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Interviewed Experts 

We would like to thank all interviewed experts for their very valuable input and their support for this 
study. We highly appreciate their expert knowledge and their availability in the framework of the RES 
Integration Project on behalf of the European Commission. 

For this country study, the following experts were interviewed: 

Christer Bäck, Svenska Kraftnät (Swedish national grid) 

Johan Carlsson, Energimarknadsinspektionen (Energy Markets Inspectorate) 

Gustav Ebenå, Energimyndigheten (Swedish Energy Agency) 

Juha Kiviluoma, kansainvälisesti verkottunut (Technical Research Centre) 

Andrew Machirant, Svensk Solenergi (Solar Energy Association of Sweden)  

Elisabet Norgren, Svenska Kraftnät (Swedish Transmission Grid Operator)  

Mattias Wondollek, Svensk Vindenergi (Swedish Energy Association) 
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Executive summary 

Grid connection   

 Effect on integration of RES-E Neutral 
 Obligation to reinforce if necessary Yes 
 Distribution of costs Decided from case to case 
 Relevant grid level Transmission grid / Distribution grid 
 Main barriers to integration Cost bearing and sharing 

 

Grid operation   

 Effect on Integration of RES-E Positive 
 Purchase obligation No 
 Occurrence of grid curtailment None 
 Main barriers to integration No barriers detected 

 

Grid development   

 Effect on Integration of RES-E Positive 
 Regulatory instruments  Sufficient 
 Nationwide grid development studies Existent 
 Main barriers to integration Long lead time for permit/concession for 

transmission line 

 

Market design   

 Functioning markets All market options available on the 
common  Nord Pool market 

 
Intraday market and gate closure 

Intraday available;  
Gate closure is one hour prior to 
delivery 

 Main issue Concentration in generation, potentially 
low liquidity in the intraday market 

 

Support scheme   

 
Support scheme 

Quota obligation scheme with tradable 
Green Electricity Certificates. 

 Market integration and/or risk sharing 
elements 

Full market integration, no specific risk 
sharing elements 

 Balancing responsibility for RES producers Yes 

���������	
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���������������������������������
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In general, grid access and grid development are not a big problem for the deployment of renewable 
energy sources in Sweden. New investments will be needed, but this does not constitute any barrier 
(Energimyndigheten 2011). The Swedish government and the TSO recognised existing problems and 
conducted numerous studies. Some solutions have already been proposed.  

Grid operators are obliged to connect a plant and reinforce their grid if it is necessary. The procedure 
of connection of a RES-E plant to the grid is transparent and clear. The state set up a special webpage 
describing connection procedure in detail. The deadlines for connection are not specified and if grid 
reinforcement is necessary, the procedure may take a long time. Who has to bear these costs varies 
from case to case and the final decision is made by the TSO.  

The most problematic issue regarding grid connection is a so-called threshold effect, which occurs if 
big grid reinforcement is required. In that case an operator of a plant connected first will bear the costs 
of the whole investment. The proposed solution from the TSO waits for the signing by the Ministry of 
Industry.  

Electricity from renewable energy sources is subject neither to a purchase obligation nor to a 
dispatching priority regime. Curtailment occurs only very rarely in Sweden. 

A grid operator is generally obliged to upgrade his grid if necessary. Several types of grid 
development studies are conducted in Sweden. The introduction of smart grids has been considered 
essential for increasing the amount of electricity from renewable energy sources.  

Planned growth in electricity generation will be a major challenge for the national grids. Great 
investments into grid development will be necessary.  

Sweden is well integrated in the Nordic energy exchange Nord Pool. The major part of the consumed 
electricity in Sweden is traded on the Nord Pool day-ahead market ELSPOT. Due to the central 
geographical location of Sweden within Scandinavia, it has had the advantage that there has been a 
common price area with at least neighbouring power spot area most of the time. The Gate Closure 
Time of the intraday market ELBAS is one hour before real delivery of electricity. As for power 
generation the state owned producer Vattenfall dominates the market and generated 44 % of the 
electricity in Sweden in 2009. The Swedish TSO is responsible for balancing supply and demand in 
real time. The Nordic TSOs cooperate in balancing the Nordic system, with a balancing cooperation, 
the Regulation Power Market. 

The Swedish support scheme is based on a quota obligation scheme with tradable Green Electricity 
certificates (“elcertifikat”). One Certificate is issued for one megawatt hour of electricity from RES-E 
if the producer fulfils the requirements of the Electricity Certificates Act. The Swedish support scheme 
does not comprise a technology specific support. The obliged party has to buy a number of certificates 
that is proportional to the amount of electricity they supply. The annual quota obligation is pre-
defined, but varies with every calendar year. If the company does not reach the required quota, it has 
to pay a penalty for each missing certificate of 150% of the average certificate price of the last period. 
Due to the certificate support scheme all RES-E producers are trading on the free market and have the 
same balancing responsibility as any other market participant.  
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Renewable electricity deployment

This chapter aims at providing a general introduction to the context 
electricity in Sweden in terms of electricity production, consumption, and grid operation.

Due to its very large water resources, Sweden is 
highest. During the last two decades, the increase 
stable, but the slight growth in absolute 
precipitation) has actually absorbed

Current generation mix

Chart 1 shows a graphical overview of Sweden’s electricity generation mix in 2010. 
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Power generation in Sweden is dominated by hydro (46% in 2010) and nuclear power (38.7%). 
the large hydro capacity electricity generation is flexible enough
renewables, especially wind, though it must be considered that Sweden’s balancing 
resource for Central Europe. 

The net generating capacity is provided in Chart 2.
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n Sweden in terms of electricity production, consumption, and grid operation. 
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Electricity consumption

In 2010, Sweden consumed 147.1 TWh (ENTSO
is the second highest consumption per capita in Europe 
neighbouring Denmark (6.4 MW
electricity intensity of the economy, in 2010 Sweden 
MWh / million EUR GDP. Onl
Sweden (ENTSO-E 2011, Eurostat 2011)

However, considering the development of electricity consumption 
consumption grew by only approx.
other Western European country and even better than some of the former socialist countries 
experienced a strong drop of consumption in the early 1990s

While the cold climate is a main factor explaining th
considered that approx. 55% of Sweden's
2007). 
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Electricity consumption 

umed 147.1 TWh (ENTSO-E 2011), i.e. approx. 15.7 MWh per inhabitant. This 
is the second highest consumption per capita in Europe after Finland, about 2.5 times higher than 

MWh) and the EU average (6.2 MWh per inhabitant). In terms of 
electricity intensity of the economy, in 2010 Sweden ranked fourth among the EU countries
MWh / million EUR GDP. Only Bulgaria, Estonia and Finland are more electricity

E 2011, Eurostat 2011). 

However, considering the development of electricity consumption over time (EEA 2010), Sweden’s 
approx. 0.5% per year from 1990 to 2007, thus performing better than any 

European country and even better than some of the former socialist countries 
experienced a strong drop of consumption in the early 1990s). 

While the cold climate is a main factor explaining the high level of electricity consumption, it must be 
Sweden's heat consumption are covered by district heating (Euroheat 
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RES-E share 

Chart 3 provides an indication of Sweden’s total electricity consumption and RES electricity 
production up to 2020, according to the submitted action plan (NREAP). In other words, this is not a 
forecast, but the figures as planned by the government.  
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According to the reference scenario given in the Swedish NREAP, overall electricity consumption is 
planned to grow from 158.7 TWh in 2010 to 174.1 TWh in 2020, i.e. a 9.7% growth. RES-E 
generation is planned to grow from 86.7 TWh in 2010 to 97.3 TWh in 2020. This would mean a total 
growth of 12% in a period of ten years. Therefore, the share of RES-E generation over consumption is 
planned to grow from 54.6% in 2010 to 55.8% in 2020. In absolute terms, this would result in an 
increase of consumption from non-renewable generation or from imports from 72.1 to 76.9 TWh/year.  

The planned development of renewable electricity generation is further broken down in Chart 4, which 
outlines the generation shares of wind, solar, hydropower and other RES-E until 2020. 
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Although it appears that the absolute amount of hydro-power generation is planned to decrease this is 
not the case, since the reference year 2005 was a wet year with unusually high production of electricity 
from hydro-power. A normal year has lower production. Wind generation is planned to grow from 4.8 
TWh in 2010 to 12.5 in 2020 (+ 260%). Solar energy will play a negligible role, while other 
renewables (mainly biomass) are planned to increase from 10.6 TWh in 2010 to 16.8 in 2020 (+ 58%) 
(NREAP 2010). 

Thus, the shares of variable sources in Sweden will remain low. However, Sweden’s storage and 
balancing capacities are vital for the integration of large scales of variable renewables in Central 
Europe. 

Natural resources and geographical structure 

The European wind map in Figure 1 below shows that Sweden has excellent wind resources all over 
the country and particularly in the South where a significant part of the population lives and the grid is 
stronger in overall terms. Moreover, the low population density is expected to reduce the problems of 
both acceptance of wind power and transmission infrastructure. 

Sweden’s solar map shown in Figure 2 represents the yearly sum of irradiation in Sweden. It shows 
that in some areas of Sweden, solar radiation is becoming as important as in areas of Central Germany 
where PV is now starting to make a significant contribution. Moreover, PV is already competitive for 
off-grid applications in large areas of Sweden. 
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Grid operators & dominant generators 

Dominant generators 

Electricity generation in Sweden is dominated by three major companies: Vattenfall, E.ON Sverige 
and Fortum. In 2005, these three companies (Vattenfall, Fortum and E.ON Sweden) accounted for 
88% of generated electricity (EC 2007). 

Transmission System Operators 

In Sweden there is one transmission system operator – Svenska kraftnät. The company is responsible 
for administration and operation of the national grid. Since the TSO is state owned, the grid is property 
of the Swedish state (NREAP 2010). 

Distribution System Operators 

Regional and local grids are regarded as distribution grids. Five companies manage regional grids and 
approximately 170 companies are responsible for the local networks (NREAP 2010). 

Companies operating distribution systems have a monopoly for a specific region. Only one licence is 
issued for each concession area (EI 2011 b). 

Interconnections, import/export 

Sweden benefits from its position in the centre of Northern Europe, between the large water resources 
of Scandinavia, the strong wind resources of Denmark and Germany, and the coal-based Polish power 
system. In absolute terms, Sweden has the 5th largest number of physical exchanges in the EU after 
Germany, France, Austria and Italy.  

GWh (2010) DE DK FI NO PL Total % of consumption 
Export 1007 2656 2636 7668 761 14728 10.01% 
Import 2355 4978 5470 3691 494 16988 11.55% 
Net -1348 -2322 -2834 3977 267 -2260 -1.54% 
Total flows 3362 7634 8106 11359 1255 31716 21.56% 

���������.�(&�#�����#�����&���������#����#�����'������� ������������"�#���%3��	�%����� �

  



RES-INTEGRATION – Country Report Sweden 
 

 

 
15 

Literature and other sources 

EC (2007): European Commission Energy, Sweden – Internal Market Fact Sheet. Available at: 
<http://ec.europa.eu/energy/energy_policy/doc/factsheets/market/market_se_en.pdf> (last visit on 21 
June 2011). 

EC JRC (2007):  Šúri M., Huld T.A., Dunlop E.D. Ossenbrink H.A., 2007. Potential of Solar 
Electricity Generation in the European Union Member States and Candidate Countries. Solar Energy, 
81, 1295–1305. Available at: <http://re.jrc.ec.europa.eu /pvgis/cmaps/eur.htm> (last accessed on 20 
June 2011). 

EEA (SOER 2010): European Environmental Agency, The European environment – state and outlook 
2010. Available at: <http://www.eea.europa.eu/data-and-maps/indicators/final-electricity-
consumption-by-sector/final-electricity-consumption-by-sector-1> (last visit on 10 June 2011). 

EI (2011 b): Energimarknadsinspektionen (Energy Markets Inspectorate), Adapting Electricity 
Networks to a Sustainable Energy System – Smart metering and smart grids. Available at: 
<http://www.energimarknadsinspektionen.se/Upload/Rapporter/EIR201103_engelsk.pdf> (last visit on 
21 June 2011). 

ENTSO-E (2011): European Network of Transmission System Operators for Electricity, Statistical 
Database. Available at: <https://www.entsoe.eu/resources/data-portal/> (last visit on 14 December 
2011). 

Euroheat (2007): Euroheat&Power, District Heating and Cooling. Country by country/ 2007 Survey. 
Available at: <http://www.euroheat.org/> (last visit on 05 May 2011). 

Eurostat (2011): European Online Database. Available at: <http://epp.eurostat.ec.europa.eu> (last 
visit on 23 August 2011). 

NREAP (2010): National Renewable Energy Action Plan (Sweden). Available at: 
<http://ec.europa.eu/energy/renewables/transparency_platform/action_plan_en.htm> (last visit on 11 
June 2011). 

  



RES-INTEGRATION – Country Report Sweden 
 

 

 
16 

  



RES-INTEGRATION – Country Report Sweden 
 

 

 
17 

Grid Connection 

Summary  

The procedure of connection of a RES-E plant to the grid is regarded transparent and clear. The state-
owned Energy Agency set up a webpage – vindlov.se – with a detailed description of connection 
procedure.  

The deadlines for connection are not specified. If in order to connect a plant a reinforcement of the 
grid is necessary, long lead times occur. Grid operators are obliged to connect a plant and reinforce 
their grid if it is necessary. Yet, they are not obliged to bear the costs of a grid development. Who has 
to bear these costs varies from case to case. The main principle in this regard is that the person causing 
the costs has to bear them. The TSO or DSO makes the final decision on costs sharing.  

The most problematic issue regarding grid connection is a so-called threshold effect. If big grid 
reinforcement in a particular region is required, plant operators, who connected first will be obliged to 
bear the costs of the whole investment. This contributes to delays in the deployment of RES-E. The 
proposed solution from the TSO has not yet been decided upon.  

Relevant legal sources 

The relevant legal source regarding grid connection is the Electricity Act (Ellag). Apart from that there 
is a Grid Code (NÄT 2009 N) specifying the procedure for connection. 

Connection procedures, deadlines, and information management 

In general, the connection process is well-defined and transparent (Wind barriers 2010). The detailed 
procedure is set out in the Grid Code (NÄT 2009 N). Moreover, the government’s energy agency co-
operated with other authorities to prepare a website about the construction of wind power plants, 
which comprehensively describes every step of the investment process including the connection 
procedure (vindlov.se 2011). 

As far as the connection process is concerned, there are in principle no simplifications for smaller 
installations. The connection of these is often easier, since e.g. the grid does not need to be reinforced 
(Energimyndigheten 2011). 

The Swedish grid system has three different voltage levels: 

·  the national power grid (220-400 kV),  
·  the regional power grids (40-130 kV) and  
·  the local distribution grids (>20 kV) (NREAP 2010). 
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The different types of installations are connected to different grid levels: 

·  Single wind turbines and small wind farms (<10 MW): connection to the local grid. 
·  10 MW to a few hundred MW: connection to the regional grid. 
·  Several hundred MW: connection to the national grid. (Wind Barriers 2010) 

The connection procedure consists of the following steps: 

APPLICATION 
 

The plant operator applies for connection. 

   

ASSIGNMENT OF GRID CONNECTION POINT 
 

The grid operator assigns a connection point. 

   

CONNECTION OFFER 
 

The grid operator makes a connection offer. 

   

CONNECTION AGREEMENT 
 The grid operator and the RES-E plant operator conclude a 

connection agreement (optional). 

   

GRID REINFORCEMENT 
 

Grid reinforcement if grid capacity is insufficient 

   

CONNECTION 
 

The system is connected and can start feeding in electricity. 

-���������������#�����'��#��"���$���5%��%�'����&����"� #���5%��:%�7:����� �

Deadlines 

According to the Energy Agency, there are no deadlines for the connection of electricity plants to the 
grid (Energimyndigheten 2011). The grid operator has the responsibility to process applications for 
connection within a reasonable period of time and develop a timetable for the implementation of grid 
connection (NREAP 2010). 

One possible solution would be to introduce legally defined deadlines until when the process is ready. 
However, experiences from other Member States have shown that this solution should be treated with 
great caution. Quite often, deadlines are too long, not legally binding or cannot be enforced because of 
loopholes such as useless actions that extend the deadlines. For this reason, it would be wise to 
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combine the defined deadlines with qualitative criteria, for instance that the installation shall be 
connected to the grid “without delay” or “promptly”. 

In the opinion of the Swedish Wind Association, the long lead time needed for the establishment of 
connection constitute a barrier for the integration of RES. The time period from the signing of a 
connection agreement to the actual connection takes at least 2 years, but can take much longer if a new 
power line is required. The connection agreement cannot be signed prior to the reception of all 
necessary permissions. The connection cost is also not accurately known for at least 6 months after the 
signing (Svensk Vindenergi 2011). To ensure investment security the amount of money that would be 
incurred because of the grid connection should be communicated to the plant developer already during 
the drafting phase of the connection agreement. 

However, according to the study “Wind barriers”, the lead time for access to the Swedish grid (23.4 
months on average) is similar to the EU average (25.8). 

Information management of TSO/ DSO 

According to chapter 4 § 11 par. 1 and 2 Electricity Act, the grid operator is obliged to provide all 
information on the grid charges when requested to do so. Grid tariff includes not only the grid use 
charges but also the terms and conditions for grid connection. 

Obligation, legal responsibilities and enforcement of legal rights 

According to chapter 3 §§ 6 par. 1; 7 par. 1 Electricity Act, the grid operator is obliged to connect 
renewable energy systems on reasonable terms unless there are special reasons. Moreover, the grid 
operator is obliged to upgrade its grid if necessary (chapter 3 § 1 Electricity Act).  

According to the Energy Agency and the Swedish Energy Markets Inspectorate, grid operators are 
obliged to connect a RES-E plant to their grids and, if necessary, reinforce them. Yet, they are not 
obliged to bear the costs of this reinforcement (Energimyndigheten 2011; EI 2011 a).  

Svenska Kraftnät as the Swedish TSO is legally obliged to connect a RES-E plant to its grid only if it 
is technically or economically not possible to connect the RES-E plant at a lower voltage level. In 
principle, the plant’s installed capacity has to exceed 100 MW for connection to the voltage of 220 kV 
and 300 MW for connection to the voltage of 400 kV. If all these conditions are met and it is 
necessary to reinforce the grid to connect the plant, the TSO is obliged to reinforce the grid (SVK 
2011 a).  

Costs of grid connection 

According to chapter 4 § 1 and chapter 1 § 5 Electricity Act, the RES-E plant operator bears the costs 
of connection by paying a connection fee. 
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If the grid has to be developed or reinforced in order to connect a plant, there are no specific rules on 
who is to bear the costs. Cost sharing varies from case to case. The main principle is that the person 
who causes the costs should also bear them. If the plant operator is the only one to benefit from the 
grid upgrade, then he will pay all the costs. If both parties, the wind farm developer and the TSO, 
benefit from the reinforcement, the costs will be split among them. In some cases, the TSO has to bear 
the whole costs (e.g. reinforcement of the grid; however in practice the costs are socialised via charges 
across all end customers). To decide on who is to bear the costs, Svenska Kraftnät (TSO) conducts a 
study on which the decision will be based. The decision is usually reasonable and the proposed 
solution is agreed upon (SVK 2011 a). If there are any disputes, a plant developer can complain to the 
regulatory authority – Energimarknadsinspektionen (chapter 3 §§ 6 par. 2; 7 par. 2 Electricity Act). 
According to the Energy Agency, court procedures are not very common, although the developers are 
often not content with the high costs they have to pay, especially because quite often the grid operator 
and the developer are the same company (Energimyndigheten 2011). The Energy Markets Inspectorate 
also stated that there have not been any complaints regarding the costs for connecting wind power 
plants. Only few complaints have been submitted in general and they mostly concerned small power 
plants (EI 2011 a). 

The so-called threshold effect, which affects the cost sharing among plant developers that want to be 
connected, is a strong barrier. If in one region a capacity of 1000 MW is to be connected, this will 
require the grid to be extensively reinforced. This reinforcement will also be quite expensive and 
neither the first developer to be connected nor the grid operator will directly benefit from the 
additional capacity. But still the developer connected first has to bear the costs of the whole 
investment. If another developer wants to connect to the same grid, he will then benefit from the 
previous development but will not have to bear its costs. This causes delays in wind development, as 
many developers are reluctant to be the first to be connected to the grid (SVK 2011 a, Svensk 
Vinenergi 2011). If a single grid will not be developed according to future needs for capacity, the risk 
exists that in the same area parallel power lines will be built by different developers. This would be far 
from optimal from a socioeconomic and aesthetic point of view (Svensk Vinenergi 2011). 

This issue has already been discussed for a couple of years. The Swedish TSO suggested a solution 
which was considered good by the Swedish Wind Energy Association (Svensk Vindenergi). However, 
the proposal is waiting for a decision of the Ministry of Industry for about two years. The proposal 
provides that the TSO estimates how much wind power is expected to be built in a certain area and 
plans grid development according to that. Each developer in that area must only pay for the part of 
development, which he benefits from. This means that the TSO will advance money on loan for the 
necessary grid development in a certain area and eventually the costs are split among the connected 
plants. There are still some problems related to this proposition. The time frame for establishing the 
requested connection is around 5-10 years. However, there is no guarantee that all plants requesting 
connection will be built and connected. Although the potential economic risk is expected to be very 
low, the Swedish government is afraid that Swedish electricity consumers will have to pay for excess 
capacity. The Swedish Wind Energy Association proposes to investigate how many connection 
requests will actually  be accomplished, so that only promising investments will be undertaken (SVK 
2011 a; Svensk Vinenergi 2011). The described consultation process seems to be a reasonable 
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approach to mitigate the “threshold effect”. If it turns out to be successful this process may be used as 
a benchmark for similar cases in other Member States. 
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Grid Operation  

Summary  

Electricity from renewable energy sources is subject neither to a purchase obligation nor to a 
dispatching priority regime.  

Curtailment occurs only very rarely in Sweden. The transmission grid operator may order a plant 
operator to decrease or increase generation of electricity. In that case the plant operator is entitled to 
compensation.  

Relevant legal sources 

The primary legal source governing grid operation is the Electricity Act (Ellag). 

Obligations, legal responsibilities and enforcement of legal rights 

Purchase obligation 

In Sweden, there is no obligation to purchase electricity generated from renewable energy sources.  
The main support scheme for RES-E is a quota system.  

Dispatching priority/ Priority or guaranteed access 

According to chapter 1 § 5 in connection with chapter 4 § 1 par. 2 Electricity Act, renewable energy is 
not given priority dispatch. Swedish legislation on electricity treats all electricity producers equally 
and in a non-discriminatory way (NREAP 2010). Every kind of electricity has therefore guaranteed 
access to the electricity grid, and all electricity fed into the grid must be transmitted and distributed 
(Energimyndigheten 2011). 

Grid curtailment 

Grid instabilities making it necessary to curtail electricity production almost never happen. The reason 
for that is the large number of hydro-power plants, which help balancing variable renewables. It has 
been estimated that a capacity of up to 8000 MW of installed wind power will not constitute a problem 
in Sweden and that no further balancing investments will be needed until this amount is reached (SVK 
2011 a). 

According to chapter 8 § 2 par. 1 Electricity Act, in order to guarantee grid stability the TSO may 
order to increase or decrease electricity generation. According to chapter 8 § 2 par. 1 Electricity Act, 
the plant operator is entitled to a fair compensation if a grid operator orders him to increase or reduce 
the generation of electricity. Apart from that curtailment is not legally regulated in Sweden. 
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Curtailment rules are sometimes agreed in a bilateral connection agreement between a grid operator 
and a RES-E producer. This happens mostly in cases where the connection of a plant or the 
transmission of RES-E would have required costly reinforcement measures that would have had to be 
borne by the plant developer (SVK 2011 a). In order to avoid the investment, a RES-E producer can 
agree on the possibility of curtailing the generated electricity. 

Other barriers 

One severe problem for small RES-E plants arose one year ago, as the Swedish government obliged 
power producers to meter their electricity production by the hour. This obligation included every 
producer and made no distinction between plants generating electricity from fossil or renewable 
sources and small or large-scale production. Due to this regulation, especially the operators of small 
systems found it very difficult to survive, as the fee for metering used to be around 350 € per month. It 
strongly restrained small-scale power production in Sweden. 

However, the impact of this regulation was investigated, which led to an amendment. An exception 
was made for small power plants up to 4 kW, which since then have to meter their production and not 
as previously by the hour (Svensk Solenergi 2011). 
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Grid development  

Summary 

A grid operator is generally obliged to upgrade his grid if necessary. At the moment, there are no 
regulatory instruments to encourage grid development. Yet an introduction of a connection loan to an 
operator whose plant is to be connected is waiting for signing by the Ministry of Industry. 

Several types of grid development studies are conducted in Sweden. Smart grids are considered 
essential for increasing the amount of electricity from renewable energy sources. Since Sweden has a 
high proportion of hydro-power big investments in storage facilities are not essential.  

A large growth in electricity generation using wind power and nuclear power is planned for the next 
few years. This will be a major challenge for the national grids. Great investments into grid 
development both within the country as connecting Sweden with the neighbouring countries will be 
necessary. Regarding this there is a general uncertainty whether the required measures will be done 
fast enough to integrate expected amounts of electricity.  

Relevant legal sources 

Grid development in Sweden is regulated by the Electricity Act (ellag). Apart from this act, the 
expansion of electricity grid infrastructures has to conform with the Environmental Code and the 
Planning and Construction Act (NREAP 2010).  

Regulatory framework for grid development   

According to chapter 3 § 1 Electricity Act, the grid operator is generally obliged to upgrade his grid if 
necessary.  

If the transmission grid is to be developed, the following steps are necessary: 

1. The planning department of Svenska Kraftnät (TSO) is responsible for the preparation of a 
grid development plan, 

2. The proposal is presented to the board of the company, which consists of the head of the 
company and experts appointed by the government. They make a final decision. 

The board does not have any right to propose where and how the grid is to be developed. However, 
since Svenska Kraftnät is state-owned, the government can influence grid development by re-defining 
the duties of Svenska Kraftnät each year (SVK 2011 a). 

Some decisions on grid development are clearly influenced by the political forces like, for example, 
NordBalt (SVK 2011 a). 
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The Energy Markets Inspectorate is consulted in the process of grid development, but has no right to 
propose where the grid should be developed. The inspectorate only handles the permission process 
(environmental permit) (EI 2011 a). 

Obligations, legal responsibilities of the grid operator in relation to 
the RES-E producer 

According to chapter 1 § 6 Electricity Act, an operator of a RES-E plant is entitled to connection to the 
grid (and so indirectly to the extension of the grid) against the grid operator. 

Regulatory instruments to encourage grid development 

At the moment, there are no regulatory instruments to encourage grid development. There has been an 
investigation in 2009 on a possible solution for the threshold effect – the distribution of the costs of 
grid reinforcement as part of the grid connection process (see chapter on grid connection). A 
connection loan for a plant developer has been suggested. Such a loan is planned to be granted in case 
a single plant developer is to bear the costs for grid reinforcement, even though he would not be the 
only one to benefit in the long term. The report is currently being discussed in the Swedish 
government (EI 2011 a; SVK 2009).  

Grid development studies and planned improvements 

There are several types of grid development studies in Sweden, for example by Energy Sweden, the 
Wind Power Association, the TSO or the Energy Market Inspectorate (Energimyndigheten 2011). 

The Swedish goal is to increase wind energy production about 15 times, and the electric grids need to 
be adjusted to this. It is uncertain if the grid is fit for the planned major expansion. There might be a 
need for an infrastructure up-grade, investments and the implementation of new technology and grid 
management concepts (AEON 2010). 

Intelligent network 

In 2010, The Energy Markets Inspectorate conducted a study on the future of smart grids and smart 
metering (“Adapting Electricity Networks to a Sustainable Energy System – Smart metering and smart 
grids”). The development of smart grid has – in the long term – been identified as a cheaper and more 
efficient alternative to constant grid development. Smart grids are, in general, considered crucial for 
increasing the generation of renewable energy, reducing the demand for power and increasing the 
flexibility of electricity consumption (NREAP 2010; EI 2011 b). 

Storage facilities 

Because of the high proportion of hydro-power in Sweden, big investments in storage facilities are not 
essential (NREAP 2010). 
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The introduction of electronic cars has to be further analysed, especially its impact on the electricity 
grid. A study of the Energy Markets Inspectorate expressed the fear that the higher use of e-cars could 
cause an overload of some rural grids (EI 2011 b).  

Interconnections 

The following important interconnection improvements are planned in the near future:  

·  A new transmission line between Norway and Sweden, which will increase the capacity of the 
already existing line. 

·  A new transmission line between Sweden and Finland will be commissioned in 2012. 
·  A new multi-terminal connection: the South-West Link in Southern Sweden and a connection 

between Sweden and Norway. The connection is expected to be completed in several stages 
between 2013 and 2016.  

Moreover, a new connection between Sweden and the Baltic States (NordBalt) is planned. It is 
expected to be ready for commissioning in 2015 or 2016. The Swedish and Finnish transmission grid 
operators are, in addition, investigating the need to further develop the connections between Sweden 
and Finland (NREAP 2010). 

Costs 

According to chapter 4 § 1 and chapter 1 § 5 Electricity Act, the costs for the use of the grids are borne 
by the plant operators through the so-called network tariff. Plants with an installed capacity of up to 
1.5 MW are eligible for reduced tariff (chapter 4 § 10 par. 1 Electricity Act). 

According to the Energy Markets Inspectorate, costs of the general grid development are borne by the 
electricity consumers (RES Legal 2011). 

Until recently, the grid tariffs were lowest in Europe. This will change in the near future as a result of 
the planned grid development. In the next 20 years, large-scale grid reinforcement will be necessary. 
The reason for that are the expected increase in wind power generation and the planned increase in 
nuclear power generation (SVK 2011 a). 

Other barriers 

The Swedish TSO, Svenska Kraftnät, considers the time consuming process for receiving a 
permit/concession for development of transmission lines as the main barriers for the large scale 
introduction of wind power in Sweden (SVK 2011 a). The inefficiencies in the process should be 
identified and solved. 

Another problem is caused by some measures limiting the development of wind power in the Northern 
part of the country, which has a high wind power potential. The structure of the transmission tariff 
reflects the main power flow on the network. This means that the fee for the transmission of electricity 
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generated in the North is higher than the one in the South. This fee structure shall reflect the cost of 
the network. It was introduced in order to give incentive for new power generation in the Southern part 
of Sweden, where most industrial companies and the major part of the population are situated. Further 
changes in the same direction will be implemented 1 January 2012 (SVK 2011 a).  

Another measure that might negatively influence the development of wind power in the North is the 
soon introduction (on 1st November 2011) of a regulation dividing Sweden into four electricity areas. 
Until then there will be only one price area, i.e. all electricity consumers in the country have to pay the 
same price for energy. From early 2012 it is expected that in certain periods the prices will be lower in 
the North than in the South. This means that the electricity producers with plants situated in the 
Northern part of Sweden will have less income than the producers in the South. These two measures 
together will most probably cause smaller incomes and higher costs for RES-E producers in the North 
(Svensk Vindenergi 2011). On the other hand, the profitability for new generation in South will 
improve. 

In this case, there is a conflict between the goals deployment of RES-E and integration of RES-E. The 
new solution will serve the efficient integration of RES-E but will slow down the increase of wind 
resources. Depending of the overall development of RES-E increase in Sweden it should be 
considered to modify this rule if its effects on the deployment are too severe. 

Permission to build a wind farm or an overhead cable 

The procedure for permission to build a wind farm or an overhead cable is very time-consuming. The 
reason for that is that the submission of complaints is possible at various stages of the process and on 
numerous levels. Local protest groups often oppose wind parks and electricity cables (NIMBY). The 
construction takes about 2 to 2.5 years. Yet, the time period for obtaining all necessary permissions 
normally takes 3-5 years and in some cases even up to 10 years (SVK 2011 a, Svensk Vindenergi 
2011).  

As for NIMBY behaviour, the access to information and level of involvement of local groups in 
Sweden is very high. Therefore, it does not seem advisable to simply offer more participation. Instead 
it should be considered to offer compensation payments or to increase the general support for RES-E 
by campaigning. 

Uncertainty about the future grid development 

There is a general uncertainty whether there will be enough transmission capacity to integrate all 
planned wind power plants. About 12 TWh of wind power is expected to be built within the green 
certificate system. The government has set a planning target of 30 TWh of wind power generation 
until 2020. It will be a great challenge to prepare the grid for this growth in such a short time. Thus, 
the question remains if the TSO and the DSOs will manage to develop the grid fast enough (Svensk 
Vindenergi 2011). 

Prompt development of the grid would be the most obvious solution; however it may be difficult to 
apply in case long authorising procedures, e.g. for obtaining building permits, were needed. Apart 
from that the construction of new infrastructure can be very costly. 
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In Sweden there has also recently emerged a new potential obstacle for investments in grid 
development, which is related to the European Parliament and Council Directive 2003/54/EC of 26 
June 2003 concerning common rules for the internal market in electricity. Grid owners are now 
obliged to apply to the national regulation authorities for a permission concerning the revenues that 
they will receive for the next four years. The goal of the regulation is that the electricity fees shall be 
determined in advance, as in contrary to the situation before, where the electricity network companies 
decided on the fees paid by the consumers and the regulation authority ex post examined if these fees 
were reasonable. This solution makes it more predictable for the customers in regard to the fees that 
they will have to pay. The Energy Markets Inspectorate (EI) as the national regulation authority has 
now examined these revenues and has decided on lowering the amount that the companies applied for. 
Companies applied for amounts totalling SEK 183 billion for the four-year period 2012-2015 in 
comparison to the revenues amounting to about SEK 132 billion for the period 2006-2009. Energy 
Market Authority's decision limits the revenues to about SEK 150 billion for all companies combined 
(EI 2011 c). The outcome of this is that the regulation authority, through cutting the profits of grid 
owners do not encourage them to make new investments, although they are most likely necessary for 
the development of renewable energy in Sweden (Svensk Vindenergi 2011). Another big concern 
regarding further grid development is whether necessary interconnectors between the Nordic market 
and surrounding markets will be built on time. According to a study conducted by Vattenfall, there 
will be a surplus of electricity accounting to round 50-60 TWh in the Nordic countries by 2020 
(possible electricity savings and flexible mechanism not included). This is an enormous export 
potential which is a great opportunity for the EU to meet the climate target in a more cost-effective 
manner. However this requires that necessary interconnectors are built in time (Svensk Vindenergi 
2011). 

Concession-free grids 

In general, in order to operate a grid, a concession has to be obtained from the regulatory authority. 
Since 2009, grids within a wind park have been exempt from this rule. They can be developed without 
a concession. Concession-free grids are interpreted by the Energy Markets Inspectorate as the lines 
connecting wind turbines on a distance smaller than 4-6 rotor diameters. This interpretation is 
problematic, as it does not take into account the future technical development of wind plants, which 
could change the parameters used or that these parameters may not be ideal for electricity production 
in specific areas. As an example cables, which are solemnly used to connect two wind turbines with 
each other, or a group of turbines to a sub-station, which is situated one kilometre away from a wind 
park, may not be eligible for the concession exception, and if the grid voltage is 24 kV or less the local 
DSO needs to be involved for that specific cable. The Swedish Wind Energy Association has proposed 
to change this definition into a functional one, i.e. to define concession-free grids as lines connecting 
turbines within a wind park and lines connecting a wind park to the grid (Svensk Vindenergi 2011). It 
is necessary to clarify the definition, which will take into account the further development of 
technology. The definition proposed by Wind Association seems to be more accurate. 
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visit on 21 June 2011). 

SVK (2011 a): Norgren, Elisabet, Svenska Kraftnät (Swedish TSO). Interview on 5 May 2011. 
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Market integration 

Summary 

Sweden is well integrated in the Nordic energy exchange Nord Pool. The major part of the consumed 
electricity in Sweden is traded on the Nord Pool day-ahead market ELSPOT. Due to the central 
geographical location of Sweden within Scandinavia, it has had the advantage that there has been a 
common price area with at least neighbouring power spot area most of the time. The Gate Closure 
Time of the intraday market ELBAS is one hour before real delivery of electricity. As for power 
generation the state owned producer Vattenfall dominates the market and generated 44 % of the 
electricity in Sweden in 2009. The Swedish TSO is responsible for balancing supply and demand in 
real time. The Nordic TSOs cooperate in balancing the Nordic system, with a balancing cooperation, 
the Regulation Power Market. 

The Swedish support scheme is based on a quota obligation scheme with tradable Green Electricity 
certificates (“elcertifikat”). One Certificate is issued for one megawatt hour of electricity from RES-E 
if the producer fulfils the requirements of the Electricity Certificates Act. The Swedish support scheme 
does not comprise a technology specific support. The obliged party has to buy a number of certificates 
that is proportional to the amount of electricity they supply. The annual quota obligation is pre-
defined, but varies with every calendar year. If the company does not reach the required quota, it has 
to pay a penalty for each missing certificate of 150% of the average certificate price of the last period. 
Due to the certificate support scheme all RES-E producers are trading on the free market and have the 
same balancing responsibility as any other market participant. 

Relevant Legal Sources 

The legal framework for the operation of the wholesale electricity market in Sweden is the Electricity 
Act. On 1 January 1998 the Electricity Act (1997:857) came into force which incorporates the separate 
Electricity Trading Act into the new Electricity Act. 

The Electricity Certificate Scheme in Sweden is regulated by the Electricity Certificates Act 
(2003:113) (Lag om elcertifikat). It entered into force on the first of May 2008; the last amendment 
was made on the first of May 2009. Additional provisions concerning the certificates are made in 
Ordinance (2003:120) on Electricity Certificates (Förordning om elcertifikat). 

Market Design 

General availability of markets 

The Swedish wholesale power market is part of the common Nordic market, while the end-user market 
is a national one. Physical trading takes place on the spot market (Nord Pool Spot AS) while financial 
trading takes place on Nasdaq Commodities (former  Nord Pool ASA), where longer-term power 
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derivates  are traded. The joint Nordic electricity exchange covers Sweden, Denmark, Norway, 
Finland and Estonia. In times of insufficient transmission capacity, the Nordic market is divided into a 
number of bidding areas (spot price areas). Sweden currently constitutes one bidding area, but starting 
in November 2011 the country will be divided into four bidding areas.  

Due to the central geographical location of Sweden within Scandinavia there is a common price area 
with at least one other power spot area most of the time. Hence, only 0.1% of the time Sweden was 
isolated from all other price areas in 2009. Chart 4 shows that there was one common price for 26% of 
the time, three times higher than in 2008 (Energy Markets Inspectorate 2010). 
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All trade between bidding areas must take place via Nord Pool Spot, which uses the concept of 
implicit auction, where transfer capacity is being allocated concurrently with electricity being traded 
(IEA 2008). In 2009, about 76 % of the electricity used in the Nordic countries was traded on Nord 
Pool Spot’s physical market. The remaining electricity was traded internally between electrical utilities 
or via bilateral agreements (over the counter). In 2008 the total volume traded at Nord Pool Spot 
amounted to over 291 TWh (Swedish Energy Agency 2010). To allow flexibility for small 
participants, fees for the participation in the Nord Pool Spot market can be chosen between a fixed 
annual fee plus a low fee per MWh or a single higher fee per MWh (IEA 2008). 

Within Nord Pool Spot, Elspot is the day-ahead auction market. The trading period is between 12 and 
36 hours ahead of each day. Purchase bids at Elspot are stated in MWh per hour and prices are 
determined through auction trade for each hour of delivery. The System price and the area prices are 
calculated after all participants' bids have been received at day-ahead gate closure at 12:00 (noon) 
(Nordpoolspot 2011, IEA 2008). 

Sweden has five large electricity producers which accounted for over 85% of total generation in 2009. 
The total power generation is dominated by the state owned producer Vattenfall which produces 44% 
of the electricity in Sweden, followed by Fortum with 19%, E.ON with 16%, Statkraft with 4%, 
Skellefteå Kraft with 2% and others with 15%. Due to Vattenfall the Swedish State owns 41% of the 
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installed generation capacity, 40% is owned by foreign actors and 12% are Swedish municipalities 
(Energy Markets Inspectorate 2010). 

Gate closure 

The gate closure time within the Nord Pool Spot intraday market is one hour prior to delivery 
(Nordpoolspot 2011). 

Intraday-market 

Elbas is a continuous cross border intra-day market within Nord Pool, with participants in Norway, 
Finland, Sweden, Denmark, Germany and Estonia. Trade on this market starts after the day-ahead spot 
market has closed and continues until gate closure. At 08:00 CET the hour-contracts for the next day 
are opened for trade in Germany and at 14:00 CET the hour-contracts for the next day are opened for 
the market areas Finland, Sweden, Norway, Denmark and Estonia (Nordpoolspot 2011, IEA 2008). 

Regarding the liquidity of the intraday market, there are different views. While the Swedish TSO 
describes the market as liquid, the Technical Research Centre of Finland points out that the liquidity of 
the current intraday market is currently rather low (Interview: SVK 2011 b, Interview VTT 2011). 
According to the latter, there is no reason for participating in the intraday market due to the high 
efficiency and attractiveness of the balancing market. The Nord Pool market has announced efforts to 
increase liquidity in the intraday market1. 

Bilateral transactions can only be made within a single bidding area, as Elbas as an exchange based 
system does not allow bilateral trading. 

Balancing market 

The balancing responsibility for the system in Sweden lies with the TSO Svenska Kraftnät (SVK). The 
balance settlement within Sweden is governed by national balance agreements between the TSO and 
the balance responsible parties (BPR) (IEA 2008, Nordic Market Report 2010). The Nordic TSOs 
cooperate in balancing the Nordic system, with balancing areas being equivalent to the bidding areas 
in Nord Pool Spot. The Nordic balancing cooperation is called the Regulation Power Market. During 
settlement TSOs first settle imbalances between countries and then each TSO settles imbalances 
within the respective country with the Balance Service Providers (BSPs) of the country. The Nordic 
TSOs maintain a common merit order list of offered resources for manual upward and downward 
regulation, which is displayed through the Nordic Operational Information System (NOIS) (NordREG 
2010). 

In 2009 the total volume of the Nordic balancing market was approximately 4.2 TWh, with a volume 
of 1.3 TWh in Sweden (Swedish Energy Agency 2010).  

                                                      
1 Market news on the official Nord Pool Spot Website. Available at: http://www.nordpoolspot.com/en/Market_Information/Exchange-
information/No-052011--Highest-volume-ever-for-Nord-Pool-Spot/ (last visit on 17 June 2011). 
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In Sweden the minimum volume for offers in the balancing market for up-regulating energy options is 
20 MWh and the minimum volume for bids in the balancing market for down-regulating energy 
options is 10 MWh. (Houmøller 2010). 

Support Scheme Design 

General support scheme design 

The main support scheme for electricity from renewable sources in Sweden is a quota obligation 
scheme with tradable Green Electricity certificates (“elcertifikat”). The objective of the certificate 
system is to increase the production of RES-E electricity by 25 TWh by 2020 (compared to 2002). The 
support system is supposed to run until the end of the year 2035. One certificate is issued for each 
MWh of RES-E produced. Power plants commissioned after the start of the electricity certificate 
system are entitled to receive electricity certificates for 15 years, plants commissioned before the 
introduction of the certificate scheme can receive certificates until the end of 2012 and in the case of 
plants that received a public investment grant during the time of their construction or conversion after 
February 1998, certificates may be issued until the end of 2014 (Swedish Energy Agency 2009). Every 
MWh which is generated by RES will receive one green electricity certificate if the producer fulfils 
the requirements of the Electricity Certificates Act. The Swedish support scheme does not comprise a 
technology specific support (EWI 2010). 

The Swedish Energy Agency is the compliance authority for the electricity certificate scheme in 
Sweden and Svenska Kraftnät is the accounting authority. Electricity suppliers are obliged to buy a 
number of certificates that is proportionally to the amount of electricity they supply (GreenNet 
Incentives 2009). In order to fulfil the obligation suppliers are required to submit an annual report to 
the Swedish Energy Agency until the first of March, detailing the amount of electricity invoiced to 
their customers in the previous year together with the proportion (quota) of certificates (Swedish 
Energy Agency 2009). Obligated parties are mainly electricity suppliers. 

Certain use of electricity may be exempted from the quota obligation requirement, i.e. electricity-
intensive companies (Swedish Energy Agency 2010). The annual quota obligation is pre-defined, but 
varies with every calendar year. For example in 2009 users were required to buy certificates 
corresponding to 17.0 % of their electricity use (Swedish Energy Agency 2010). Non compliance with 
the quota results in a penalty corresponding to 150% of the average certificate price for a given year. 
According to the Swedish Energy Agency the electricity production from renewable energy sources in 
2009 under the electricity certificate scheme amounted to 14.7 TWh (15.6 TWh including electricity 
produced from peat; Swedish Energy Agency 2010). 
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In September 2009 the Swedish Ministry of Enterprises and Energy and the Norwegian Ministry of 
Petroleum and Energy agreed on a common market for green electricity certificates in Sweden and 
Norway. The aim is to establish trade within a common certificate scheme from 2012 onwards. 

In addition to the certificates for electricity produced from renewable energies, there are tax 
exemptions and subsidy programs in Sweden. All electricity generation in Sweden is exempted from 
energy tax. To support electricity produced from wind power, the property tax for wind power is 
reduced, compared to other types of generation and the Swedish government grants subsidies for 
research and development in the area wind power. Also, contributions for PV installations on 
buildings are available. 

Balancing Responsibility 

All RES-E producers have a balancing responsibility and are treated equal to all other market 
participants (Interview: SVK 2011 b). There are no special arrangements in the Swedish power market 
for renewable generation apart from explicit support mechanisms (see electricity certificates above). 
Otherwise, renewable generation is treated in the same way as conventional generation within the rules 
of the power market. 
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NREAP Analysis 

The table below presents an overview on the identified national barriers of the RES Integration study 
as well as on the respective NREAP content. Throughout the study, the consortium carefully analysed, 
if the identified barriers of this study are addressed in the national energy action plan and whether or 
not the NREAP does foresee a solution approach: 

- The column “Barrier identified in RES Integration Study” lists the various barriers, which the 
present study identified and addressed. The list contains barriers from the section connection, 
operation as well as development.  

- The column “Is the barrier Contested?” would indicate, whether stakeholders in the country 
under concern would oppose to the identified barrier, namely if they do not see the listed issue 
as a barrier to the system.  

- The column “Section in NREAP” identifies, if and where the respective NREAP is addressing 
the barrier under concern. The column would list the specific section of the national action 
plan.  

- The column “Summary of foreseen Measure” would contain a short description of the 
foreseen measure of the NREAP, to overcome the addressed barrier. The column would be 
empty, if the respective NREAP does not identify the barrier, respectively if the NREAP does 
not propose a solution to the issue. 

- The column “Comments & Evaluation” would contain a short analysis of the proposed 
NREAP solution and would evaluate, whether the solution is an appropriate and credible 
option to overcome the existing issue. If the NREAP does not identify the barrier, this section 
may also contain a short summary of the identified issue. 

For a detailed description of the identified barriers in the framework of the RES Integration study, we 
kindly refer to the sections above, regarding connection, operation, development and market 
integration of RES-E installations. 
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