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POWER OUTLOOK AND SECURITY OF SUPPLY IN REGION SKANE

Foreword

In November 2020, Region Skane and Energiforsk reached an agreement on
research collaboration concerning system services for the power system in Skane.
The collaboration refers to a pilot study that aims to quantify the need for system
services for the power system in Skane and assign a value to this.

The study will also clarify the legal conditions that apply to the possibility of
creating these services and provide proposals for instruments that can meet the
system service needs that are identified.

In this report a simulation of the power system in southern Sweden (SE4) is
performed. The conclusions of the project as a whole are reported in Energiforsk
Rapport 2021:806, Att kvantifiera storleken pa marknaden for icke
frekvensrelaterade stodtjanster.

Mats Nilsson, Shadow analysis AB and Anders Kofoed-Wiuff, Ea Energy
Analyzes, have been engaged for the implementation of the project. Ola Solér is
responsible for the project at Region Skane Energy research.

Energiforsk

These are the results and conclusions of a project, which is part of a research
programme run by Energiforsk. The author/authors are responsible for the content.
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Summary

In this report a simulation of the power system in southern Sweden (SE4)
is performed. The simulation results in forecasts of the energy mixes in
2030 and 2040 and discuss the economics for the thermal power plant in
this future. The value of interconnectors and the possible necessity of
strategic reserves after 2025 is briefly elaborated upon.

The report provides a short overview of the current power supply in Skane and
SE4 building on public sources and data.

In addition, it explores different pathways for the development of the power sector
in SE4. The analyses are based on power market analyses with the energy system
model Balmorel assessing among others the future capacity balance in the region
and wholesale power prices. Because SE4 is well interconnected with neighbouring
regions the geographic scope of the modelling is North and Central Europe.

On major analyses is of the economic conditions for existing and new thermal
power generators using the power price projections from chapter 3. Revenues are
determined in the spot and regulating power markets.

Keywords
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Sammanfattning

I denna rapport utfors en enkel simulering av hur kraftsystemet i sédra
Sverige (budomrade 4) kan utvecklas. Simuleringen identifierar ndgra
problemomraden sasom till exempel den nédviandiga utvecklingen av
stamndten och att det dven efter 2025 kommer att behdvas strategiska
reserver i SE4.

Forst sammanfattas den aktuella situationen for kraftsystemet i Skane och
prisomréade 4. Sedan simuleras ett antal mdjliga scenarios med olika energimixar
med hjdlp av energisystemmodellverktyget Balmorel. Bland annat raknas
energibalanser och kapacitetsbalanser fram. Eftersom SE4 ar intimt
sammankopplat med kringliggande omraden ar det geografiska fokuset pa Nord-
och Centraleuropa. Rapporten innehaller ocksa en mer djupgaende analys av den
ekonomiska utvecklingen for kraftvarmeverk i regionen.
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1 Introduction

Short introduction to the southernmost bidding area in Sweden, SE4, and
a short introduction to the issues concerned in this report.

The Skane region with a population of over 1.3 million, is the southernmost county
of Sweden. It is made up of 33 municipalities with Malmo, Helsingborg and Lund
being the largest by population. In the Nord Pool power market, Sweden has four
bidding areas and Skane is part of the SE4 region. Historically, the region has seen
higher electricity prices as compared to other parts of Sweden.

The desire for more climate-friendly electricity production and the expansion with
PV and wind turbines challenges the economic conditions for thermal power
plants. This has also been the case in Skane, where among others the relatively new
Oresund plant was closed down in 2017 due to low electricity prices and increased
competition in the market for district heating. In Skane (and electricity price area
SE4 in general), the reduction in thermal production capacity has presented
challenges for the electricity grid. In Skane, some stakeholders talk about a lack of
production capacity, “effektbrist”, which is temporary though and is expected to
be resolved when the main grid is strengthened in 2024. Until then,
Heleneholmsverket in Malmo will function as a capacity reserve and in addition a
new local pilot market for capacity, called Switch, has been established.

Furthermore, the lack of available thermal production capacity in the electricity
market of Southern Sweden meant that Svenska Kraftnit, in the summer of 2020,
found it necessary to make financial arrangements with Ringhals nuclear power
plants (881 MW), Uniper's Karlshamnsverket (310 MW) and Goteborg Energi's Rya
CHP plant (170 MW) to provide reactive power and some cases also active power.

In Zealand - which is closely connected to the power system of Southern Sweden -
Energinet also sees potential challenges to the security of supply and considers
purchasing a strategic reserve to handle the situation.

The purpose of the project has been to shed light on the economic conditions for
power generators in Southern Sweden and the related challenges for the security of
electricity supply.

Chapter 2 provides a short overview of the current power supply in Skane and SE4
building on public sources and data.

Chapter 3 explores different pathways for the development of the power sector in
SE4. The analyses are based on power market analyses with the energy system
model Balmorel assessing among others the future capacity balance in the region
and wholesale power prices. Because SE4 is well interconnected with neighbouring
regions the geographic scope of the modelling is North and Central Europe.

Chapter 4 looks at the economic conditions for existing and new thermal power
generators using the power price projections from chapter 3. Revenues are
determined in the spot and regulating power markets.

Chapter 5 presents conclusion and recommendations that follow from the analyses.
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2 Diagnosis and mapping

This section gives an overview of power balances and interconnectors to
and from SE4.

Skane region is a part of the SE4 bidding zone along with Kronoberg, Blekinge and
Oland regions and parts of Kalmar, Jonképing and Halland regions, shown in
Figure 1.
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Figure 1: The regions of the SE4 bidding zone.

Historically, the electricity consumption in SE4 has been mainly covered by import
from neighboring regions, especially SE3, as shown in Figure 2. Thermal
generation have been steadily declining since 2015 reaching 0.8 TWh in 2019.
Generation from onshore turbines has been increasing, reaching 4.2 TWh in 2019.
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Figure 2: Generation and import of electricity in SE4 between 2013 and 2019.
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The SE4 bidding zone contains many small-scale thermal generators, mainly
combined heat and power units (CHP). However, the sum of the capacity these
thermal generators is 1.5 GW, which is significantly smaller than the peak demand
of 5 GW in the bidding zone. The current capacity balance is shown in Figure 3.

Capacity Balance in SE4 in 2020
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Figure 3: Capacity balance of SE4 in 2020.

The capacity balance shows the peak demand, dispatchable capacity and
transmission capacity to neighboring regions. The SE4 bidding zone is reasonably
well connected to neighboring regions with 5.3 GW from SE3 and 3.6 GW from
other regions such as DK2, Germany, Poland and Lithuania. This means that peak
demand can potentially be supplied by neighboring regions alone if cross border
transmission capacity is available. During March and April 2021, the available
capacity for the spot market between SE3 and SE4 has however only been at
around 4 GW and the capacity of other interconnectors are also sometimes limited
as it appears from the figures on the next page.

Note that looking at the capacity balance is one issue, but frequency and voltage
control is another issue completely. Other tools such as PowerFactory and PSS/E is
needed to evaluate the frequency and voltage stability of a grid.

: Energiforsk
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Figure 4: Elspot capacity from neigbouring regions to SE4 during 2021 (1. Jan — 26 April) Hourly resolution.
Source: NordPool
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3 Power Outlook and Power Market Analysis

This section provides information on how the power system in SE4 and
neighboring jurisdictions is projected to develop towards 2040 and what
opportunities lie ahead. The capacity balance of the future energy system
is analyzed as an indicator for security of supply.

Moreover, we explore how power prices in the SE4 region can expect to develop as
input for the business case analyses of thermal power generators in the following
chapter.

The Balmorel power market model is applied for this part of the study.

3.1 THE BALMOREL MODEL

The Balmorel model is a bottom-up energy system model used for modelling and
simulating power and district heating markets. The model optimizes the
generation dispatch, transmission and consumption of power and heat under the
assumption of full foresight. Balmorel can be applied for policy analysis and
testing future scenarios. The spatial resolution in Balmorel can cover any country
or geographical area. For this project, the spatial resolution covers the Nordic
countries and countries that are of importance to the Nordic power system. These
are Austria, Belgium, Czech Republic, Estonia, France, Germany, Great Britain,
Latvia, Lithuania, Luxembourg, Netherlands, Poland, Italy and Switzerland, as
shown in Figure 5.

Countries excluded

Figure 1 The modelled area in Balmorel.

The model assumes perfect market conditions where units bid in the power market
according to their short-term marginal costs, corresponding to a merit order curve

11
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approach. It operates iteratively in two steps which is investment optimization and
then a unit dispatch optimization. Further documentation of the Balmorel model is
presented in Appendix 6.1.

A detailed representation of offshore areas in the Baltic Sea and North Sea, as
shown in Figure 6, are also a part of the model. These areas are created based on
data from potential sites for offshore turbines. The model has the option to apply
capacity in these areas. Additionally, it has the flexibility to connect multiple
neighbouring regions to an offshore area.

5 o S

Figure 2 Baltic Sea and North Sea offshore areas in the Balmorel model.

12 [©)] Energiforsk
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3.2 SCENARIOS FOR THE FUTURE DEVELOPMENT OF THE POWER SECTOR

One reference scenario and three sensitivity scenarios have been developed for the
power market analysis. These are further explained here:

1. The reference projection assumes that European countries act on their climate
targets and achieve almost total decarbonization of the power system towards
2050. This decarbonization is driven by an increasing cost of CO2-emissions
allowances, along with further cost reductions of wind power and solar PV.
The forecast of electricity demand is based on the European Commission’s
2050 Long-Term Strategy, 2018 (LTS18)!, following the so-called COMBO?
scenario in 2050, which shows roughly 90% GHG reductions in 2050 at the EU
level. The reference projects increased electrification of the transport, heating,
and industrial sector along with clean fuels such as hydrogen as a main
strategy to transform and store energy. The total electricity demand in the
COMBO scenario increases by about 90% between 2020 and 2050 and almost
70% of the power demand increase stems from the production of electrofuels,
such as hydrogen and ammonia, at Power-to-X (PtX) plants.

2. Four different sensitivity analyses.

e High demand scenario — The future electricity consumption of the Swedish
industry is a debated topic as of 2021. Luossavaara-Kiirunavaara Aktiebolag
(LKAB) has announced ambitious electrification plans of the mining industry
which could lead to 55 TWh higher electricity consumption in 2045. This is
reflected in the high demand scenario which sees a gradual increase of
electricity consumption in Northern Sweden which reaches over 50 TWh in
2040.

e NIMBY - scenario — The not-in-my-back-yard scenario represents a scenario
where solar PV and onshore wind developments are limited in the model area,
except for Sweden. The leads to a stronger deployment of offshore wind.

o Delayed electrification — The delayed electrification scenario reflects a case
where the increasing electricity demand for PtX fuels is delayed. The scenario
contains no PtX electricity demand in the model area.

e Thermal sensitivity — the reference scenario assumes that there is
refurbishment of thermal generators in Sweden. However, this thermal
sensitivity investigates a case where the model has to choose between
refurbishment and decommissioning of thermal capacity at end of life.

3.3 MAIN ASSUMPTIONS

This section presents the main assumptions applied for the power market analysis, i.e.,
electricity demand projections, fuel- and COz2 prices as well as local capacity
development and capacity potentials for different types of generators for Sweden.

1 A Clean Planet for all - A European strategic long-term vision for a prosperous, modern, competitive
and climate neutral economy https://ec.europa.eu/clima/policies/strategies/2050_en

2The COMBO scenario is a combination of 5 long term strategy options called Electrification (ELEC),
Hydrogen (H2), Power-t 0-X (P2X), Energy Efficiency (EE) and Circular Economy (CIRC).

13
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3.3.1 Technology development for new plants

The assumed development of data for each generation technology is based largely
on the Danish Energy Agency’s Technology Catalogue. The 2030 LCOE of some
selected generation technologies are shown in Figure 7.

Levelised Cost of Energy 2030 (SEK-20/MWh)
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Total costs 382 281 218 224 475 673 619 1194
Figure 3: LCOE's for new power generation capacity based on the DEA Technology Catalogue.

3.3.2 Development in electricity consumption

As previously mentioned, demand projections are based on the European
Commission’s 2050 Long-Term Strategy, 2018 (LTS18), following the COMBO
scenario until 2050, which shows roughly 90% GHG reductions by 2050. While the
total demand in the COMBO scenario increases by 90%, between 2020 and 2050, it
does not project very high levels of direct electrification of the transport, heating,
and industrial sector. Rather, the COMBO scenario sees clean fuels such as
hydrogen as the main strategy to transform and store energy. Following the
importance of clean fuels in the COMBO scenario, almost 70% of the power
demand increase (2020-2050) stems from PtX. Increased levels of direct
electrification and subsequently lower levels of indirect electrification (PtX) will
lead to a lower total electricity demand due to higher efficiency of direct
electrification. Figure 8 shows the projected development of electricity
consumption in the modelled area. PtX electricity consumption is projected to be
the main source of electricity consumption increase in 2040. Further category
descriptions are presented in Appendix 6.2

14
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Electricity consumption in modelled area
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Figure 4 Projected electricity consumption in the modelled area.

The electricity consumption in Sweden is also projected to rise mainly due to
increases in PtX electricity consumption. The reference projection of consumption
applied in this project reaches 180 TWh in 2040, shown in Figure 9.

However, it is possible that the electricity consumption will increase even further
because of electrification of heavy industries and global industries moving
manufacturing to Northern Sweden where the power prices are comparatively
lower. This possibility will be investigated through sensitivity analysis and is
explained later.

Electricity consumption in Sweden
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W District heating

100
= EV
80
60 Industrial transport
40 ® Individual heating
20
0 H Classic demand
2020 2025 2030 2040

Figure 5: Projected electricity consumption in Sweden.

The projected electricity consumption in SE4 is shown in Figure 10. The main
increase in consumption is due to PtX similar to that expected for Sweden as a
whole. The relative increase in total electricity consumption in SE4 is 21 percent
from 2020 to 2040 which is lower than the 31 percent increase in total Swedish
consumption. This is mainly due to the greater likelihood of PtX electricity
consumption being placed in SE1, SE2 and SE3. The electric vehicle (EV) electricity

15 Energiforsk
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consumption in SE4 is projected to be 0.6 TWh in 2030, equivalent to 240,000 EV’s,
and 1.3 TWh in 2040, equivalent to 510,000 EV’s, assuming a yearly consumption of
2,580 kWh per vehicle.

Electricity consumption in SE4
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< 20 M District heating
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2020 2025 2030 2040

Figure 6: Projected electricity consumption in SE4.

3.3.3 Fuel- and CO; prices

Fossil fuel prices are based on the Sustainable Development Scenario from
International Energy Agency’s World Energy Outlook 2020. The prices are taken
for 2030 and 2040, and extrapolated hereafter. For 2021, forward prices, which is a
predetermined price of a commodity between buyers and sellers, are used.
Between 2021 and 2030 prices are projected to converge from forward prices to the
IEA projections.

Historically, the IEA has underestimated technological progress. Choosing the
Stated Policies Scenario could potentially lead to the underestimating the cost
competitiveness of RE technologies, and therefore leading to higher fuel price
estimates. Furthermore, the Paris Agreement and European Green Deal strengthen
the argument for using the sustainable development scenario. The applied fuel
price projections are shown in Figure 11.

16 Energiforsk



CO;-prices

POWER OUTLOOK AND SECURITY OF SUPPLY IN REGION SKANE

Fuel prices
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Figure 7: Fuel prices applied in the model.

The price of CO2 emission rights has increased from approximately 5 €/ton in 2017,
to 44 €/ton in April 2021. Based on the analyses underlying the European
Commission’s impact assessment for a 55 % GHG reduction target in 2030, it is
anticipated that the CO2-price will remain at the same level until 2030. A higher
reliance on the ETS system to fulfil climate targets, reflected in the EU
Commission’s so-called CPRICE scenario, may increase the CO:z-prices. In the long
term, the COz2 price is assumed to grow rapidly reaching 120 €/ton, equal to the
level in the IEA WEO Sustainable Development Scenario. The applied COz2 price
projection is shown in Figure 12.
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Figure 8 CO: price projection applied in the model.
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Taxation of There is a 93.3 SEK (9.2 EUR) per GJ tax on district heating production from
district heating natural gas units in Sweden. This is not included in the Balmorel model as well as
production from other Swedish specific taxation schemes, for example on heat from electricity that
natural gas is not accounted for either. However, this taxation of district heating from gas is

included in the generator specific economic analysis in chapter 4.

3.3.4 Specific assumptions for Sweden

Thermal capacity In their short-term market analysis called “En sammanfattning av Kortsiktig
marknadsanalys 2020” Svenska kraftnat (Svk) projects that Karlshamnsverket in
Blekinge and Heleneholmsverket in Malmé are decommissioned by 2025. This
assumption is included in the model. Table 1 shows an overview of thermal
capacity, both backpressure and condensing, per region in Sweden.

Table 1 Thermal capacity per region in Sweden. Source: Svenska kraftnat

Sweden 5,660 5,660 5,700 5,730 4,960
- SE1 290 290 290 290 290
- SE2 760 760 760 760 760
- SE3 3,100 3,100 3,140 3,160 3,160
- SE4 1,510 1,510 1,510 1,510 750

The thermal capacities are assumed to be refurbished at end of life to maintain
capacity in the system towards 2040.

Nuclear capacity There is uncertainty regarding the nuclear capacity present in the Swedish power
system. All existing nuclear power plants are assumed to online with for the time
horizon of this study, 2020-2040.

There is some probability that these nuclear reactors will be decommissioned in the
future. However, the increasing need for baseload capacity may make these
reactors more than likely to be profitable for another 20-year life extension. This
project assumes that all reactors be decommissioned at the end of their 60-year
lifetime which is between end-2040 and 2050, shown in Table 2. The discussion on
the future of nuclear does not affect the modelling in this study.

18
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Table 2 Assumed nuclear decommissioning dates.

Name II\JInit Reactor ;afdavi;ty Comm.ercial Closure

o. Type Net operation Date
Forsmark 1 BWR 986 10 Dec. 1980 10 Dec. 2040
Forsmark 2 BWR 1,116 7 Jul. 1981 7 Jul. 2041
Forsmark 3 BWR 1,167 18 Aug. 1985 | 18 Aug. 2045
Oskarshamn | 3 BWR 1,400 15 Aug. 1985 15 Aug. 2045
Ringhals 3 PWR 1,062 9 Sep. 1981 9 Sep. 2041
Ringhals 4 PWR 1,104 21 Nov. 1983 21 Nov. 2043

Svensk Vindenergi projects a significant short-term build-out of onshore turbine
capacity towards 2025. The increase in onshore turbine capacity from 2020 to 2025
is projected to be around 7 GW, shown in Figure 13. This projected development is
included in the model.

50,0 10000
453
450 | | =@ Annual
a7 production
TWh
400 | a7 + 8000 (W]
+—Cumulative
350 | capacity [GW]
30,
- 300 270 6000 i——CumuIal‘we
k" £ installed wind
E 250 | /"/ £ turbines [n]
© 19 3
f6s | 400 §
16 E
15 - +» E]
13 e z
10 _*
¥ 2000

00 | . : . . . —1
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 9 Projected onshore turbine capacity and generation development. Source: Svensk Vindenergi.

From 2025 to 2040, a maximum potential of 30 GW for onshore wind potential in
Sweden is considered, based on data from Energimyndigheten’s (2021) “Nationell
strategi for en hallbar vindkraftsutbyggnad”. This is reflected in the maximum
onshore wind potential in 2030 that is set at 25 GW and 30 GW in 2040 as shown in
Table 3.

Table 3 Onshore potentials in Sweden per region.

2025 2,076 5,190 8,131 1,903 17,300
2030 3,000 7,500 11,750 2,750 25,000
2040 3,600 9,000 14,100 3,300 30,000

The Balmorel model contains a requirement of 1,960 MW of strategic and manual
reserve for Sweden to be supplied by generations units. This requirement is
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defined on a country level. For comparison, today, Svenska Kraftnet has a total
requirement of 2,700 MW of reserves (700 MW of fast reserves with an activation
time less than 2 minutes, 1450 MW of capacity with an activation time less than 15
minutes, i.e. storningsreserven, and 562 MW of strategic reserves), which can be

provided by production and consumption units.

District heating production data has been gathered locally from each municipality
in Skane to model the district heating demand of the region, as shown in Table 4.

Table 4 District heating demand of each municipality in Skane.

Bjuv 21.0 Perstorp 44.9
Bromolla 34.3 Simrishamn 46.1
Eslov-Lund-Lomma 805.0 Skurup 27.1
Helsingborg 958.4 Staffanstorp 25.5
Hassleholm 173.8 Trelleborg 90.1
Hoganas 415 Ystad 128.6
Kristianstad 340.6 Angelholm 161.5
Landskrona 247.2  Orkelljunga 26.4
Malmo 1971.0 Astorp 37.8
Total 5181

3.4 DEVELOPMENT IN THE EUROPEAN POWER SYSTEM IN REFERENCE

The transition toward renewable energy sources is driven by increasing CO:2 prices

that increase generator marginal costs. A transition to renewable energy sources

unfolds throughout the model area as PV, onshore and offshore wind generation
increase towards 2040. The renewable energy shares of the model area reach 50%
in 2030 and 74% in 2040 as shown in Figure 14.
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Figure 10 Projected electricity generation in the modelled area.
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3.5 OVERALL DEVELOPMENT IN THE SWEDISH POWER SYSTEM

Electricity generation from onshore wind is projected to increase significantly in
Sweden from 25 TWh in 2020 to 88 TWh in 2040, shown in Figure 15. This capacity
is mainly applied in the Northern regions of SE1 and SE2. Generation from
photovoltaic panels (PV) is projected to increase from 1 TWh in 2020 to 8 TWh in
2040. Offshore wind power is projected to increase to 6 TWh in 2040. The majority
of PV and offshore wind power capacity is in SE4.

Electricity generation in Sweden
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Figure 11 Projected electricity generation in Sweden.

3.6 OVERALL DEVELOPMENT IN THE SE4 BIDDING ZONE

This section presents specific results to the SE4 bidding zone in Sweden. The SE4
bidding zone is projected to have modest capacity developments from 2020 to
2030, which can be seen in Figure 16. As stated in the assumptions, the thermal
capacity is assumed to decrease as Karlshamnsverket and Heleneholmsverket are
decommissioned. The onshore wind power capacity in SE4 is limited by the
potential of the region which is estimated to be approximately 10 TWh equaling 3.2
GW in capacity. PV capacity in Sweden is mainly seen in the SE4 region due to a
slightly higher number of full load hours compared to the other regions. In SE4,
the PV capacity increases to 2 GW in 2030 and then 7 GW in 2040. In 2040, the
model invests in 2 GW offshore wind capacity. This is mainly applied as near
shore. It should be stressed that local bottlenecks in the power grid could be an
important obstacle for realizing the PV deployment envisioned in the reference
scenario.

The PtX electricity consumption increase, shown for Sweden in Figure 9, is the
main reason behind a need for more capacity of both PV and offshore wind in
2040.
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Power capacity in SE4
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Figure 12 Power capacity in the SE4 region.

The model results show that the remaining 0.6 GW thermal capacity, which is not
biomass CHP’s, is kept operating through strategic reserve capacity payments. The
model has a reserve requirement of 2 GW in Sweden which ensures that a portion
of the capacity is kept as reserve (strategic reserve and manual reserve capacity).
This production capacity can not take part in the spot market.

The SE4 region is projected to be largely dependent on import from especially SE3
between 2020 and 2030 to satisfy the local demand, as shown in Figure 17. In 2040,
the annual net import from neighbouring regions is reduced to 5 TWh due to the
increased generation from PV and offshore wind.

Electricity generation and import in SE4
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Figure 13 Electricity generation and import in SE4.

As this project investigates the issue of security of supply in SE4, it is important to
analyze the capacity balance in the region. This is shown in Figure 18.
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Figure 14 Capacity balance in SE4 in 2030.

In 2030, the winter peak demand is estimated to increase to 5.5 GW compared to 5
GW in 2020, mostly due to rising electric vehicle (EV) demand, electrification of the
individual heating demand and PtX demand. The summer daytime demand is on
an average around 3 GW. Electricity demand used at district heating and PtX
plants is assumed not to contribute to peak demand, since these loads are usually
flexible and would therefore be disconnected in case of extreme electricity prices.
The thermal capacity is based on Svenska Kraftnit’s assumptions which is 750 MW
in 2025. The transmission capacity from SE3 to SE4 totals 6.5 GW in 2030,
compared to 5.3 GW in 2020, due to the expansion project SydVastlanken which is
expected to be finished in 2022. SE4 holds an additional 4.3 GW of transmission
capacity to DK2, Germany and Poland. As it can be seen, the SE4 region is
relatively well connected and has more than enough transmission capacity to
supply the peak demand through imports. The main issue is therefore whether
there is sufficient generation capacity available for export in the neighboring areas
in a scarcity situation? According to the Balmorel model, which looks at a typical
weather year, that is the case in all hours but about 20-30 (see next section). To
explore this issue in more detail other tools would be required that apply
stochastic modelling of outages of power plants and transmission lines along with
examining the situation in a multitude of years with different weather conditions.
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3.6.1 Power price development in SE4

The power price in SE4 is another interesting parameter to investigate, as it is
obviously of pivotal importance to the feasibility of existing power producers and
potential investments in new generation capacity. The historic SE4 power prices of
2018 and 2019 are shown in Figure 19 along with the projected prices of 2030 and
2040. The projected 2030 average power price in SE4 is projected to be 431 SEK per
MWh which is higher relative to the 2019 average price of 420 SEK per MWh. The
average price in 2040 is projected to be 444 SEK per MWh. However, the changes
in average prices may be modest, but the price volatility increases.

The price profiles show the effect of increased generation from renewables as
higher and lower price hours are present in the duration curve.

There are approx. 20-30 hours where the power price reaches the price ceiling in
the market in 2030 and 2040. In these hours there is not sufficient generation
capacity in the spot market to cover demand, and as a result, consumers would
have to be disconnected or the strategic reserves would have to activated. This
result shows that the power balance is tight. More specific tools would be required
to determine in more detail to what extent involuntary disconnection of consumers
is needed. That result is also sensitive to whether some consumers will voluntarily
choose to abstain from using electricity when extreme prices are observed.
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Figure 15 Price duration curves of SE4.

3.6.2 Dispatch curves in 2030 — winter and summer weeks

As an output from the model, we can examine operational dispatch curves to see
unit operation, power prices, electricity consumption and import/export in the
individual bidding zones. Figure 20 shows the operational dispatch of SE4 in a
winter week.
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Operational dispatch in SE4 - winter week
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Figure 16 Operational dispatch of a winter week in SE4 in 2030.

The Figure shows that total electricity consumption is high in the daytime hours,
reaching 5 GW. Most of the demand is supplied by import from cross area border
transmission lines. Generation from onshore wind is high and fairly constant
throughout the period which characterizes a winter week. The power prices
increase to the extent that the gas turbines of the region are activated in a few
hours to supply the consumption.

In contrast, a summer week in SE4 is shown in Figure 21. The Figure shows that
generation from onshore wind are comparatively lower throughout the week and
solar PV provides large quantities of generation in the daytime hours. There is also
a need for import throughout this week similarly to the winter week. The
electricity consumption of this week is on average significantly lower compared to
the winter week, as average daytime consumption reaches around 3 GW an hour
compared to 5 GW an hour. The power price is stable at around 30 € per MWh
which is a strong contrast to the volatile winter week prices. The hydro units
operate to a higher degree as baseload due to the stable price pattern.
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Operation dispatch in SE4 - summer week
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Figure 17 Operational dispatch of a summer week in SE4 in 2030.

3.7 SENSITIVITY ANALYSES
This sensitivity analyses explores four different scenarios:

e High demand scenario
e NIMBY - scenario

e Delayed electrification
e Thermal sensitivity

The first three scenarios are investigated in the following section. These scenarios
have different capacity buildouts in Sweden as shown in Figure 22.
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Sweden power capacity
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Figure 18 Power capacity in Sweden in different scenarios. Data table is in appendix.

The projected capacity in each scenario is relatively similar in 2030 with additional
4 GW in the high demand and NIMBY scenarios. In 2040, we see major changes in
the sensitivity with large amounts of PV and offshore wind capacity being added
in the high_demand and NIMBY scenarios. The PV capacity increases to 19 and 25
GW in these scenarios compared to a projected reference capacity of 8 GW in 2040.
The demand for additional PV capacity in the high_demand scenario is linked to
the increase in electricity demand of 50 TWh by 2040. Interestingly, the
high_demand scenario is the only scenario which utilizes all onshore wind
potential of 30 GW in 2040 as both the reference and NIMBY contain 29 GW
respectively. This indicates that PV, onshore and offshore wind are on par cost-
wise by 2040. This is a consequence of decreasing costs of PV and offshore
turbines. The delayed electrification scenario shows a different story as the
electricity consumption remains at a fairly constant level in all years which results
in small amounts of additional onshore capacity.

The transmission capacity expansions in each scenario are fixed up until 2030 and
follows the TYNDP18 planned expansions, as shown in Figure 23. From 2030 the
model can invest in additional transmission capacity between regions up to 1,500
MW per 5 years. In the 2040, the model utilizes the full expansion potential to SE3
and Poland in all scenarios, installing 3 GW to both these regions. Capacity
expansion to the other regions is more modest. SE4 is to a large extent used as a
transit area, moving cheap green electricity from Northern Sweden to continental
Europe as 38 TWh is imported from SE3 and 35 TWh is exported to Poland,
Germany and Denmark in the reference in 2040. The NIMBY scenario shows an
approximately 6 GW higher transmission expansion relative to the other scenarios
due to 5 GW additional capacity to German regions and 1 GW to Lithuania.

Previous analyses have shown that there are bottlenecks in the central German
grid due to a high demand in Southern Germany. This bottleneck effect is
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amplified in the NIMBY scenario which contains further limitation on solar PV and
onshore wind in central Germany which creates an increased import demand to
the region. Further geographical representation of the transmission flows between
regions in the reference and NIMBY scenarios are present in Appendix 6.4.
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Figure 19 Transmission capacity development in SE4 in different scenarios.

Figure 24 shows the power capacity in SE4 in each sensitivity scenario in 2030 and
2040. In 2040, the Figure shows that all offshore capacity and a large part of the PV
capacity in Sweden is located in SE4 in the high_demand and NIMBY scenarios.
The remaining PV capacity of Sweden is distributed across mainly the SE3 and the
SE2 region close to load centres. The delayed electrification scenario shows a
significant impact on the PV and offshore turbine buildout while the onshore
turbine buildout remains constant in all scenarios.
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SE4 power capacity
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Figure 20 Power capacities in each scenario in SE4.
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Figure 25 show that SE4 remains a net importer in the reference and delayed
electrification scenarios while a net export is obtained in the high_demand and
NIMBY scenarios mainly due to generation from offshore turbines.
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Figure 21 Electricity generation in each scenario in SE4 in 2030 and 2040.

3.7.1 Focus on thermal power capacity

OImport
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The reference scenario assumes refurbishment of existing thermal capacity so that

lifetimes are extended to 2040.
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Table 5 shows in which market each individual power plant operates in different
years in the reference scenario.

Table 5 Power plant operation in the reference scenario with assumed refurbishment of most power plants.

Alloverket 1 bio Spot market Spot market Spot market
Vasthamnsverket 1 bio Spot market Spot market Spot market
Minor biomass plants bio Spot market Spot market Spot market
Vasthamnsverket GT gas Spot market Spot market

Oresundsverket GT G24  gas Spot market Spot market

Karlshamnsvaerket gas Spot market Spot market

Karlshamnsvaerket oil Decommissioned Decommissioned
Heleneholmsverket oil Decommissioned Decommissioned
Minor fuel oil plants oil

In the reference scenario, the biomass units Alloverket, Vasthamnsverket 1, and the
aggregated category “minor biomass plants” participate in the spot market. The
gas power plants of Vasthamnsverket, Karshamnverket and Oresundsverket all
participate on the spot market until 2040 where their contribution margin switch to
being capacity payments exclusively due to high CO: prices. The oil units in the
aggregated category “minor fuel oil plants” exclusively function as strategic
reserves to stay online for all years as their marginal costs are too high to have
reasonable revenues in the spot market.

In the reference scenario the existing power plants are assumed to available for the
power market until 2040 assuming that the regular annual operation and
maintenance costs are sufficient to keep the plants operational. A sensitivity
scenario is created assuming 25-year lifetime of all power plant to see whether the
model would choose to refurbish the units when their lifetime is exceeded. Table 6
show an overview of power plants in SE4 with capacities and assumed end-of-life
time years.

Table 6: SE4 plant overview of capacity and assumed decommissioning years in the thermal capacity sensitivity
analysis. In the reference scenario the existing power plants are assumed to available for the power market

until 2040 assuming that the regular annual operation and maintenance costs are sufficient to keep the plants
operational

Alléverket 1 bio 14 2013 2038
Vasthamnsverket 1 bio 69 2006 2031
Vasthamnsverket GT gas 54 2000 2030
Heleneholmsverket oil 126 1960 2024
Oresundsverket GT G24 gas 128 2009 2039
Karlshamnsvaerket oil 670 1973 2024
Karlshamnsvaerket GT gas 35 2000 2030
Minor biomass plants bio 47 2013 2038
Minor fuel oil plants oil 357 2000 2030

Figure 26 shows the model results of the sensitivity analysis. The results show that
all existing thermal capacity is fully decommissioned by 2040. This means that the
model does not find the potential contribution margin enough to cover
refurbishment investment costs for fuel-oil, gas, and other biomass related units.
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However, a 200 MW new biomass CHP plant is established in 2040 which runs on
low biomass fuel costs from the usage of wood waste which is limited in the
model. The economic analysis in section 4 will investigate this biomass CHP type
further.

Thermal capacity
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Figure 22 Thermal capacity development in SE4 in each scenario.

The alarming results is that the SE4 region is by 2040 left with just 0.2 GW of
thermal capacity to cover a peak demand of more than 5.5 GW. It should be
stressed, that in the model the requirement for reserve capacity is defined at a
national level and therefore it does not take into account that Svenska Kraftnat
would require a portion of the disturbance reserve to be located in SE4.

The thermal sensitivity assumes 25-year lifetime of thermal generators. At end-of-
life time the model can choose to refurbish the plant or decommission it.
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4 Thermal generator economy in SE4

Using the power price projections for SE4 from the Balmorel model, a
separate market simulation tool is applied for the analysis of thermal
power plant economy.

This market simulation tool can provide information on the operation of thermal
generators in the spot market as well as in regulating power market. The focus of
this part of the analysis is only 2030. However, it should be stressed that
determining revenues in the regulating power markets is associated with a high
level of uncertainty and these results should therefore be interpreted with caution.

We investigate four theoretical new thermal generator technologies. Due to the
uncertainty related to the cost of procuring biomass we are investigating two
biomass price levels:

e  Wood chip combined heat and power — backpressure
x  which is able to procure biomass at a cost of 50 SEK per GJ
x which is able to procure biomass at a cost of 70 SEK per GJ
¢ Combined cycle gas turbine — backpressure.
e Combined cycle gas turbine — condensing.
e Open cycle gas turbine — condensing.

The thermal generators are not assumed to affect power prices. This is a realistic
assumption for small units. Larger units may cause a small reduction in power
prices, implying that the analysis may slightly overestimate revenues in the power
market for such units. Appendix 6.3 presents a more detailed documentation on
the market simulation tool.

4.1 RESULTS OF THERMAL GENERATOR ECONOMICS

Figure 27 show the full load hours obtained by each of the four thermal generation
technologies on the spot- and regulation power markets. Regulating power is
divided between up- and down regulation.
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Full load hours
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Figure 23 Full load hours of each technology.

The wood chip CHP technologies operate as baseload units in the spot market with
6,050 and 6,551 full load hours. The biomass CHP with reduced fuel cost operates
to a higher degree on the spot market due to lower marginal costs. The CCGT —
backpressure unit is heavily affected by high taxation on district heating from
natural gas units. The current regulation taxes heat from natural gas-fired CHP
units by 93.3 SEK per GJ heat. This gives a very low — and in many hours non-
existing - contribution margin from heat sales. The CCGT - condensing and OCGT
units operate as peak units with low amounts of full load hours in each market due
to high marginal costs. The condensing unit has higher revenues than the CHP
unit, indicating that given the high taxes on heat natural gas, it would be more
profitable for the owner of the CHP power plant to operate the plant in condensing
mode and stop district heating production if this was technically possible.

Figure 19 showed that average prices in the SE4 regions increase in 2030 and 2040
compared to the historic years of 2018 and 2019. This creates better conditions for
thermal generators as they are more likely to be able to cover their costs.

The economic results of the market simulation tool are presented in Figure 28. The
positive figures in the graph show the contribution margin made from power sales
in spot and intraday markets, i.e. difference between the electricity price and the
marginal cost of power generation for the unit. The contribution margin from
scarcity prices is specifically for very high price hours. The fixed cost of the power
plants, divided on fixed operation and maintenance cost and capital costs, along
with start-up costs are presented as negative figures.
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A fixed heat price is assumed with respect to the combined heat and power plants
based on data from Energiforsk. The heat price of biomass CHP units is set to 11.2
€ per GJ while the natural gas-fired units receive a price of 14.9 € per GJ because
they usually operate in peak demand periods where the price is typically higher.

New Generator Economics
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Figure 24 New thermal generator economic results from market simulation tool.

The wood chip CHP unit technologies show the highest contribution margin from
the spot market. However, only the biomass CHP with a reduced fuel price of 50
SEK/G]J obtains a contribution margin which covers investment and fixed costs,
making it a new positive investment. This shows how sensitive the biomass CHP
investments are to the future fuel prices.

All the investigated technologies earn 0.51 million SEK from scarcity prices on 30
hours where the power price is averagely around 17,000 SEK per MWh. As

expected, the gas turbine technologies show a high dependency on scarcity prices
to cover their costs. The CCGT — backpressure unit shows very little contribution
margin from each market, giving it a yearly loss of 1.11 million SEK per year. The
peak units of CCGT condensing and OCGT shows lower yearly losses of 0.76 and
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0.58 million SEK respectively, due to lower investment and fixed costs relative to
the other technologies.

The same analysis concerning generator economics is now applied on the same
units as before but this time excluding capital cost in order to represent the
economy of theoretical existing units, where capital cost are considered sunk cost .
Figure 29 shows the results.
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Figure 25 Existing thermal generator economics.

The Figure shows that, if investment costs have been covered, wood chip CHP’s
have the highest net profit of 2.78 million and 0.88 SEK per year followed by OCGT
which obtains 0.46 million SEK a year.

In conclusion, investment in new gas turbine power plants appears to be non-
economically feasible due to low contribution margins from both spot- and
intraday markets. Closed cycle gas turbines require an additional 0.25 million SEK
a year per MW to be economically feasible and open cycle turbines require only
0.07 million SEK/MW which makes open cycle close to break-even. The results
show a high sensitivity to the chosen fuel price of biomass CHP technologies as
using a fuel price of 70 SEK per GJ provides a non-economically feasible
investment and a lower price of 50 SEK per GJ is economically feasible.
Additionally, the contribution margin obtained in the regulation market is quite
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limited for all technologies. However, existing thermal units, where capital costs
are considered sunk cost, can have a net positive turnover as contribution margins
are higher than total costs.
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5 Conclusions and Recommendations

This chapter summarizes the conclusions of the simulations and suggests
some areas that are of special interest to the development of the power
system in SE4.

The power market analysis shows that only solar PV, onshore and offshore wind
demonstrate economically feasible investments. The Balmorel model does not
invest in new thermal capacity but it does not decommission the existing capacity
either as long as major re-investments are not required. In this case the existing
capacity is kept online despite the high CO: prices, which increase to 83 € per ton
in 2040. The fuel-oil and light-oil units cannot compete in the spot market, but they
receive reserve payments between 2020 and 2040. The natural gas-fired units
operate on the spot market until 2040 where the CO: price becomes too high for
spot market participation. In 2040, these units act as reserve capacity exclusively.
From a modelling perspective, this shows a need for capacity payments if existing
thermal capacity should be maintained.

In a sensitivity analysis, where existing power plants are assumed to require
refurbishments after 25 years of lifetime (which is not an unrealistic assumption)
we see that all existing thermal capacity is decommissioned between 2030 and 2040
and replaced with 200 MW of new biomass CHP capacity. This worrying result
exposes that SE4 could potentially be left with just 0.2 GW of thermal capacity by
2040 if no dedicated measures are put into play to safeguard security of supply. It
is important to mention that this development would not necessarily lead to
disconnection of consumers because SE4 under normal conditions would be able to
import power from neighbouring jurisdictions, but it could leave SE4 in a more
vulnerable position than today.

Further analyses using a bottom-up based market simulation tool, that considers
revenues in spot and regulating power markets, show that many new thermal
generators cannot obtain an adequate contribution margin to cover investment
costs in SE4 in 2030. Biomass CHP fuelled by wood chip needs a fuel price of 50
SEK per GJ or lower to be economically feasible in SE4 in 2030. Contribution
margins from the regulating power market appear to be rather limited with respect
to all thermal generator technologies. Condensing closed cycle gas turbines require
an additional 0.25 million SEK a year per MW to be economically feasible.
Condensing open cycle turbines require only 0.07 million SEK/MW which makes
open cycle turbines close to break-even.

Ancillary services such voltage control is another other source of income that has
not been investigated in this analysis due to the limitations of the Balmorel model
and the market simulation tool. The need for frequency control is it least partly
considered through the reserve requirements. However, the thermal generator
economic results showed that there is a substantial gap between total costs and the
contribution margin required to have economically feasible investments. It is
unlikely that the gap can be closed by voltage ancillary services alone.
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The High Demand and NIMBY sensitivity scenarios results show an opportunity
for offshore turbine expansion in the SE4 bidding zone. Offshore turbine
deployment could potentially improve security of supply since it provides a
relatively stable power production with a fairly high capacity factor and at the
same time introducing offshore wind in Southern Sweden would have a
downward effect on power prices. An interesting opportunity lies in the
development of interconnected offshore wind farms grid in the Baltic Sea.
Combining offshore capacity with increased interregional transmission capacity
could be a way of further improving security of supply through stronger access to
generation resources in Poland, Germany and Denmark. Denmark and Germany
are already interconnected at Kriegers Flak and Denmark plans for an additional 2
GW of offshore capacity at Bornholm. Thus, there appears to be ample
opportunities for the Skane Region and Sweden to exploit offshore wind power in
cooperation with its neighbours in the Baltic Sea.

Even if a strategy for interconnected offshore wind is not pursued, the analyses
indicate a need for strengthening the interconnectors between Sweden and
continental Europe, as a means to transit green power from the northern parts of
Sweden to consumers in Germany and Poland. In 2040, the model utilizes the full
expansion potential to SE3 and Poland in all scenarios, installing 3 GW to both
these regions. Enabling these opportunities would improve security of supply in
Southern Sweden but could potentially raise average power prices because
continental Europe in general displays high prices compared to Scandinavia. For
the owners of the interconnectors (typically the TSO, i.e. Svenska Kraftnat)
interconnectors would provide a source of income in the form of congestion rents.

The analysis shows good opportunities for solar power in Southern Sweden, solar
conditions appear to be slightly better than in Northern Sweden and at the same
time power prices in SE4 are higher than in the other Swedish bidding zones,
improving the business case for solar PV.
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6 Appendix

6.1 DOCUMENTATION OF THE BALMOREL MODEL

Balmorel is a detailed techno-economical partial equilibrium model suited for
analyses of electricity as well as combined heat and power markets. It is capable of
both investment and dispatch optimisation. In the investment mode, it can
simultaneously determine the optimal level of investments, refurbishment and
decommissioning of electricity and heat generation and storage technologies as
well as transmission capacity between predefined regions. In the dispatch
optimisation mode, it determines the market optimal utilisation of available
generation and transmission capacity. It is capable of both time-aggregated as well
as hourly modelling, to fit the analysis to the right level of geographical, technical
and temporal detail. It is particularly suited to address the interdependency
between heat and electricity production of combined heat and power (CHP)
generators.

The mathematical principle behind Balmorel is based on finding a least cost
solution for the dispatch and investments within the regarded interrelated
electricity and district heating markets. Doing so, Balmorel considers
developments of electricity and heat demand, grid constraints, technical and
economic characteristics for each kind of production unit, fuel prices, spatial and
temporal availability of primary renewable energy, etc.

The model has been continuously developed and distributed under open source
ideals since 2001. The GAMS based source code and its documentation is available
for download on (www.balmorel.com). The Balmorel developers are active
members of the open energy modelling initiative (www.openmod-initiative.org),
an international platform for knowledge exchange and the promotion of open
source and open data within the energy modelling sector.

The model is highly versatile and has been successfully applied for long-term
planning and scenario analyses, and short-term operational analyses on both
international as well as detailed regional levels. It has been used by several
institutions and companies, including Ea Energy Analyses, Technical University of
Denmark (DTU), Tallin University of Technology, Norwegian Univerity of Life
Sciences (NMBU), Elering (Estonian TSO), Litgrid (Lithuanian TSO), the Danish
Energy Association, Gren Energi, and HOFOR. Many projects have been carried
out related to the Danish, Nordic, and European combined heat and power
systems. In addition, the Balmorel model has been applied in Canada, Mexico,
Vietnam, China, Indonesia, India, Western Africa, South Africa, and Eastern
Africa. Ea Energy Analysis is the leading company in terms of commercial
engagement with Balmorel model and is currently active in modelling projects in
several of the aforementioned countries?.

3 A large number of projects are available at: http://www.ea-energianalyse.dk/projects_uk.html.
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The model fulfils all the most relevant aspects to be covered by power system

planning tools used to model systems with high amount of variable renewable
energy, as outlined by (IRENA, 2017). Indeed, its characteristics are:

Co-optimization of dispatch and new investments: non-marginal analysis of
new capacity addition and consideration of capacity factor evolution of
traditional plants

Co-optimization of new transmission and generation capacity, to include
trade-off between resource quality and distance to load centers

Consideration of interplay of power and other sectors, such as district heating
and transport sectors

Good representation of RE variability based on hourly meteorological data and
detailed modelling on the impact on the residual load

Flexible, customizable, and scalable in terms of geographical and temporal
resolution

Open Source

In terms of geo-spatial and temporal
resolution, Balmorel is very flexible
and can be setup with varying level
of details depending on the interest
and data availability. As for
temporal resolution, the model can
go down to the hourly level for a full
year. In terms of geospatial
resolution, normally setup
depending on dispatch areas and
congestions in the transmission-
distribution grids.

Since the model has a detailed
representation of the power sector,
e.g. with the individual power plant
described, the work of collected the
needed data will take some time.
However, once the model setup is

complete, it is very quick to run an alternative scenario. Within a few hours an
alternative policy goal, or technology costs can be formulated and computed. Easy-

to-use Excel files are used to share both input data and model results.

An overview of the structure of the model and the inputs needed is displayed in
the Figure below.
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Figure 26. Overview of Balmorel model structure.

Since the model simulates both least-cost investment and least-cost dispatch, the
outputs include both the evolution of the generation fleet overtime in the different
scenarios, and the actual dispatch of the system to supply the power demand in
each hour at the lowest possible cost.

Model outputs include but is not limited to:

e Investments in new generation capacity by technology and fuel

e Power Generation down to hourly level for each power plant represented

e Hourly electricity price for each modelled region

e System costs (CAPEX, fixed and variable OPEX, fuel cost, emission cost) by
fuel, region and total for the country

¢ Emissions and cost of CO: and pollutants

e Stakeholders economy, down to each power plant

e Fuel consumption

6.2 CONSUMPTION TERMINOLOGY

e Classic demand contains all demand which does not fall under the other
categories. The demand is mainly modelled with demand profiles based on the
consumption in 2014.

e Electric vehicles demand includes all electricity for road transport. This
demand is flexible, and an increasing share can be moved for 4 hours.
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Electricity for individual heating includes electricity consumption for space
heating in buildings, which is modelled as heat demand. The demand is
supplied by heat pumps and electric boilers. All the individual heat demand is
flexible and can be moved 4 hours.

Electricity for electrification of industrial energy demand is included as the
growth in electricity use in the industrial sector (compared to 2015),
considering increasing energy efficiency. The demand is modelled as heat
demand which can be fully supplied by coal, natural gas and oil boilers. When
advantageous, additional electric boilers can be installed to supply the heat
demand.

Electricity for district heating is based on model optimization. Heat pumps
and electric boilers are among the options to supply the district heating
demand. Other options are fuel based district heating generation from heat
only boilers or CHP.

Electricity for P2X is included based on the consumption of e-gasses, e-liquids
and hydrogen. A P2X efficiency of 70% is assumed for hydrogen and 60% for
e-gasses and e- liquids. If profitable, storages can be installed to move portions
of the demand.

MARKET SIMULATION TOOL DOCUMENTATION

A market simulation tool has developed to determine how thermal power plants
will dispatch their generation in the spot and regulating markets

The aim of the tool is to mimic realistic market behaviour (approximation)

For thermal power plants the tool considers start-up costs and minimum-load,
planned outages and heat off-take (CHP)

Participation of a generator in one market (for example spot market) may
exclude the participation in another market (for example up regulation market)
Full load hours are a model output

Development of the balancing market is highly uncertain, both in terms of prices
and volumes. A number of factors affect the development:

Factors increasing volume and/or prices

Increased shares of variable renewable energy in the power system with
associated forecast uncertainties

Reduction of thermal power plant capacity

Thermal power plants change role to supplying power in fewer hours,
reducing total ability to provide regulating power

Larger overall power system (increased electrification)

Option to provide regulating power to adjacent markets

Factors decreasing volume and/or prices

Distribution of variable renewable energy across Europe can reduce system
wide forecast errors and variations

New suppliers of regulating power

Increased flexibility in demand
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Balancing prices are estimated assuming similar characteristics as today regarding
correlations between spot and regulating power prices. With this background a
number of synthetic prices series for regulating power prices are estimated. The
price series are associated to the spot prices calculated from the Balmorel Model.

Assumptions behind the model are:

e Plant operates in blocks with price-foresight, e.g. 12 hours
e If a plant can retrieve start-up cost in block -> it operates
e Two points of operation allows the plant to react to price variations:

X minimum load

X maximum load
e Planned outages considered (derate factor)
e Seasonal variation in heat offtake considered for CHP (BP)
e If plant is active in spot market it can participate in down-regulation

x if not active in spot market it can participate in up-regulation

— up regulation is based on same concept but with 1-hour blocks

6.4 GEOGRAPHICAL REPRESENTATION USING MAPS

This section contains the geographical representation of model results using maps.
The reference and NIMBY scenario are displayed for years 2030 and 2040. Maps
contain both transmission flows between regions and the bidding zone electricity
price in euro per MWh.
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Reference scenario 2030

Transmission flow (TWh)

— 72.8
— 48.6

— 244
—— 0.2

Electricity price (EUR/MWh)

Transmission flow (TWh)

—_— 122.0
— 813
—  40.7

Electricity price (EUR/MWh)
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NIMBY 2030

Transmission flow (TWh)

—_— 704
— 47.0
— 235
0.1

Electricity price (EUR/MWh)

NIMBY 2040

Transmission flow (TWh)

—_—  140.2
— 035
—_—  46.7

Electricity price (EUR/MWh)
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6.5 DATA TABLE FOR POWER CAPACITIES

Sweden power capacity
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OF SUPPLY IN REGION SKANE

Hir gérs en enkel simulering av hur kraftsystemet i sédra Sverige kan utveck-
las. Resultaten visar bland annat att det dr nddvindigt att utveckla stamniten
och att det dven efter 2025 kommer att behdvas strategiska reserver i Skéne.

Rapporten innehaller en sammanfattning av den aktuella situationen for kraft-
systemet i Skdne och prisomrade fyra. Dessutom tecknas ett antal scenarier
med olika energimix d& energibalanser och kapacitetsbalanser bland annat rik-
nas fram.

Eftersom omradet ir intimt sammankopplat med kringliggande omraden #r det
fokus pa Nord- och Centraleuropa. Rapporten innehéller ocksd en mer djup-
gdende analys av den ekonomiska utvecklingen fér kraftvirmeverk i regionen.

Ett nytt steg i energiforskningen

Energiforsk dr en forsknings- och kunskapsorganisation som samlar stora delar av svensk
forskning och utveckling om energi. Mélet ir att Ska effektivitet och nyttiggérande av resultat
infér framtida utmaningar inom energiomradet. Vi verkar inom ett antal forskningsomraden,
och tar fram kunskap om resurseffektiv energi i ett helhetsperspektiv - fran killan, via
omvandling och éverféring till anvindning av energin. www.energiforsk.se
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Foreword

In November 2020, Region Skåne and Energiforsk reached an agreement on research collaboration concerning system services for the power system in Skåne. The collaboration refers to a pilot study that aims to quantify the need for system services for the power system in Skåne and assign a value to this. 

The study will also clarify the legal conditions that apply to the possibility of creating these services and provide proposals for instruments that can meet the system service needs that are identified. 

In this report a simulation of the power system in southern Sweden (SE4) is performed. The conclusions of the project as a whole are reported in Energiforsk Rapport 2021:806, Att kvantifiera storleken på marknaden för icke frekvensrelaterade stödtjänster. 

Mats Nilsson, Shadow analysis AB and Anders Kofoed-Wiuff, Ea Energy Analyzes, have been engaged for the implementation of the project. Ola Solér is responsible for the project at Region Skåne Energy research. 
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Summary

In this report a simulation of the power system in southern Sweden (SE4) is performed. The simulation results in forecasts of the energy mixes in 2030 and 2040 and discuss the economics for the thermal power plant in this future. The value of interconnectors and the possible necessity of strategic reserves after 2025 is briefly elaborated upon.

The report provides a short overview of the current power supply in Skåne and SE4 building on public sources and data.

In addition, it explores different pathways for the development of the power sector in SE4. The analyses are based on power market analyses with the energy system model Balmorel assessing among others the future capacity balance in the region and wholesale power prices. Because SE4 is well interconnected with neighbouring regions the geographic scope of the modelling is North and Central Europe.

On major analyses is of the economic conditions for existing and new thermal power generators using the power price projections from chapter 3. Revenues are determined in the spot and regulating power markets.
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Sammanfattning

I denna rapport utförs en enkel simulering av hur kraftsystemet i södra Sverige (budområde 4) kan utvecklas. Simuleringen identifierar några problemområden såsom till exempel den nödvändiga utvecklingen av stamnäten och att det även efter 2025 kommer att behövas strategiska reserver i SE4. 

Först sammanfattas den aktuella situationen för kraftsystemet i Skåne och prisområde 4. Sedan simuleras ett antal möjliga scenarios med olika energimixar med hjälp av energisystemmodellverktyget Balmorel. Bland annat räknas energibalanser och kapacitetsbalanser fram. Eftersom SE4 är intimt sammankopplat med kringliggande områden är det geografiska fokuset på Nord- och Centraleuropa. Rapporten innehåller också en mer djupgående analys av den ekonomiska utvecklingen för kraftvärmeverk i regionen.
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[bookmark: _Toc85530746]Introduction

Short introduction to the southernmost bidding area in Sweden, SE4, and a short introduction to the issues concerned in this report.

The Skåne region with a population of over 1.3 million, is the southernmost county of Sweden. It is made up of 33 municipalities with Malmö, Helsingborg and Lund being the largest by population. In the Nord Pool power market, Sweden has four bidding areas and Skåne is part of the SE4 region. Historically, the region has seen higher electricity prices as compared to other parts of Sweden. 

The desire for more climate-friendly electricity production and the expansion with PV and wind turbines challenges the economic conditions for thermal power plants. This has also been the case in Skåne, where among others the relatively new Öresund plant was closed down in 2017 due to low electricity prices and increased competition in the market for district heating. In Skåne (and electricity price area SE4 in general), the reduction in thermal production capacity has presented challenges for the electricity grid. In Skåne, some stakeholders talk about a lack of production capacity, “effektbrist”, which is temporary though and is expected to be resolved when the main grid is strengthened in 2024. Until then, Heleneholmsverket in Malmö will function as a capacity reserve and in addition a new local pilot market for capacity, called Switch, has been established.

Furthermore, the lack of available thermal production capacity in the electricity market of Southern Sweden meant that Svenska Kraftnät, in the summer of 2020, found it necessary to make financial arrangements with Ringhals nuclear power plants (881 MW), Uniper's Karlshamnsverket (310 MW) and Göteborg Energi's Rya CHP plant (170 MW) to provide reactive power and some cases also active power.

In Zealand - which is closely connected to the power system of Southern Sweden - Energinet also sees potential challenges to the security of supply and considers purchasing a strategic reserve to handle the situation.

The purpose of the project has been to shed light on the economic conditions for power generators in Southern Sweden and the related challenges for the security of electricity supply.

Reading guide

Chapter 2 provides a short overview of the current power supply in Skåne and SE4 building on public sources and data.

Chapter 3 explores different pathways for the development of the power sector in SE4. The analyses are based on power market analyses with the energy system model Balmorel assessing among others the future capacity balance in the region and wholesale power prices. Because SE4 is well interconnected with neighbouring regions the geographic scope of the modelling is North and Central Europe.

Chapter 4 looks at the economic conditions for existing and new thermal power generators using the power price projections from chapter 3. Revenues are determined in the spot and regulating power markets.

Chapter 5 presents conclusion and recommendations that follow from the analyses.

[bookmark: _Toc85530747]Diagnosis and mapping

This section gives an overview of power balances and interconnectors to and from SE4.

Skåne region is a part of the SE4 bidding zone along with Kronoberg, Blekinge and Öland regions and parts of Kalmar, Jönköping and Halland regions, shown in Figure 1.

 [image: ]

Figure 1: The regions of the SE4 bidding zone.



Historically, the electricity consumption in SE4 has been mainly covered by import from neighboring regions, especially SE3, as shown in Figure 2. Thermal generation have been steadily declining since 2015 reaching 0.8 TWh in 2019. Generation from onshore turbines has been increasing, reaching 4.2 TWh in 2019.



Figure 2: Generation and import of electricity in SE4 between 2013 and 2019.

The SE4 bidding zone contains many small-scale thermal generators, mainly combined heat and power units (CHP). However, the sum of the capacity these thermal generators is 1.5 GW, which is significantly smaller than the peak demand of 5 GW in the bidding zone. The current capacity balance is shown in Figure 3. 

 

Figure 3: Capacity balance of SE4 in 2020.



The capacity balance shows the peak demand, dispatchable capacity and transmission capacity to neighboring regions. The SE4 bidding zone is reasonably well connected to neighboring regions with 5.3 GW from SE3 and 3.6 GW from other regions such as DK2, Germany, Poland and Lithuania. This means that peak demand can potentially be supplied by neighboring regions alone if cross border transmission capacity is available. During March and April 2021, the available capacity for the spot market between SE3 and SE4 has however only been at around 4 GW and the capacity of other interconnectors are also sometimes limited as it appears from the figures on the next page.

Note that looking at the capacity balance is one issue, but frequency and voltage control is another issue completely. Other tools such as PowerFactory and PSS/E is needed to evaluate the frequency and voltage stability of a grid. 



 

 

 

 





Figure 4: Elspot capacity from neigbouring regions to SE4 during 2021 (1. Jan – 26 April) Hourly resolution. Source: NordPool

[bookmark: _Toc85530748]Power Outlook and Power Market Analysis

This section provides information on how the power system in SE4 and neighboring jurisdictions is projected to develop towards 2040 and what opportunities lie ahead. The capacity balance of the future energy system is analyzed as an indicator for security of supply. 

Moreover, we explore how power prices in the SE4 region can expect to develop as input for the business case analyses of thermal power generators in the following chapter.

The Balmorel power market model is applied for this part of the study.

[bookmark: _Toc73617300][bookmark: _Toc85530749]The Balmorel model

The Balmorel model is a bottom-up energy system model used for modelling and simulating power and district heating markets. The model optimizes the generation dispatch, transmission and consumption of power and heat under the assumption of full foresight. Balmorel can be applied for policy analysis and testing future scenarios. The spatial resolution in Balmorel can cover any country or geographical area. For this project, the spatial resolution covers the Nordic countries and countries that are of importance to the Nordic power system. These are Austria, Belgium, Czech Republic, Estonia, France, Germany, Great Britain, Latvia, Lithuania, Luxembourg, Netherlands, Poland, Italy and Switzerland, as shown in Figure 5. 
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[bookmark: _Ref69730916]Figure 5 The modelled area in Balmorel.



The model assumes perfect market conditions where units bid in the power market according to their short-term marginal costs, corresponding to a merit order curve approach. It operates iteratively in two steps which is investment optimization and then a unit dispatch optimization. Further documentation of the Balmorel model is presented in Appendix 6.1.

A detailed representation of offshore areas in the Baltic Sea and North Sea, as shown in Figure 6, are also a part of the model. These areas are created based on data from potential sites for offshore turbines. The model has the option to apply capacity in these areas. Additionally, it has the flexibility to connect multiple neighbouring regions to an offshore area. 
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[bookmark: _Ref69989180]Figure 6 Baltic Sea and North Sea offshore areas in the Balmorel model.

 





[bookmark: _Toc73617301][bookmark: _Toc85530750]Scenarios for the future development of the power sector

One reference scenario and three sensitivity scenarios have been developed for the power market analysis. These are further explained here:

The reference projection assumes that European countries act on their climate targets and achieve almost total decarbonization of the power system towards 2050. This decarbonization is driven by an increasing cost of CO2-emissions allowances, along with further cost reductions of wind power and solar PV. The forecast of electricity demand is based on the European Commission’s 2050 Long-Term Strategy, 2018 (LTS18)[footnoteRef:1], following the so-called COMBO[footnoteRef:2] scenario in 2050, which shows roughly 90% GHG reductions in 2050 at the EU level. The reference projects increased electrification of the transport, heating, and industrial sector along with clean fuels such as hydrogen as a main strategy to transform and store energy. The total electricity demand in the COMBO scenario increases by about 90% between 2020 and 2050 and almost 70% of the power demand increase stems from the production of electrofuels, such as hydrogen and ammonia, at Power-to-X (PtX) plants. 
 [1:  A Clean Planet for all - A European strategic long-term vision for a prosperous, modern, competitive and climate neutral economy https://ec.europa.eu/clima/policies/strategies/2050_en ]  [2: The COMBO scenario is a combination of 5 long term strategy options called Electrification (ELEC), Hydrogen (H2), Power-t o-X (P2X), Energy Efficiency (EE) and Circular Economy (CIRC).] 


Four different sensitivity analyses.

High demand scenario – The future electricity consumption of the Swedish industry is a debated topic as of 2021. Luossavaara-Kiirunavaara Aktiebolag (LKAB) has announced ambitious electrification plans of the mining industry which could lead to 55 TWh higher electricity consumption in 2045. This is reflected in the high demand scenario which sees a gradual increase of electricity consumption in Northern Sweden which reaches over 50 TWh in 2040.

NIMBY - scenario – The not-in-my-back-yard scenario represents a scenario where solar PV and onshore wind developments are limited in the model area, except for Sweden. The leads to a stronger deployment of offshore wind.

Delayed electrification – The delayed electrification scenario reflects a case where the increasing electricity demand for PtX fuels is delayed. The scenario contains no PtX electricity demand in the model area.

Thermal sensitivity – the reference scenario assumes that there is refurbishment of thermal generators in Sweden. However, this thermal sensitivity investigates a case where the model has to choose between refurbishment and decommissioning of thermal capacity at end of life.

[bookmark: _Toc73617302][bookmark: _Toc85530751]Main assumptions

This section presents the main assumptions applied for the power market analysis, i.e., electricity demand projections, fuel- and CO2 prices as well as local capacity development and capacity potentials for different types of generators for Sweden.

[bookmark: _Toc85530752]Technology development for new plants

The assumed development of data for each generation technology is based largely on the Danish Energy Agency’s Technology Catalogue. The 2030 LCOE of some selected generation technologies are shown in Figure 7.





[bookmark: _Ref70324525]Figure 7: LCOE's for new power generation capacity based on the DEA Technology Catalogue.

[bookmark: _Toc85530753]Development in electricity consumption

As previously mentioned, demand projections are based on the European Commission’s 2050 Long-Term Strategy, 2018 (LTS18), following the COMBO scenario until 2050, which shows roughly 90% GHG reductions by 2050. While the total demand in the COMBO scenario increases by 90%, between 2020 and 2050, it does not project very high levels of direct electrification of the transport, heating, and industrial sector. Rather, the COMBO scenario sees clean fuels such as hydrogen as the main strategy to transform and store energy. Following the importance of clean fuels in the COMBO scenario, almost 70% of the power demand increase (2020-2050) stems from PtX. Increased levels of direct electrification and subsequently lower levels of indirect electrification (PtX) will lead to a lower total electricity demand due to higher efficiency of direct electrification. Figure 8 shows the projected development of electricity consumption in the modelled area. PtX electricity consumption is projected to be the main source of electricity consumption increase in 2040. Further category descriptions are presented in Appendix 6.2





[bookmark: _Ref69733926]Figure 8 Projected electricity consumption in the modelled area.



The electricity consumption in Sweden is also projected to rise mainly due to increases in PtX electricity consumption. The reference projection of consumption applied in this project reaches 180 TWh in 2040, shown in Figure 9. 

However, it is possible that the electricity consumption will increase even further because of electrification of heavy industries and global industries moving manufacturing to Northern Sweden where the power prices are comparatively lower. This possibility will be investigated through sensitivity analysis and is explained later.  



[bookmark: _Ref69734585][bookmark: _Ref69806457]Figure 9: Projected electricity consumption in Sweden.



The projected electricity consumption in SE4 is shown in Figure 10. The main increase in consumption is due to PtX similar to that expected for Sweden as a whole. The relative increase in total electricity consumption in SE4 is 21 percent from 2020 to 2040 which is lower than the 31 percent increase in total Swedish consumption. This is mainly due to the greater likelihood of PtX electricity consumption being placed in SE1, SE2 and SE3. The electric vehicle (EV) electricity consumption in SE4 is projected to be 0.6 TWh in 2030, equivalent to 240,000 EV’s, and 1.3 TWh in 2040, equivalent to 510,000 EV’s, assuming a yearly consumption of 2,580 kWh per vehicle.





[bookmark: _Ref69990454]Figure 10: Projected electricity consumption in SE4.

[bookmark: _Toc85530754]Fuel- and CO2 prices

Fuel prices

Fossil fuel prices are based on the Sustainable Development Scenario from International Energy Agency’s World Energy Outlook 2020. The prices are taken for 2030 and 2040, and extrapolated hereafter. For 2021, forward prices, which is a predetermined price of a commodity between buyers and sellers, are used. Between 2021 and 2030 prices are projected to converge from forward prices to the IEA projections.

Historically, the IEA has underestimated technological progress. Choosing the Stated Policies Scenario could potentially lead to the underestimating the cost competitiveness of RE technologies, and therefore leading to higher fuel price estimates. Furthermore, the Paris Agreement and European Green Deal strengthen the argument for using the sustainable development scenario. The applied fuel price projections are shown in Figure 11.



[bookmark: _Ref69730981]Figure 11: Fuel prices applied in the model.

CO2-prices



The price of CO2 emission rights has increased from approximately 5 €/ton in 2017, to 44 €/ton in April 2021. Based on the analyses underlying the European Commission’s impact assessment for a 55 % GHG reduction target in 2030, it is anticipated that the CO2-price will remain at the same level until 2030. A higher reliance on the ETS system to fulfil climate targets, reflected in the EU Commission’s so-called CPRICE scenario, may increase the CO2-prices. In the long term, the CO2 price is assumed to grow rapidly reaching 120 €/ton, equal to the level in the IEA WEO Sustainable Development Scenario. The applied CO2 price projection is shown in Figure 12.





[bookmark: _Ref69731063]Figure 12 CO2 price projection applied in the model.

Taxation of district heating production from natural gas

There is a 93.3 SEK (9.2 EUR) per GJ tax on district heating production from natural gas units in Sweden. This is not included in the Balmorel model as well as other Swedish specific taxation schemes, for example on heat from electricity that is not accounted for either. However, this taxation of district heating from gas is included in the generator specific economic analysis in chapter 4.

[bookmark: _Toc85530755]Specific assumptions for Sweden

Thermal capacity

In their short-term market analysis called “En sammanfattning av Kortsiktig marknadsanalys 2020” Svenska kraftnät (Svk) projects that Karlshamnsverket in Blekinge and Heleneholmsverket in Malmö are decommissioned by 2025. This assumption is included in the model. Table 1 shows an overview of thermal capacity, both backpressure and condensing, per region in Sweden.

[bookmark: _Ref69733546]Table 1 Thermal capacity per region in Sweden. Source: Svenska kraftnät

		Thermal capacity (MW)

		2021

		2022

		2023

		2024

		

2025



		Sweden 

		5,660

		5,660

		5,700

		5,730

		4,960



		· SE1

		290

		290

		290

		290

		290



		· SE2

		760

		760

		760

		760

		760



		· SE3

		3,100

		3,100

		3,140

		3,160

		3,160



		· SE4

		1,510

		1,510

		1,510

		1,510

		750







Nuclear capacity

The thermal capacities are assumed to be refurbished at end of life to maintain capacity in the system towards 2040.

There is uncertainty regarding the nuclear capacity present in the Swedish power system. All existing nuclear power plants are assumed to online with for the time horizon of this study, 2020-2040.

There is some probability that these nuclear reactors will be decommissioned in the future. However, the increasing need for baseload capacity may make these reactors more than likely to be profitable for another 20-year life extension. This project assumes that all reactors be decommissioned at the end of their 60-year lifetime which is between end-2040 and 2050, shown in Table 2. The discussion on the future of nuclear does not affect the modelling in this study.



[bookmark: _Ref69741289]Table 2 Assumed nuclear decommissioning dates.

		Name

		Unit
No.

		Reactor

Type

		Capacity in MW

Net

		Commercial operation

		Closure Date



		Forsmark

		1

		BWR

		986

		10 Dec. 1980

		10 Dec. 2040



		Forsmark

		2

		BWR

		1,116

		7 Jul. 1981

		7 Jul. 2041



		Forsmark

		3

		BWR

		1,167

		18 Aug. 1985

		18 Aug. 2045



		Oskarshamn

		3

		BWR

		1,400

		15 Aug. 1985

		15 Aug. 2045



		Ringhals

		3

		PWR

		1,062

		9 Sep. 1981

		9 Sep. 2041



		Ringhals

		4

		PWR

		1,104

		21 Nov. 1983

		21 Nov. 2043





Onshore wind turbine potential



Svensk Vindenergi projects a significant short-term build-out of onshore turbine capacity towards 2025. The increase in onshore turbine capacity from 2020 to 2025 is projected to be around 7 GW, shown in Figure 13. This projected development is included in the model.

[image: ]

[bookmark: _Ref69733239]Figure 13 Projected onshore turbine capacity and generation development. Source: Svensk Vindenergi.



From 2025 to 2040, a maximum potential of 30 GW for onshore wind potential in Sweden is considered, based on data from Energimyndigheten’s (2021) “Nationell strategi för en hållbar vindkraftsutbyggnad”. This is reflected in the maximum onshore wind potential in 2030 that is set at 25 GW and 30 GW in 2040 as shown in Table 3. 

[bookmark: _Ref69733590]Table 3 Onshore potentials in Sweden per region.

		Onshore turbine potentials (MW)

		SE1

		SE2

		SE3

		SE4

		

Total



		2025

		2,076

		5,190

		8,131

		1,903

		17,300



		2030

		3,000

		7,500

		11,750

		2,750

		25,000



		2040

		3,600

		9,000

		14,100

		3,300

		30,000





Reserve requirements



The Balmorel model contains a requirement of 1,960 MW of strategic and manual reserve for Sweden to be supplied by generations units. This requirement is defined on a country level. For comparison, today, Svenska Kräftnet has a total requirement of 2,700 MW of reserves (700 MW of fast reserves with an activation time less than 2 minutes, 1450 MW of capacity with an activation time less than 15 minutes, i.e. störningsreserven, and 562 MW of strategic reserves), which can be provided by production and consumption units.

District heating consumption

District heating production data has been gathered locally from each municipality in Skåne to model the district heating demand of the region, as shown in Table 4.

[bookmark: _Ref69991631]Table 4 District heating demand of each municipality in Skåne.

		Municipality

		ion (GWh)

		Municipality

		District heating production (GWh)



		Bjuv

		21.0

		Perstorp

		44.9



		Bromölla

		34.3

		Simrishamn

		46.1



		Eslöv-Lund-Lomma 

		805.0

		Skurup

		27.1



		Helsingborg

		958.4

		Staffanstorp

		25.5



		Hässleholm

		173.8

		Trelleborg

		90.1



		Höganäs

		41.5

		Ystad

		128.6



		Kristianstad

		340.6

		Ängelholm

		161.5



		Landskrona

		247.2

		Örkelljunga

		26.4



		Malmö

		1971.0

		Åstorp

		37.8



		Total

		

		

		           5181





[bookmark: _Toc73617303][bookmark: _Toc85530756]Development in the European power system in reference

The transition toward renewable energy sources is driven by increasing CO2 prices that increase generator marginal costs. A transition to renewable energy sources unfolds throughout the model area as PV, onshore and offshore wind generation increase towards 2040. The renewable energy shares of the model area reach 50% in 2030 and 74% in 2040 as shown in Figure 14. 

 

[bookmark: _Ref69730783]Figure 14 Projected electricity generation in the modelled area.

[bookmark: _Toc73617304][bookmark: _Toc85530757]Overall development in the Swedish power system

Electricity generation from onshore wind is projected to increase significantly in Sweden from 25 TWh in 2020 to 88 TWh in 2040, shown in Figure 15. This capacity is mainly applied in the Northern regions of SE1 and SE2. Generation from photovoltaic panels (PV) is projected to increase from 1 TWh in 2020 to 8 TWh in 2040. Offshore wind power is projected to increase to 6 TWh in 2040. The majority of PV and offshore wind power capacity is in SE4. 





[bookmark: _Ref69735292]Figure 15 Projected electricity generation in Sweden.

[bookmark: _Toc73617305][bookmark: _Toc85530758]Overall development in the SE4 bidding zone

This section presents specific results to the SE4 bidding zone in Sweden. The SE4 bidding zone is projected to have modest capacity developments from 2020 to 2030, which can be seen in Figure 16. As stated in the assumptions, the thermal capacity is assumed to decrease as Karlshamnsverket and Heleneholmsverket are decommissioned. The onshore wind power capacity in SE4 is limited by the potential of the region which is estimated to be approximately 10 TWh equaling 3.2 GW in capacity. PV capacity in Sweden is mainly seen in the SE4 region due to a slightly higher number of full load hours compared to the other regions. In SE4, the PV capacity increases to 2 GW in 2030 and then 7 GW in 2040. In 2040, the model invests in 2 GW offshore wind capacity. This is mainly applied as near shore. It should be stressed that local bottlenecks in the power grid could be an important obstacle for realizing the PV deployment envisioned in the reference scenario.

The PtX electricity consumption increase, shown for Sweden in Figure 9, is the main reason behind a need for more capacity of both PV and offshore wind in 2040. 



[bookmark: _Ref69806613]Figure 16 Power capacity in the SE4 region.



The model results show that the remaining 0.6 GW thermal capacity, which is not biomass CHP’s, is kept operating through strategic reserve capacity payments. The model has a reserve requirement of 2 GW in Sweden which ensures that a portion of the capacity is kept as reserve (strategic reserve and manual reserve capacity). This production capacity can not take part in the spot market.

The SE4 region is projected to be largely dependent on import from especially SE3 between 2020 and 2030 to satisfy the local demand, as shown in Figure 17. In 2040, the annual net import from neighbouring regions is reduced to 5 TWh due to the increased generation from PV and offshore wind.





[bookmark: _Ref69916003]Figure 17 Electricity generation and import in SE4.



As this project investigates the issue of security of supply in SE4, it is important to analyze the capacity balance in the region. This is shown in Figure 18.
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[bookmark: _Ref69897795]Figure 18 Capacity balance in SE4 in 2030.



In 2030, the winter peak demand is estimated to increase to 5.5 GW compared to 5 GW in 2020, mostly due to rising electric vehicle (EV) demand, electrification of the individual heating demand and PtX demand. The summer daytime demand is on an average around 3 GW. Electricity demand used at district heating and PtX plants is assumed not to contribute to peak demand, since these loads are usually flexible and would therefore be disconnected in case of extreme electricity prices. The thermal capacity is based on Svenska Kraftnät’s assumptions which is 750 MW in 2025. The transmission capacity from SE3 to SE4 totals 6.5 GW in 2030, compared to 5.3 GW in 2020, due to the expansion project SydVästlänken which is expected to be finished in 2022. SE4 holds an additional 4.3 GW of transmission capacity to DK2, Germany and Poland. As it can be seen, the SE4 region is relatively well connected and has more than enough transmission capacity to supply the peak demand through imports.  The main issue is therefore whether there is sufficient generation capacity available for export in the neighboring areas in a scarcity situation? According to the Balmorel model, which looks at a typical weather year, that is the case in all hours but about 20-30 (see next section). To explore this issue in more detail other tools would be required that apply stochastic modelling of outages of power plants and transmission lines along with examining the situation in a multitude of years with different weather conditions.  

[bookmark: _Toc85530759]Power price development in SE4 

The power price in SE4 is another interesting parameter to investigate, as it is obviously of pivotal importance to the feasibility of existing power producers and potential investments in new generation capacity. The historic SE4 power prices of 2018 and 2019 are shown in Figure 19 along with the projected prices of 2030 and 2040. The projected 2030 average power price in SE4 is projected to be 431 SEK per MWh which is higher relative to the 2019 average price of 420 SEK per MWh. The average price in 2040 is projected to be 444 SEK per MWh. However, the changes in average prices may be modest, but the price volatility increases. 

The price profiles show the effect of increased generation from renewables as higher and lower price hours are present in the duration curve.

There are approx. 20-30 hours where the power price reaches the price ceiling in the market in 2030 and 2040. In these hours there is not sufficient generation capacity in the spot market to cover demand, and as a result, consumers would have to be disconnected or the strategic reserves would have to activated. This result shows that the power balance is tight. More specific tools would be required to determine in more detail to what extent involuntary disconnection of consumers is needed. That result is also sensitive to whether some consumers will voluntarily choose to abstain from using electricity when extreme prices are observed. 



[bookmark: _Ref69807904]Figure 19 Price duration curves of SE4.

[bookmark: _Toc85530760]Dispatch curves in 2030 – winter and summer weeks

As an output from the model, we can examine operational dispatch curves to see unit operation, power prices, electricity consumption and import/export in the individual bidding zones. Figure 20 shows the operational dispatch of SE4 in a winter week.

[bookmark: _Ref69913578]Figure 20 Operational dispatch of a winter week in SE4 in 2030.









The Figure shows that total electricity consumption is high in the daytime hours, reaching 5 GW. Most of the demand is supplied by import from cross area border transmission lines. Generation from onshore wind is high and fairly constant throughout the period which characterizes a winter week. The power prices increase to the extent that the gas turbines of the region are activated in a few hours to supply the consumption.

In contrast, a summer week in SE4 is shown in Figure 21. The Figure shows that generation from onshore wind are comparatively lower throughout the week and solar PV provides large quantities of generation in the daytime hours. There is also a need for import throughout this week similarly to the winter week. The electricity consumption of this week is on average significantly lower compared to the winter week, as average daytime consumption reaches around 3 GW an hour compared to 5 GW an hour. The power price is stable at around 30 € per MWh which is a strong contrast to the volatile winter week prices. The hydro units operate to a higher degree as baseload due to the stable price pattern. 

[bookmark: _Ref69914001]Figure 21 Operational dispatch of a summer week in SE4 in 2030.



[bookmark: _Toc73617306][bookmark: _Toc85530761]Sensitivity analyses

This sensitivity analyses explores four different scenarios: 

High demand scenario 

NIMBY - scenario 

Delayed electrification 

Thermal sensitivity 

The first three scenarios are investigated in the following section. These scenarios have different capacity buildouts in Sweden as shown in Figure 22. 

 

[bookmark: _Ref69809143]Figure 22 Power capacity in Sweden in different scenarios. Data table is in appendix.



The projected capacity in each scenario is relatively similar in 2030 with additional 4 GW in the high demand and NIMBY scenarios. In 2040, we see major changes in the sensitivity with large amounts of PV and offshore wind capacity being added in the high_demand and NIMBY scenarios. The PV capacity increases to 19 and 25 GW in these scenarios compared to a projected reference capacity of 8 GW in 2040. The demand for additional PV capacity in the high_demand scenario is linked to the increase in electricity demand of 50 TWh by 2040. Interestingly, the high_demand scenario is the only scenario which utilizes all onshore wind potential of 30 GW in 2040 as both the reference and NIMBY contain 29 GW respectively. This indicates that PV, onshore and offshore wind are on par cost-wise by 2040. This is a consequence of decreasing costs of PV and offshore turbines. The delayed electrification scenario shows a different story as the electricity consumption remains at a fairly constant level in all years which results in small amounts of additional onshore capacity. 

The transmission capacity expansions in each scenario are fixed up until 2030 and follows the TYNDP18 planned expansions, as shown in Figure 23. From 2030 the model can invest in additional transmission capacity between regions up to 1,500 MW per 5 years. In the 2040, the model utilizes the full expansion potential to SE3 and Poland in all scenarios, installing 3 GW to both these regions. Capacity expansion to the other regions is more modest. SE4 is to a large extent used as a transit area, moving cheap green electricity from Northern Sweden to continental Europe as 38 TWh is imported from SE3 and 35 TWh is exported to Poland, Germany and Denmark in the reference in 2040. The NIMBY scenario shows an approximately 6 GW higher transmission expansion relative to the other scenarios due to 5 GW additional capacity to German regions and 1 GW to Lithuania. 

Previous analyses have shown that there are bottlenecks in the central German grid due to a high demand in Southern Germany. This bottleneck effect is amplified in the NIMBY scenario which contains further limitation on solar PV and onshore wind in central Germany which creates an increased import demand to the region. Further geographical representation of the transmission flows between regions in the reference and NIMBY scenarios are present in Appendix 6.4.

 

[bookmark: _Ref69895629]Figure 23 Transmission capacity development in SE4 in different scenarios.



Figure 24 shows the power capacity in SE4 in each sensitivity scenario in 2030 and 2040. In 2040, the Figure shows that all offshore capacity and a large part of the PV capacity in Sweden is located in SE4 in the high_demand and NIMBY scenarios. The remaining PV capacity of Sweden is distributed across mainly the SE3 and the SE2 region close to load centres. The delayed electrification scenario shows a significant impact on the PV and offshore turbine buildout while the onshore turbine buildout remains constant in all scenarios.



[bookmark: _Ref71037059]Figure 24 Power capacities in each scenario in SE4.



Figure 25 show that SE4 remains a net importer in the reference and delayed electrification scenarios while a net export is obtained in the high_demand and NIMBY scenarios mainly due to generation from offshore turbines.



[bookmark: _Ref71037617]Figure 25 Electricity generation in each scenario in SE4 in 2030 and 2040.

[bookmark: _Toc85530762]Focus on thermal power capacity

The reference scenario assumes refurbishment of existing thermal capacity so that lifetimes are extended to 2040. 




Table 5 shows in which market each individual power plant operates in different years in the reference scenario. 

[bookmark: _Ref70070300]Table 5 Power plant operation in the reference scenario with assumed refurbishment of most power plants.

		Plant

		Fuel

		2020 operation

		2030 operation

		2040 operation



		Alloverket 1

		bio

		Spot market

		Spot market

		Spot market



		Vasthamnsverket 1 

		bio

		Spot market

		Spot market

		Spot market



		Minor biomass plants

		bio

		Spot market

		Spot market

		Spot market



		Vasthamnsverket GT

		gas

		Spot market

		Spot market

		Strategic reserve



		Öresundsverket GT G24

		gas

		Spot market

		Spot market

		Strategic reserve



		Karlshamnsværket

		gas

		Spot market

		Spot market

		Strategic reserve



		Karlshamnsværket

		oil

		Strategic reserve

		Decommissioned

		Decommissioned



		Heleneholmsverket

		oil

		Strategic reserve

		Decommissioned

		Decommissioned



		Minor fuel oil plants

		oil

		Strategic reserve

		Strategic reserve

		Strategic reserve







In the reference scenario, the biomass units Alloverket, Vasthamnsverket 1, and the aggregated category “minor biomass plants” participate in the spot market. The gas power plants of Vasthamnsverket, Karshamnverket and Öresundsverket all participate on the spot market until 2040 where their contribution margin switch to being capacity payments exclusively due to high CO2 prices. The oil units in the aggregated category “minor fuel oil plants” exclusively function as strategic reserves to stay online for all years as their marginal costs are too high to have reasonable revenues in the spot market.

In the reference scenario the existing power plants are assumed to available for the power market until 2040 assuming that the regular annual operation and maintenance costs are sufficient to keep the plants operational. A sensitivity scenario is created assuming 25-year lifetime of all power plant to see whether the model would choose to refurbish the units when their lifetime is exceeded. Table 6 show an overview of power plants in SE4 with capacities and assumed end-of-life time years.

[bookmark: _Ref69982689]Table 6: SE4 plant overview of capacity and assumed decommissioning years in the thermal capacity sensitivity analysis. In the reference scenario the existing power plants are assumed to available for the power market until 2040 assuming that the regular annual operation and maintenance costs are sufficient to keep the plants operational

		Plant

		Fuel

		MW

		Commissioned

		End of life time 



		Allöverket 1

		bio

		14

		2013

		2038



		Västhamnsverket 1 

		bio

		69

		2006

		2031



		Västhamnsverket GT

		gas

		54

		2000

		2030



		Heleneholmsverket

		oil

		126

		1960

		2024



		Öresundsverket GT G24

		gas

		128

		2009

		2039



		Karlshamnsværket 

		oil

		670

		1973

		2024



		Karlshamnsværket GT

		gas

		35

		2000

		2030



		Minor biomass plants

		bio

		47

		2013

		2038



		Minor fuel oil plants

		oil

		357

		2000

		2030







Figure 26 shows the model results of the sensitivity analysis. The results show that all existing thermal capacity is fully decommissioned by 2040. This means that the model does not find the potential contribution margin enough to cover refurbishment investment costs for fuel-oil, gas, and other biomass related units. However, a 200 MW new biomass CHP plant is established in 2040 which runs on low biomass fuel costs from the usage of wood waste which is limited in the model. The economic analysis in section 4 will investigate this biomass CHP type further.





Figure 26 Thermal capacity development in SE4 in each scenario.



The alarming results is that the SE4 region is by 2040 left with just 0.2 GW of thermal capacity to cover a peak demand of more than 5.5 GW. It should be stressed, that in the model the requirement for reserve capacity is defined at a national level and therefore it does not take into account that Svenska Kraftnät would require a portion of the disturbance reserve to be located in SE4.  

The thermal sensitivity assumes 25-year lifetime of thermal generators. At end-of-life time the model can choose to refurbish the plant or decommission it.



[bookmark: _Toc85530763]Thermal generator economy in SE4

Using the power price projections for SE4 from the Balmorel model, a separate market simulation tool is applied for the analysis of thermal power plant economy.

This market simulation tool can provide information on the operation of thermal generators in the spot market as well as in regulating power market. The focus of this part of the analysis is only 2030. However, it should be stressed that determining revenues in the regulating power markets is associated with a high level of uncertainty and these results should therefore be interpreted with caution.

We investigate four theoretical new thermal generator technologies. Due to the uncertainty related to the cost of procuring biomass we are investigating two biomass price levels:

Wood chip combined heat and power – backpressure

·  which is able to procure biomass at a cost of 50 SEK per GJ

· which is able to procure biomass at a cost of 70 SEK per GJ

Combined cycle gas turbine – backpressure.

Combined cycle gas turbine – condensing.

Open cycle gas turbine – condensing. 

The thermal generators are not assumed to affect power prices. This is a realistic assumption for small units. Larger units may cause a small reduction in power prices, implying that the analysis may slightly overestimate revenues in the power market for such units. Appendix 6.3 presents a more detailed documentation on the market simulation tool.

[bookmark: _Toc73617308][bookmark: _Toc85530764]Results of thermal generator economics

Figure 27 show the full load hours obtained by each of the four thermal generation technologies on the spot- and regulation power markets. Regulating power is divided between up- and down regulation.





[bookmark: _Ref69893281]Figure 27 Full load hours of each technology.



The wood chip CHP technologies operate as baseload units in the spot market with 6,050 and 6,551 full load hours. The biomass CHP with reduced fuel cost operates to a higher degree on the spot market due to lower marginal costs. The CCGT – backpressure unit is heavily affected by high taxation on district heating from natural gas units. The current regulation taxes heat from natural gas-fired CHP units by 93.3 SEK per GJ heat. This gives a very low – and in many hours non-existing - contribution margin from heat sales. The CCGT – condensing and OCGT units operate as peak units with low amounts of full load hours in each market due to high marginal costs. The condensing unit has higher revenues than the CHP unit, indicating that given the high taxes on heat natural gas, it would be more profitable for the owner of the CHP power plant to operate the plant in condensing mode and stop district heating production if this was technically possible.

Figure 19 showed that average prices in the SE4 regions increase in 2030 and 2040 compared to the historic years of 2018 and 2019. This creates better conditions for thermal generators as they are more likely to be able to cover their costs.

The economic results of the market simulation tool are presented in Figure 28. The positive figures in the graph show the contribution margin made from power sales in spot and intraday markets, i.e. difference between the electricity price and the marginal cost of power generation for the unit. The contribution margin from scarcity prices is specifically for very high price hours. The fixed cost of the power plants, divided on fixed operation and maintenance cost and capital costs, along with start-up costs are presented as negative figures. 

A fixed heat price is assumed with respect to the combined heat and power plants based on data from Energiforsk. The heat price of biomass CHP units is set to 11.2 € per GJ while the natural gas-fired units receive a price of 14.9 € per GJ because they usually operate in peak demand periods where the price is typically higher.



[bookmark: _Ref69897842]Figure 28 New thermal generator economic results from market simulation tool.



The wood chip CHP unit technologies show the highest contribution margin from the spot market. However, only the biomass CHP with a reduced fuel price of 50 SEK/GJ obtains a contribution margin which covers investment and fixed costs, making it a new positive investment. This shows how sensitive the biomass CHP investments are to the future fuel prices.

All the investigated technologies earn 0.51 million SEK from scarcity prices on 30 hours where the power price is averagely around 17,000 SEK per MWh. As expected, the gas turbine technologies show a high dependency on scarcity prices to cover their costs. The CCGT – backpressure unit shows very little contribution margin from each market, giving it a yearly loss of 1.11 million SEK per year. The peak units of CCGT condensing and OCGT shows lower yearly losses of 0.76 and 0.58 million SEK respectively, due to lower investment and fixed costs relative to the other technologies.

The same analysis concerning generator economics is now applied on the same units as before but this time excluding capital cost in order to represent the economy of theoretical existing units, where capital cost are considered sunk cost . Figure 29 shows the results.



[bookmark: _Ref69995131]Figure 29 Existing thermal generator economics.



The Figure shows that, if investment costs have been covered, wood chip CHP’s have the highest net profit of 2.78 million and 0.88 SEK per year followed by OCGT which obtains 0.46 million SEK a year.

In conclusion, investment in new gas turbine power plants appears to be non-economically feasible due to low contribution margins from both spot- and intraday markets. Closed cycle gas turbines require an additional 0.25 million SEK a year per MW to be economically feasible and open cycle turbines require only 0.07 million SEK/MW which makes open cycle close to break-even. The results show a high sensitivity to the chosen fuel price of biomass CHP technologies as using a fuel price of 70 SEK per GJ provides a non-economically feasible investment and a lower price of 50 SEK per GJ is economically feasible. Additionally, the contribution margin obtained in the regulation market is quite limited for all technologies. However, existing thermal units, where capital costs are considered sunk cost, can have a net positive turnover as contribution margins are higher than total costs. 



[bookmark: _Toc85530765]Conclusions and Recommendations

This chapter summarizes the conclusions of the simulations and suggests some areas that are of special interest to the development of the power system in SE4.

The power market analysis shows that only solar PV, onshore and offshore wind demonstrate economically feasible investments. The Balmorel model does not invest in new thermal capacity but it does not decommission the existing capacity either as long as major re-investments are not required. In this case the existing capacity is kept online despite the high CO2 prices, which increase to 83 € per ton in 2040. The fuel-oil and light-oil units cannot compete in the spot market, but they receive reserve payments between 2020 and 2040. The natural gas-fired units operate on the spot market until 2040 where the CO2 price becomes too high for spot market participation. In 2040, these units act as reserve capacity exclusively. From a modelling perspective, this shows a need for capacity payments if existing thermal capacity should be maintained.

In a sensitivity analysis, where existing power plants are assumed to require refurbishments after 25 years of lifetime (which is not an unrealistic assumption) we see that all existing thermal capacity is decommissioned between 2030 and 2040 and replaced with 200 MW of new biomass CHP capacity. This worrying result exposes that SE4 could potentially be left with just 0.2 GW of thermal capacity by 2040 if no dedicated measures are put into play to safeguard security of supply. It is important to mention that this development would not necessarily lead to disconnection of consumers because SE4 under normal conditions would be able to import power from neighbouring jurisdictions, but it could leave SE4 in a more vulnerable position than today.

Market simulation

tool

Further analyses using a bottom-up based market simulation tool, that considers revenues in spot and regulating power markets, show that many new thermal generators cannot obtain an adequate contribution margin to cover investment costs in SE4 in 2030. Biomass CHP fuelled by wood chip needs a fuel price of 50 SEK per GJ or lower to be economically feasible in SE4 in 2030. Contribution margins from the regulating power market appear to be rather limited with respect to all thermal generator technologies. Condensing closed cycle gas turbines require an additional 0.25 million SEK a year per MW to be economically feasible. Condensing open cycle turbines require only 0.07 million SEK/MW which makes open cycle turbines close to break-even.

Other sources of revenue

Ancillary services such voltage control is another other source of income that has not been investigated in this analysis due to the limitations of the Balmorel model and the market simulation tool. The need for frequency control is it least partly considered through the reserve requirements. However, the thermal generator economic results showed that there is a substantial gap between total costs and the contribution margin required to have economically feasible investments. It is unlikely that the gap can be closed by voltage ancillary services alone.

Offshore opportunities

The High Demand and NIMBY sensitivity scenarios results show an opportunity for offshore turbine expansion in the SE4 bidding zone. Offshore turbine deployment could potentially improve security of supply since it provides a relatively stable power production with a fairly high capacity factor and at the same time introducing offshore wind in Southern Sweden would have a downward effect on power prices. An interesting opportunity lies in the development of interconnected offshore wind farms grid in the Baltic Sea. Combining offshore capacity with increased interregional transmission capacity could be a way of further improving security of supply through stronger access to generation resources in Poland, Germany and Denmark. Denmark and Germany are already interconnected at Kriegers Flak and Denmark plans for an additional 2 GW of offshore capacity at Bornholm. Thus, there appears to be ample opportunities for the Skåne Region and Sweden to exploit offshore wind power in cooperation with its neighbours in the Baltic Sea.

Strengthen interconnectors to continental Europe

Even if a strategy for interconnected offshore wind is not pursued, the analyses indicate a need for strengthening the interconnectors between Sweden and continental Europe, as a means to transit green power from the northern parts of Sweden to consumers in Germany and Poland. In 2040, the model utilizes the full expansion potential to SE3 and Poland in all scenarios, installing 3 GW to both these regions. Enabling these opportunities would improve security of supply in Southern Sweden but could potentially raise average power prices because continental Europe in general displays high prices compared to Scandinavia. For the owners of the interconnectors (typically the TSO, i.e. Svenska Kraftnät) interconnectors would provide a source of income in the form of congestion rents.

Solar power

The analysis shows good opportunities for solar power in Southern Sweden, solar conditions appear to be slightly better than in Northern Sweden and at the same time power prices in SE4 are higher than in the other Swedish bidding zones, improving the business case for solar PV.

[bookmark: _Toc85530766]Appendix

[bookmark: _Ref69723130][bookmark: _Toc73617311][bookmark: _Toc85530767]Documentation of the Balmorel Model

Balmorel is a detailed techno-economical partial equilibrium model suited for analyses of electricity as well as combined heat and power markets. It is capable of both investment and dispatch optimisation. In the investment mode, it can simultaneously determine the optimal level of investments, refurbishment and decommissioning of electricity and heat generation and storage technologies as well as transmission capacity between predefined regions. In the dispatch optimisation mode, it determines the market optimal utilisation of available generation and transmission capacity. It is capable of both time-aggregated as well as hourly modelling, to fit the analysis to the right level of geographical, technical and temporal detail. It is particularly suited to address the interdependency between heat and electricity production of combined heat and power (CHP) generators.

The mathematical principle behind Balmorel is based on finding a least cost solution for the dispatch and investments within the regarded interrelated electricity and district heating markets. Doing so, Balmorel considers developments of electricity and heat demand, grid constraints, technical and economic characteristics for each kind of production unit, fuel prices, spatial and temporal availability of primary renewable energy, etc.

The model has been continuously developed and distributed under open source ideals since 2001. The GAMS based source code and its documentation is available for download on (www.balmorel.com). The Balmorel developers are active members of the open energy modelling initiative (www.openmod-initiative.org), an international platform for knowledge exchange and the promotion of open source and open data within the energy modelling sector.

The model is highly versatile and has been successfully applied for long-term planning and scenario analyses, and short-term operational analyses on both international as well as detailed regional levels. It has been used by several institutions and companies, including Ea Energy Analyses, Technical University of Denmark (DTU), Tallin University of Technology, Norwegian Univerity of Life Sciences (NMBU), Elering (Estonian TSO), Litgrid (Lithuanian TSO), the Danish Energy Association, Grøn Energi, and HOFOR. Many projects have been carried out related to the Danish, Nordic, and European combined heat and power systems. In addition, the Balmorel model has been applied in Canada, Mexico, Vietnam, China, Indonesia, India, Western Africa, South Africa, and Eastern Africa. Ea Energy Analysis is the leading company in terms of commercial engagement with Balmorel model and is currently active in modelling projects in several of the aforementioned countries[footnoteRef:3].  [3:  A large number of projects are available at: http://www.ea-energianalyse.dk/projects_uk.html.] 


The model fulfils all the most relevant aspects to be covered by power system planning tools used to model systems with high amount of variable renewable energy, as outlined by (IRENA, 2017). Indeed, its characteristics are:

Co-optimization of dispatch and new investments: non-marginal analysis of new capacity addition and consideration of capacity factor evolution of traditional plants

Co-optimization of new transmission and generation capacity, to include trade-off between resource quality and distance to load centers

Consideration of interplay of power and other sectors, such as district heating and transport sectors

Good representation of RE variability based on hourly meteorological data and detailed modelling on the impact on the residual load

Flexible, customizable, and scalable in terms of geographical and temporal resolution

Open Source

[image: Et billede, der indeholder træ, plante, silhuet

Automatisk genereret beskrivelse]In terms of geo-spatial and temporal resolution, Balmorel is very flexible and can be setup with varying level of details depending on the interest and data availability. As for temporal resolution, the model can go down to the hourly level for a full year. In terms of geospatial resolution, normally setup depending on dispatch areas and congestions in the transmission-distribution grids.

Since the model has a detailed representation of the power sector, e.g. with the individual power plant described, the work of collected the needed data will take some time. However, once the model setup is complete, it is very quick to run an alternative scenario. Within a few hours an alternative policy goal, or technology costs can be formulated and computed. Easy-to-use Excel files are used to share both input data and model results.

An overview of the structure of the model and the inputs needed is displayed in the Figure below.



[image: ]

Figure 30. Overview of Balmorel model structure.



Since the model simulates both least-cost investment and least-cost dispatch, the outputs include both the evolution of the generation fleet overtime in the different scenarios, and the actual dispatch of the system to supply the power demand in each hour at the lowest possible cost.

Model outputs include but is not limited to:

Investments in new generation capacity by technology and fuel

Power Generation down to hourly level for each power plant represented

Hourly electricity price for each modelled region

System costs (CAPEX, fixed and variable OPEX, fuel cost, emission cost) by fuel, region and total for the country

Emissions and cost of CO2 and pollutants

Stakeholders economy, down to each power plant

Fuel consumption

[bookmark: _Ref69734149][bookmark: _Toc73617312][bookmark: _Toc85530768]Consumption terminology

Classic demand contains all demand which does not fall under the other categories. The demand is mainly modelled with demand profiles based on the consumption in 2014. 

Electric vehicles demand includes all electricity for road transport. This demand is flexible, and an increasing share can be moved for 4 hours. 

Electricity for individual heating includes electricity consumption for space heating in buildings, which is modelled as heat demand. The demand is supplied by heat pumps and electric boilers. All the individual heat demand is flexible and can be moved 4 hours.

Electricity for electrification of industrial energy demand is included as the growth in electricity use in the industrial sector (compared to 2015), considering increasing energy efficiency. The demand is modelled as heat demand which can be fully supplied by coal, natural gas and oil boilers. When advantageous, additional electric boilers can be installed to supply the heat demand.

Electricity for district heating is based on model optimization. Heat pumps and electric boilers are among the options to supply the district heating demand. Other options are fuel based district heating generation from heat only boilers or CHP.

Electricity for P2X is included based on the consumption of e-gasses, e-liquids and hydrogen. A P2X efficiency of 70% is assumed for hydrogen and 60% for e-gasses and e- liquids. If profitable, storages can be installed to move portions of the demand.

[bookmark: _Ref69811404][bookmark: _Toc73617313][bookmark: _Toc85530769]Market simulation tool documentation

A market simulation tool has developed to determine how thermal power plants will dispatch their generation in the spot and regulating markets

The aim of the tool is to mimic realistic market behaviour (approximation)

For thermal power plants the tool considers start-up costs and minimum-load, planned outages and heat off-take (CHP) 

Participation of a generator in one market (for example spot market) may exclude the participation in another market (for example up regulation market)

Full load hours are a model output

Development of the balancing market is highly uncertain, both in terms of prices and volumes. A number of factors affect the development: 

Factors increasing volume and/or prices

Increased shares of variable renewable energy in the power system with associated forecast uncertainties

Reduction of thermal power plant capacity

Thermal power plants change role to supplying power in fewer hours, reducing total ability to provide regulating power

Larger overall power system (increased electrification)

Option to provide regulating power to adjacent markets

Factors decreasing volume and/or prices

Distribution of variable renewable energy across Europe can reduce system wide forecast errors and variations

New suppliers of regulating power

Increased flexibility in demand

Balancing prices are estimated assuming similar characteristics as today regarding correlations between spot and regulating power prices. With this background a number of synthetic prices series for regulating power prices are estimated. The price series are associated to the spot prices calculated from the Balmorel Model.

Assumptions behind the model are:

Plant operates in blocks with price-foresight, e.g. 12 hours

If a plant can retrieve start-up cost in block -> it operates

Two points of operation allows the plant to react to price variations: 

· minimum load

· maximum load

Planned outages considered (derate factor)

Seasonal variation in heat offtake considered for CHP (BP)

If plant is active in spot market it can participate in down-regulation

· if not active in spot market it can participate in up-regulation

· up regulation is based on same concept but with 1-hour blocks

[bookmark: _Ref70326050][bookmark: _Toc73617314][bookmark: _Toc85530770]Geographical representation using maps

This section contains the geographical representation of model results using maps. The reference and NIMBY scenario are displayed for years 2030 and 2040. Maps contain both transmission flows between regions and the bidding zone electricity price in euro per MWh.




Reference scenario 2030
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Reference scenario 2040
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NIMBY 2030
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NIMBY 2040
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Power outlook and security of supply in region Skåne

Här görs en enkel simulering av hur kraftsystemet i södra Sverige kan utvecklas. Resultaten visar bland annat att det är nödvändigt att utveckla stamnäten och att det även efter 2025 kommer att behövas strategiska reserver i Skåne. 

Rapporten innehåller en sammanfattning av den aktuella situationen för kraftsystemet i Skåne och prisområde fyra. Dessutom tecknas ett antal scenarier med olika energimix då energibalanser och kapacitetsbalanser bland annat räknas fram. 



Eftersom området är intimt sammankopplat med kringliggande områden är det fokus på Nord- och Centraleuropa. Rapporten innehåller också en mer djupgående analys av den ekonomiska utvecklingen för kraftvärmeverk i regionen.



Generation and import - SE4



Thermal	2013	2014	2015	2016	2017	2018	2019	1970.9176887409997	1629.3513521350003	1859.8496754319995	1843.8180211350016	1365.280082396999	1235.4176279689998	1133.2909718040007	Other	2013	2014	2015	2016	2017	2018	2019	1.6613350000000005	1.7537029999999991	1.6358280000000003	1.6909000300000001	95.462624524999981	207.32364615399982	219.832154127	PV	2013	2014	2015	2016	2017	2018	2019	1.3863543109999985	3.7288807450000006	8.2682229470000035	14.942165232000017	22.518451317000007	41.691736997999996	73.966091933000087	Hydro	2013	2014	2015	2016	2017	2018	2019	1202.1391612609998	1508.0022549320008	1374.5691624600011	1043.720134563999	1237.7928897689999	1016.5474285979994	1297.303671638	Wind power	2013	2014	2015	2016	2017	2018	2019	2837.4648405680014	3489.1811169380021	4185.1984531699991	3843.5033704890002	4386.9682233980038	3720.5928027969981	4198.0071880879996	Import	2013	2014	2015	2016	2017	2018	2019	17040.685582330996	15389.734608842991	14856.306448898009	16269.662276949	15840.702459555006	17405.110188093007	16037.240300926989	Consumption	2013	2014	2015	2016	2017	2018	2019	23054.254962211995	22021.751916592995	22285.827790907009	23017.336868399001	22948.72473096101	23626.683430609002	22959.64037851699	

TWh









Capacity Balance in SE4 in 2020



Hydro - Res	Reference	Peak demand	0.14599999999999999	Thermal	Reference	Peak demand	1.5329999999999999	Offshore turbines	Reference	Peak demand	0.21	Transmission capacity SE3-SE4	5.3	Transmission capacity to neighboring regions	Reference	Peak demand	3.6000000000000005	Onshore turbines	Reference	Peak demand	1.4609442953828791	Hydro - RoR	Reference	Peak demand	0.20799999999999999	Solar PV	Reference	Peak demand	0.12	Classic demand 	Reference	Peak demand	4.6539999999999999	Industrial transport	Reference	Peak demand	3.0000000000000001E-3	District heating 	Reference	Peak demand	0.128	Individual heating 	Reference	Peak demand	0.38100000000000001	Industrial electrification 	Reference	Peak demand	1E-3	Natural gas	Reference	Peak demand	0.30299999999999999	EV	Reference	Peak demand	5.6000000000000001E-2	Electrolyzer capacity	Reference	Peak demand	8.9180207518880394E-2	

GW









Capacity SE3 => SE4 (MW) 
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Capacity Lithuania => SE4 (MW)  
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Levelised Cost of Energy 2030 (SEK-20/MWh)



Total costs	Offshore turbines	Onshore turbines	PV - utility scale	PV - utility scale + tracker	PV - medium scale	PV - small scale	CC gasturbine	600 MW biomass CHP	381.90448422699478	280.90912631275086	217.75884727663666	224.16182189359156	474.78502528510927	672.89462669612465	618.87439341363688	1194.2003998406196	Investeringsomkostning inkl. nettilslutning	Offshore turbines	Onshore turbines	PV - utility scale	PV - utility scale + tracker	PV - medium scale	PV - small scale	CC gasturbine	600 MW biomass CHP	195.06127348529907	166.20861227013589	119.82311653566282	125.95548448673985	283.10771108147634	410.76789363074994	102.08984710416753	421.13659495073745	Faste omkostninger	Offshore turbines	Onshore turbines	PV - utility scale	PV - utility scale + tracker	PV - medium scale	PV - small scale	CC gasturbine	600 MW biomass CHP	83.701123760682492	38.834545622382983	39.124947169911373	37.66628331880144	63.450701535391708	80.396067461311787	78.934261081740004	177.43784144165087	Brændselsomkostning	Offshore turbines	Onshore turbines	PV - utility scale	PV - utility scale + tracker	PV - medium scale	PV - small scale	CC gasturbine	600 MW biomass CHP	0	0	0	0	0	0	261.546897174842	257.52777307808549	Klima externaliteter	Offshore turbines	Onshore turbines	PV - utility scale	PV - utility scale + tracker	PV - medium scale	PV - small scale	CC gasturbine	600 MW biomass CHP	0	0	0	0	0	0	242.39158288391349	6.3882061686682583	Luftforurening	Offshore turbines	Onshore turbines	PV - utility scale	PV - utility scale + tracker	PV - medium scale	PV - small scale	CC gasturbine	600 MW biomass CHP	0	0	0	0	0	0	9.1621285178174308	15.576914500781433	System costs	Offshore turbines	Onshore turbines	PV - utility scale	PV - utility scale + tracker	PV - medium scale	PV - small scale	CC gasturbine	600 MW biomass CHP	0	0	0	0	0	0	0	0	







Electricity consumption in modelled area 





































































Classic demand	2020	2030	2040	2050	2374.3156989999998	2390.7455	2344.1644889999998	2318.7509630000004	Individual heating	2020	2030	2040	2050	260.42208913332581	306.99902779984427	374.82731060971827	442.3785270609979	Industrial transport 	2020	2030	2040	2050	3.513341	15.916287999999964	42.347517999999909	61.676632999999882	EV	2020	2030	2040	2050	41.399401999999959	127.74305239450044	276.16716553403108	424.60320249181103	District heating	2020	2030	2040	2050	2.3389827288960872	31.762265915624177	62.264714984184316	39.760655652228394	Industrial electrification	2020	2030	2040	2050	2.6392307692307696E-4	35.365288594345301	129.89550587111637	222.59602002840839	PtX	2020	2030	2040	2050	191.9887609555976	933.4830417835451	1825.6174583153634	

TWh









Electricity consumption in Sweden 



















































































Classic demand	2020	2025	2030	2040	124.607912	122.927891	121.24787000000001	115.1362699999999	Individual heating	2020	2025	2030	2040	3.8113044632526698	4.1329360701189799	4.4501769411505254	5.4311352878538184	Industrial transport 	2020	2025	2030	2040	0.12728300000000001	0.35195500000000013	0.57662600000000108	1.534195000000004	EV	2020	2025	2030	2040	0.92892392973288884	1.8579188677352243	2.7869701970409118	5.9741416652750274	District heating	2020	2025	2030	2040	5.2864006890343402	5.9606608002081982	5.8271284288072511	6.8144324921228634	Industrial electrification	2020	2025	2030	2040	8.5256612076565041E-2	0.93721997147524339	1.724769895611832	4.7222136155094177	PtX	2020	2025	2030	2040	3.8752299324601491	7.7925759505460981	37.862785241193407	

TWh









Electricity consumption in SE4 

































































































Classic demand	2020	2025	2030	2040	22.181013	21.885479	21.589946000000001	20.508203000000002	Individual heating	2020	2025	2030	2040	0.80581143270686006	0.873637388614384	0.94081189815465094	1.1480589511253199	Industrial transport 	2020	2025	2030	2040	2.2638999999999999E-2	6.2600000000000003E-2	0.10256100000000001	0.27287800000000101	EV	2020	2025	2030	2040	0.20590957854755998	0.41183054796316798	0.61776564972586601	1.32424120941554	District heating	2020	2025	2030	2040	0.79855938605131094	0.88123198098670896	0.9427103417996	1.2573475761041399	Industrial electrification	2020	2025	2030	2040	6.1387850020687799E-3	0.15789042844815002	0.27812688526803797	0.79278561660121605	PtX	2020	2025	2030	2040	0.78529245588253105	3.8258679197666301	

TWh









Fuel prices





































































































































































Coal	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	2.32234418	2.3416677699999999	3.22176946	3.3324409300000002	2.3170741100000001	1.9587093499999999	2.3399110799999998	2.3276142499999999	2.2538332699999999	2.2169427800000001	2.1853223599999998	2.1782956000000002	2.1712688400000002	2.1624853900000001	2.1537019399999999	2.1431618000000001	2.1378917300000002	2.1326216599999999	2.12735159	2.1220815200000001	2.1185681399999998	2.1132980699999999	2.108028	2.1027579300000001	2.0974878600000002	2.09397448	2.0887044100000001	2.0834343400000002	2.0781642699999998	2.0728941999999999	2.06762413	2.0641107500000002	2.0588406799999999	2.05357061	2.0483005400000001	2.0430304700000002	Fuel oil	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	7.5098497499999999	6.0219333199999996	7.4676891899999998	9.61260768	8.7992602099999999	8.5972408599999994	7.2885068100000003	7.3851247600000001	7.1409448500000003	7.0583804199999998	7.04784028	7.1233779500000001	7.22350928	7.3464775800000002	7.4905261599999999	7.6538983299999996	7.6117377700000004	7.5695772100000003	7.5274166500000002	7.48525609	7.4430955299999999	7.4009349699999998	7.3587744099999997	7.3166138500000004	7.2744532900000003	7.2322927300000002	7.19013217	7.1497282999999996	7.1075677400000004	7.0654071800000002	7.0232466200000001	6.9828427499999997	6.9406821900000004	6.8985216300000003	6.8581177599999998	6.8159571999999997	Natural gas	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	6.7562297400000002	4.7834668699999998	5.7830234799999998	7.4870127799999997	4.9942696700000004	4.8765714400000002	5.4070918199999998	5.1998024000000003	4.9222453799999997	4.7904936300000003	4.7026591299999998	4.7342795500000001	4.7694133499999998	4.8045471500000003	4.83968095	4.8783281299999999	4.8835981999999998	4.8906249600000002	4.8976517199999998	4.9029217899999997	4.9099485500000002	4.9152186200000001	4.9222453799999997	4.9292721400000001	4.93454221	4.9415689699999996	4.9468390400000004	4.9538658	4.9608925599999996	4.9661626300000004	4.9731893899999999	4.9784594599999998	4.9854862200000003	4.9925129799999999	4.9977830499999998	5.0048098100000002	Wood chips	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	6.8598744500000004	6.6104244699999999	7.0566237300000001	7.4782293299999996	7.47120257	7.4905261599999999	7.4799860200000001	7.5098497499999999	7.5484969299999998	7.5924141799999996	7.6363314300000003	7.6697085400000002	7.7013289599999997	7.7347060699999997	7.7680831799999996	7.8014602899999996	7.8155138099999997	7.8313240200000003	7.84713423	7.8629444399999997	7.8769979599999997	7.8928081700000003	7.9086183800000001	7.9226719000000001	7.9384821099999998	7.9525356299999999	7.9718592199999998	7.9894261200000001	8.0069930199999995	8.0263166100000003	8.0438835100000006	8.0702338600000001	8.0965842099999996	8.1246912499999997	8.1510415999999992	8.1773919500000005	Wood pellets	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	9.3824812899999994	7.6943022000000001	8.37062785	9.8163837199999993	11.17606178	8.6499415600000003	9.5809872600000006	9.7953034399999996	9.8128703399999999	9.7988168200000008	9.7900333699999997	9.7847632999999998	9.7830066099999993	9.7865199900000004	9.7935467500000009	9.8058435799999994	9.8040868900000007	9.8040868900000007	9.8023302000000001	9.8005735099999995	9.8005735099999995	9.7988168200000008	9.7970601300000002	9.7953034399999996	9.7935467500000009	9.7917900600000003	9.7917900600000003	9.7935467500000009	9.7953034399999996	9.7953034399999996	9.7970601300000002	9.8040868900000007	9.8128703399999999	9.8198971000000004	9.8286805499999996	9.8357073100000001	

Fuel prices (EUR20/GJ)









CO2 prices



Baseline Projection 	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	23.954224839999998	23.211144969999999	0.89942527999999999	28.275682239999998	16.235328979999998	16.490049030000002	15.074156889999999	8.2019856099999995	5.2595298599999998	6.39083822	8.1773919500000005	5.6003277200000001	6.0799040900000003	16.323163480000002	25.280525789999999	31.283135519999998	33.161037129999997	35.037182049999998	36.915083660000001	38.791228580000002	40.669130189999997	41.712604050000003	42.754321220000001	43.79779508	44.839512249999999	45.882986109999997	49.584331939999998	53.28743446	56.988780290000001	60.690126120000002	64.393228640000004	68.094574469999998	71.795920300000006	75.499022819999993	79.200368650000001	82.901714479999995	86.604816999999997	90.306162830000005	94.007508659999999	97.710611180000001	101.41195700999999	105.11330284	108.81464867	112.51775119	116.21909702000001	119.92044285	Forward Feb21	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	38	IEA SD	

2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	120	EU-commision 2050	

2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	250	EU-commision REG	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	32	EU-commision MIX	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	44	EU-commision CPRICE	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	60	NSWPH	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	23.954224839999998	23.211144969999999	0.89942527999999999	28.275682239999998	16.235328979999998	16.490049030000002	15.074156889999999	8.2019856099999995	5.2595298599999998	6.39083822	8.1773919500000005	5.6003277200000001	6.0799040900000003	16.323163480000002	25.280525789999999	31.283135519999998	33.161037129999997	35.037182049999998	36.915083660000001	38.791228580000002	40.669130189999997	41.712604050000003	42.754321220000001	43.79779508	44.839512249999999	45.882986109999997	53.294687498999998	60.706388887999999	68.118090276999993	75.529791665999994	82.941493054999995	90.353194443999996	97.764895832999997	105.176597222	112.588298611	120	133	146	159	172	185	198	211	224	237	250	

EUR/ton









Electricity generation in the modelled area























































































































































































































































































































































Thermal	2020	2025	2030	2040	1063.8516977716822	772.46862397270763	587.07425092847598	260.07060227319545	Nuclear 	2020	2025	2030	2040	684.61178249447744	541.9983234497688	490.82863185578913	366.12574105447044	Hydro	2020	2025	2030	2040	414.68885645369858	417.74301306212578	420.31603488765887	423.33848755260465	Wind Offshore	2020	2025	2030	2040	66.948400724376441	252.13718660404282	370.57167447874866	905.64243773409805	Wind Onshore	2020	2025	2030	2040	268.97761115832333	506.56774377912637	660.02528828506445	1191.2711200537999	Solar PV	2020	2025	2030	2040	110.49977903999999	313.43836853158268	475.61126388746015	978.26706185622447	

TWh









Electricity generation in Sweden































































































































































































































































































Thermal	2020	2025	2030	2040	13.16505822696487	10.982380331816209	10.721103700447303	9.8618872637022275	Nuclear 	2020	2025	2030	2040	44.853669646153804	44.502142371622703	44.665944661791499	41.793131219489801	Hydro	2020	2025	2030	2040	64.314057999999989	64.314057999999889	64.314057999999989	64.314057999999875	Wind Offshore	2020	2025	2030	2040	0.61609270620498002	0.61460448218322306	0.58841883265663997	6.6914599149322367	Wind Onshore	2020	2025	2030	2040	24.619926112675845	45.113806071337422	49.191392892791349	88.947402095164222	Solar PV	2020	2025	2030	2040	0.64273200000000008	1.1349320000000001	2.2750285292301	7.6771852484498702	

TWh









Power capacity in SE4























































































































































































































































































































Thermal	2020	2025	2030	2040	1.5329999999999999	0.752	0.752	0.752	Hydro	2020	2025	2030	2040	0.35399999999999998	0.35399999999999998	0.35399999999999998	0.35399999999999998	Wind Offshore	2020	2025	2030	2040	0.21	0.21	0.21	1.7372056140502499	Wind Onshore	2020	2025	2030	2040	1.4609442953828791	1.6019442953828791	2.1680000000000001	3.2390000000000003	Solar PV	2020	2025	2030	2040	0.12	0.62	1.75691317234753	7.0469217105572506	

GW









Electricity generation and import in SE4



Thermal	2020	2025	2030	2040	1.7895948036867328	1.2365292203518985	1.2656549029988837	0.85022954557721098	Hydro	2020	2025	2030	2040	1.0611679999999999	1.0611679999999999	1.0611679999999999	1.0611679999999999	Wind Offshore	2020	2025	2030	2040	0.61609270620498002	0.61460448218322306	0.58841883265663997	6.6914599149322367	Wind Onshore	2020	2025	2030	2040	4.0279914691373282	4.4166077413640483	6.5147965516001083	10.155764834690297	Solar PV	2020	2025	2030	2040	0.11040000000000001	0.60260000000000002	1.7426965292301	7.1448532484498699	Import	2020	2025	2030	2040	16.465923771087272	16.397430268517969	14.749880126975022	5.0265058485947787	

TWh









Price duration curve (SEK-2020/MWh)
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Operational dispatch in SE4 - winter week



Biomass	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362451	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	0.13819862637362651	Hydro	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	2.0860893829193001E-2	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	0.14530182789512699	Offshore turbines	0.17534167990434699	0.176414689859792	0.178889068044879	0.18070291964228	0.18215267567576501	0.18311084371762201	0.184302294273016	0.18544915334975901	0.18689758045827501	0.18738121818494899	0.18491660694146	0.17920871760601201	0.17152389571124499	0.16373114031817901	0.156138709750579	0.151188968129611	0.15092101010787501	0.15057157394417001	0.14748301528830601	0.14036942116245801	0.13256838990024	0.12716579004294701	0.127070936051428	0.130024726143213	0.132321667294416	0.134408416578991	0.13495675302836799	0.13434738389845999	0.13504797373363001	0.13419470976373701	0.13266082832158399	0.13419470976373701	0.14042814986140101	0.14667585964659999	0.149434258803224	0.145129190167644	0.13604817166097299	0.13210552386902799	0.13972179097109899	0.15504235539064601	0.16839803817850599	0.178104079093858	0.184603867813419	0.18770308169788999	0.189048809757769	0.19011618134282199	0.190597943914595	0.18848442111464001	0.18556004372576301	0.18270360653516299	0.17984003339504101	0.17861781472906699	0.17995517278446199	0.18267323817337899	0.185113930019671	0.18760051438046599	0.18987143260874001	0.19123551309480299	0.190665932414392	0.19075626139669499	0.18932618591154199	0.185615329982941	0.181811490836501	0.17787937174546001	0.17556207917807101	0.17461772579631099	0.17378683355561	0.17134390580317199	0.167156870287162	0.16182996969303301	0.15639164570983299	0.151295946475065	0.14698270818053699	0.14664792292121001	0.15259687022711799	0.15873145448022599	0.16375399532469201	0.16676622602578201	0.16797307787851901	0.16564536064039001	0.16236861394102101	0.15970623814007401	0.15124247195358101	0.13692215826190199	0.12675449001882	0.123440462037154	0.124112869591051	0.12596161439752501	0.122830773903294	0.11745689209595001	0.11405518805095	0.111590124226693	0.102611843270893	9.1296330989146204E-2	9.3117863416383007E-2	0.102083645066627	0.105089133939141	0.101786602808441	9.6847728695559701E-2	9.97750264248808E-2	0.108293026049379	0.11947311463985801	0.13136263399972201	0.14045750498912599	0.14476062319659599	0.14558125076410799	0.14223638943098199	0.128898056337371	0.111260864661991	9.2759443236670194E-2	7.77908668328917E-2	6.5984898142755696E-2	6.1222574790623797E-2	5.9922811736662702E-2	6.2345857822881698E-2	6.7386115897148699E-2	6.7587572568992504E-2	6.1113627519129202E-2	5.1892904565463902E-2	4.7764967443808801E-2	4.4797146813290098E-2	4.4752897096615202E-2	4.8933723232426202E-2	5.1038753072667302E-2	5.4791921627481102E-2	6.2676873624016693E-2	6.9385608063991105E-2	7.8747595898077394E-2	8.8773569483597603E-2	9.9544419868118697E-2	0.101588605342623	9.9544419868118697E-2	9.8589663131431707E-2	0.102314713485364	0.10816097608502601	0.116412613247803	0.121704519682775	0.119310887546761	0.113759836764314	0.106476688915928	9.5634354345127404E-2	8.2714584172416603E-2	7.3652766226730601E-2	6.6241077150667502E-2	5.6877441373158699E-2	4.2966140311820597E-2	2.8207893023393601E-2	1.9077747975994298E-2	1.6765454849792999E-2	1.7445924290635299E-2	1.9230729663933799E-2	1.9651540614403499E-2	2.0810396429765898E-2	2.27326216900165E-2	2.3903608704804499E-2	2.2898593761909499E-2	1.9023377727684199E-2	1.68528170961726E-2	1.5942059619764901E-2	1.47807400693869E-2	1.5288879668711E-2	1.6813938234824601E-2	1.85402950897849E-2	1.93737712022585E-2	1.9551134440455399E-2	1.77087882390204E-2	1.39493410212477E-2	1.07298511241599E-2	Onshore turbines	1.7454735681166569	1.764339859197372	1.7962886270821978	1.814679004755871	1.8434922989564799	1.8852504325280099	1.919544886707981	1.9450736495250969	1.962999056246062	1.980688565425833	1.9631363205590751	1.927906633729817	1.8800085438929419	1.823397138799292	1.739204628511577	1.635514873925586	1.601249796275825	1.559614933050292	1.5045833795704371	1.4356524542954512	1.3729091075151869	1.3263370827877439	1.3265592130624131	1.3551587583207609	1.372048532715161	1.374843399097502	1.3629795988847739	1.339607677960893	1.3391672116272861	1.3575530801237201	1.380843409870973	1.4026806596652079	1.4354479306073169	1.4593292862991101	1.5207289228971219	1.5351172263377091	1.4893321210264701	1.4543123800818369	1.473648604376661	1.5194096733908631	1.574265398866262	1.6634865370468099	1.74221248081074	1.8413373135192799	1.8907726837748138	1.8928974128362601	1.8851559386458701	1.8736951625808458	1.8570816330673279	1.846593947964505	1.815490150260366	1.781227700617054	1.7450670835125051	1.76732718061686	1.8000328571879778	1.806357393957434	1.8077759571929848	1.848081554689583	1.849457243262562	1.8456342838573621	1.8468068508387829	1.8459544631548708	1.804815041871763	1.768232601486512	1.6908877814395571	1.640717493866463	1.6050046755614962	1.5862178955892912	1.5881346185958432	1.5712494018625101	1.5472694331011081	1.535487928043114	1.513355059040933	1.4976626625163618	1.518654978328742	1.574088295793274	1.6243284685655239	1.6575124386166191	1.6789445825088238	1.6833562693461439	1.6639558259166232	1.6606635827668741	1.653234110789507	1.5797364609743689	1.529165182428075	1.506114654950913	1.517899673868067	1.5143036606705489	1.342906994247322	1.3230012819913028	1.331659322496854	1.3241140159620259	1.2608439242464842	1.1829507293481401	1.1894069451963372	1.246705825506043	1.2580709023193419	1.2240148345880559	1.1829507293481401	1.201555372760281	1.2705171294499999	1.3387266143798611	1.403521203314962	1.4669107002052579	1.5070704702737019	1.494183940699378	1.4720670882040312	1.3629795988847739	1.1390172795579061	0.93668289709769503	0.75377786045997297	0.66873263786530301	0.63525315974907404	0.60202238401909902	0.59322808791223802	0.60309989167701494	0.65312224020169607	0.57000502315726798	0.47637296671658402	0.43618629474644899	0.44334642576559302	0.49648414358022896	0.51953210054455801	0.623336793555335	0.76576755254026896	0.91142752505410396	1.0944545877341461	1.244611136617733	1.3936092237475091	1.4621286644200109	1.4595294823744049	1.4472500346102211	1.4458321676036909	1.4625279832117819	1.4649207823463981	1.470879385742571	1.457325292700308	1.495731548640657	1.4247627486031171	1.329665659470884	1.184865431071356	1.023747472184118	0.89171648269568005	0.780237905675077	0.68589892280708997	0.58662811872637399	0.46371616350925504	0.353730146570784	0.31025487149419673	0.30119218276506948	0.32456861825120265	0.35800792359283001	0.40235829910220799	0.44352216127335697	0.46644669647166598	0.47952902029225702	0.464625045475623	0.455236120643565	0.44846396396930999	0.435839269987841	0.44563506300587696	0.45937158705347603	0.46535308411700999	0.46589965718656801	0.41959697724719797	0.37370402733374297	0.28316164945634381	0.1908139285191929	PV	0	0	0	0	0	0	0	0	0	2.3266717458077461E-2	6.282013713680927E-2	9.3066869832310078E-2	9.0740198086502299E-2	8.3760182849079018E-2	0	6.980015237423246E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.12796694601942626	5.5840121899386017E-2	5.1186778407770514E-2	5.3513450153578314E-2	5.8166793645193803E-2	2.3266717458077461E-2	6.980015237423246E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.257340444130849E-2	5.5840121899386017E-2	0.10237355681554103	0.11633358729038751	9.3066869832310078E-2	8.3760182849079018E-2	4.8860106661962728E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	6.0493465391001588E-2	6.7473480628424773E-2	7.445349586584793E-2	0.10470022856134883	6.7473480628424773E-2	5.1186778407770514E-2	2.792006094969297E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.10470022856134883	0.10935357205296423	0.13262028951104174	0.13494696125684955	6.0493465391001588E-2	4.6533434916155039E-2	2.0940045712269709E-2	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	9.3066869832310085E-3	6.0493465391001588E-2	3.9553419678731751E-2	6.5146808882617077E-2	9.3066869832310085E-3	4.6533434916155039E-2	9.3066869832310085E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.792006094969297E-2	0.11866025903619529	0.18613373966462043	0.23964718981819819	0.21870714410592842	0.14192697649427322	4.1880091424539502E-2	2.5593389203885208E-2	0	0	0	0	0	0	0	Gas	3.4468756133265603E-2	3.4468756133265603E-2	3.4468756133265603E-2	3.4468756133265603E-2	3.4468756133265603E-2	3.4468756133265603E-2	0.104450776161088	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.10445077616052301	0.104450776161411	0.104450776161411	8.7536776093776802E-2	2.0561772321667199E-2	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	6.7853848661734396E-3	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.05617723217364E-2	2.0561772321737701E-2	2.0561772321737701E-2	2.0561772321737701E-2	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.157458860980072	5.9322104814560399E-2	8.5169147732432907E-2	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0.17976395398351599	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161411	0.104450776161414	0.10445077616140799	0.104450776161411	0.104450776161411	0.104450776161411	0.10445077616140901	Flexible consumption	0	-7.9084051282051301E-2	-8.0978734708402916E-2	-7.9084051282051301E-2	-7.9084051282051301E-2	1.89278874292526E-3	-0.227201537339381	-9.9888876853475805E-2	-4.6418166155364603E-3	0	5.2556047820936799E-2	0	0	-3.3097722605316703E-2	-2.8122888658573501E-4	3.9100647454813703E-2	0.13914057759137138	0.13914057759137138	0.1347252838506631	0.118956897630755	5.7145908101161103E-2	0	0	-1.8946834263516099E-3	-7.9084051282051301E-2	-7.9084051282051301E-2	-7.9084051282051301E-2	0	-7.9084051282051301E-2	1.89278874292526E-3	-0.227201537339381	0	2.3643393049873181E-2	0	0	3.27962049495319E-2	7.3548167692307695E-2	0	0	0	0.13914057759137138	0.13914057759137138	0.1347252838506631	0	0	0	0	-3.7893668527032198E-3	-7.9084051282051301E-2	-7.9084051282051301E-2	-7.9084051282051301E-2	-7.9084051282051301E-2	1.89278874292526E-3	1.89278874292526E-3	-0.227201537339381	-8.5300988483500498E-2	2.1827198153846102E-2	0	0	0	0	0	0	3.9100647454813703E-2	0.13914057759137138	0.13914057759137138	0.1347252838506631	0.118956897630755	3.5318709947315001E-2	0	0	0	-7.9084051282051301E-2	0	0	-8.2873418134754517E-2	-7.7191262539126046E-2	-7.7191262539126046E-2	-0.227201537339381	-0.116865685642124	0	0	3.8813577877976138E-2	0	0	0	-7.2877331496614102E-3	0.1126488151471214	0.13914057759137138	0.13914057759137138	0.1347252838506631	6.7235928092293396E-2	3.5318709947315001E-2	0	0	0	-1.8946834263516099E-3	-7.9084051282051301E-2	-7.9084051282051301E-2	-7.9084051282051301E-2	-7.9084051282051301E-2	1.89278874292526E-3	-0.227201537339381	9.7513785160422889E-2	0.1221091188833959	0.11138938263740569	0.10508130015377209	5.4623403103378002E-2	-0.17448261545942301	-0.23628337851305331	-7.9084051282051301E-2	-7.9084051282051301E-2	0.13914057759137138	0.13914057759137138	0.1347252838506631	0.118956897630755	5.7145908101161103E-2	3.15331324614644E-2	0	0	0	0	0	0	0	0	0	0	0	-0.29558904190355129	0	0	-7.9084051282051301E-2	-0.1978032131117573	0	-7.9084051282051301E-2	5.2346528676938703E-2	0.12968027385509689	0.13030999010995481	0.1214794026285381	0.1221091188833959	6.3450350606442898E-2	3.15331324614644E-2	0	-7.9084051282051301E-2	-8.3128471672917245E-2	-7.9084051282051301E-2	-7.7569820287711089E-2	1.2630724880674301E-3	1.2630724880674301E-3	-0.24517952467428	0	-0.16454212265228199	6.3080824836335998E-3	0	0	0	4.5408729938447301E-2	0	0	7.4173726830784797E-2	0.12968027385509689	0.13030999010995481	0.1214794026285381	0.1221091188833959	4.1623152452596797E-2	3.15331324614644E-2	2.2706184958399499E-2	Net import	1.6071678290738212	1.626581621107849	1.7650521384712223	1.5836374295371924	1.6299051411028622	1.6674543944860987	2.1389729490425866	2.4826312775437986	2.5182946042350491	2.444932282154181	2.3918724530675433	2.4853185015069603	2.4635475586546076	2.5432206942105089	2.6946022141287336	2.7380736975462407	2.5772734221684028	2.7016448370870108	2.6212138996374486	2.6069005617349537	2.7590930686054267	2.7655864093605689	2.6364674872457265	2.3577419138986646	2.2416494908414744	2.1748168489975854	2.2559148910796174	2.0256905876283491	2.119065477134551	2.1299047124866539	2.6543745767674287	2.6673985707001457	2.7579364296187898	2.5898316576343059	2.5815983426112488	2.5681151846051233	2.5300978105400351	2.6379646688398481	2.6247730224793666	2.6337023944376559	2.5137334739788639	2.5568560438831205	2.3330783104346096	2.1575927089554034	2.1360737485688843	2.0418527452993369	1.9140730455206083	1.6262636452529029	1.6994916647380109	1.8040802637796642	1.7599726900032215	1.6662034630328439	1.6192665562444897	1.7206150759983649	2.2389766640654662	2.3633284477026044	2.3955973656464011	2.2488738521286149	2.3162762390891829	2.3037140926765773	2.2658004354702483	2.3188097076466483	2.3807467818913488	2.5089437445547094	2.6386994941135451	2.8001592922564851	2.7480425165021303	2.6629125113268342	2.5939740335644061	2.6170161543275348	2.4748825316146514	2.3017318974293066	2.3492894293056223	2.1961592267683456	2.1287762351080164	2.0887457755008714	2.0600678257690155	2.1566324233384297	2.46607419678354	2.4157638463038262	2.4970668869061519	2.4280719900146197	2.4433275881889114	2.611543724208429	2.6063539930414916	2.6314425475696739	2.636122757532668	2.5409963153230968	2.7813035903358876	2.8898430245553559	2.8289497139159416	2.757947923554763	2.7099213897173491	2.6241908111265788	2.6241282752531987	2.3628674216230587	2.3694087165882678	2.2892842436863656	2.3236893710838817	2.4318405306032425	2.334101132479609	2.2245976903575624	2.4827971653761081	2.5205043784096173	2.5584246905663459	2.4390855893938443	2.5162661517944218	2.7927002497773801	3.2034281905057673	3.4720800227117108	3.387433888481441	3.4195036877969311	3.3362986844464491	3.4147216229115314	3.3673828367866365	3.1110009046537606	2.9474868488047212	2.8658629400137512	3.0023589618232114	2.9634701239213781	2.8233158304967585	2.6401755822150852	2.6549242943272588	2.5280246353851394	2.4081489121451005	2.3044553134909966	2.2289289376639223	2.2036161840463899	2.1690486589554592	2.4636700835055416	2.2228606273277287	2.2949597348405621	2.3172466232777298	2.4289781944659277	2.205392835276752	2.3496696598172786	2.4222217852410637	2.504738465349738	2.4755848213219527	2.4294319438943397	2.38874567751615	2.4337462079223977	2.4390360409873444	2.3686994508850585	2.3987446190831774	2.4748879554575138	2.5651417044798892	2.6149388684324144	2.5849705201731048	2.6725982944645947	2.8137684415562054	2.5953640961499742	2.7637305463870554	2.6767963528195509	2.6707209065852116	2.6785606154701078	2.6294697320005289	2.6262371718350694	2.6849730087886812	2.8524735937639347	2.6498019437249232	2.7731740657145005	2.8501227807720291	2.7914021687002704	2.7101682886299736	2.7449136269942418	2.6535193865041879	2.6144259311030629	FUELOIL	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Total consumption	3.7215113534309125	3.6817803952190444	3.8546740586523276	3.6934635789893746	3.7699943407891303	3.92934394706782	4.5063304263874935	4.8766643767828812	4.9317015373036153	4.8997790795872698	4.8872787294285907	4.9490110190393279	4.8693304927095182	4.8568567221090753	4.8531746198685326	4.7952678512030884	4.7909436266745766	4.8733307422039491	4.7347796926177734	4.6444218353153275	4.5499080605389279	4.4656855784878546	4.2697189288840569	4.0087703034316267	3.8327805446379855	3.7708295184610185	3.8406120967796995	3.6654905545566927	3.6800415162824116	3.7874974074431029	4.3475001074845414	4.508336166719574	4.6597019348318449	4.6278659761899323	4.6116638728014729	4.6036106061087407	4.5866019476638549	4.5866115930263982	4.5654723618756945	4.6191966650470677	4.6340073053064339	4.7760570543065848	4.6375050533415791	4.4906953307630664	4.3955165346260276	4.3044876320029726	4.1556718331500662	3.8542881340173856	3.8288941953180418	3.9201386720662752	3.8420637274455753	3.7128098321659055	3.7101337176104479	3.836460399857593	4.4037447437976773	4.6613485826309953	4.7191341801924596	4.6248265509447988	4.7163017632560127	4.7465404213366789	4.7223292861014583	4.7475085972072693	4.7551957240391864	4.8079780510391288	4.8827597490139718	4.9931049062020554	4.9044444199020338	4.7980847070021024	4.653327749037901	4.5297168184076355	4.3581649029501524	4.1681370644720452	4.1101644377695905	4.0200911047304704	3.9796493761884362	3.9221027670168849	3.9486875309017422	4.0814483292233401	4.4926131496954458	4.7280298845426358	4.7866557350160557	4.7721996845648471	4.7858225052292118	4.8659202475628156	4.830238302302007	4.7917355534384312	4.7852987545021639	4.7459942272854452	4.7838539344310842	4.8671137745871764	4.8114768004083208	4.6787436701496024	4.5366415654869918	4.3617022797161313	4.2454765580522542	4.0504803663820681	4.0713922270330816	3.8748251039871473	3.8409221590284219	3.8724685035237298	3.8780559046321845	4.0216208935636173	4.4809454109430593	4.6646851595485801	4.7470683599812151	4.7203635853632582	4.7767357774269792	4.902289800916682	4.9728336529527226	4.9461961854073024	4.6497164076606801	4.5593416264874769	4.5695869949307211	4.6134793946118746	4.5597693584663332	4.3182994881725101	4.153288267981524	3.9602459989424244	3.8141252873740195	3.7309218403803959	3.4705189232784632	3.3404721430947446	3.3824496383070621	3.3614597022159614	3.3877679065156694	3.4376192323719401	3.5518286536648866	3.6860344367650226	3.8104909723893936	4.1146253236976662	4.0035317006385789	4.040367129200451	4.0067907318162348	4.0831030470670706	3.984067548827154	4.0262438147116555	4.1603111178269634	4.3523885894322794	4.2467150945845189	4.0981819801762827	3.901853150827757	3.7210949826355999	3.563464810112579	3.3742379539136227	3.2214964521842018	3.1844576834164755	3.1370412299333132	3.0677222318999702	3.0710503667199203	3.1502959217231212	3.4210780858355738	3.236533856721441	3.4504095382832674	3.4344814930968468	3.5432417671621046	3.6306322655531256	3.6162756413862631	3.5805435500449558	3.5548163052362614	3.6084839916099396	3.5460977041874089	3.7108589891252661	3.795515558101294	3.7381749952115628	3.6108157984401048	3.524277672997167	3.3385816074119403	3.2039209411765781	Electricity price	25.389740815480501	23.017405585458501	22.994216380872999	22.994216380872999	22.994216380872999	24.846724514870498	36.405325285435602	38.6295243553826	38.6295243553826	38.629524527353603	38.668192547930502	38.629524527353603	38.629524527353603	38.6295243553826	38.6295243553826	40.269820508733297	56.837954694306198	62.7974348545578	62.453110772701102	40.391388422000198	40.269820508733297	38.590551404826201	32.063785367864803	25.364179275664998	25.364179275664998	25.364179275664998	25.364179275664998	25.364179275664998	25.364179275664998	25.492243102267398	40.269820508733297	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.431992213213398	40.350825234578203	40.350825234578203	38.590551404826201	37.470889866003297	27.348434110446401	25.364179275664998	25.364179275664998	25.364179275664998	25.364179275664998	25.364179275664998	25.389740815480501	32.436321775396301	39.2650102573838	40.310474581314601	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	40.350825234578203	59.0166696589922	62.635225660393701	54.820860932356901	44.642959317445701	40.350825578692302	40.269820508733297	38.590551404826201	37.917455139291299	36.405325285435602	36.405325285435602	36.405325285435602	34.784837741607902	36.405325285435602	36.405325285435602	40.269820508733297	52.393716725677798	52.393716725677798	52.393716725677798	52.446162716423203	52.393888524677799	52.446162888566398	52.446162888566398	52.393716553706803	56.636919204967903	64.666652451154704	64.731555805960696	64.731555805960696	56.636919204967903	52.446162716423203	40.350825234578203	39.203373707720999	38.590551404826201	37.917455139291299	37.917455139291299	37.917455139291299	37.917455139291299	37.917455139291299	38.590551404826201	52.148054350428602	58.0345321525188	58.695498833109099	63.594259884562398	58.106761345717999	52.637628105518502	52.252851226230803	52.252851226230803	52.252851226230803	52.252851226230803	57.3934674550162	65.895450090650598	61.336020393056998	57.980633892821103	54.612141042097797	52.305156210470301	40.431992213213398	40.350825234578203	40.269820508733297	40.269820508733297	38.590551404826201	38.590551404826201	38.590551404826201	37.879365885151998	37.546288322561097	37.5347222991373	37.255193678879401	34.784837741607902	34.784837741607902	34.784837741607902	34.784837741607902	34.784837741607902	34.784837741607902	34.784837741607902	36.441939023459099	37.5347222991373	37.5347222991373	37.4970157778382	37.470889866003297	37.470889866003297	37.470889866003297	34.584380771953597	23.040618002460899	23.017405585458501	23.017405585458501	33.839793429412403	33.839793429412403	36.405325285435602	39.203373707720999	40.229550860195502	40.229550860195502	40.269820508733297	40.269820508733297	40.269820508733297	40.269820508733297	40.269820508733297	40.269820508733297	40.269820508733297	40.792696470260402	57.334758479759003	56.998764699835696	56.998764699835696	54.812095033988697	40.751731974790196	40.751731974790196	40.751731974790196	

GWh





Electricity price €/MWh









Operation dispatch in SE4 - summer week



Biomass	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630824797E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.2488439630813306E-2	7.0632462223491704E-2	7.0632462223491704E-2	7.0632462223491704E-2	7.0632462223491704E-2	7.0632462223491704E-2	7.0632462223491704E-2	7.0632462223491593E-2	6.8776484816169992E-2	6.3208552594205103E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	6.3034327857141498E-2	Offshore turbines	7.6961532182674597E-2	7.0941710190405599E-2	5.9707807025818599E-2	4.5958841720015998E-2	3.7152258007896899E-2	3.1822116817948498E-2	2.8779985357805099E-2	2.8562378067468398E-2	3.4648758331243E-2	4.3678750383974403E-2	5.6721255189186401E-2	7.5192872128395094E-2	9.0615387313427997E-2	9.6519553346787496E-2	9.5339587282958702E-2	8.8258373336993004E-2	7.9243241053436497E-2	6.51066484617321E-2	4.9454251522435197E-2	3.7209899746008503E-2	3.14173835228772E-2	2.7570171268703599E-2	2.3784183697685899E-2	2.0252251412386901E-2	1.7790390351990301E-2	1.8245330170949599E-2	2.0206348171879801E-2	2.34551765886323E-2	2.4905496189044501E-2	2.3678465581932501E-2	2.4535796681306801E-2	2.6900529501462201E-2	3.3149606087215802E-2	4.1525098781404299E-2	5.7662423719568201E-2	7.3262524846391494E-2	9.0615387313427997E-2	0.10637758582548699	0.111326726159049	0.105683819984306	9.8688382496436799E-2	9.2726874055111194E-2	8.5823013979107202E-2	7.77908668328917E-2	7.4980633638008706E-2	7.4556962842903599E-2	7.2574473033416798E-2	6.6955496496003103E-2	6.0597696892402901E-2	5.52766399276199E-2	5.0627345149160299E-2	4.4885742009009001E-2	3.7209899746008503E-2	2.7435119970468599E-2	1.8689387632421901E-2	1.18136876059115E-2	7.2551769088175996E-3	4.0572163785625301E-3	2.9017184132192498E-3	4.2046141102382402E-3	7.0257469738850501E-3	1.0609076413971401E-2	1.35779965453439E-2	1.38434497579098E-2	1.2961661117008701E-2	1.1516351468317299E-2	1.1326542308410599E-2	1.29235449765592E-2	1.4754886206164801E-2	1.6287602759546601E-2	1.53245110365212E-2	1.3665950103249599E-2	1.1876828153494501E-2	1.10802462345233E-2	1.10080038555498E-2	1.08067990710955E-2	1.0278948235933401E-2	1.0520909433720501E-2	1.0994916779014499E-2	9.1959332788797508E-3	8.8597595022462203E-3	1.0236081754123799E-2	1.17508628799261E-2	1.1152936224073699E-2	8.4128572843275296E-3	5.8965758634320301E-3	4.2908067487354897E-3	3.31224285314635E-3	3.1022119460701199E-3	3.5210096463285999E-3	3.9536542735053998E-3	5.2599458630674797E-3	7.5099820617347702E-3	9.8107790972313397E-3	1.19049923528114E-2	1.28703583534293E-2	1.3786741353944299E-2	1.55038181868936E-2	1.71569211518404E-2	1.7739349119691099E-2	1.7038614689894201E-2	1.49628927782422E-2	1.2969296940146599E-2	1.09687867194225E-2	1.10014584785449E-2	1.13130979989791E-2	1.0236081754123799E-2	1.01629907672614E-2	1.0483336464754E-2	1.08196743728095E-2	1.08325641824555E-2	1.11132315044062E-2	1.1246101953553401E-2	9.8284045875492495E-3	7.3525195860159303E-3	5.8321752929012096E-3	7.9731495212486802E-3	1.0346654088329301E-2	1.0903718107195299E-2	9.3741724100482194E-3	7.8536609787051796E-3	6.1461559996036398E-3	4.6875979666664803E-3	4.30931125629675E-3	4.2383644304838904E-3	3.7036779452680299E-3	3.2094988362736001E-3	2.8185079923970201E-3	3.1524818387095202E-3	3.81019293023609E-3	4.8158403080172203E-3	5.2599458630674797E-3	5.2055067839513096E-3	4.8276672039314602E-3	3.9536542735053998E-3	3.1175949198598801E-3	2.5509227123143401E-3	2.3416486090475099E-3	2.4049685748957902E-3	2.56997064962466E-3	2.56837797051266E-3	2.48226588009496E-3	2.3271609104515202E-3	2.8802456969771002E-3	4.2279515515594402E-3	7.1938798655813299E-3	1.2118233206294699E-2	2.0046418469992701E-2	3.2627125131499297E-2	3.6636637590538798E-2	4.0694608796968297E-2	4.8957300520317298E-2	5.6176740636501701E-2	6.1086408614505802E-2	6.3258579706930704E-2	6.2153233778998E-2	6.8483533443122399E-2	7.9305283787655598E-2	8.1269258303505496E-2	7.1978667972326299E-2	5.15500932414934E-2	3.6371510545831903E-2	2.4933072334244501E-2	2.0183431443588602E-2	2.09402191043341E-2	2.1771098346689399E-2	1.8037248179681799E-2	1.31306231337111E-2	Hydro	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.15645670371894699	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.28089763778488097	0.15645670371894699	Onshore turbines	0.77588767984947604	0.68267932596358805	0.61633217332138002	0.60094596463551908	0.55428526216337803	0.48213927476729801	0.40317411796832603	0.39491411542587801	0.44828676615124097	0.489086148190162	0.505888352363006	0.54004849909361807	0.55346543116861202	0.53201928911478602	0.49515060342286499	0.44581147770852203	0.39171199816055197	0.32484152794753429	0.2521580441893182	0.1779418089228984	0.17216533189210412	0.15917601401793069	0.18317991053656751	0.24138307023739758	0.2997894587604279	0.37508858070048001	0.44492992652262198	0.48889747465741895	0.48307394581326601	0.46827352614516105	0.44299511154303095	0.52387048559622096	0.67969588473652198	0.77637065949367501	0.90718204920033796	1.0152603192656999	1.0672742726564191	1.0865645986661381	1.051888138366027	0.98375307758530706	0.91117773924455592	0.87379958513392508	0.84185098203773712	0.75282151739951897	0.71119392787077307	0.79722561746480092	0.78653485798660405	0.75880562238036697	0.72057350687711996	0.62553449210135703	0.578596714423398	0.52031911612553194	0.51073300387523601	0.43203582117491701	0.33789287331492629	0.2680559353673751	0.21455443484692249	0.15646048237457849	0.1128887231801565	9.0830824662619006E-2	6.5894518742031671E-2	5.2652204973789897E-2	4.3241901394831368E-2	4.0275690309029617E-2	4.3949909447216801E-2	5.1055161915466822E-2	6.5344258926254603E-2	8.6247353836297697E-2	0.13029887845149959	0.1913168132976153	0.21709603082959661	0.206284458874538	0.19512919071125401	0.17491498541494901	0.1480592216196551	0.1161336405748315	9.31930037239702E-2	8.659151298565021E-2	8.3580165837982598E-2	7.0127194429074849E-2	8.0211799433673098E-2	9.3855435602674092E-2	9.7670695783375394E-2	7.7458200439648794E-2	5.521616736312572E-2	4.2062892645292962E-2	3.8447404789569484E-2	4.4591295406962508E-2	5.2536469200127625E-2	6.8414169802249694E-2	9.1314563034284701E-2	0.1100749775256477	0.1351722295224492	0.16129618925473069	0.17361127043349961	0.1777071870890774	0.18898085967243761	0.21250433939794011	0.26771081561746801	0.29915376821109291	0.31593969079778661	0.34732163126014159	0.29386093548763548	0.24264058138543351	0.21577463534029551	0.2299352142215661	0.25096334838345202	0.2825574780213555	0.37217055086246598	0.44616446379313301	0.51717581686436598	0.56937939961275896	0.59451043653447699	0.56979643573406502	0.52426607026289607	0.46535308411700999	0.47692883692879695	0.48701354760717397	0.46099729876975798	0.44176715834254499	0.44281953283309694	0.41690797906009003	0.41456611452749198	0.38223076801012301	0.36307810167276999	0.3428655651740915	0.2735157931678332	0.19745144337812232	0.23961194850269879	0.23992361968843623	0.21852028930847159	0.16351600329562549	0.1101725094676754	7.8180728341178299E-2	7.0655749805097992E-2	8.4285671907503301E-2	0.1308766832809701	0.21380678918871091	0.31620629796132349	0.3467439190434955	0.39475351355921096	0.41090679801988295	0.43949347141853901	0.427231737549924	0.40776688928766602	0.38948293508260901	0.400730585801781	0.42484510333627801	0.46389783620300296	0.46992209643944705	0.36957550455335497	0.28243678268973577	0.28926732961600021	0.35197259439144102	0.35756340030625	0.38004543332374896	0.36427971201617398	0.37988972754644601	0.50530910351756997	0.69328355654260299	0.74471011333786907	0.65650048691549001	0.602237798566299	0.47212670228207798	0.44545870053328696	0.52327747869836894	0.53142024007867106	0.47415412153926306	PV	0	0	0	0	0	9.3066869832310085E-3	1.1633358729038749E-2	0.10237355681554103	0.22568715934335198	0.43974095995766477	0.5560745472480525	0.68636816501328657	0.59562796692678455	0.70730821072555594	0.66077477580940114	0.51884779931512903	0.50954111233189758	0.43043427297443432	0.27920060949692971	0.11633358729038751	3.257340444130849E-2	0	0	0	0	0	0	0	0	0	2.3266717458077461E-2	7.2126824120040248E-2	0.16984703744396551	0.37924749456666351	0.53048115804416696	0.49558108185705113	0.43276094472024124	0.4839477231280121	0.41182089900797147	0.37692082282085571	0.39553419678731749	0.36296079234600953	0.25593389203885208	0.12796694601942626	2.5593389203885208E-2	0	0	0	0	0	0	0	0	1.6286702220654294E-2	1.1633358729038749E-2	0.10004688506973325	0.30479399870081508	0.49790775360285866	0.75384164564171185	1.0121022094263714	0.99348883545990962	1.0586356443425262	1.0121022094263714	0.8562152024572518	0.74918830215009558	0.52815448629835937	0.34900076187116241	0.13029361776523404	2.3266717458077461E-3	0	0	0	0	0	0	0	0	9.3066869832310085E-3	5.1186778407770514E-2	0.2419738615640061	0.67240813453844006	1.0563089725967187	1.414616421451117	1.4681298716046876	1.3773896735181905	1.4797632303337265	1.3122428646355717	1.2121959795658384	1.0121022094263714	0.79804840881205896	0.48627439487381974	0.15356033522331147	3.7226747932923986E-2	0	0	0	0	0	0	0	0	9.3066869832310085E-3	5.3513450153578314E-2	0.20242044188527453	0.47929437963639587	0.83527515674498243	1.2215026665490698	1.470456543350495	1.5774834436576561	1.5984234893699267	1.5774834436576561	1.4402098106549923	1.2564027427361857	0.90274863737340671	0.51186778407770517	0.16054035046073503	4.4206763170347274E-2	0	0	0	0	0	0	0	0	9.3066869832310085E-3	6.0493465391001588E-2	0.26756725076789145	0.6491414170803631	1.1540291859206446	1.4006563909762693	1.6240168785738132	1.8148039617300478	1.7915372442719688	1.6845103439648075	1.3960030474846532	1.2215026665490698	0.9353220418147159	0.50488776884028141	0.16519369395235073	4.1880091424539502E-2	0	0	0	0	0	0	0	0	1.8613373966462045E-2	3.257340444130849E-2	0.15356033522331147	0.34900076187116241	0.56538123423128284	0.68636816501328657	0.66077477580940114	0.65612143231778497	0.51884779931512903	0.43741428821185691	0.34434741837954669	0.25826056378466	0.26524057902208359	0.22336048759754421	0.11866025903619529	0	0	0	0	Gas	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Flexible consumption	1.51350299866985E-2	5.6747262504239903E-3	3.78557748585052E-3	2.5225049977830802E-3	1.89278874292526E-3	1.89278874292526E-3	2.1994951312173501E-2	6.4058081538461598E-2	0.10181288040406181	6.4058081538461598E-2	6.4058081538461598E-2	0	0	-0.23628337851305331	-0.1864080357235503	-7.9084051282051301E-2	-7.9084051282051301E-2	6.5592409899063703E-2	0.12096465892758609	0.1094668114769089	9.9376791485776605E-2	9.5591213999925997E-2	8.9286771494644201E-2	0	-7.9084051282051301E-2	-7.9084051282051301E-2	-1.9236661122661099E-2	-7.9084051282051301E-2	0	0	5.0785165199408698E-2	6.4058081538461598E-2	7.7317724961175394E-2	6.4058081538461598E-2	0	0	0	-0.23628337851305331	-0.13203890371330559	-7.9084051282051301E-2	-0.15239273031186451	0.12537995266829441	0.12523519769681701	0.1094668114769089	9.9376791485776605E-2	9.5591213999925997E-2	2.52286899561826E-2	1.8920607472548999E-2	0	-7.9084051282051301E-2	-7.9084051282051301E-2	0	-7.9084051282051301E-2	-7.9084051282051301E-2	-0.227201537339381	0	0.11261903272954979	0.1018992964835596	9.5591213999925997E-2	-6.6278809649360906E-2	0	-3.2898417256983503E-2	0	0	0	0	0.12523519769681701	9.6235581160472011E-2	7.5316550431701407E-2	3.5175381902531097E-2	0	0	0	0	0	-7.9084051282051301E-2	-8.0978734708402916E-2	1.89278874292526E-3	-4.2705396442414993E-2	8.8023699006576805E-2	0.11261903272954979	0	0	0	0	-0.23628337851305331	-0.1207499677565194	-7.9084051282051301E-2	-7.9084051282051301E-2	0	0.12523519769681701	0.1094668114769089	9.9376791485776605E-2	9.5591213999925997E-2	8.5016232725413296E-2	0	-7.9084051282051301E-2	-8.9187815015268596E-2	3.78557748585052E-3	2.5225049977830802E-3	1.89278874292526E-3	-3.2305719919583441E-2	-8.5410862885687971E-3	8.8023699006576805E-2	0.11261903272954979	0	0	-7.9084051282051301E-2	-0.23943195978734227	-0.157199327231002	-7.9084051282051301E-2	-0.1336417096152929	6.5592409899063703E-2	6.5592409899063703E-2	0.12523519769681701	0.1094668114769089	9.51062527165457E-2	9.5591213999925997E-2	8.9286771494644201E-2	1.8920607472548999E-2	1.2612524988915399E-2	4.41529374070834E-3	1.89278874292526E-3	1.5142309943402101E-3	1.2630724880674301E-3	1.2630724880674301E-3	0	0	0	0	-7.9084051282051301E-2	0	0	-0.1978032131117573	-0.19464553189158829	-0.17334151497217709	0	5.61321061627892E-2	0.1208199039561087	4.7931234936230402E-2	4.8560951191088199E-2	0.1014106952218275	3.15331324614644E-2	2.2706184958399499E-2	1.2612524988915399E-2	6.847337527916994E-2	1.89278874292526E-3	1.5142309943402101E-3	1.2630724880674301E-3	1.2630724880674301E-3	6.4058081538461598E-2	0	0	6.4058081538461598E-2	0	-0.14591997863212192	-0.21357341932084128	-0.1978032131117573	-0.19464553189158829	4.6671802426514697E-2	5.2346528676938703E-2	0.1201901877012508	8.6655593802262398E-2	0.111989316474692	4.8560951191088199E-2	4.1623152452596797E-2	-4.7550918820586902E-2	-5.6377866323651799E-2	Net import	1.0368674571179777	1.0615919529809177	1.1150033206610481	1.150864951342768	1.2537280629538077	1.3821220483481382	1.6234979932582974	1.8646625140248076	1.743610641528198	1.5636672739601027	1.4964718577975589	1.3952619211809711	1.4181020822284731	1.5655579462159239	1.6879950206345318	1.721657518595002	1.8665041259760846	1.7179399601951673	1.8321453320087979	2.0420073761270978	2.100971085164828	2.0136027936438285	1.8506780955356081	1.835374940273077	1.7776059078776481	1.6013155551523983	1.4465981276736479	1.4240224176919782	1.4156020157325879	1.4650525466190771	1.5025781522416572	1.7668327667974779	1.678840240034317	1.3936059839924879	1.341168041287339	1.362378708830891	1.3302623489149408	1.386706512862268	1.3777900572452779	1.462410110367764	1.6969071732645409	1.1813399838242042	1.2407240031878382	1.4732624649887374	1.443729221567168	1.4073757455192379	1.3525921093098776	1.3954699771193382	1.4449478529947481	1.5411588705701575	1.5574386868071222	1.5492719058372253	1.640978842509822	1.7771920306252724	2.0939683827832858	2.1404480582725678	2.0023174475358956	1.9537868389032895	1.7243349477322925	1.7061583954347483	1.525623330209009	1.7093880674946167	1.6527798114868486	1.8165618085254791	1.8660143491151118	1.9423303020387168	1.9292647384378681	2.1130153959783482	2.1531139423076877	2.1531139423076877	2.0910206646939273	1.9788498411351378	1.8365878727213181	1.7953626562345883	1.8120990043699683	1.9166971427476183	1.8741223251771579	1.8428903343012379	2.1531139423076877	2.0881475536211078	1.8275963928104577	1.4763956689274242	1.0874331556173793	1.2115630726191511	1.3174776635920207	1.463912272298042	1.6171670002629419	1.6764716596358151	1.9404435728851546	2.0630783682840259	1.7028837048898477	1.886343186040131	1.9112946007869294	1.9320515476159601	1.9163875529383683	1.9798569904873577	1.9295022017765175	1.8354960257827679	1.6626647948559876	1.6563492096013377	1.6381544004815582	1.6709511864426076	1.8024260370806884	1.8194398037811084	1.7162782190098587	1.7310117957809901	1.3087767832937143	1.0930024158734892	1.0514623018743881	0.71473613958596305	0.63256971374826376	0.65117069171573982	0.57980881596966416	0.69891121278043755	0.87702469407905781	1.2495159451495477	1.3468024553347693	1.3870794935775193	1.323126774393141	1.3224780142289507	1.447514864044571	1.4489342657513911	1.4341682293326814	1.4762132132453507	1.4277399324368307	1.4190668165476907	1.4308191952753306	1.3634859850078911	1.0901684291787515	0.74232011668645415	0.68631328022833205	0.5499345139865297	0.37818483407230397	0.47462541107250122	0.50166461073906099	0.80192310607872441	0.78147730525343517	0.87761396054963603	1.1327088869681758	1.5339125972232961	1.5453192523429959	1.5862165287138459	1.6608416056427164	1.5121679766050158	1.4412309458604056	1.2527463600401361	1.2547457742791663	1.2108702769881163	1.0824434849845557	0.94331031564510637	0.92628092465632639	1.0925775884551157	1.0954934546891262	0.87280296479261632	1.0067614888123129	1.2626170581067424	1.3556500856172287	1.48172521218473	1.5547641811772437	1.2396363298394319	1.307726690524933	1.210285273805477	1.3072923690856098	1.5111551934213971	1.6640591009429833	1.6489235191886027	1.6156895674008429	1.6496789755931833	HEAT	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Total consumption	2.2336486347921487	2.1591449547769348	2.1349752666502675	2.1417017233403186	2.1890975487671134	2.2587762043323227	2.4802590754983944	2.8079567232878566	2.8696774843081969	2.953617291446061	3.0326001715519659	3.0502575348319625	3.0111969450529958	3.1757070255367021	3.2135620132834011	3.0488771950892879	3.1213025036556172	2.8917084869945717	2.826131857402403	2.7909368310405593	2.7545713639752791	2.6177931378846222	2.4750863487240222	2.4503963393385542	2.3694877831237111	2.2689514921574729	2.2458838186611776	2.2106770950716732	2.2769675351505954	2.3103906157618663	2.4108199368782315	2.8071747649693535	2.9789769272561726	3.0081933957883908	3.1898797496671114	3.1754277781497979	3.1498580969547927	3.2134575125496125	3.1026869128460364	3.0786289228259407	3.252168583860561	2.9240008555441737	2.8417760501976943	2.849285954194734	2.6729413312339965	2.6966024847810948	2.565087517745603	2.5746171734114043	2.4550642001140388	2.3718310946668404	2.3365238384473934	2.3434219073215341	2.3387828381987776	2.4028107660590261	2.8155700798753691	2.8737506437312836	2.9463652169466066	3.0296564502134533	3.0114111939215449	3.1004033114003158	2.9454185088005316	3.1846710706405994	3.0750879962690911	3.0802822284653684	3.0255002992451274	2.8864423791365508	2.7723804604978457	2.7466928411941574	2.6938782966112464	2.7492798176830777	2.6768272839757397	2.552186327528625	2.3969799690017681	2.3347439652997584	2.3245523072608649	2.3179396085271833	2.2518963032707022	2.3026955211195297	2.682155652132773	2.8268887018472202	3.0065202452389697	2.9901822362966293	2.9648572131474835	2.9972492242373261	2.9874415051074248	3.139640085800885	3.1201531910972062	3.0845762921221507	3.1561895781181106	3.1601511224870964	2.700014498618295	2.5708266261989916	2.5049357644435495	2.51132278788547	2.50562332413593	2.3899255675059434	2.2726767830969359	2.2039111636616293	2.1670235632013783	2.1927333585082045	2.1906237375453195	2.2278349203777958	2.5707597668425253	2.6834596609517205	2.8303387396455753	3.0270262963226102	3.010969911556451	2.9965864083066429	3.1520066131533042	2.9896347986979168	2.8784685187467804	2.8122801137819438	2.6614591287699692	2.5252166561174776	2.328501115186155	2.289231602200672	2.279630713366406	2.2924297424535025	2.2030178384505681	2.1175513106235573	2.117679089432452	2.0914794323871648	2.0729129734029197	2.0822443240878532	2.0145474301161772	1.9944337782263712	1.9875289842465229	2.0508142187223903	2.2015653081766078	2.3595741468018572	2.4507127811151213	2.5622183732951145	2.5278578436300636	2.4895780311836164	2.4011913390765098	2.425736400684777	2.3558986093718768	2.2485754717381958	2.2397570354592164	2.2679112124448508	2.2040122668733497	2.2788841669591351	2.3221532695480458	2.1617709914280026	2.0727168182757194	1.9329722881028737	1.8870856248633237	1.8752528303704603	1.798459477895139	1.6879734552176322	1.6526735555624987	1.7970230384645567	2.0094293183888694	2.1347923151443968	2.3334426654148728	2.5059974813129218	2.5849417436883453	2.6001750031280033	2.719163811504214	2.5687370043100013	2.5817384924650337	2.5763878974693668	2.5316494646103322	2.5301156333637445	2.4743899862226209	2.5379040618756723	2.4299949700191599	2.2773707005601849	Electricity price	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	34.591524535365799	34.591524535365799	34.626150686051801	34.591524535365799	34.591524535365799	32.926364283369203	32.893266120085798	32.893266120085798	32.893266120085798	32.893266120085798	32.893266120085798	34.591524535365799	34.591524535365799	34.591524535365799	34.591524535365799	34.591524535365799	34.591524535365799	32.387918924618198	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	34.556933182801401	34.591524535365799	34.591524707508903	34.591524535365799	28.615046457040702	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	34.591524535365799	34.591524535365799	34.591524535365799	34.591524535365799	34.591524535365799	33.641491729331101	28.535768631206501	28.411586981039999	28.411586981039999	28.411586981039999	28.411586981039999	28.411586981039999	28.411586981039999	34.591524535365799	34.626150686051801	34.7309261592277	34.7309261592277	34.7309261592277	34.591524535365799	34.591524535365799	34.591524535365799	34.591524535365799	34.591524535365799	34.591524535365799	34.626150513908698	34.661155611634399	34.626150686051801	34.626150686051801	34.626150686051801	34.591524535365799	34.591524535365799	34.591524535365799	34.556933182801401	34.556933182801401	34.506281841230198	34.432947539074	34.556933182801401	34.591524535365799	34.7309261592277	34.7309261592277	34.591524535365799	34.591524535365799	28.411586981039999	28.411586981039999	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.411586981039999	30.4023161143576	31.045169813392899	31.953031168529002	30.406948909414901	29.7280682669962	28.411586981039999	28.404289203088901	28.365493304767899	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	29.4020521392811	34.591524535365799	34.591524535365799	28.336956012463101	28.336956012463101	28.2799670111932	28.2799670111932	28.2799670111932	28.2799670111932	28.2799670111932	28.404289203088901	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	29.6390500556593	29.564782290807798	28.411586981039999	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	26.9970384260386	26.9970384260386	26.9970384260386	26.9854474374958	26.931160101867299	26.9970384260386	26.9970384260386	28.336956012463101	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.404289203088901	28.2799670111932	28.2799670111932	27.992976136130299	28.2799670111932	28.2799670111932	28.308275458450701	28.404289203088901	29.2649236640137	29.2649236640137	29.609239206603601	29.2649236640137	29.235658740349699	29.235658740349699	28.411586981039999	

GWh





Electricity price €/MWh









Sweden power capacity





















































































































































































































































































Thermal	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	5.8220000000000001	5.8220000000000001	5.8220000000000001	5.8220000000000001	3.9067976082103075	3.9007843715246255	3.8810191082108951	3.9219852164443636	3.2887976082103081	3.284132928190441	3.1149062800973693	3.9815969960640309	Nuclear 	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	Hydro	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	Wind Offshore	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	0.21	0.21	0.21	0.21	0.21	0.21	0.21	0.21	1.7372056140502499	6.25	6.25	0.21	Wind Onshore	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	9.4540000000000006	9.4540000000000006	9.4540000000000006	9.4540000000000006	18.381055704617122	20.080000000000002	18.408000000000001	17.308	29.247975621919387	30.000000000000004	28.762147829743455	18.945055704617118	Solar PV	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	0.74	0.74	0.74	0.74	2.3769131723475301	5.6065919266740201	4.7860000000000005	1.7400000000000002	7.6669217105572507	18.833260436727198	24.537591924360051	1.7400000000000002	

GW









Transmission capacity to SE4















































































































































































































































































































































































































SE3	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	5.3	5.3	5.3	5.3	6.5	6.5	6.5	6.5	9.5	9.5	9.5	9.3215743453837288	Poland	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	0.6	0.6	0.6	0.6	0.6	0.6	0.6	0.6	3.6	3.6	3.6	3.6	DK2	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7482976026463599	1.7923432777980899	2.0871394178538099	2.1783677163661301	Germarny_NE	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	0.7	0.7	0.7	0.7	1.79526588443415	1.81340117281072	3.7	1.6155707725236701	Germany_NW	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	0.6	0.6	0.6	0.6	0.6	0.6	0.6	0.6	1.12507684590833	1.13580316063016	3.48029809330234	0.6	Lithuania	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	0.7	0.7	0.7	0.7	0.7	0.7	0.7	0.7	0.7	0.7	1.6204402247034	0.7	

GW









SE4 power capacity

























































































































































































































































































































Thermal	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2030	2040	0.752	0.752	0.752	0.752	0.752	0.752	0.752	0.78647610653973299	Hydro	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2030	2040	0.35399999999999998	0.35399999999999998	0.35399999999999998	0.35399999999999998	0.35399999999999998	0.35399999999999998	0.35399999999999998	0.35399999999999998	Wind Offshore	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2030	2040	0.21	0.21	0.21	0.21	1.7372056140502499	6.25	6.25	0.21	Wind Onshore	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2030	2040	2.1680000000000001	2.1680000000000001	2.1789999999999998	1.6019442953828791	3.2390000000000003	3.2390000000000003	3.2949999999999999	3.238999999999999	Solar PV	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2030	2040	1.75691317234753	4.98659192667402	4.7860000000000005	1.1200000000000001	7.0469217105572506	7.3922441592011001	9.0419999999999998	1.1200000000000001	

GW









SE4 electricity generation



Thermal	2030 - Reference	2030 - High_demand	2030 - NIMBY	2030 - Delayed	2040 - Reference	2040 - High_demand	2040 - NIMBY	2040 - Delayed	1.2656549029988837	1.2026345096053994	1.2414897592809382	1.1743809170065691	0.85022954557721098	0.83394501842838609	0.96386252927130001	0.88953046764472155	Hydro	2030 - Reference	2030 - High_demand	2030 - NIMBY	2030 - Delayed	2040 - Reference	2040 - High_demand	2040 - NIMBY	2040 - Delayed	1.0611679999999999	1.0611679999999999	1.0611679999999999	1.0611679999999999	1.0611679999999999	1.0611680000000008	1.0611680000000008	1.0611679999999999	Wind Offshore	2030 - Reference	2030 - High_demand	2030 - NIMBY	2030 - Delayed	2040 - Reference	2040 - High_demand	2040 - NIMBY	2040 - Delayed	0.58841883265663997	0.58149664783786392	0.59262638971238801	0.597848759079044	6.6914599149322367	24.585065042526075	25.622347113556849	0.55322188351133395	Wind Onshore	2030 - Reference	2030 - High_demand	2030 - NIMBY	2030 - Delayed	2040 - Reference	2040 - High_demand	2040 - NIMBY	2040 - Delayed	6.5147965516001083	6.4076259430078366	6.5171804095862766	4.4057707082649582	10.155764834690297	10.116668250339748	10.483068517276086	10.355264069547108	Solar PV	2030 - Reference	2030 - High_demand	2030 - NIMBY	2030 - Delayed	2040 - Reference	2040 - High_demand	2040 - NIMBY	2040 - Delayed	1.7426965292301	4.9330271162892299	4.7538713396389891	1.1040000000000001	7.1448532484498699	7.38967917614589	9.1000985396389886	1.1040000000000001	Import	2030 - Reference	2030 - High_demand	2030 - NIMBY	2030 - Delayed	2040 - Reference	2040 - High_demand	2040 - NIMBY	2040 - Delayed	14.144417789309752	11.196935417438903	11.14105436139543	16.253329574542096	3.3301224001420593	-7.3588333993090558	-17.931662587259787	11.589316284068857	

TWh









Thermal capacity 



Reference	2020	2025	2030	2040	1.5369999999999999	0.752	0.752	0.752	Thermal Sensitivity	2020	2025	2030	2040	1.5369999999999999	0.78800000000000003	0.77400000000000002	0.22	

GW









Spot market	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (NG - backpressure)	CCGT (NG - Condensing)	OCGT - (condensing)	6050.3999999999323	6551	130.20000000000013	230.4000000000002	Down-regulation	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (NG - backpressure)	CCGT (NG - Condensing)	OCGT - (condensing)	223.20000000000101	1	18	35.400000000000041	Up-regulation	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (NG - backpressure)	CCGT (NG - Condensing)	OCGT - (condensing)	120	155	59.700000000000045	144.60000000000016	45	Full load hours





Hours









New Generator Economics



Annualized investment	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-2.4209436327309724	-2.4209436327309724	-0.86733599999999988	-0.57337503521939992	-0.53793653191200008	Annual fixed O	&	M	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-0.97728000000000004	-0.97728000000000004	-0.28300399999999998	-0.2550650216598	-0.13482828518399997	Start up costs	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-5.4252656406549504E-3	-4.1339602642278303E-6	1.1004881070712035E-2	-3.0293508400497202E-2	-1.0999999999999999E-2	Contribution margin from spot market	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	1.27799658433921	3.1560526213808937	1.6017215290694841E-2	4.0238895077572806E-2	4.0238895077572806E-2	Contribution margin from down-regulation	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	3.4747099079844843E-2	1.228839719581878E-3	4.4710098662422131E-3	5.9772662858089054E-3	5.9772662858089054E-3	Contribution margin from up-regulation	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	3.7495010515986346E-2	8.8565713798964912E-2	1.2059009218107389E-2	5.4597415887964726E-2	5.4597415887964726E-2	Contribution margin from scarcity prices	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	0.51	0.51	0.51	0.51	0.51	Annual revenue - electricity 	&	 heat	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	1.34481342829439	0.56370788650576309	7.0520068850849202E-2	2.1999999999999998E-8	FLH	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	6393.5999999999331	7656	207.90000000000018	410.40000000000043	45	Annual variable O	&	M	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-0.29837629054043108	-0.35728992748648097	-8.8889724000000073E-3	-1.5790039195746258E-2	-3.5250794999999997E-3	Total costs	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-3.3982236327309723	-3.3982236327309723	-1.1503399999999999	-0.82844005687919986	-0.67276481709600011	Annual profit	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-1.5434102044365867	0.35761940820820393	-0.59678788455424359	-0.24791998802835058	-7.2951239844653681E-2	

M.SEK/MW









Existing Generator Economics



Annual fixed O	&	M	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-0.97728000000000004	-0.97728000000000004	-0.28300399999999998	-0.2550650216598	-0.13482828518399997	Start up costs	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-5.4252656406549504E-3	-4.1339602642278303E-6	1.1004881070712035E-2	-3.0293508400497202E-2	-1.0999999999999999E-2	Contribution margin from spot market	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	1.27799658433921	3.1560526213808937	1.6017215290694841E-2	4.0238895077572806E-2	4.0238895077572806E-2	Contribution margin from down-regulation	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	3.4747099079844843E-2	1.228839719581878E-3	4.4710098662422131E-3	5.9772662858089054E-3	5.9772662858089054E-3	Contribution margin from up-regulation	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	3.7495010515986346E-2	8.8565713798964912E-2	1.2059009218107389E-2	5.4597415887964726E-2	5.4597415887964726E-2	Contribution margin from scarcity prices	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	0.51	0.51	0.51	0.51	0.51	Annual revenue - electricity 	&	 heat	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	1.34481342829439	0.56370788650576309	7.0520068850849202E-2	2.1999999999999998E-8	FLH	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	6393.5999999999331	7656	207.90000000000018	410.40000000000043	45	Annualized investment	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	Annual variable O	&	M	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-0.29837629054043108	-0.35728992748648097	-8.8889724000000073E-3	-1.5790039195746258E-2	-3.5250794999999997E-3	Total costs	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	-0.97728000000000004	-0.97728000000000004	-0.28300399999999998	-0.2550650216598	-0.13482828518399997	Annual profit	Biomass CHP (Fuel price = 70 SEK/GJ)	Biomass CHP (Fuel price = 50 SEK/GJ)	CCGT (backpressure)	CCGT (condensing)	OCGT - (condensing)	0.8775334282943863	2.7785630409391766	0.27054811544575647	0.32545504719104923	0.46498529206734646	

M.SEK/MW









Sweden power capacity









































































































































































































































































Thermal	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	5.8220000000000001	5.8220000000000001	5.8220000000000001	5.8220000000000001	3.9067976082103075	3.9007843715246255	3.8810191082108951	3.9219852164443636	3.2887976082103081	3.284132928190441	3.1149062800973693	3.9815969960640309	Nuclear 	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	6.7270000000000003	Hydro	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	16.460999999999999	Wind Offshore	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	0.21	0.21	0.21	0.21	0.21	0.21	0.21	0.21	1.7372056140502499	6.25	6.25	0.21	Wind Onshore	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	9.4540000000000006	9.4540000000000006	9.4540000000000006	9.4540000000000006	18.381055704617122	20.080000000000002	18.408000000000001	17.308	29.247975621919387	30.000000000000004	28.762147829743455	18.945055704617118	Solar PV	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	Reference	High_demand	NIMBY	Delayed	2020	2030	2040	0.74	0.74	0.74	0.74	2.3769131723475301	5.6065919266740201	4.7860000000000005	1.7400000000000002	7.6669217105572507	18.833260436727198	24.537591924360051	1.7400000000000002	

GW









		

Energiforsk is the Swedish Energy Research Centre – an industrially owned body dedicated to meeting the common energy challenges faced by industries, authorities and society. Our vision is to be hub of Swedish energy research and our mission is to make the world of energy smarter. www.energiforsk.se
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GW, TWh

Short term forecast, 2021-02-06

The installed wind power capacity growth is continuing even if significant delays happend during 2020.
Towards 2024 the installed power is reaching above 16 GW. While production (TWh) and installed
capacity (GW) will increase significantly in the coming years, the number of installed turbines will remain

around 5000 - as every turbine has a ever higher yield.
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Model inputs
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Model inputs include

* Demand prognoses

* Fuel prices

* Policy constraints

* Existing and committed generation
capacity

* Existing and committed transmission
capacity

* Investment catalogue for generation
capacity

* Investment catalogue for transmission
capacity

The model is designed to work with
multiple scenarios, e.g. with more or less
renewable energy or with variations of
parameters such as electricity demand,
fuel prices, CO2 prices etc.
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Each generator is represented with
capacity (MW), fuel, efficiency and
costs (operating costs and start/stop
costs).

The model finds the optimal dispatch
of each generator —given the
available transmission capacity
between areas. The optimal dispatch
represents the lowest total costs for
the entire model area.

Simultaneous
optimization

The model considers future
investments technologies and
potential locations. Refurbishments or
shutdown of existing capacity can be
part of the investment options.

Local and global limitations of
resources and different geographical
conditions are considered. The least
cost investment is made while
fulfilling requirements about CO2,
renewable energy, firm capacity and
policies.
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