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Abstract

With new production units becoming smaller and smaller due to movement for
renewable sources the electricity market contains an ever increasing amount of
actors. The access to load flow data for smaller actors is limited due to security
concerns making it di Cculit to perform pre-studies on the grid. A grid model of the
Swedish transmission system has been created in the simulation software PSS/E.
The model is based entirely on open sources which was one of the main aims of
the project. The constructed model in PSS/E consists of 221 buses, 472 individual
generators, 283 branches and 191 loads placed in the system. The 400 and 220 kV
transmission model have been validated with the help of historical load flow data
available from the power trading site Nord Pool and data made available publicly
from the Swedish Transmission System Operator Svenska Kraftnat. Studies have
shown that the average inter-trade deviation between the areas of Sweden is be-
low 10% while it in most cases won’t di[erl more than a single percentage of the
measured values. Transient stability studies have been performed in the model to
compare the fault ride through requirement stipulated in the Swedish grid code.
This was done to compare how conservative these requirements are in comparison
to a real fault in the system. It was found that the voltage profile in some cases
were more aggressive than what the measured voltage were on the generator bus.
However, when applying a more realistic fault scenario including a disconnection
of a faulted transmission line, the voltage profile was found in most cases to be
too conservative as compared to the grid code requirement.
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1 Introduction

1.1 Background

In some countries, transmission grid models and data regarding the transmission
grid are considered con dential. This means that manufactures and other con-
sultants doing work regarding the grid have strict limits on how to handle the
information given to them from the transmission system operator(TSO). This will

in turn make it harder to conduct grid and pilot studies for some projects when
there is a need to make calculations and simulations on the transmission grid. This
is because the access to data is limited. Therefore, a model built on open source
gathered material can be useful since the model can be freely used with no ties to
data given from the TSO. It has been seen in earlier projects in other countries at
DNV GL/Gothia Powers that this can be done to an acceptable accuracy together
with experience and engineering assessments. Studies can then be made for di er-
ent operational scenarios to give a better understanding of the current stability of
the grid and how di erent parameters can a ect this.

1.2 Aim

The aim of the project is to develop a detailed model of the Swedish transmission
grid in PSS/E based on open source information, including production sources and
connection points. The model should be used for both static and dynamic studies
with su cient accuracy. The second aim will be to perform static and dynamic
studies on the model to compare some grid code requirements with a real scenario.

1.3 Problem

The work consists of several parts that will be handled throughout the duration
of the project. It can roughly be split into three parts, model building, static load
ow studies and dynamic studies.

Build a model of the Nordic transmission grid in PSS/E. The transmission
model should contain three parts: transmission grid, production sources and
connection points to the external and the distribution grid. The production
sources should contain data for both dynamic and static studies, including
frequency and voltage control.

Static studies should be performed on the model to validate the data and
structure. Static load ow analysis will be performed and compared with
public historical data given from Svenska Kraftnat(SvK).



Perform dynamic studies on the model when the load ow has been vali-
dated. The transient stability should be studied for several con gurations.
Scenarios to be studied includes critical fault clearing time and the time un-
til a generator drop its synchronization to the grid. This will be compared
with the low voltage ride through pro le presented in di erent grid codes.
The idea is how these requirements from the Swedish grid code concerning
generating units [2], corresponding to the simulated cases from the dynamic
model. One example is the low voltage pro le in the requirements that units
should be able to manage a case when the grid voltage drops to O during
0.25s then stepping back to 25%. After stepping to 25% the voltage then
rises gradually up to 90% during 0.5s then staying at this level. The require-
ment from SvK is that the generating unit should be able to manage this
low voltage pro le while keeping synchronization to the grid.

1.4 Scope

The nal model should cover the transmission grid, production sources as well as
connection points to the external grid and the distribution grid. The production
sources should contain both static and dynamic data as well as frequency and
voltage control. The model will be limited to the grid solely owned by Svenska
Kraftnat (SvK), i.e. voltages between 220 kV and 400 kV. Grids owned by other
system operators as well as grids existing outside Sweden will not be considered.
To reduce the size of the model and for simpli cations, smaller production sources
will be lumped together in the grid model.

1.5 Method

By gathering material from open sources regarding the position of substations and
transmission lines, a grid will be built in the PSS/E software. The material will
be gathered from grid maps displayed by several sources such as the SvK and
the European Network of Transmission System Operators, Entsoe. To accurately
decide the impedance of the transmission lines, the line length will be measured
through mapping software such as Google Earth. With the help of standardized
impedance data for transmission lines the total impedance can then be estimated.
Larger production sources will be placed at the respective transmission bus in the
model. Smaller production sources will be lumped together and then placed at the
closest bus in the transmission system. The reason is that these are rarely directly
connected to the 220 KV or 400 kV level. Exciter, generator and turbine models
will have to be estimated or researched for the generating units. Simulations will
then be run on the system for both static load ow and dynamic scenarios. The
load ow can be compared with historical data given from the TSO. Data can
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be found for several years back with detailed information given from every hour
on how much is produced and from where in the grid. This data will be used to
verify the load ow of the model. Regarding dynamic simulations, the grid code
for the Swedish transmission grid can be easily accessed from the SvK web-page.
The grid code documents will then be compared with the results from the dynamic
simulations in the PSS/E model.

1.6 Structure of the report

The rst chapter explains the project background, the reason why it is important
and why it is carried out. It will also include a precise problem description and
describe the nal aim of the project. It also contains a clear scope of the project
and a short sub chapter of how the project is carried out. The second main chapter
of the report, The Swedish Transmission grid, which also shares its name with the
title of the report explains how the model was created. The third major chapter
explains how the created model was veri ed against the actual measured values
with detailed reports on the static load ow in the model. Finally, a chapter
containing the dynamic studies that was performed on the model. This chapter
will also include studies on the Nordic grid code, voltage stability and how the
model can be used to verify this.






2 Transient Stability Theory

2.1 Transient stability

Transient stability is the ability of the system to stay synchronised during major
disturbances in the grid [1]. Such examples can be sudden loss of large loads or
di erent types of fault on the system [11]. Transient stability is part of the larger
area of stability which also covers the phenomena of small and slow disturbances
[11]. However, the topic of this report covers the transient stability which will be
the focus of the chapter.

2.1.1 Synchronous machine

The total amount of transmitted power through a transmission line can be ex-
plained by the following equation,

EsEr

T

where P is the transmitted power, Es and Er are the voltages at the sending
and receiving bus,Xt is the e ective reactance between the voltages and the
transmission angle [1]. The maximum transmittable power is reached when the
transmission angle is 90 degrees, then (1) becomes

Pe = sin Q)

Pmax = E;ER: (2)
Below in Figure 1 the transferable power can be seen for two levels Ry
This curve is called the power angle curve and shows the relation between the
transmission angle and generator power output [11].

Figure 1: Operating points due to di erent line reactance.



The mechanical power on the generator is shown as the dashed horizontal line
which in this example is around 0.6 p.u. The angle which the generator is operating
at can then be seen when the mechanical power meets the electric power output
curve. Depending on how much power that can be transmitted the generator can
work either in operating point A or B. The impact and the di erence between
running on either operating point a or b will be discussed further below.

According to [1] several factors in uence the transient stability of a generator.
How heavily the generator is loaded, fault clearing time, the system reactance after
a fault, generator reactance, generator inertia, internal voltage magnitude and the
type of fault.

2.1.2 Equal-area criterion

The ability of the machine to maintain stable can be explained by the equal area
criterion. The idea of the equal area criteria builds further on the operating points
explained in the chapter above. The relation between rotor angle and accelerating
power is given by the follow equation,

d? o

gz = o (Pm Pe) (3)
where in the angular displacement,! is the angular frequencyH is the in the
inertia, Py, is the mechanical power andP. is the electrical output power [1]. By
multiplying both sides with % and integrating for the angle leads to the following
expression,

z
oW,
WO(Pm Pe)d =0 (4)
where o is the initial angle and ,, the maximum angle [1]. The total energy
gained during a change of angle betweeig and ; can then be explained by the
following expression,

1
(Pm Pe)d = E; %)
0
where E; is the energy gained [1]. Below in Figure 2 a scenario is shown with
varying system reactance during pre-fault, during fault and post fault.



Figure 2: Equal area criterion [1].

In the gure three curves can be seen displaying the maximum transferable
power in relation to the transmission angle during di erent instances. The rst
pre-fault curve is A, during fault it is C and post fault it is B. The dashed line is
the mechanical power output of the machine. The system single line diagram can
be seen below in Figure 3.

Figure 3: Equivalent circuit when studying equal area criteria [1].

Where E° is the voltage of the generator, X is the transient reactance of
the generator, X, is the step-up transformer reactanceX ,X,; and X, is the
transmission line reactances andg is the in nite bus voltage. The transient
reactance is used in this case due to the the time of the transient period. Which
is usually around 1 to 2 seconds before the transient period dies out [11].

If a fault occurs in the point betweenX ,; and X ,, the total transferable power
of the system is reduced due to a disconnection of a transmission line. This gives
the C curve in Figure 2. If the total transferable power of the system is then lower
than the mechanical power of the generator, the generator will increase in speed.



This is explained by (3) where a reduction oP, leads to an increase of the angle
acceleration%. The acceleration will then continue for as long as the mechanical
power is higher then the maximum transferable power.

After a time, the faulted line is disconnected with the help of circuit breakers.
The time it takes before the line is disconnected is due to how fast detection of the
fault takes place and the time for the breakers to perform the switching action.
When the line has been disconnected the maximum transferable power rises again,
shown in Figure 2 by curve B.P, is still lower then A due to the disconnection
of the faulted line giving a higher reactance i the circuit. WherP e, is lower
then Pnax the generator will start to decelerate according to (3). During the
deceleration period the energy gained during the acceleration is supposed to be
dissipated. These energies can be seen as area 1 and area 2 in Figure 2. If area 1
is greater then area 2 then the generator will become unstable and lead to loss of
synchronization. There are several methods to improve the transient stability of a
generator. These methods will be dealt with in the following section 2.2.

2.2 Improving transient stability

There are a number of ways to improve the transient stability of a system. From
the simulations the di erent measures can be seen and compared.

2.2.1 Fast-valving

As can be seen from the gures below the amount of gained energy during the
fault depends on the level oPecn and Pe during the fault. If one could reduce
the level of Pech after a fault the acceleration of the generator could be reduced.
This can be done with the help of fast valving which reduces the steam, in the
case of a thermal plant, that is sent to the turbine [1].

If this is done fast enough the amount of mechanical power applied to the
generator during and post fault can be reduced and the system improved against
transient instability. The method of fast valving is not possible for every type of
generating unit. It is for example not possible for hydro power plants due to the
slow response of changes in power output and the time it takes to regulate the ow
of water [1].

2.2.2 Fast fault clearing

Another method in reducing the amount of gained energy during the fault is to
clear the fault faster. For example in Figure 2 by clearing the fault faster, the
fault can be cleared at an lower angle. This increases the area available for the
machine to break the rotor on the power-angle curve. To clear the fault faster a



number of solution exists such as improving the time to nd the fault and then
the time to isolate it. To nd the fault faster, new and improved relay protection
could be installed, such as telecommunication [1]. These can also help to nd the
most optimized way to isolate the fault and thereby not taken more objects of out
service than necessary. To isolate that fault faster, improved breakers that can
switch faster is necessary.

2.2.3 Lower system reactance

According to (1) the amount of power that can be transferred between two buses
are heavily dependent on the system reactance. This has been explained earlier
during the discussion around operating points in Figure 1. There are two ways
to increase the transient stability by lowering the reactance, both pre-fault and
post fault [1]. The improvement pre-fault is the obvious solution of increasing
the amount of transmission capacity from the generating unit. This will not only
cause the starting angle to be reduced but also increase tRAg,x of the generator.
The other method is reducing the reactance post fault. When a transmission line
is taken out of service due to a fault the system could try to reconnect the line
after a certain time to see if the fault disappeared or still persists [1]. If the fault
has somehow been cleared, a re-connection of the line would return the system to
its pre-fault state. There is, however, a risk associated with this if the fault still
persist. This will cause an even greater risk for the generator to fall out of phase.

2.2.4 Tripping generator

Disconnecting the generator from the system might be a solution to avoid transient
instability according to [1]. By tripping speci ¢ generators the amount of power
that is transferred on a congested line can be reduced and in turn increase the
transient stability. However, not all units can easily be tripped. Hydro power
plants can easily be shut down and be ready to start up again when the conditions
are right. The fossil-fuel or nuclear plants are, however, more problematic. These
plants can have a start up time that span hours it is often not suitable to trip
these units. Though today many plants are equipped with a feature that allows
the plants to reduce the amount of power produced to only supply the plant
auxiliaries, while staying disconnected to the grid. This give the unit a possibility
to keep running o the grid until it can be reconnected again [1]. Tripping of a
generator should be seen as a last solution since it can cause high levels of shaft
torque that might damage the rotor [1].



2.2.5 Fast excitation system

According to [1] signi cant improvement to the transient stability can be done by
adding fast excitation systems. The idea of the system is to increase generator eld
voltage during a fault. This will also increase the internal voltage of the machine
which will lead to a higher electrical output of the generator [1]. The settings on
the excitation system heavily a ects the possibility to increase transient stability.
A high ceiling voltage together with a fast response time have the best e ect on
stability increase [1].

2.3 Requirements for generating units

Most, if not all TSOs, have rules and requirements in place for actors on the power
market. These are called grid codes and stipulates the requirements that has to
be followed for generating units, loads and so on. For a generating unit these can
cover voltage regulation, power control, voltage ride through requirements, start
and stop after blackout, communication and control-ability. The low voltage ride
through requirement is a lower limit voltage for which the generator are not allowed
to trip above [12]. The generating unit should be able to manage a certain voltage
on its connecting bus without losing synchronization and having to disconnect
from the grid. These are dierent for each transmission grid where every TSO
have their opinion on what the generators should be able to handle i regards to
voltage drops [12].

2.3.1 Swedish requirements

In the Swedish grid code, which are a part of the Nordic transmission system,
there are two di erent requirements in regard to low voltage ride through. The
requirements are set after type of production unit and the size in MW. Generating
units below 25 MW are denoted small, units between 25 MW and 100 MW are of
medium size with the exception of hydro units which are between 25 and 50 MW.
All units greater than 100 MW(for hydro, larger than 50 MW) are denoted as
large units. Depending on the size of the unit di erent rules apply when it comes
to short circuits and voltage variations. The Swedish low voltage variations can
be seen below in Figure 4.
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Figure 4: Voltage variations for small, medium and large plants [2].

Production units denoted as large should be able to manage voltage variation
on the terminal down to 0 % during a time period of 0.25s. It should then be
able to maintain stability during a step to 25% following a linear increase to 90%
during 0.25s which are then kept at that level. For units denoted as small or of
medium size di erent rules apply. These units should maintain stability during a
voltage drop down to 25% during 0.25s which are then stepped to 90% and kept
at this level.
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3 A Swedish transmission grid model in PSS/E

In general The Swedish transmission grid is characterised by a lot of hydro power
production plants in the northern part and a lot of consumption in the southern
part of the country. This requires a good transmission system to transmit the
electric power to the loads in the south. This is mainly done by the eight 400kV
transmission lines between trade area SE2 and SE3. These lines are also equipped
with series compensation to further increase the transfer capability and the tran-
sient stability. The electric areas of the Swedish grid can be seen below in Figure
5.

Figure 5. Map of the Swedish transmission grid [3].
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3.1 Assumptions made and simpli cations

To create a model of Swedish transmission grid based on open sources, a lot of
assumptions and simpli cations have been made. The system was large enough
with just the 400 kv and 220 KV buses in mind with 221 buses, 191 loads, 478
generators and 283 branches. Since the model only supports 400 kV and 220 kv
buses it was decided that the step up and step down transformers were not to be
modeled. If these were to be included, the number of buses would have increased by
2-3 times as compared to the current amount. This could, however, be interesting
to further develop. Due to the diculty of nding the real parameters of the
generating units, a lot of these values have been taken from earlier models of
lumped networks or standard parameters from the literature. Therefore, most of
the generating units share the same values between each other depending on the
type. No solar power was added to the model due to the low installed capacity
and generated energy. Also the only type of wind turbines added were the ones
belonging to larger wind farms. It was not realistic to add the other units one
by one. The reason for this would be that the amount would simply be to high.
Regarding the transmission lines it was assumed that all lines were of the same
material, area and type. The only thing that di ers due to voltage level would

be the amount of conductors per phase. Finally all loads within a county are
evenly distributed among the buses inside the county due to simplicity reasons.
No di erentiation was made if the bus was close to a high population area or out
on the country side .The assumptions and simpli cation will be discussed further
under respective chapter.

3.2 Generation data

As mentioned earlier the power produced in Sweden comes roughly from 40%
hydro power and 40% nuclear power. The rest constitutes of wind power and
excess electric power generated from thermal plants. In Table 1 below the total
installed capacity of the model can be seen. This can be compared with the o cial
numbers from [6] to the left.
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Table 1: Comparison between installed capacity in the model and actual capacity

[6].

Installed capacity [MW] Installed capacity in the model [MW]

Hydro 16184 16312
Nuclear 9714 9076
Wind 6029 1940
Thermal 7920 7920
Solar 104 0
Total 39951 35782

As can be seen in Table 1 the installed solar power in the model was zero.
The reason for this was simply that it was to small to have any real impact in
the model. Another thing to notice is the di erence between the installed hydro
power and the hydro power that was added to the model. The total installed
hydro power in Sweden was for the year of 2015, and only including plants that
were in operation that year. However the source listing the individual plants listed
all plants in Sweden above 10 MW. Due to the di culty of nding which of all the
hydro power plants that were not in use during the year, all hydro power plants
above 10 MW was added to the model. This is the reason why the modeled amount
of installed hydro power is larger than what was listed as installed capacity for
2015.

The installed capacity given for generators, including wind generators, were
assumed to be on a power factor of 0.9. This assumption was made in accordance
to typical data from [1]. This was then used to calculate thé/,se Of the machine
since the size of a production unit was often given as their installed active power
capacity. The reactive power capability of the machine was then set to never
exceed a power factor of either 0.9 leading or 0.9 lagging.

3.2.1 Hydro power

The majority of the production units in the model are hydro power and a list of

all of the major, above 10 MW, hydro plants in Sweden can be found in [13]. This
website was used to list all hydro power plants in Sweden and was used together
with the book [14] which lists the number of units per hydro power plant. It was
decided to disregard any plants lower than 10 MW since the total amount of plants
would have been too large. No consideration was taken to the type of hydro power
plant or the type of turbine installed on the unit. This caused problems in area
SE3-SE4 where the total modeled capacity was lower than the installed capacity.
Therefore the generators had to seen as aggregated models where each generator
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has around 20-30% higher capacity than the real value.

Two di erent types of generators are used in the power system, round rotors
and salient pole rotors [1]. The most commonly used rotor structure for hydro
power plants are the salient pole rotor since it is bene cial during lower rotor
speeds [1]. Therefore to model the salient pole rotors dynamically in PSS/E the
GENSAL generator model was used according to the Program Application Guide
Volume 2 for PSS/E.

One of the harder tasks was to nd the machine dynamic models for generators
to perform dynamic studies. However, by studying earlier work such as [7] and [15]
some parameters could be extracted for use in the created model. The rst system
used by [7] was based on the Nordic 32 model and [15] was based on the Nordic 44
model. The Nordic 44 models Sweden, Norway and Finland system with increased
focus on Norway while Nordic 32 models only Sweden. Most of the dynamic
parameters used in the created model are based on the model used in [15] since it
had the most information about the system that was used. With a few exceptions
the parameters given by [15] were also in line with the standard parameters given
by [1].

The report [15] was therefore followed when the type of exciter and power
system stabilizer had to be chosen. Nordic 44 in [15] used the exciter SCRX for alll
generating units with the exception of the thermal units. The same argument was
used for the selection of the stabilizer. STAB1 was used for the hydro electric units.
The problem of nding parameters to the dynamic model was equally as hard as
nding the correct models. A combination of sources were used such as [15], [7], [1]
and the PSS/E program application guide to populate the dynamic models.

No governors were added to the dynamic model. This will be left to future
work with development of a model used for studying frequency control of the
power system. Further, no distinction was made between small scale hydro and
large scale hydro regarding the inertia constant. However, this will be discussed
later in the report.

3.2.2 Nuclear power plants

According to [6] the nuclear power plants that were in operation during 2015 were
Oskarshamn, Forsmark and Ringhals. These reactors were added into the model.
However, Oskarshamn 2, O2, was not used during the year and therefore it was
chosen to exclude this from the model. The same method of nding dynamic
models and their parameters were used for the nuclear power plants as for the
hydro power plants. In contrast with the hydro power plants the turbines for
nuclear power plants are powered by steam instead of water. This gives that the
rotors are of a di erent construction due to the higher speed [1]. The rotor used for
steam turbines are of solid type and the recommended generator model according
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to PSS/E is therefore GENROU. However, the same exciter and stabilizer was
used as for the hydro plants.

3.2.3 Wind power plants

Only the larger wind farms listed by [6] were added to the model and each farm was
presented as one lumped generator. The total amount of installed wind turbines
would add up into the thousands with very low installed power per unit and would
therefore not be feasible to add them one by one. This, however, led to an installed
power of around 1940 MW in the model. Since the power generated from wind
usually is way below the installed capacity this was not seemed as a problem. An
alternative solution could be to use aggregated generators, a solution that was
used for the thermal plants. This is shown with Figure 6 below.

Figure 6: Duration curve of wind power production in Sweden.

From the gure it can be seen that the power production from wind is below
the installed amount in the model more than 55 % of the time. Since this value can
vary quite a lot depending on the hourly data that is used, attention must be paid
if the value goes beyond the modeled amount. This was the case for wind power
production in SE3 and SE4. Therefore the wind in this area was aggregated to
the buses where the wind parks were modeled. Future work on the model should
improve the implementation of the wind model. The wind turbines are modeled
dynamically with the help of the GENCLS generator model. The GENCLS is a
very simple model where the only input parameters were damping constant and
inertia constant. The inertia value in the wind turbine dynamic model was set
to zero during simulations. This caused the frequency at the wind turbine buses
to become sti. In turn this means that one should be careful about making any
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conclusion of the result with regard to the frequency. However, what impacts most
when studying the relation between transient stability and inertia is the inertia

of the independent generator. Likewise one should be careful when analyzing any
dynamic result of buses with a xed frequency.

3.2.4 Thermal power plants

The main purpose for the thermal power plants is by de nition to produce heat
to the residential and commercial buildings. Therefore the individual electrical
power contribution by each thermal power plant is quite low. In the created
model all thermal power plants are lumped together according to each area with
the exception of SE3 which has two thermal power plants modelled separately.
The lumped thermal power plants are placed at the following buses listed below.

Table 2: Placement of lumped thermal power plants.

Bus

HAMRA.4
LETSI.4
VARTAN.2
LANGBJ.4
HURVA.4

a b wdNPEF

As for the nuclear power plants, thermal power plant generators are powered
by steam turbines. And with the same argument as for nuclear power plants the
selected generator model was GENROU. According to [15] the exciter used for
the thermal plants was IEEET2. This exciter was therefore used in this model as
well. The same stabilizer was used as for the other generating units in the model,
STABL1.

3.2.5 Synchronous machine data

Earlier work on grid models were studied to nd approximate parameters to be
used in the created model. This was the case for both the synchronous machine
data and the parameters to be used in the dynamic models. The used machine
reactances can be seen below in Table 3.
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Table 3: Representative synchronous machine data from [7].

Salient pole [p.u.] Round rotor [p.u.]

Xq 1.1 2.2
X9 0.25 0.3
X% 0.2 0.2

3.3 Substations

Several grid maps could be found for the Swedish transmission grid, both an o cial
one from the TSO, SvK and from other organizations. The one that was mainly
used to create the model was the European grid map from ENTSO-E [10]. The
reason for this was that the map featured a zoom function which gave a superior
detail and names for the Substations for the 220 kv and 400 kV grid. The names
chosen for the PSS/E model comes mainly from this map. The map was also used
to nd the transmission lines that connect the substations to each other. Below
in Figure 7 the created model can be seen together with the transmission lines.
However, the series compensation stations are not shown. The implementation of
these are discussed further in chapter 3.4.1.
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Figure 7: The slider le of the created model. Blue color indicates 400 KV and
gray 220 kV.
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The dashed lines in Figure 7 represent the borders between the four econom-
ical trade areas of the Swedish transmission grid. The inter-trade between these
borders helped to validate the model which will be discussed later on in the report.

In the rst area SE1, furthest to the north, there are three trade lines to other
countries. Two are going east to Finland and one going west to Norway. In area
2, SE2, there are two lines extending into Norway one 220 KV line and one 400 kv
line. In SE3, where most of the loads were situated, there are two HVDC lines
going to Finland, two 400kV lines to Norway and one HVDC line to Denmark.
The area furthest to the south SE4 has a 400 kV line to Denmark and one HVDC
line each to Germany, Poland and Lithuania respectively.

3.3.1 Stockholm transmission grid

In the grid maps from SvK and from the other organizations, the Stockholm area
was only mapped as one large bus with several connecting transmission lines.
When studying aerial photos from mapping sites mentioned earlier, it was seen
that this was not the case. A problem then arose since many of the transmission
lines within the capital were cable connections impossible to spot on aerial photos.
However, it was possible to acquire grid maps for this area since a large reconstruc-
tion of the Stockholm transmission grid are currently taken place called Stockholm
Strom. From the Stockholm Strém project web page detailed grid maps featured
all substations and transmission lines were given to be downloaded. The map that
was used to map the Stockholm transmission grid can be found below as Figure
8t.

IMap used with explicit permission from copyright holder Svenska Kraftnét.
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