closed 
in 2015; 

● 4 old power units with sulphur-capturing filters with a total capacity of 652 MW; 
● 2 circulating fluidized bed combustion (CFB) units, which started operating in 2004 and 2005 

with a total installed net capacity of 386 MW.   

 

According to the Industrial Emissions Directive 2010/75/EU, the old oil shale power units which do not 

comply with the sulphur emission requirements, are allowed to operate only for limited working hours, 

in total for 17,500 hours during the period of 2016-2023. This concerns 749 MW of production capacity, 

which forms 24% of the total production capacity.  

To date, wind parks in Estonia are located on land only, there are no offshore wind turbines installed 

yet. The installed capacity of wind parks is 307 MW and the biggest wind parks are (Estonian Wind Power 

Association): 

● Pakri and Paldiski wind park 63 MW;  

● Aulepa wind park 48 MW; 

● Narva wind park 39 MW; 

● Viru-Nigula wind park 24 MW. 

 

Based on the data of the Estonian TSO Elering, the recent and future changes in the production capacities 

are (Elering, 2015a): 

● 2015           Two units closed in Balti Power Plant, -220 MW;  
● 2015           One unit conserved in the Iru Power Plant, -62 MW; 
● 2016       Auvere Power Plant, +270 MW; 
● 2016           Smaller power plants, +72 MW; 
● 2016-2023 Limited operating hours for old units in the Estonia Power Plant, -619 MW; 
● 2024           Units closed in the Balti and Eesti Power Plant, -619 MW; 
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● 2015-2025 Capacity reduction of small power plants, -4 MW; 
● 2015-2025 New potential power plants (mainly wind power), +1,500 MW. 

 

By 2025, the total capacity of all power plants will be decreased by 583 MW, but some 1,500 MW of 

potentially new investments are in the pipeline. After the year 2023, the total capacity of oil shale fired 

power plants will be 1,339 MW. This capacity is made up of two circulating fluidized bed combustion 

units (386 MW), four old power units with sulphur-capturing filters (652 MW) and a new Auvere Power 

Plant with a capacity of 270 MW. The Auvere Power Plant also uses CFB technology and has a higher 

efficiency compared to the existing power units and will thereby contribute to reducing CO2 emissions. 

According to the generation sufficiency report from Elering (Elering, 2015b), the electricity generation 

capacity to meet the demand will be ensured in the next decade by domestic production capacity, as 

well as by network connections with neighbouring countries. 

 

 

2.2. Electricity balance 
 

Estonia has been a net exporter (export minus import) of electricity for the last decade. As demonstrated 

in Figure 4, during the period of 2000-2014, it was only in 2009 when the electricity generated and 

consumed was in balance. Since 2009, net export has been ranging between 2,200 to 3,600 GWh, which 

forms 20-30% of the total electricity generation. This means that although the electricity production 

from renewable energy sources has increased, the production from fossil fuels has not decreased either. 

 

Figure 4. Electricity balance in Estonia in 2000-2014. Source: Statistics Estonia 

 

In 2014, 52% of gross electricity production was exported, while 30% was imported (Table 3). According 

to the statistics, there was no electricity trade with Russia and Lithuania. Electricity was imported mainly 

from Finland and exported to Latvia. The own consumption of power plants was 1,431 GWh and grid 

losses 842 GWh.  
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Table 3. Electricity balance in 2014. Source: Statistics Estonia 

Electricity balance GWh 

Gross production 12,444 

Own use by power plants 1,431 

Net production 11,013 

Imports 3,730 

..imports from Russia 0 

..imports from Latvia 108 

..imports from Lithuania 0 

..imports from Finland 3,622 

Exports 6,484 

..exports to Russia 0 

..exports to Latvia 6,390 

..exports to Lithuania 0 

..exports to Finland 94 

Grid losses 842 

Consumption 7,417 

 

The statistics demonstrate that electricity consumption in Estonia has grown from 5,422 GWh in 2000 

to 7,417 GWh in 2014 (Figure 5). The consumption has risen constantly until 2008 with an average annual 

growth of 3.8%, but thereafter it has changed only by +/- 5%. The biggest decrease in the consumption 

in 2009 was observed in the industrial sector, caused by the economic crisis. The commercial sector had 

the biggest decrease in 2011. As seen in Figure 5, both the industrial and commercial sector form one 

third of the consumption and all other sectors (mainly households, but also transport and agriculture) 

form the rest. 

 

Figure 5. Electricity consumption by sector in Estonia in 2000-2014. Source: Statistics Estonia 
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Historical data about peak demand and prognosis by Elering is given on Figure 6. Peak demand in Estonia 
during the period 2006-2014 has been ranging between 1,513-1,587 MW. By 2030, the peak demand is 
expected to be about 1,700 MW due to consumption growth (Figure 6; Elering, 2015b). 

 

Figure 6. Trends of peak demand in Estonia (Elering, 2015b) 

Hourly electricity demand in 2014 is presented in Figure 7 and the load pattern during one week in 

January and July is shown in Figure 8. Typically to a Nordic country, the electricity demand in Estonia is 

higher in winter and during the day during workdays. In 2014, electricity demand varied between 500-

1,500 MW, ranging from 500 to 1000 MW in the summer months and from 700 to 1,500 MW in the 

winter months (Figure 8). 
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Figure 7. Electricity demand in 2014. Source: Elering Dashboard 

 

 

Figure 8. Electricity load pattern during one week in January and July in 201. Source: Elering, 2015a 

 

2.3. Estonian electricity transmission network 
 

The Estonian electricity transmission network consists of approximately 5,500 km of 110 kV to 330 kV 

lines (Elering, 2015b). Overview of the Estonian transmission grid and location of power producers is 

shown in Figure 9. Historically, the transmission network of Estonia was built and dimensioned based on 

the need to provide adequate transmission capacity and strong connections in the East-West direction. 

As described earlier, the main electricity production units are located in the two Narva Power Plants 

(Eesti and Balti power plants), in North-East of Estonia. Electricity is delivered via 330 kV power lines to 

larger towns such as Tallinn, Tartu and Pärnu (Figure 9).  

The Estonian transmission network is connected by means of alternating current (AC) lines: two lines 

with Latvia and three lines with Russia. Estonia is also connected with Finland by means of two direct 

current (DC) interconnections EstLink 1 (350 MW) and EstLink 2 (650 MW), crossing the Gulf of Finland. 

There are 34 distribution system operators in Estonia responsible for approximately 69,300 km of low 

and medium-voltage lines. Elektrilevi OÜ (owned by Eesti Energia) is the largest of these, with the biggest 

market share (87%), followed by VKG Elektrivõrk OÜ and Imatra Elekter AS, each with a 2.8% market 

share, and VKG Energia OÜ with 1% (Estonian Competition Authority, 2015). 



                    

20 

 

 

Figure 9. Transmission network of Estonia and location of power plants (Elering, 2015b) 

Currently, the energy systems of the Baltic States are synchronously connected to the united grid system 

of the Commonwealth of Independent States and the Baltic States (IPS/UPS). Transmission connection 

capacities with neighbouring countries can be seen on Figure 10. Estonia is connected to Latvia (750-

933 MW) via two 330 kV AC links, to Russia (400-1,000 MW) via three 330 kV lines and to Finland via 

two direct current (DC) interconnections (total of 1,000 MW). The total interconnection capacity with 

neighbours is up to 2,550 MW. Due to planned or unplanned network repair works and changes in air 

temperature, the transmission capacity to the Baltic region can periodically be significantly reduced. Due 

to the full opening of the electricity market on 1 January 2013, the main electricity flows in transmission 

lines have changed their direction. Large part of the electricity flows are now directed from North to the 

South rather than in the historical East to West course. The transmission capacity in the Estonia-Latvia 

direction is not always meeting the demand, thus creating bottlenecks. Therefore, to improve the 

transmission capacity construction, construction of a new 330 kV transmission line (Estonia-Latvia third 

connection) is planned between Estonia and Latvia. Also, some transmission grid reinforcements are 

foreseen in Western Estonia for better integration of the current and future wind power plants into the 

Estonian electricity system (Elering, 2015b). 

The Estonian West coast together with the islands is electrically one of the remote regions, while in 

terms of the wind power developments, it is one of the fastest growing regions. Security of supply in 

this region will be improved by building of the Harku-Lihula-Sindi 330/110 kV line, which is also part of 

the Estonia-Latvia third transmission line connection. Also, to improve the security of supply and for the 

better integration of current and future wind power plants in the two biggest islands Saaremaa and 

Hiiumaa with the mainland grid, the building of two 110 kV submarine cables will be completed by 2020 

(Elering, 2015b). 

Another challenge for the transmission grid is the Rail Baltic project, which is one of the priority projects 

of the European Union under the Trans-European Transport Networks (TEN-T) program (Figure 10). The 
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new fast track railway is designed to connect Finland, the Baltic States and Poland with Central Europe. 

This North-South electric train service requires the strengthening of the electricity network in several 

regions, which also includes the need to improve capacity of transmission lines up to 110 kV (Elering, 

2015b). 

  

Figure 10. Maximum transmission capacities of interconnections in the Baltic States in 2014, MW. Source: 
Elering, 2015b) 

 

In the coming years, development of the Estonian transmission network will also focus on the 

synchronization with the continental European transmission grid - Union for the Co-ordination of 

Transmission of Electricity (UCTE). Integrating the “Baltic island” into the European transmission grid is 

part of the Baltic Energy Market Interconnection Plan (BEMIP). Synchronised operation and UCTE 

membership are not envisaged before 2025 (Elering, 2015b). The EU Commission Communication on 

Long term infrastructure vision for Europe and beyond (European Commission, 2013) sets out a list of 

about 250 Projects of Common Interest in the fields of electricity and gas transmission and storage, 

liquefied natural gas (LNG), as well as in smart grids and oil storage. For Estonia, the three projects listed 

as important for the development of the transmission grid’s capacity are: a) the third 330 kV power 

connection (500-600 MW) with Latvia; b) synchronisation of the Estonian, Latvian and Lithuanian grids 

with the Central European Power System, and c) the Hydro Pump Station in Muuga near Tallinn. In 

Latvia, BEMIP foresees in addition to a third interconnection between Estonia and Latvia, also the 

construction of new 330kV lines in the central and western part of Latvia. In Lithuania, three of the 

BEMIP energy infrastructure projects belong to the electricity sector: the LitPol Link between Lithuania 

and Poland and the 700MW High-Voltage Direct Current (HVDC) submarine cable between Nybro 

(Sweden) and Klaipeda (Lithuania), and the capacity increase of hydro-pumped storage in Kruonis, 34 

km east of Kaunas City (European Commission, 2013). 

In July 2012, the European Network of Transmission System Operators for Electricity (ENTSO-E) 

published its first “Ten-Year Network Development Plan (TYNDP) 2012 package” and submitted it to the 

Agency for the Cooperation of Energy Regulators (ACER) for opinion. The TYNDP 2012 package consists 

of six detailed regional investment plans, including one for the TSOs of the Baltic Sea Regional Group, 
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and the Scenario Outlook & Adequacy Forecast 2012-2030 as well as the Pan-European TYNDP 2012 

report. The projects recognised in BEMIP were part of this regional plan and included the EstLink 2 and 

NordBalt interconnectors, and planned a 300 kV HVDC submarine cable between Lithuania and Sweden 

(440 km) with a capacity of 700 MW. In 2011, the TSOs of the three Baltic States together with ENTSO-

E started a feasibility study on the interconnection options for the integration of the Baltic States 

(Lithuania, Latvia and Estonia) with the EU internal electricity market. One of the main objectives and 

outputs of the ongoing study by ENTSO-E will be the optimal scenario identification with detailed 

analyses of the process and steps needed for full synchronous interconnection of the Baltic States’ 

power system with the continental European power system. The study is finalised and results are 

available within the TYNDP 2012. (ENTSO-E, 2012). 

 

 

3. Potential for renewable resources for power generation 
 

In the year 2014, 19.4 PJ renewable energy was used for electricity and heat generation, of which 68% 
was used for heat production and the rest for electricity production. The share of wood in electricity 
generation is the highest and forms 59.4% (Table 4). The second highest is wind energy based electricity 
generation with 35.1%. These two make up 94.5% of all renewable energy sources based electricity 
generation in the country. Whereas the importance of the biogas is increasing in Estonia, the share of 
the other renewable sources stays negligibly small. 
  
Table 4. Renewable energy used for electricity generation and heat production in Estonia in 2014, TJ. Source: 
Statistics Estonia 

Renewable energy Total Electricity 
generation 

Heat production 

Wood 15,446 3,673 11,773 

Wind power 2,174 2,174 0 

Biogas 269 133 136 

Other renewables 1,422 108 1,314 

Hydro power 97 97 0 

TOTAL 19,409 6,186 13,223 

 
According to the National Renewable Energy Action Plan (NREAP), total consumption of renewable 
energy sources is expected to grow from 27.9 PJ in 2010 to 36.1 PJ (863 ktoe) in 2020 (NREAP, 2010). 
The following table (Table 5) shows how the policy target for electricity generation is planned to be 
achieved. In 2010, when the NREAP was adopted, it was foreseen that the capacity of hydro power 
plants will increase by 2 MW and a 300 MW Hydro Pump Station in Muuga will be operating by 2017. 
The capacity of wind power plants was expected to reach 650 MW, of which 200 MW onshore and 250 
MW offshore by 2020. The electricity generation from wood was expected to increase by co-firing of 
wood with oil shale in an existing power unit. No other additional renewable energy based production 
capacities were foreseen.  
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Table 5. Projections for renewable electricity production in Estonia (NREAP, 2010). 

  

2005 2014 2020 

Capacity, MW Generation, 
GWh 

Capacity, 
MW 

Generation, 
GWh 

Capacity, MW Generation, 
GWh 

Hydro 5.4 20.1 7.8 30 7.8 30 

Wind 31 54 400 855 650 1,537 

Biomass 0 33 0 336 0 346 

Biogas 0 0 0 0 0 0 

Solar 0 0 0 0 0 0 

TOTAL 36 107 408 1,221 658 1,913 

 
Comparing the data given for the year 2014 with actual statistical numbers (Table 1), we can conclude 
that Estonia is ahead of the set target in the use of wood for electricity generation, fulfils the planned 
electricity generation target from hydropower and is behind in reaching the target of wind power 
generation. It was foreseen that the capacity of wind power plants would be 400 MW and their total 
generation would reach 855 GWh, but the actual numbers were 307 MW of total installed capacity and 
604 GWh of generated electricity in 2014. When considering the total electricity generation, one could 
realise that the goal is met as the electricity generation from renewables has reached 1,371 GWh in 
2014. It is important to emphasize that in addition to the projects planned in NREAP, there are 85 MW 
of wood-based CHP plants, 10 MW of biogas plants and 4 MW of solar power plants in operation already.  
 
In 2012, the Estonian Renewable Energy Association and the Estonian Council of Environmental NGOs 
published a report called TE100 (100% Renewable Energy by 2030) (TE100, 2012), which proposed the 
scenario that Estonia has fully switched to renewable energy sources by 2030, if only there is a political 
will. According to this plan the production capacity of wind power plants would reach 2,080 MW, of 
which 1,550 MW is generated by offshore, 500 MW onshore and 30 MW small scale wind power plants. 
Installed capacity of solar power plants would be 500 MW, biomass CHP plants would count for 370 
MW, biogas CHP plants for 137 MW and hydro power plants for 6 MW. In order to balance the 
fluctuating wind and solar power, a 1,000 MW underground Hydro Pump Station would be required 
(TE100, 2012). 
 
During the renewal process of the Estonian National Energy Development Plan 2020 with the outlook to 
2030 and 2050, the availability of renewable energy resources was estimated (Table 6). The theoretical 
availability of renewable energy resources is even higher, reaching 607 PJ and the applicable maximum 
potential is 263 PJ (Estonian Development Fund, 2013). As a comparison, the total primary energy 
consumption in 2014 was 250 PJ (Statistics Estonia).  
 
In   
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Table 6, the theoretical availability of renewable energy sources for electricity generation is presented 
by the Estonian Development Fund (2013). In their assessment the emphasis is on solar energy which 
share is expected to increase up to 52.3% by 2030 and 62% by 2050. The second largest renewable 
energy resource is wood with a share of 16.7% followed by wind power with a share of 14.1% by 2050. 
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Table 6. Potential of renewable energy sources for power generation, PJ. Source: Estonian Development Fund, 
2013. 

Resource 2011 2020 2030 2040 2050 

Biogas 0.12 5 9 12 13 

Hydro 0.12 0.1 0.1 0.1 0.1 

Solar  0.04 54 91 127 163 

Straw, hay, reed 0.27 1 1 2 3 

Waste 0.53 3 3 3 3 

Wind offshore 0 3 21 21 21 

Wind onshore 1.66 4 5 12 16 

Wood 32.77 44 44 44 44 

TOTAL RENEWABLES 34.98 114 174 221 263 

 
 
Technical potential of solar-based electricity generation is estimated to be 45,000 GWh which means 
that an area of 450 km2 needs to be covered with solar panels. This is around 0.1% of Estonia’s territory 
and the capacity of solar panels would be around 45,000 MW.  
 
The most favourable wind resources in Estonia are available on the western coast and on the islands. 
Based on the assessment on environmental restrictions, it was estimated that the potential capacity of 
wind turbines could be 1,800 MW onshore and 1,550 MW offshore (Estonian Development Fund, 2013). 
Estonian electricity grid currently allows connecting 900 - 1,100 MW wind turbines and the potential 
electricity generation could be up to 3,000 GWh. Estonian Wind Power Association has listed wind power 
projects under development with a total capacity of 2,890 MW, of which 1,400 MW onshore and 1,490 
MW offshore. The offshore wind park projects under development are (Estonian Wind Power 
Association):  
 

● Loode-Eesti 700 MW; 
● Liivi laht (Kihnu) 600 MW; 
● Neugrund 190 MW; 
● Saaremaa 600 MW. 

 
According to the database of a leading consultancy and market research company targeting the offshore 
energy markets, 4C Offshore, there are in total five offshore wind parks under development with a total 
capacity of 5,250 MW up to 2050 (4C Offshore). 
 
In two studies completed in 2007 and 2008, the potential of biogas, straw, reed and wood resources per 
county were estimated (Table 7). 
 
Table 7. Biogas, straw, reed and wood resources per county, PJ (EMU, 2007; TTU, 2008)  

County Biogas Straw & 
reed 

Wood TOTAL 

Harju 1,3 0,7 6,1 8,1 

Hiiu 0,2 0,1 1,8 2,0 

Ida-Viru 0,5 0,3 5,7 6,4 
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County Biogas Straw & 
reed 

Wood TOTAL 

Jõgeva 0,6 1,3 5,1 7,0 

Järva 0,4 1,1 4,1 5,7 

Lääne 0,4 0,7 3,7 4,8 

Lääne-Viru 0,9 1,6 6,3 8,9 

Põlva 0,4 0,7 4,9 6,1 

Pärnu 0,5 0,7 8,9 10,2 

Rapla 0,5 0,5 5,3 6,3 

Saare 0,7 0,4 4,9 6,0 

Tartu 0,9 1,8 4,7 7,5 

Valga 0,4 0,6 4,5 5,4 

Viljandi 0,6 1,4 7,2 9,1 

Võru 0,6 0,5 5,1 6,2 

TOTAL 8,9 12,4 78,4 99,7 

 
Biogas, straw, reed and wood resources are quite evenly distributed over Estonian counties. The largest 
total resources are located in Pärnu, Lääne-Viru, Viljandi, Harju and Tartu counties, which coincide with 
the location of Estonia’s larger cities. The use of biogas, straw, reed and wood is dependent on the 
potential of combined heat and power. Such a potential in Estonia is estimated to be 397 MW and the 
electricity generation of these plants could be 2,095 GWh. This evaluation is based on the assumption 
that 45% of the heat demand is covered with CHP plants and that the heat to power ratio is 3 (TTU, 
2008). In Denmark, which has the highest share of combined heat and power in Europe, over 80% of 
heat and 60% electricity has been produced in CHP plants (Statistics Denmark). If 80% of heat 
consumption would be covered with CHP plants, then the electrical capacity of CHP Plants in Estonia 
could reach 490 MW (Kuhi-Thalfeldt, 2012). During the drafting process of the Estonian National Energy 
Development Plan 2030 the potential of new CHP plants was estimated to be 150 MW of electricity 
(ENMAK 2030+). 
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4. Scenarios for the development of low carbon power generation 
 

The power production sector has a high potential in reduction of greenhouse gas emissions, as it forms 
around 70% of emissions. This is due to high share of fossil fuel - oil shale - in the Estonian electricity 
generation mix. There are basically four main ways to decrease CO2 emissions in the energy sector: 1) 
increase energy efficiency, 2) use renewable energy sources, 3) use nuclear power and 4) use Carbon 
Capture and Storage (CCS). For the reduction of carbon emissions in the Estonian power production, 
several options have been considered (Tartu University et al., 2013):  
 

● Wider use of cogeneration of heat and power; 
● Further use of renewable energy in CHP plants; 
● Use of wind turbines and solar PV-panels; 
● Co-firing wood with oil shale in Narva power plants; 
● Use of carbon capture technology in Narva oil-shale fired power plants. 

 
There is a political agreement not to build a nuclear power plant in Estonia, but in the NORSTRAT 
scenarios it was assumed that a nuclear power plant can be constructed in Lithuania. Co-firing of wood 
with oil shale allows utilising existing production capacities, but compared to new CHP plants the 
solution has a low overall efficiency. As co-firing and use of carbon capture technology means that the 
reduction of carbon emissions will be achieved using existing production units, it will not require major 
changes in electricity networks.  
 
Regarding carbon capture, there are still uncertainties regarding the cost and efficiency of capturing CO2 

and the lack of storage options in Estonia. Therefore, the carbon capture and storage option is excluded 
from scenarios.  
 
The CO2 emissions and energy consumption in households, in the transport sector, in industrial and 
commercial buildings can be reduced by the substitution of fossil fuels with renewable energy sources. 
This could be achieved via electrification of demand and generating renewable energy based electricity. 
In this study, the options for electrification of demand used were heat pumps for space heating and the 
use of electric vehicles by private persons. 
 
Altogether four electricity supply scenarios were analysed: 

1. Baseline (BAU) – most likely developments according to the national electricity strategy; 
2. Carbon Neutral (CN) – new investments are allowed only into renewables and nuclear 

power plant in Lithuania; 
3. 100% renewable (RES) – new investments based on renewables only (wood and biogas 

CHP-s, hydro, wind and solar power); 
4. 100% renewable with increased demand (RES+) – the scenario has the same assumptions 

for power plants like in scenario RES, but there is an additional electricity demand due to 
electrification of transport and heating of households with heat pumps.  
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4.1. Methodology 
 

Three models were used for performing the analysis of the Estonian carbon neutral power system. The 

LEAP model was used for scenario analyses, which included demand prognosis and assessment of CO2 

emissions and resource usage (Heaps, 2012). With the Balmorel model the estimation of electricity 

generation capacities were made (Ravn et al., 2001). Evaluation of impacts about the need for 

transmission grid capacities was performed using the EMPS model, a tool for long term planning in 

electricity markets. The EMPS model (EFI’s Multi-Area Powermarket Simulator) has been developed and 

continually refined since 1975 by Nordic Energy Research. In this report the analysis made with the three 

models are referred as “current LEAP study”, “current Balmorel study” and “current EMPS study”, 

respectively.  

  

4.1.1. LEAP model 
 

LEAP, the Long-range Energy Alternatives Planning System, is a Windows-based software tool for energy 

policy analysis and climate change mitigation assessment developed by the Stockholm Environment 

Institute U.S Centre. It is widely used for integrated resource and energy planning, climate change 

mitigation analysis and has been applied in academic, governmental and non-governmental 

organizations in over 190 countries. LEAP has been chosen by more than 80 countries as the main 

modelling tool for the climate change mitigation assessments that will be presented to the United 

Nations Framework Convention on Climate Change (UN FCCC) (Heaps, 2012). 

LEAP is a scenario-based energy-environment modelling tool, which is suitable for analysing energy 

consumption, production, resource usage and emissions in all sectors of economy. LEAP supports a   

wide range of different modelling methodologies: on the demand side these range from bottom-up, 

end-use accounting techniques to top-down macroeconomic modelling. LEAP also includes a range of 

specialized methodologies including least cost optimization and stock-turnover modelling. On the supply 

side, LEAP provides a range of accounting and simulation methodologies for modelling electricity 

generation and capacity expansion planning (Heaps, 2012). The model uses spreadsheet-like expressions 

that can be used to specify time-varying data or to create a wide variety of sophisticated multivariable 

models, thus enabling econometric and simulation approaches to be embedded within LEAP’s overall 

accounting framework.   

LEAP allows simulating the whole energy system – final energy consumption by sectors (transport, 
industry, agriculture, households, etc.), primary energy resources, resource production, electricity and 
heat generation by different technologies. As an outcome, the software calculates the energy balance 
and emissions. Electricity generation is modelled using the data about the production capacities, 
efficiencies, cogeneration capacities and maximum availability. The prognoses of future development 
are also important inputs, which include the building of new and the closing down of power units, 
changes in the efficiencies, availability of fuel sources etc. Operation of power plants is based on user-
defined system load curve and dispatch rules, as the software does not include simulation of electricity 
generation on an hourly basis. The model takes into account the electricity demand, network losses, 
own consumption of power plants, electricity import and export, and calculates the annual electricity 
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production by production unit taking into account the dispatch rules (base, medium and peak load 
covering). 

LEAP can be used to create models of different energy systems where each requires its own unique data 

structures. A key benefit of LEAP is its low initial data requirements, as many aspects of LEAP are optional 

and the modeller creates the model structure based on the purpose of the study. LEAP’s data structures 

are suited to an iterative analytical approach where a simple initial model grows more complex in 

subsequent iterations. Visualization of results and easy-to-use reporting is a key benefit of LEAP. The 

modelling results can be displayed as charts, tables and even maps. And the results in turn, can be 

displayed in almost any unit of measurement and numerous options are available for configuring results. 

The results can be displayed across several dimensions: fuels, years, scenarios, sectors and subsectors 

of the analysis.  

In this study, LEAP software was used for modelling and comparing the whole Estonian energy system 
and for predicting the final energy consumption, emissions and resource usage. Inputs of the model 
included historical data on final energy consumption, electricity, heat and oil shale production as well 
as network losses for the period 2000-2014. The main source for statistical data was the Statistics 
Estonia database. Based on assumptions on future prognoses, the model constructed a detailed final 
energy consumption forecast for each sector (industry, transport, agriculture, commercial and 
households) and for each fuel and secondary energy source. The electricity and heat prognosis was 
thereafter used as an input to the Balmorel model, which, in turn simulated the electricity and heat 
production. The capacities of power plants and their electricity generation was then inserted into the 
LEAP model and CO2 emissions and resource usage was then calculated by the model. LEAP itself also 
includes electricity and heat generation simulation capability, but it has limited possibilities for taking 
into account electricity production under electricity market conditions. Therefore, the Balmorel model 
was used instead for this phase. 

 

4.1.2. The Balmorel model 
 

Balmorel is a partial equilibrium energy sector optimisation model. The model is used for modelling and 
analysis of electricity market and district heating sectors, while being able to take into account various 
environmental, economic and technical limitations and other factors. It can be used to analyse security 
of electricity supply issues, impact of demand response, wind power development, electricity market 
developments, market power, expansion of electricity transmission, electric vehicles in the energy 
system and environmental aspects of power generation (Ravn et al., 2001). 

Balmorel is a least cost dispatch power system model. The optimisation is based on linear programming 
and designed in GAMS optimization language. The linear programming problem consists of linear 
restrictions which define the model and a linear expression called the objective function. The solution is 
found by either maximizing or minimizing the value objective function by changing the variables in the 
model. The mathematical expression of the linear programming problem is described in Formula 1 (Ravn 
et al., 2001).  

 

 

The optimal function in Balmorel is the sum of all costs for the energy sector needed to supply 
consumers with electrical energy and heat in district heating systems. In other words, Balmorel finds the 
most cost-effective way to provide consumers with energy. The inputs of the model are demand, 
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production capacities, efficiencies, lifetime, investment costs, operation and maintenance costs, fuel 
prices. Also, the CO2 price and emission factors are important for the calculation of electricity production 
costs. In a short term, analyses are based on existing power generation capacities and generation 
priorities are based on short run marginal costs. In a long term perspective, new investments in 
production capacities are needed and calculations are then based on long run marginal costs, which take 
into account also investment costs. Different types of production units include electricity, heat, 
combined heat and power, short-term heat storages, hydro, wind and solar. Specialities like electricity 
storage are provided to represent, e.g. hydrogen storage or pumped hydro. Electricity transmission 
capacities are described in relation to a number of nodes that are connected by transmission lines 
characterised by losses and costs. For new investments into transmission lines, the investment cost is 
given. Thus, the Balmorel model allows identification of bottlenecks in the transmission system, and 
thereby can show differences in electricity prices according to geography.  

Input data and calculation results are given in relation to a geographical subdivision that allows 
identification of countries, regions (for electricity transmission) and areas (different electricity price 
areas, district heating systems, etc.). Time aspects are treated flexibly in relation to how many years to 
represent, and how many subdivisions of the time within the year there are. Typical choices are 250 
time steps per year over a 20-year time horizon, or 8,760 time segments per year over one year, 
according to the purpose of the study. Electricity demand and also the availability of resources like 
hydro, wind and solar power is modelled using time steps. The model allows setting limitations for 
optimisation, for example annual limit for CO2 emissions, expected share of renewable energy in 
electricity generation. 

 

4.1.3. The EMPS model 
 

The EMPS is an electricity market model that can handle systems with large shares of conventional and 

varying electricity generation as well as long and short-term storage options such as hydro power. 

Basically, it is a stochastic optimization model that maximizes the expected total economic surplus in 

the simulated system, and the solution coincides with the outcome in a well-functioning market. There 

are several nodes per country reflecting on the present power production and transmission system in 

each country. Each node (or region) is characterized by an endogenously determined internal supply and 

demand balance with distinct import and export transmission capacities to the neighbouring nodes 

(Graabak et al., 2014).  

The inputs to the model include costs and capacities for generation, transmission and consumption of 

electricity, information about climatic variables in the past, among other things. Generation is separated 

into renewable production capacities like wind, solar, hydro, geothermal and biomass. Further, it 

includes non-RES production capacities (coal, gas, oil, nuclear, etc.). The hydropower system is modelled 

with complex river systems with multiple power plants in series or in parallel. The EMPS calculates an 

optimal strategy for hydropower generation. When creating a robust strategy in a situation where 

decisions made today impact on the ability to generate electricity several years ahead, the handling of 

uncertainty is important. Future inflow, wind and solar conditions are the most important uncertainties 

in a power system dominated by renewable generation. The goal is to find the strategy that minimizes 

the expected operation cost. When strategies for hydropower have been calculated, the system is 

simulated for different stochastic outcomes. For each area, week, within-week time-step, and stochastic 

scenario, the endogenous variables determined by the model during simulation include power prices, 

reservoir levels, electricity consumption and generation, and power exchange with other areas. The 
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optimization problem is stochastic because of the natural variation in climate variables such as 

temperatures and inflow to reservoirs and dynamic since the use of hydro reservoirs couple decisions in 

time. The model is described in more detail in, including the mathematical formulation of the model in 

Graabak et al. (2014). 

 

4.2. Assumptions 
 

Assumptions of the study are divided into two subcategories: 1) assumptions of final energy 
consumption and electricity demand prognosis and 2) assumptions of electricity generation modelling. 

 

4.2.1. Assumptions of final energy consumption and electricity demand prognosis 
 

Assumptions of the Estonian energy consumption forecast until 2050 were based on statistical data on 

current final energy consumption, losses in the grid, own consumption of power plants and export-

import data. For predicting of the final energy consumption and thereby also electricity consumption, a 

model of the Estonian energy sector was constructed in LEAP software. Historical data for the period 

2000-2014 regarding the final energy consumption by fuel was inserted in LEAP model in five sectors: 

industry, agriculture, commercial sector and households. Fuels considered in the model were coal, oil 

shale, shale oil, peat, natural gas, diesel, gasoline, heavy and light fuel oil and wood. This consumption 

does not include fuel consumption in power plants and boiler houses, which is modelled separately 

under the transformation module. Also, data regarding the electricity and heat consumption by sector 

was included. The model was set up to use an econometric forecasting by establishing the relationships 

between energy consumption and the factors that influence it. The final energy consumption by 

industry, agriculture, the commercial and transport sector was linked to gross domestic product (GDP) 

of a specific sector. Energy consumption in households was linked to population size. The energy 

consumption of fuels in a sector was modelled as a percentage of total fuel consumption in the sector. 

This will allow to find certain trends in fuel usage in the sector. As an example of this modelling 

technique, the components of demand prognosis of households are the following: 

1. Final energy consumption in households has grown from 49 PJ in 2000 to 54 PJ in 2010 and 
thereafter reduced to 48 PJ in 2014 (Figure 11); 

2. During the period of 2000- 2014 the population of Estonia has decreased from 1.40 million to 
1.32 million; 

3. Energy intensity of households per person has increased from 34.8 GJ/person in 2000 to 40.7 
GJ/person in 2010 and thereafter has decreased to 36.5 GJ/person in 2014. This number is 
calculated when dividing the final energy consumption of households with number of 
inhabitants in Estonia; 

4. The share of primary and secondary fuels in final energy consumption of households is shown 
in Figure 12. This is calculated when dividing the consumption of a certain fuel with the total 
fuel consumption in households. As seen in Figure 12, the share of heat in consumption has 
decreased and has been replaced by wood. Also, electricity has an increasing consumption 
trend. When looking at the transport fuels, the trend of replacing gasoline with diesel cars is 
evident.  
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Figure 11. Final energy consumption in households by fuel in Estonia in 2000-2014. Source: Statistics Estonia 

 

 

Figure 12. Share of primary and secondary fuels in final energy consumption of households in 2000-2014. Source: 
current LEAP study 
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For the future demand forecast, it was assumed, that: 

● Population will decrease gradually to 1.23 million by 2050; 

● GDP will increase 3.5% in 2015, 2.5% per year between 2020-2029, slow down to 1.8% between 

2030 - 2039 and stay at 1.2% per year between 2040-2050. It is assumed that shares between 

the different economic sectors do not change during the whole period; 

● Energy intensity of industry will reduce from 4.6 MJ/€ in 2014 to 3.0 MJ/€ in 2050, in agriculture 

from 9.2 MJ/€ to 7.0 MJ/€, in the commercial sector from 1.7 MJ/€ to 1.3 MJ/€ and in 

households from 36.5 GJ/person to 35 GJ/person; 

● The fuel shares in a sector follow a historical trend of the period 2000-2014. Based on current 

trends, the importance of electricity will increase in the industry, the commercial sector, in 

households, but will decrease in the agriculture and will remain at the same level in the transport 

sector.  

 

Based on these assumptions, LEAP constructed a final energy consumption prognosis up to 2050 per 

fuel and for each sector, which is presented in Figure 13.  

 

Figure 13. Final energy consumption forecast up to 2050 by fuel in Estonia. Source: current LEAP study 

 
As shown in Figure 13, household heating (heat) has the largest share in the final energy consumption, 

forming around 23% of total final energy consumption in 2014. It is followed by diesel with a share of 

22% and electricity with 21%. Wood usage for heating households forms 14% of the final energy 

consumption. The sector with the largest final energy consumption is households, having consumed 41% 

of energy in 2014 followed by industry and the transport sector, both with a share of 19%. The 

commercial sector forms 16% and agriculture 5% of the total final energy consumption (Statistics 

Estonia). 
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From Figure 13 and Figure 14 it is seen that the final energy consumption will increase to 142 PJ by 2050. 

Historically it has grown from 98 PJ in 2000 to 129 PJ in 2007 and in 2014 it was 116 PJ. Electricity 

consumption prognosis per sector is presented in Figure 14 and heat consumption prognosis in Figure 

15. Based on calculations with LEAP model, electricity consumption will increase to 11,200 GWh by 2050. 

The trend of replacing gasoline transport fuels with diesel is evident. Whereas heat consumption will 

decrease from current 7,400 GWh to 6,800 GWh by 2050 (Figure 15). This consumption forecast is 

common for the BAU, CN and RES scenarios. For the RES+ scenario a separate forecast is made with 

additional electricity consumption from electric vehicles and heat pumps. 

 

Figure 14. Final electricity consumption prognosis per sector up to 2050 in Estonia. Source: current LEAP study 
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Figure 15. Heat consumption prognosis per sector up to 2050 in Estonia. Source: current LEAP study 

 

4.3. Impacts from electrification of the transport and heating sector 
 

One way of decarbonizing the final energy consumption is through the electrification of the transport 

and heating sector, which could be achieved via increased use of electric vehicles, the modal shift to rail 

transport, and heat pumps for space heating. The NORSTRAT scenarios focus on the electrification of 

transport and heating in households. 

 

4.3.1. Electrification of transport 
 

In 2014, the final energy consumption of vehicle fuels was 38.5 PJ, of which 21.7 PJ was consumed in 
the transport sector, 10.9 PJ in households, 4.0 PJ in agriculture, 1.4 PJ in industry and 0.5 PJ in the 
commercial sector (Statistics Estonia). 
 
Electricity has currently a modest importance in the transport sector and is mainly used for public 

transport, such as trams, trolleys and commuter trains. Electricity consumption in transport has 

decreased from 370 GWh in 2005 to 180 GWh in 2014. This consumption forms 0.8% of fuel 

consumption in the transport sector and 0.2% of the total electricity consumption. (Estonian Statistics) 

However, in addition, there is electricity consumption of private electric cars, which is not reflected in 

the statistics because people are charging their vehicles mainly at home or at workplace. 

The wider use of electric cars in Estonia started in 2011 when 60 electric cars were registered by the 

Estonian Road Administration. As of May 2015, there were a total of 1,093 electric cars from over 15 

manufacturers registered in Estonia, of which 548 Mitsubishi iMiev and 380 Nissan Leaf. Number of 

other models was below 40. In December 2013, the first Tesla Model S electric car was registered in 
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Estonia, which received great interest among people looking for an electric car with a higher driving 

range per one charging. Currently there are already 39 Teslas registered in Estonia (Estonian Road 

Administration). 

In spring 2013, KredEx conducted a survey of electric car users when over 500 electric vehicles were 

already driving all over the country. 441 electric vehicle users participated in the survey, of which 297 

were civil servants of ministries, including social workers at the municipal level, 107 representatives of 

private companies and 107 private persons. The study concluded that despite of the long winter and the 

relatively short distances electric cars are able to cover with one battery charge in a cold climate, the 

user rating for electric cars was generally positive. In the private electric car sector the owner satisfaction 

was extremely high (Faktum & Ariko, 2013). 

To assess the additional electricity consumption of the shift to electric vehicles, final energy 

consumption data of households was used. Assuming that the average electric vehicle mileage is around 

15,000 km annually with an average electricity consumption of 180 Wh/km, the annual electricity 

consumption of one electric vehicle could be around 2.7 GWh. In 2014, private persons consumed 

10.9 PJ (251 thousand tons) of vehicle fuel (Statistics Estonia). If electric vehicles were to be used instead, 

these cars would consume 733 GWh of electricity (Table 8). 

 

 Table 8. Calculation of potential electricity consumption of private vehicles in Estonia. 

 Fuel cons.,  
(th t) 

Fuel density,  
(kg/l) 

Fuel cons.,  
(mln l) 

Average 
fuel cons. of 
cars,  l/100 

km 

Estimated 
total mileage,  

(mln km) 

Average 
electricity cons. 

of EV-s, 
(kWh/km) 

Electricity cons.,  
(GWh) 

Diesel 70 0.83 84 8 1,054 0.18 190 

Gasoline 181 0.75 241 8 3,017 0.18 543 

TOTAL  251   326    4,071   733 

 

It should be noted that the estimated electricity consumption of electric vehicles is not the full potential, 

as the fuel consumption of private persons forms only 28% of the total vehicle fuel consumption. In 

addition, there are also vehicles in the transport, industry, commercial and agriculture sectors, which 

could be replaced by electric vehicles when suitable solutions are available. 

 

4.3.2. Electrification of heating 
 

Most households (approximately 70%) in Estonia use the central heating system. Most of these dwellings 

are connected to a district heating network. Local heating systems use mainly wood for heating. 30% of 

households use an oven, stove or fireplace for space heating. 8% of the Estonian dwellings have electrical 

heating (mainly via floor heating) and 3% own a heat pump (Statistics Estonia). Thus the importance of 

electrical heating in Estonian households is currently quite modest.  

Heat pumps have been installed in Estonia already since the year 1994. By the year 2015, 104,000 heat 

pumps have been installed, of which 92,500 are air source and 11,500 ground source heat pumps. The 

installed capacity is estimated to be 630 MW, producing approximately 1,730 GWh of thermal energy 

and consuming 520 GWh of electricity (Estonian Heat Pumps Association, 2014). Given the trends of 
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recent years and the continued growth in popularity of heat pumps, there can be a further increase in 

the use of heat pumps. Calculation of potential electricity consumption of heat pumps in households in 

2014 is given in Table 9. 

Table 9. Calculation of potential electricity consumption of heat pumps in households in Estonia in 2014. 

Fuel Fuel 
consumption, 

(TJ) 

Efficiency of 
furnace 

Useful heat 
demand, (TJ) 

Average 
COP of heat 

pump 

Electricity 
consumption, 

(GWh) 

Coal 199 70% 139 2.7 14 

Peat 166 70% 116 2.7 12 

Wood 15,553 70% 10,887 2.7 1,120 

Natural gas 2,317 85% 1,969 2.7 203 

Heating oils 169 80% 135 2.7 14 

TOTAL 
 

18,404  13,247  1,363 

- only fossil based 2,851  2,360  243 

 

Calculation was made with an assumption, that the thermal efficiency of coal, peat and wood furnaces 

is 70%, that of oil-fired furnaces 80%, that of natural gas furnaces 85% and the average coefficient of 

performance (COP) is 2.7. In 2014, households consumed 18.4 PJ of fuels for space heating. The use of 

heat pumps instead could increase the electricity consumption by around 1,400 GWh per annum. But 

when replacing only the fossil fuel based furnaces, the potential electricity consumption could be around 

250 GWh/a. 

 

4.3.3. Electricity consumption forecast with electric cars and heat pumps 
 

By replacing all private cars with electric vehicles and all fossil fuel based stoves with heat pumps, the 

additional electricity demand would be 976 GWh/a. An assumption was added in LEAP model that by 

2050 this task would be fully completed. The final energy consumption in households, in this case, would 

look like in Figure 16. The comparison of the total final energy consumption forecast and electricity 

consumption forecast are demonstrated in Figure 17 and Figure 18, respectively.  
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Figure 16. Prognosis of final energy consumption of households of RES+ scenario in Estonia. Source: current LEAP 
study 

 

As demonstrated in Figure 18, the replacement of fossil fuel based energy consumption in households 

with electric vehicles and heat pumps, will reduce the energy consumption of households to 34 PJ by 

2050. In the BAU, CN and RES scenario it is 43 PJ, which means 21% lower energy consumption. This in 

turn means that the total final energy consumption of the RES+ scenario is 10 PJ lower, which means 9% 

lower than BAU (Figure 17). But as a result, the total electricity consumption is higher, reaching 12,200 

GWh by 2050, which is 8% higher than in the BAU, CN and RES scenario (Figure 18). 
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Figure 17. Comparison of final energy consumption forecast of scenario BAU and RES+ in Estonia. Source: current 
LEAP study 

 

Figure 18. Comparison of electricity consumption forecast of scenario BAU and RES+ in Estonia. Source: current 
LEAP study 
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4.4. Electricity generation related assumptions 
 

Electricity generation scenarios were constructed with the Balmorel model. The model was also used to 
construct electricity production scenarios for the Estonian Energy Development Plan 2030+ with the 
outlook to 2050 (Elering, 2014). Therefore, the Balmorel model created for NORSTRAT shares statistical 
input data and several economic assumptions. 

The geographical area simulated in Balmorel includes Estonia, Latvia, Lithuania, North-Western Russia, 
Finland, Sweden, Norway, Denmark, Germany and Poland. In the Nord Pool Spot electricity market area, 
the countries are divided into geographical subdivisions to represent individual Nord Pool Spot price 
areas. In each country various input data is defined, such as existing power plants with their known 
closure times, new and already decided investments in power plants, possible technologies that could 
be built in the future, electricity and district heating demands and transmission capacity with the 
neighbouring countries. The model creates an optimizing simulation model for one year at a time. Each 
simulated year is divided into 72 time segments, in which the load duration curves and intermittent 
renewable energy source duration curves are imitated. Years 2014, 2020, 2025, 2030, 2035, 2040, 2045 
and 2050 are simulated, in which year 2014 serves as the reference year. The simulation outputs are 
various indicators about the operation of the energy system in the simulation, such as electricity and 
heat production from each power plant, electricity flows between market price areas, emissions from 
power plants and marginal costs of electricity and heat for every simulated time segment. 

A total of four power production scenarios were modelled with Balmorel. In all scenarios it was assumed, 

that the generation within the Baltic countries as a whole should be equal or greater than the total 

consumption in the three countries. This aspect is to observe the renewable energy targets in the 

context of energy independence. The model was set up so that investing in certain technologies was 

restricted. The assumptions of limitations for new production capacities in case of different scenarios 

are visualized in Table 10. 

Table 10. Limitations for new production capacities in case of different RE scenarios in the Balmorel model. 

RE scenario Fossil fuels Nuclear Hydro Biomass Wind Solar 

Baseline (BAU) + - + + + + 

Carbon neutral (CN) - + + + + + 

Purely RES (RES) - - + ↑ ↑ ↑ 

Purely RES with increased 

demand (RES+) - - + ↑ ↑ ↑ 

 

In the BAU scenario the development follows current trends in the energy sector. This means that 

investments are allowed in renewable as well as in fossil fuel based production units, but there will not 

be a new nuclear power plant built in the Baltic countries in the 2050 perspective. In the CN scenario, 

investments in the Baltic countries are only allowed in renewable sources, a building a nuclear power 

plant in Lithuania is foreseen as well. The RES scenario features different investments in renewable-only 

electricity generation with the aim to produce 100% of the consumed electricity from renewable sources 

in the Baltic countries. As the hydro resources are limited in the Baltic countries, it is expected that the 

investments are made into biomass, wind and solar energy. The difference between the RES and RES+ 
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scenario is that the electricity demand is increased in RES+ due to the electrification of space heating 

and increase in the of use of electric cars. 

In all three scenarios, no subsidies or feed-in tariffs are taken into account. The only driver of renewable 

energy investments is the CO2 price. It is assumed that the CO2 price gradually increases to 45 €/t by 

2050, all fuel prices except for coal, will increase as well (Elering, 2014) (Figure 19). Investments into 

new transmission capacities are allowed and their cost is based on a study of Ea Energy Analyses (Ea 

Energy Analyses, 2012). The model uses data regarding the electricity consumption and distribution 

losses as an input from LEAP.  

 

Figure 19. Fuel cost assumptions (Elering, 2014). 

 

In the LEAP model there are also several assumptions regarding the production of electricity and heat:  

● It is assumed that the electricity and heat network losses maintain the same level; 

● Own consumption of thermal power plants is 10% of their production; 

● Data regarding the capacity of power plants, their electricity generation, import and export of 

electricity comes from modelling results of the Balmorel model; 

Technical assumptions of power plants are given in Table 11 
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Table 11. Technical assumptions of power plants 

Power plant  Electrical 
efficiency,  

% 

Thermal 
efficiency, % 

Total 
efficiency, % 

Capacity 
factor,  

% 

Lifetime, 
years 

Biogas 43 45 88 90 30 

Hydro 100 0 100 75 50 

Natural Gas 22 65 87 50 30 

Nuclear 33 0 33 90 50 

Oil Shale CFB, Wood 
in CFB 

36 20 56 91 40 

Oil Shale PF 30 0 29 91 40 

Oil Shale PFF 29 0 29 40 40 

Peat 30 60 90 80 30 

Solar 100 0 100 10 25 

Waste 30 60 90 80 30 

Wind offshore 100 0 100 39 25 

Wind onshore 100 0 100 29 25 

Wood 30 60 90 80 30 

 

The LEAP model calculates CO2 emissions according to the following formula (Heaps, 2012):  

MCO2 = 10–3 × B1 × qC × KC × 44/12, where 

B1 – fuel consumption (TJ); 

qC – specific emission of carbon (tC/TJ); 

KC – fraction of carbon oxidized. 

Fuel consumption is calculated by LEAP and emissions factors are given in Table 12. 

 

Table 12. Emission factors of fuels used for CO2 emission calculation in the LEAP model 

 Fuel qC KC 

Coal 25.8 0.98 

Diesel 20.2 0.99 

Gasoline 18.9 0.99 

Heavy fuel oil 21.1 0.99 

Light fuel oil 19.6 0.99 
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Natural gas 15.3 0.995 

Oil shale (CFB) 26.94 0.98 

Oil shale (PF) 27.85 0.98 

Peat 28.9 0.98 

Shale oil 21.1 0.99 

 

 

5. Results from different models  
 

In this chapter the results from the LEAP and the Balmorel model are given regarding the electricity 

production capacities, electricity generation, electricity balance, electricity price, primary energy 

consumption and CO2 emissions. The results of transmission grid analyses are presented in a separate 

chapter: Impacts on need for transmission grids. 

Figure 20 gives an overview of electricity production capacities in 2050 in the three Baltic States. It is 

common to all three countries that a large increase of wind energy generation capacities is envisaged in 

all four scenarios. Also the wood fired electricity capacities demonstrate an increase in all four scenarios. 

 

 

Figure 20. Electricity production capacities in the Baltic States in 2050. Source: current Balmorel study. 

 

The fastest growth happens in Latvia, followed by Estonia and Lithuania, see Figure 21. The increased 

investments into renewables to cover the increased demand in transport sector (electromobility) and 

strong shift towards usage of heat pumps in space heating of households. Oil shale based electricity 

generation in Estonia is expected to be phased out starting from 2040, wood is going to replace the 
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demand. The share of solar energy based electricity generation will remain extremely modest 

considering the given set of assumptions. Nuclear energy in Carbon Neutral-scenario will not have 

significant share in overall electricity generation capacity. 

 

 
Figure 21. Electricity generation in RES+ scenario in the Baltic States. Source: current Balmorel study. 

 

To illustrate the modelling results of four scenarios with the numerical values, all scenarios by fuels 

considered in the set of assumptions are given in the table below (Table 13). 

 

Table 13. Electricity production capacities in 2050 in Estonia by four scenarios. Source: current Balmorel study. 

In MW BAU CN RES RES+ 

Hydro 10 5 5 5 

Solar 4 100 100 100 

Wind 2,673 2,063 2,783 3,459 

Biogas 10 93 48 60 

Wood gas 0 100 100 100 

Wood 74 193 488 643 

Peat 10 10 0 0 

Waste 25 25 25 25 

Natural gas 602 0 0 0 

Shale oil 498 97 97 97 

Oil shale PF 0 0 0 0 
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In MW BAU CN RES RES+ 

Oil shale PFS 0 0 0 0 

Wood in CFB 0 270 270 270 

Oil shale CFB 270 0 0 0 

TOTAL 4,176 2,956 3,916 4,759 

 

One can learn from the modelling calculations that the biggest investments in case of RES+ scenario 

(Figure 25) would result in the highest generating capacity of wind and wood, whereas some fossils 

(shale oil) based electricity generation still remains as the lifetime of current investments goes beyond 

2040 (Figure 22 - Figure 25). 

 

 

 
Figure 22. Electricity production in Estonia of BAU scenario. Source: current LEAP study 
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Figure 23. Electricity production in Estonia according to the CN scenario. Source: current LEAP study 

 

 
Figure 24. Electricity production in Estonia according to the RES scenario. Source: current LEAP study 
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Figure 25. Electricity production in Estonia according to the RES+ scenario. Source: current LEAP study 

 

Domestic fuels hold a large share in Estonia’s total energy resources, thus the current electricity 
production is mainly based on oil shale. The volume of oil shale production has not changed over the 
last years and has remained under 20 million tons a year, of which 72% has been used for electricity 
generation. The majority of oil shale is consumed in power plants and as raw material for shale oil. In 
2014, 87% of electricity was produced from oil shale, whereas wind and wood have both a 5% share in 
electricity generation. 
 
Conversion of the energy sector pays a key role in achieving a low-carbon economy. Both energy security 
and competitiveness have to be ensured while implementing measures enabling decarbonisation of the 
electricity production. Electricity demand is growing in all scenarios compared to the current level, 
cogeneration potential is decreasing due to the reduced heat demand after implementation of the 
energy efficiency measure. Therefore, the need for new electricity production capacities is increasing. 
The selection of electricity production technologies in different scenarios is determining how many new 
capacities have to be installed in the future. Overall production capacity between scenarios may differ 
almost twofold by 2050 depending on the choice.  
  
During the period of 2000–2011, electricity production from power plants has been in the range of 
8,513–12,964 GWh. If continuing as today (the BAU scenario), in 2050 the electricity production of 
Estonian power plants will be 17,664 GWh, in the HighCO₂ scenario 13,539 GWh, in the LowCO₂ scenario 
11,114 GWh and in the LowW scenario 13,976 MW. 
 
The share of renewable electricity in total domestic electricity consumption in the BAU scenario will 
increase from 12.7% in 2011 to 31% in 2020, but will decrease after that to 20% by 2050. This is due to 
the fact that increased electricity demand will be satisfied mainly by the production using fossil fuels as 
existing legislation limits to the development of new renewable electricity generation capacities via 
putting cap on the annual renewable energy subsidies.  
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In total, the use of electric vehicles for private transport and heat pumps in households could increase 
the electricity consumption by 2,100 GWh, which could mean a 22% increase in electricity consumption. 
CO₂ emissions would be decreased by 910, 000 tons, which would mean a 5% decrease in Estonia’s CO₂ 
emissions. 
 
In the LowCO₂ scenario, the share of renewable electricity in end use will increase to 59% by 2020, to 
96% by 2040. From 2045 onwards power production will be almost entirely (98%) based on renewable 
fuels and sources. A minor share will remain to electricity produced using waste fuel.  

 
Scenarios differ a lot on whether oil shale will remain dominant in the fuel mix as primary fuel for power 
production (BAU), whether oil shale direct combustion will be phased out (LowCO₂) or if new CFB boilers 
of the Narva Power Plant will operate with maximum use of wood biomass mixed with oil shale. 

 
The GHG emission reduction potential of the Estonian energy sector is high due to a high share of oil 
shale in today’s energy mix. By implementing appropriate policy measures by following the development 
path as described in the LowCO₂ scenario, emissions compared to the 1990 level could be reduced by 
90% by 2050. 
 
 

6. Impacts of scenarios on the need for transmission grids  
 

A scenario methodology has been used in order to analyse the future transmission system. The 

transmission grid development scenarios were analysed by the EMPS model and an investment 

algorithm for profitable expansion of transmission links as presented in more detail in NORSTRAT D3.1 

report by Nordic Energy Research. The EMPS model is an electricity market model that can handle 

systems with large shares of conventional and varying electricity generation as well as long and short 

term storage options such as hydro power. Each node (or region) was characterized by an endogenously 

determined internal supply and demand balance with distinct import and export transmission capacities 

to the neighbouring nodes.   

Two production/consumption scenarios in combination with two scenarios with varying interconnection 

with Russia and Belarus were compared. In the first production scenario, the LowCO2, power generation 

from 100% of renewable energy sources (especially wind and biomass) was envisaged for the Baltic 

States including Estonia. For the rest of Northern Europe, the data for the European Battery (EB) of the 

NORSTRAT project was used. For the second power production scenario (scenario MIX), the EB data was 

used for the Baltic States. For the interconnection development, two alternatives were compared: the 

first (withRUSBEL), where the interconnection to Russia and Belarus continues, without new 

investments as today, and the second (noRUSBEL), where the connections to Russia and Belarus are 

entirely eliminated as the future of the Baltic power system may foresee the disconnection from the 

IPS/UPS after integration as well as the synchronisation with the Continental Europe power system (CE). 

The new renewable electricity production is to a large degree based on already defined projects for 

onshore and offshore wind and biomass. In 2012, there were 276 MW wind capacities in operation in 

Estonia and registered projects with approximately 1,850 MW of capacities in the pipeline, of which 

1,820 MW were wind production and 28 MW biomass cogeneration capacities. The NORSTRAT project 

study focused particularly on developing a grid development scenario which could support the shift of 
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the Estonian electricity sector from the current oil shale dominated electricity production to a 100% 

renewable-based future. So far the government has preferred maintaining the use of oil shale. 

When looking for the power exchange between the three Baltic States, Estonia was a net exporter of 

electricity in 2014. Production exceeded consumption by 34%, resulting in net export of 2.754 TWh. In 

Latvia, electricity net production shrank by 19% in 2014 to 4.857 TWh. Consumption decreased by 2% 

and consequently the electricity balance had a deficit of 2.315 TWh. Domestic production covered 69% 

of consumption. For example, in Lithuania domestic production reached 9.84 TWh in 2013, electricity 

consumption in 2014 was the highest since 2009. A total of 72% of the electricity consumed in Lithuania 

in 2014 was imported, with slightly more than a half — 52% — coming from Latvia, Estonia and the 

Northern European countries, and 48% being imported from third countries. 

Altogether, the Baltic States consumed 25.9 TWh of electricity in 2014, more or less the same amount 

as a year earlier (Table 14). The aggregate electricity production, at 18.8 TWh, was 11% smaller than in 

2013. The combined electricity deficit amounted to 7.1 TWh. Imports from the Nordic countries covered 

an estimated 49% and imports from third countries 51% of the shortfall. In the Nordic countries the 

production of electric energy grew by 2%, totalling 387 TWh, and consumption remained at the level of 

the previous year. The summarized electricity balance of the Nordic countries showed a surplus of 11.6 

TWh. Of the net exports of the Nordic countries 31% moved to the Baltic States and 69% to the 

Continental Europe. 

Table 14. Electricity balance in the Baltic States in 2014, TWh. Source: Statistics Estonia, Central Statistics Bureau 
of Latvia, Litgrid. 

 Estonia Latvia Lithuania 

Electricity production  12.444 5.058 n.a. 

Electricity supply to transmission grid 11.013 4.857 4.054 

Renewable energy production 1.151 2.095 2.122 

Electricity import 3.730 5.338 7.779  

    
Electricity consumption  7.417 7.172 11.676 

Net consumption 10.171 n.a. 10.715 

Transmission grid losses 0.842 n.a. 0.870 

Electricity export 6.484 3.023 0.156 

Import-export Balance +2.754 -2.315 -7.623 

 
The renewable energy production potential in the Baltic States is vast. Total energy production potential 
of domestic renewable resources in Estonia in 2050 according to the National Long-Term Energy 
Strategy are estimated to be 31.9 TWh, including 5.84 TWh offshore wind, 4.57 TWh onshore wind, 3.71 
TWh biogas, 3.87 TWh solar and 12.31 TWh wood biomass. According to the reference scenario of the 
Latvian NREAP, the RES-E generation is planned to grow from 3 TWh in 2010 to 5.1 TWh in 2020. Hydro 
power generation is planned to increase to 3.05 TWh in 2020, wind generation is planned to grow to 
910 GWh in 2020 (+1468%), solar will play a negligible role while other renewables, i.e. mainly biomass, 
are planned to increase to 1.2 TWh in 2020 (+1600%). According to the GAIN report of 2011, in Lithuania 
the potential of wood and agriculture bio-waste exceeds 1.5 TWh, potential of power production in small 
hydro plants (installed capacity in 2009 was 26 MW) could double, wind turbines could generate 10% of 
gross electricity production and there is also potential for wider use of geothermal and solar energy as 
well as the production of biogas and other biofuels (GAIN, 2011).  
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The potential of domestic renewable resources cannot be fully utilised without determined transmission 
grid developments as the grid today in areas with most wind resource potential (the West coast, islands 
and the EEZ marine area) is underdeveloped and in Estonia there is a lack of suitable electricity 
generation capacities (e.g. hydro plants or hydro pump stations) for balancing wind fluctuations. If the 
Baltic States were better connected with the Nordic Power System (NPS), Norwegian and Swedish hydro 
power capacity could be used to balance new wind power capacities in the region.  

 
Currently, the investments into the interconnections between the countries are driven more by energy 
security and security of supply concerns e.g. maintaining the dependency from fossil oil shale as the 
primary energy source, than by the climate goals and the need to switch to low carbon energy 
production. In order to enable the Baltic States’ transmission grid to support the full utilisation of the 
country’s vast renewable energy potential, further investments into interconnections beyond BEMIP’s 
approved grid connection projects have to be taken. From the four production and transmission grid 
investment options in the Baltic energy system, compared with the EMPs model, least investments are 
foreseen in the scenario MIXnoRUSBEL, where connections to Russia and Belarus are excluded, but the 
scenario delivers least production of renewable electricity and continued dependency on oil shale and 
natural gas in the Baltic energy market (Table 15). Maximum utilisation of the renewable energy 
potential in Estonia and in the rest of the Baltic States is achieved with investing 2,118 MW of new 
interconnections within the Baltic States and 2,232 MW between the Baltic and Nordic countries.  

 
Table 15. Investment scenarios of electricity interconnections of the Baltic States to enable low-carbon 
electricity, MW. Source: current study 

InterConnections/Scenarios LowCO2withRUSBEL LowCO2noRUSBEL MIXwithRUSBEL MIXnoRUSBEL 

Internal Baltics, Poland, Russia and Belarus 

Estonia - Latvia 59 284 0 0 

Latvia – Lithuania 10 314 5 0 

Lithuania - Poland 2,049 2,227 5,005 1,614 

Estonia – Russia 0 0 0 0 

Latvia – Russia 0 0 0 0 

Lithuania - Russia 0 0 0 0 

Lithuania - Belarus 0 0 0 0 

Total Internal Baltic 2,118 2,825 5,010 1,614 

Between Baltic and Nordic countries 

Estonia - Finland 599 397 950 824 

Estonia - Sweden 255 155 379 0 

Latvia - Sweden 1,155 426 1,487 401 

Lithuania - Sweden 223 0 637 0 

Total Baltic - Nordic 2,232 978 3,453 1,225 

 
Out of the four scenarios, the LowCO2withRUSBEL scenario for the Baltics – 100% renewables with 

keeping the connections to Russia and Belarus, ensures the shift to low-carbon power production in 

Estonia and in the other Baltic States with relatively small investments. In addition to the EstLink 1 and 

Estlink2, by investing of 255MW into the submarine link between Estonia and Sweden, allows Estonia to 

produce 10,525 TWh renewable electricity by 2050 (including 7,250 TWh from wind (mostly offshore) 

and 2.803 TWh from biomass). The three Baltic States together could produce 35,806 TWh renewable 

electricity, almost fully covering the domestic demand in these countries. Production deficit could be 



                    

51 

 

easily covered with import of cheaper hydro electricity from the NPS countries. With the existing ENTSO-

E 10-year network development plan (TYNDP, 2014), transition to the low carbon energy system in the 

three Baltic States could not be achieved, as it proposes only the NordBalt 700 MW DC interconnection 

between Sweden and Lithuania. 

Implementation of the scenario LowCO2noRUSBEL, where 100% RES electricity generation in the Baltic 

States is aimed without connections with Russia and Belarus, is delivering almost the same amount of 

renewables-based electricity (35,422 TWh in total out of which 10,449 TWh in Estonia) as by the scenario 

of maintaining grid connections to non-EU neighbours (Table 16). The need for investments into a new 

interconnection between the Baltic States and between Lithuania and Poland is higher. Implementing 

scenarios MIXwithRUSBEL (NORSTRAT Susplan scenario in the Baltics; EB scenario in the Nordic 

countries, with today’s connections to Russia and Belarus) as seen in Table 17 below and MIXnoRUSBEL 

(above and without the Russia and Belarus connections) would deliver significantly less renewable 

electricity generation in all three Baltic States. Most of the electricity to cover demand will be imported 

from Russia and Belarus, thus increasing dependency from non-EU supplies and reducing energy 

security. 

 

Table 16. Scenario LowCO2withRUSBEL for 100% renewable electricity generation in the Baltic States by 2050, 
TWh. Source: current study 

Production mode Estonia Latvia Lithuania 

Hydro 0.025 2.887 0.357 

Wind 7.250 5.376 8.707 

Solar 0.447 0.560 0.570 

Biomass 2.803 2.307 4.442 

Gas 0 0.072 0.003 

Coal/Oil shale 0 0 0 

Oil 0 0 0 

Nuclear 0 0 0 

Other 0 0 0 

Total production 10.525 11.202 14.079 

Demand 11.043 11.567 14.171 

Grid loss 0.201 0.244 0.377 

Total Consumption 11.244 11.811 14.548 

Balance -0.719 -0.610 -0.468 

 

Table 17. Scenario MIXwithRUSBEL for 100% renewable electricity generation in Baltic States by 2050, TWh. 
Source: current study 

Production mode Estonia Latvia Lithuania 

Hydro 0.000 0.000 0.000 

Wind 0.000 0.000 0.000 

Solar 0.187 0.178 0.163 

Biomass 2.436 2.662 3.417 

Gas 0.174 4.083 1.772 

Coal/Oil shale 0.000 0.000 0.000 

Oil 0.000 0.000 0.325 

Nuclear 0.000 0.000 0.000 

Other 0.860 2.980 0.709 

Total production 3.657 9.903 6.387 

Demand 11.750 11.853 15.866 

Grid loss 0.243 0.292 0.458 
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Production mode Estonia Latvia Lithuania 

Total Consumption 11.993 12.145 16.324 

Balance -8.336 -2.242 -9.938 

 

 

7. Discussion on policy instruments for development of a carbon 

neutral electricity system in Estonia 
 

The strongest incentive for developing renewable energy production in Estonia has been the purchase 

obligation by the government and the feed-in tariff for electricity produced from renewable sources also 

from efficient cogeneration. 

In May 2007, the scheme for subsidising renewable sources and cogeneration was modified. According 

to the scheme, producers were provided with two options: either to sell electricity at a fixed purchase 

obligation price or receive a subsidy and sell electricity at the market price. According to the system 

established in 2007, the subsidies for production from renewable sources were paid only if the 

production equipment capacity was below 100 MW. In July 2009, the amendments to the Electricity 

Market Act removed the capacity limitation. As a result, the Narva Power Plants also began to receive 

the subsidy when they used wood chips in addition to oil shale fuel in their electricity generation. The 

amendment had a substantial effect on subsidy payments, raising the total amount of these in 2009 to 

25.9 million euros, 4.7 million euros of which – or 18% – went to the Narva Power Plants. In 2010, the 

respective figures were 45 million euros and 26%. Subsidy-related regulations were further amended in 

February 2010. The most significant change in the system of subsidies payable to producers was the 

abandoning of the purchase obligation. At the same time, the circle of enterprises eligible for subsidies 

was enlarged. Since 27 February 2010, producers have had the right to receive subsidies in the following 

circumstances (Electricity Market Act):  

- from 1 July 2010, for electricity produced from renewable sources, excluding biomass, (5.37 

Eurocent/kWh);   

- from 1 July 2010 for electricity produced from biomass in a cogeneration process, (5.4 

Eurocent/kWh);  

- If the electricity is produced from biomass in a condensing process it is not subject to the 

subsidy; this is a new stipulation intended to limit inefficient use of renewable resources; for 

electricity produced in an efficient cogeneration process from waste as defined in the Waste 

Act, from peat or from the pyrolysis gas of oil shale processing, (3.2 Eurocent/kWh);  

- for electricity produced in an efficient cogeneration process with production equipment with 

capacity not exceeding 10 MW, (3.2 Eurocent/kWh);  

- for the utilization of installed net capacity of oil shale using production equipment, if the 

production equipment starts operations within the period from 1 January 2013 to 1 January 

2016, depending on the CO2 quota price, (1.4–1.6 Eurocent/kWh).  

Furthermore, the quantity of electricity produced from wind energy in Estonia and eligible for subsidy 

was increased from the earlier 400 GWh to the limit quantity of 600 MWh in a calendar year. In 2012, 

the proposal for revision of the subsidy scheme for renewable electricity was submitted by the 

Government to the Parliament, but remains to be adopted. 
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From the National Reform Program “Estonia 2020” to the European Commission, the following 

recommendations to support the wider use of renewable energy in Estonia could be made (The 

National…,2013):  

- investment support for the wider use of sources of renewable energy in energy generation; 

-  investment support for bioenergy generation;   

- investment support for adding value to forestry products;  

- investment support for electricity producers who use wind as a source of energy;  

- training sessions on regional energy planning to improve the administrative capacity of 

municipalities and their agencies with regard to the coordination of energy efficiency activities; 

- thematic spatial planning for four counties related to wind energy development;  

- devising the legal bases for developing offshore wind farms;  

- Estonia’s electrical mobility programme: the introduction of electric cars and their charging 

infrastructure, as well as electricity from renewable sources in the transport sector. 

The use of fiscal instruments to increase resource and energy use efficiency in Estonia has been steadily 

strengthened since June 2005, when the government adopted the National Strategy for Ecological Tax 

Reform. Since then, charges for the use of the environment (emission charges, charges for water use 

and water effluents, waste generation and landfill charges and charges for natural resource extraction) 

have doubled increasing annually by an average of 20%. Excise duty on electricity produced from fossil 

fuels has also been introduced. As part of the second phase of Ecological Tax Reform (ETR), since 2010, 

tariffs for major environmental emissions and resource use have doubled, with annual tariffs to rise at 

the same 20% rate fixed until 2015. The second phase of ETR also includes a rise in fuel and electricity 

excise (to fill in revenue gaps after the 2009 economic crisis) and the elimination of tax reductions for 

the use of fossil fuels for off-road vehicles and machinery in forestry, construction and mining. Such 

exemptions still exist for agriculture and fisheries, but their removal is planned in the near future, to be 

replaced with direct subsidies to the above mentioned sectors. 

National measures to support a green economy are, however, fragmented, unsystematic and short-

term.  There is no comprehensive national strategy at the moment dedicated to the promotion of the 

green economy and/or a low-carbon economy in Estonia. The National Reform Program “Estonia 2020” 

contains an annex titled Development Plan for an Environment-friendly Economy, which merely 

describes measures already planned by and implemented as part of other valid strategies, such as the 

National Environmental Strategy for 2030, the National Energy Sector Development Plan 2020 and the 

National Renewable Energy Action Plan 2020. 
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7.1. Policy recommendations 
 

Further to goal of becoming a country of carbon neutral energy sector, and the results of scenarios to 

achieve this goal, the Government of Estonia has to: 

● Phase out subsidies to fossil oil shale use in electricity generation e.g. abolish exemption of 
large electricity producers from carbon tax, phase out excise tax exemptions to fossil fuels 
used by the agriculture and fisheries sectors;  

 
● Increase investment support for the construction of the small scale biomass, solar and wind 

based electricity generation plants; 
 

● Reshape support scheme for renewable electricity generation by lifting the tax burden from 
consumers to the state budget and revenues from emission trade; 

    
● Promote the establishment of energy cooperatives by awareness rising and preferential 

taxation; 
 

● Increase significantly investment support to energy efficient renovation of housing; 
 

● Support micro-energy generation in the public and private sector by providing investment 
support and tax deduction from private investments; 

 
● Prepare a national spatial plan on renewable energy use; 

 
● Use the EU structural funds for targeted investment into the grid aiming for a wider utilisation 

of renewable resources for electricity generation; 
 

● Invest into new interconnections with Latvia and Sweden in order to benefit from production 
and balancing capacities of the wider power system;  

 
● Apply strictly Green Public Procurements by the purchasing of green electricity and biofuels by 

the public sector; 
 

● Continue providing the investment support to public transport based on electricity and 
renewable fuel (biomethane);  

 
● Restore investment support and provide tax incentives for the replacement of conventional 

vehicles with electric and renewable fuel cars; 
 

● Strengthen legislation in support of central heating and provide investment support for 
shifting heat-only boilers to combined heat and power plants using renewable energy sources. 

 
The key to the full utilisation of the vast renewable energy resources of the Baltic States and at the same 
time increasing energy security is the integration of the Baltic States Power System with the Nordic 
Power System by investing into new interconnections with Sweden and Finland. Not only the Baltic 
States but also the whole Nordic-Baltic region will win from a better connected and integrated power 
system capacity to balance production fluctuations of possible new large scale offshore wind power 
capacities in the Baltic Sea.  
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