
Experimental research on a 200 kW vertical axis
wind turbine

H. Bernhoff
Funding: StandUp for Energy

The 200 kW VAWT was installed in the beginning of 2010 by Vertical Wind AB in collabo-

ration with E.ON, Falkenberg Energi AB, the Swedish Energy Agency and Uppsala University.

The 200 kW VAWT is seen as an important step to gain experience and data for the future

construction of multi-megawatt VAWTs. At the end of a series of tests in March 2012, the tur-

bine had around 1000 h of operation and had delivered roughly 22.5 MWh to the grid during

the test period.

Experiments on the prototype include generator tests, control system tests, noise measure-

ments, studies on how turbulence intensity affects the power absorption as well as studies on

structural mechanics. During 2019, long time measurements have been performed.

Apelfröjd, S., Eriksson, S. & Bernhoff, H. “A Review of Research on Large Scale Modern Ver-

tical Axis Wind Turbines at Uppsala University” Energies 2016, 9, 570.
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SAVANT - SAVoniusturbine for ANTarctica

H.Bernhoff

In the ARIANNA (Antarctic Ross Ice-Shelf ANtenna Neutrino Array) project for detecting

high energy neutrinos in the Antarctica, there is a need for powering the measurement equip-

ment during the entire year. As solar panels cannot be used in the winter during the polar night,

this project aims a powering the detectors using a small scale Savonius wind turbine, and test

turbines have been installed and their performance is currently being evaluated.

This project offers unique challenges, both to operate in this extreme environment, but be-

cause the measurement equipment for the neutrinos is very sensitive, and the turbine therefore

has to operate very quietly and not cause any electromagnetic interference.
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The Marsta vertical axis test site

H. Bernhoff

A 12 kW vertical axis test turbine was constructed 2006 in Marsta, north of Uppsala. The

turbine has a cross-sectional area of 30 m2 and a hub height of 5 m. It is connected to a direct

drive generator placed on ground level. The vertical axis design allows for the elimination of

any yaw mechanism, and as the generator is capable of controlling the turbine in any operating

conditions, power regulation can be performed directly by the generator without the need of

a pitch mechanism. This allows for the elimination of many of the components that normally

cause failures, giving a very robust design.

The test turbine is mainly used for experimental measurements. Load cells have been in-

stalled on one of the turbine blades, allowing for force measurements during operation. The

turbine has also been used to study the implementation of control systems and the interaction

between the generator and the turbine. The turbine can also be used for acoustic measure-

ments.

M Rossander, A Goude & S Eriksson, “Critical speed control for a fixed blade variable speed

wind turbine” Energies 10 (11), 1699

E Dyachuk, M Rossander, A Goude & H Bernhoff, “Measurements of the aerodynamic normal

forces on a 12-kW straight-bladed vertical axis wind turbine” Energies 8 (8), 8482-8496

3



Vortex methods for wind turbine simulations

A.Goude

Simulations of wind turbines using traditional CFD methods can be very time-consuming

due to the large variations in scales that has to be resolved, from the flow in the boundary layer

of the blade, to the interaction between turbines in wind farms. For design studies, there is a

need for simplified models that quickly can evaluate a turbine design. One of these methods is

the vortex method, which is based on directly modelling the vortices instead of the wind speed.

As the vortices are concentrated in the wake, this allows for a more efficient discretization of

the domain, and the conservation laws for vorticity makes the simulations less sensitive to

numerical diffusion, which allows for a lower resolution of the simulation domain.

The aim is to create a simulation model that is more efficient than the methods commonly

used today, and hence is more suitable when iterating through many designs. The main focus

for the model is the prediction of forces on the turbine blade, and the performance of the

turbine. The research is primary focused on modelling vertical axis turbines, which due to their

complicated flow patterns require models that a proper flow model (although the method can

be applied to horizontal axis turbines as well). The model is well suited for complex geometries,

such as the interaction between struts and blades, which appears for the vertical axis turbine

design.

E. Dyachuk & A. Goude, “Numerical Validation of a Vortex Model against Experimental Data

on a Straight-Bladed Vertical Axis Wind Turbine” Energies 8 (10), 11800-11820.
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Noise reduction of vertical axis wind turbines

A. Aihara

This project aims to study noise emission from vertical axis wind turbines (VAWTs). Reduc-

ing the noise produced by wind turbines is a key environmental factor which is very important

for the acceptance of the technology. The VAWTs are popular to install in residential/urban ar-

eas, which makes sound emissions especially important. As the VAWT blades typically move

at a slower speed, than the corresponding horizontal axis turbine, there is a possibility for sig-

nificantly reducing the sound emissions. However, as the VAWTs spin around the vertical axis,

the incoming flow interacts with the wake created by both the shaft and blades rotating upwind.

This interaction generates high turbulence, which is an additional source of sound emissions.

The result is that the VAWT has the potential for low sound emissions, but to fully utilize this

potential, the mechanism of how the noise is generated requires further understanding.

The final goal of this project is to find a solution for reducing the sound emission. Uppsala

University owns a 200 kW VAWT, which is built at the west coast of Sweden. Previously our

research group have measured the sound from the turbine to localize the aerodynamic noise

sources. The results indicated that the noise is emitted especially from the joints between the

blades and its supporters. In order to identify the location of sound sources and investigate

the mechanisms of sound generation there in more detail, a numerical method has now been

validated, which is modeled using CFD simulations and the acoustic analogy.
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Aerodynamics of vertical axis wind turbines

V. Mendoza

The fluid mechanics of vertical axis wind turbines (VAWTs) is characterized by complex

and unsteady three-dimensional phenomena, which presents considerable challenges both for

numerical modeling and measurements. Nowadays, there is a need to overcome the lack of

understanding of the phenomena involved in VAWTs aerodynamics. Standard fully resolved

models have large computational costs since they have to solve the governing equations in

local highly refined grid regions close to the blade boundary layers. This fact restricts the

implementation of the model for a solution in a large scale facility (wind farms, for example),

due to its nonviable calculation time.

An actuator line model (ALM) has been used for the modeling part of the main phenom-

ena involved in the aerodynamics of VAWTs. Qualitative and quantitative analyses of the flow

pattern (wake), forces on blades and rotor performance of VAWTs have been performed. Addi-

tionally, this unsteady model has been validated in a wide range of operational conditions. The

employed ALM is able to reproduce and evaluate the main phenomena involved of the flow

pattern of VAWTs, and it can be considered as a potential tool for VAWTs simulations.

V. Mendoza et al. “Near-wake flow simulation of a vertical axis turbine using an actuator line

model.” Wind Energy 22.2 (2019): 171-188.

V. Mendoza et al. “Performance and wake comparison of horizontal and vertical axis wind tur-

bines under varying surface roughness conditions” Wind Energy 22.4 (2019): 458-472.
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Linearised simulation of wind-farm flows

A. Segalini
Funding: STandUP for Wind

Wind farms are a cluster of several wind turbines placed near each other to reduce the

amount of land area used. Due to their large size, they are computationally demanding and

standard computational tools (based on computational fluid dynamics, CFD, for instance) ne-

cessitate of a long time to determine the wind flow and the power output (from some hours to

several days). Consequently, industry has adopted simplified models where the wind-turbine

wakes are modelled with some prescribed law with empirical parameters that have a computa-

tional time of the order of few seconds. However, it has been observed that the latter approach

is affected by uncertainties of the order of 25-50%, mostly due to the prescribed model and the

uncertainties in the empirical parameters. It is an industrial demand to develop new and more

accurate models with a feasible computational cost.

Linearised methods solve approximate equations that keep only the leading physical flow

features, neglecting non-linear interactions (so that the accuracy is expected to be slightly lower

than standard CFD). However, the linearised approach enables the use of very fast solution

methods, decreasing the computational time of two orders of magnitude. The linearised code

ORFEUS has been developed following this philosophy at KTH and tested against real farm

data, with good results offshore and onshore. The extension to account for other aspects of

industrial interest (like noise calculation and farm optimisation) is currently ongoing.

A. Segalini, “Linearised simulation of flow over wind farms and complex terrains” Phil. Trans

Roy. Soc. A, 375, 20160099 (2017).
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Boundary layer over wind farms

A. Segalini
Funding: STandUP for Wind & VR

The recent growth of wind energy has boosted the development of many large wind farms

where the clustering of the turbines helps reducing installation costs. However, the farm flow

is quite complex due to the interaction of several turbine wakes. The transfer of momentum

from above the farm plays a crucial role to replenish the power extracted by the turbines and

parameters like free-stream turbulence and wind shear play a major role in this energy-transfer

process. It is expected that a wind farm is equivalent to a rough surface for the atmospheric

boundary layer, so that a simple model of industrial relevance can be proposed. Under this

approach, the turbines cannot be considered as individuals but have a global effect as a whole,

facilitating the development of theoretical arguments based on integral formulations.

In the present work, the flow over a large wind farm (composed by several freely-rotating

wind-turbine models) is studied through a wind-tunnel campaign with hot-wire anemometry.

More than 152 turbines were mounted with 19 subsequent rows, allowing to go beyond the

adjustment region of the internal boundary layer located in the first rows. All the three velocity

components were measured, providing a good characterisation of the Reynolds-stress tensor.

The balance of advection, turbine thrust force and turbulence rules such a growth according to

an integrated form of the Navier-Stokes equations. A self-similar evolution of the velocity profile

and of the Reynolds stresses has been observed, providing new inputs to develop simplified

models with industrial relevance.
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Interaction Between Wind Turbines Investigated
by Spectral-Element Methods

V. G. Kleine, A. Hanifi, & D.S. Henningson

In the field of wind energy, there is a major demand to understand the fluid-dynamic in-

teraction between rotors at wind farms. For most wind farms, a considerable portion of the

turbines will be affected by the wake generated upstream for some wind directions, reducing

power production and increasing fatigue loads. However, the wake of a turbine is a complex

fluid-dynamic problem that is composed of a system of helical tip vortices, hub vortices and

velocity deficit.

In this context, the purpose of the project is to study the downstream evolution of the system

of vortices generated by the blades of a wind turbine and analyse the interaction of the wake

and vortices with following turbines. For this goal, we are applying hydrodynamic stability

analysis techniques to understand the dynamics of the wake and rely on a high-order spectral-

element code to solve the incompressible Navier-Stokes equation, coupled with the actuator-

line method for modelling the blades.

In the current study, we are interested in the interaction and instabilities of the flow of two

in-line wind turbines. Even with free-stream turbulence, the wake of the upstream turbine

shows the typical helical pattern of tip vortices, while the flow downstream of the second wind

turbine is already destabilized. We are investigating how the wake and vortex system of the

upstream turbine influences and possibly destabilizes that of the downstream turbine. The

spectral-element code Nek5000 is used in order to obtain a base state of the flow around the

wind turbines. By perturbing the tip vortices harmonically, we identify the dominant modes con-

tributing to the growth of instabilities that lead to a breakdown of the vortex system. Analytical

methods are also being developed to investigate the stability of this multiple helical vortex sys-

tem. Future development of the project involves applying this knowledge to control techniques

in order to modify the wake of wind turbines.
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Prediction of transition to turbulence in wind
turbines

T. C. L. Fava, A. Hanifi, & D. S. Henningson

Prediction of transition to turbulence in wind turbine blades plays a major role in the accu-

rate determination of aerodynamic loads and performance of wind turbines. While this assess-

ment may currently require detailed information of the mean-flow, obtained by means of costly

numerical simulations, the current project aims at providing reliable estimates for the transition

location with a faster and computationally less demanding method. In order to pursue this

goal, a model based on the boundary layer equations in a rotating frame of reference has been

developed to generate velocity profiles along a given radial position of the blade. The stability

analysis is subsequently carried out by providing the Parabolized Stability Equations (PSE)

with the velocity profiles previously obtained. The developed model will be assessed and en-

hanced with data from accurate numerical simulations of transition. Besides the relevance of

transition prediction for the development of more efficient and reliable wind turbines, the project

may shed light over interesting transition mechanisms in rotating blades that were not still fully

understood.
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Wind Power in Swedish Forest Conditions

S. Ivanell
Funding: Energimyndigheten

The project aims at studying wind and turbulence conditions above Swedish forested land-

scapes with respect to wind power. Conditions are dynamically very complex due to patchy

forested landscape, often with complex topography. Uncertainties have been reduced with in-

creased knowledge as well as through the experience from existing projects. Despite of that

there are many knowledge gaps left as well as a concern of excessive loads. In this application

we suggest focusing our research at filling those gaps. Previous projects have yielded a lot of

data as well as model comparisons (e.g. benchmarks). We would like to continue our work

through: 1) Complementing turbulence measurements at a forest research station in northern

Sweden which already has extensive measurements. 2) Further develop techniques for Sodar

and Lidar in forested areas. 3) Development of dedicated forest models using open source

platforms that will allow for studies of the resource, production, loads and wakes
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Meteorological effects on wind resource cal-
culations over an enclosed sea - forecasting
and climatology

E. Sahlée, S. Ivanell, H. Körnich
Funding: Energimyndigheten

The wind resource over sea is larger than over land, making offshore localization of wind

power attractive. Difficulties in more exact assessment of wind climate is due to factors such

as e.g. how the dynamic wave field shall be included in the calculations. Additionally, for

inland seas (Baltic Sea) the meteorological conditions differ from open sea conditions due to

the land proximity. This produces effects such as low-level jets, which have a major impact on

the wind resource since they may exists close to hub height. The ability of current operational

models to capture this feature in the offshore environment is still unclear. Here we conduct an

in-depth study of these factors for the Baltic Sea in order to recommend a best model set-up

for wind power applications. This includes both climatological wind resource calculations and

evaluation of short-term forecast with focus on low-level jets.
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Wind power in Swedish conditions - optimiza-
tion of loads and production

Karl Nilsson
Funding: Energimyndigheten

The project aims at quantifying differences in power production and fatigue loads for wind

turbines placed in the Baltic sea and in forested, topographically-complex areas compared to

turbines placed offshore and in flat terrain. Based on these results, suggestions will be provided

on how to optimally site and operate turbines in these conditions. In order to be able to perform

these calculations, a new rotor model is required which can take into account the deformations

of the blades due to the increased wind shear, turbulence and other transient features of the

wind flow that characterize such regions. The results will contribute to the development and

optimal operation of wind energy projects in these areas as well as to the long term objectives

of a sustainable development of wind power in Swedish conditions.
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The Role of Flexible Consumers in the Future
Renewable Based Power System

Lars Herre
Funding: Energimyndigheten

In Sweden there is a possibility to have a very high share of renewable power generation

and a challenge with wind and solar power is that these power sources have varying produc-

tion. In a power system, the balance must be maintained continuously between total production

and consumption. In the current Swedish power system, mainly hydropower is used for this

aim. However, a possible future resource are flexible consumers. With smart meters and other

smart technology, there is a wide spectrum of opportunities for consumers to be active and

adjust their electricity consumption. The actual potential has not been studied in detail. This

is due to price fluctuations, customer interest, measurement methods and choice of technical

solutions and more. The purpose of this project is to implement power system simulations to

further study the potential of customer flexibility.

Key findings: (1) The public wind power predictions on Nord Pool’s website are actually

production plans (trade reports) instead of technical forecasts. (2) In order for a demand side

aggregator to provide their maximum flexibility, the optimal gate closure should be very late, i.e.,

5 minutes before operation. Furthermore, the market interval should be as short as possible,

i.e., optimally 5 minutes long. This type of market would enhance the participation of demand

side aggregator in delivering flexibility to the power system and, ultimately, in integration more

wind power into the system.

L. Herre et al., “Exploring Wind Power Prognosis Data on Nord Pool: The Case of Sweden and

Denmark ” IET Renewable Power Generation, 2019.
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Minimizing curtailments in power systems with
high share of wind and solar generation

Elis Nycander
Funding: Energimyndigheten, Svenska kraftnät

In Sweden and many other countries there has been a rapid expansion of renewable power

generation which is expected to continue during the coming years. At times there may be

more renewable power generation available than can be accommodated by the grid, due to

constraints relating to for example transmission capacity or frequency stability. Thus, safe op-

eration of the power system may require curtailment of renewable energy sources. Although

storage techniques such as batteries and pumped hydro can be used to reduce curtailment,

it would likely not be economically feasible to expand storage capacity enough to completely

eliminate curtailment. The challenge is thus to design methods that can help operators decide

when curtailment is necessary. The aim should be to reduce curtailments as much as pos-

sible while maintaining safe operation of the power system. This requires taking into account

the uncertainty inherent in renewable variable power production during the different stages of

power system operation, such as the day ahead dispatch and real time operation.

The project is a collaboration between KTH and Svenska kraftnät (SvK), where Svk will

contribute with perspectives from the perspective of the transmission system operator and

understanding of practices in the Nordic power system.

15



Protection for Multi-Terminal HVDC Grids to Con-
nect Large Scale Wind Power

Ilka Jahn
Funding: Horizon-2020 EU, PROMOTioN

Renewable energy produced in offshore wind farms needs to be transported to load centers

in an efficient and flexible manner.

PROMOTioN seeks to develop meshed HVDC offshore grids on the basis of cost-effective

and reliable technological innovation. One of the challenges for developing the DC multi-

terminal grids of the future, is how to protect the system in the event of a fault, so that only

the faulty components are isolated rather than having to isolate the whole DC grid. (source:

https://www.promotion-offshore.net/).

Key Findings:

• An HVDC protection IED prototype compatible with real-time simulators

• A Proposal for Open-Source HVDC Control towards vendor interoperability
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New market design impact on hydro power op-
eration in presence of large scale wind power

Abolfazl Khodadadi
Funding: Energimyndigheten

Sweden and many other countries are moving towards an electricity system with a large

proportion of solar and wind power. These types of power have a varying production and pro-

duction must be continuously balanced. The balancing takes place in Sweden and the Nordic

region, preferably with hydropower, but it is not always in the same area as the variation caused

by wind power and electricity consumption. A challenge in this context is how the market should

be designed in detail and how the owners of the hydropower plants will run their works. Hydro-

electric power stations are, in Sweden, linked to rivers and with restrictions in the form of water

estates, reservoirs and available water. At the same time, this hydropower will, to a greater

extent, need to be continuously controlled with, possibly, continuously changed parameters.

The purpose of this project is to study in more detail different ways of managing hydropower

operations and planning in a new era with considerably more variable production, more control

and observability, new requirements for balancing and opportunities for completely different

market solutions and to see which technical and market solutions can be suitable by modeling

these and studying the effectiveness of the resulting power system operation.

17



Multi-Area Power System Generation Adequacy

Egill Tómasson
Funding: Svenska Kraftnät

The field of renewable energy is more vibrant now than ever before, with many intriguing

problems that need to be dealt with. With population and incomes projected to rise, the global

energy challenge is to manage and meet energy demand affordably, sustainably and securely.

To do this successfully, it is essential to increase the share of renewable energy resources in

the global energy mix. The volatility of renewable energy resources such as wind power and

solar power brings new challenges, since the demand and supply need to be balanced at all

times.

The power system needs to be able to cope with situations when these resources are

lacking in supply and there is a risk of generation capacity deficit. The PhD project revolves

around detecting and resolving this issue of capacity deficit by creating the right tools to analyze

the power system of today and implement successful strategies for the future power system.

The project is a collaboration between KTH and Svenska Kraftnät (SvK), where SvK as a

transmission system operator shares its experience and expertise of the Nordic power system.

Egill Tómasson & Lennart Söder. “Generation Adequacy Analysis of Multi-Area Power Sys-

tems With a High Share of Wind Power ” IEEE Transactions on Power Systems, 2017.
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Analysis of Sub-synchronous Oscillations in
Wind Power Plants

M. T. Ali
Funding: Vindforsk, SweGRIDs

The objective of this project is to analyze and understand the reasons and causes which

inflict sub-synchronous control interaction (SSCI) in the Doubly-fed induction (DFIG ) based

wind power system, and to design a control technique which can mitigate it. Until now, SSCI

is analyzed in a designed DFIG-based system, using the eigenvalue analysis. The sensitive

control parameters are also identified using this analytical technique. For the mitigation of

SSCI, a power oscillation damper (POD) is designed. The results obtained by the proper tuning

and placement of POD in the converter controller clearly show that the SSCI in DFIG system

can be damped. The designed POD not only mitigated SSCI but it also added significant

damping in the system, hence, making it more stable.

Key Findings: (1) The proportional control parameters of the rotor-side converter (RSC)

controller plays a major role in the occurrence of SSCI. By properly selecting its value, the SSCI

in DFIG systems can be avoided. (2) By combing POD with the tuned sensitive parameter, the

DFIG system can become immune to SSCI for any compensation level, not only for single

machine infinite bus system, but also for multi-machine systems.

M. T. Ali et al., “Optimal Tuning and Placement of POD for SSCI Mitigation in DFIG-based

Power System” 2019 IEEE Milan PowerTech, Milan, Italy, 2019, pp. 1–6.
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Collaborating Network of Large Electric Machines

G. Zanuso
Funding: Vinnova, Swedish Electromobility Center

This project aims to tackle the Industry 4.0 vision of modular, flexible, self-optimising fu-

ture factories by focusing on increased intelligence, inter-communication capabilities and au-

tonomous operation of electric drives in an industrial process. In this vision, electric drives

perform a local condition monitoring and health prediction by means of improved hardware

and artificial intelligence. Through inter-drive communication links, this information (together

with some real-time operative information) is shared to form an “edge cloud” where process

optimisation tasks are performed at the lower level of the devices. A “higher cloud” connects

to the fleet of drives for historical analysis and monitoring. Condition monitoring and fine grain

process optimization leads to increased energy efficiency and more efficient and sustainable

use of the available infrastructure.

The edge cloud implementation is obtained by means of: 1) an improved hardware incor-

porated in the electric drives, allowing a better monitoring of electric machines and drives, 2)

artificial intelligence algorithms for fault prediction, 3) inter-drive communication for health-and-

operation information sharing.

The proposal aims to realise a simple proof of concept of the edge cloud by demonstrating

the capabilities of the stator windings self-monitoring by means of stator current high-frequency

sampling, leading to improved energy efficiency, decreased equipment down-time.

G. Zanuso et al., “Networked electric drives in the Industry 4.0”, 2019.

20



Parameter Estimation of Multiphase Machines

Gustaf Falk Olson
Funding: KTH

Applications in the renewable energy sector demand robust, reliable and torque-dense gen-

erator units to decrease the cost of ownership. Today, three-phase machines of various types

prevail, due to their wide availability “off-the-shelf” and well-understood drivelines.

However, with the advent of versatile power electronic converters, it is possible to connect

a generator with any arbitrary number of phases to the grid. In particular, multiphase machines

with more than three phases are attractive because they offer a more ideal air-gap flux, better

fault-handling capabilities and higher reliability as compared to their three-phase counterparts.

For example, a more ideal air-gap flux translates directly to higher efficiency. As a result, more

attention has recently been drawn to multiphase machines as viable generator alternatives in

wind-power plants.

This project started in September 2019 and aims to develop offline (“benchtop”) and online

(“operating machine”) parameter-estimation techniques for multiphase machines. Such esti-

mations are crucial for safe and efficient operation and has been identified as a key research

area to promote the adoption of multiphase machines in the industry.
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Wireless Control of Autonomous Submodules
in Modular Multilevel Converters for Wind Power
Integration

Baris Ciftci
Funding: KTH

Modular multilevel converters (MMCs) are considered as the state-of-the-art power-conversion

systems for high-power conversion applications. MMCs may consist of hundreds of submod-

ules. Control of the converter requires switching and sensor data exchange between a central

controller and the submodules. Currently, this data exchange in MMCs is conducted by teth-

ered connections, generally over optical fiber cables. However wires (especially optical fiber

cables) are subject to stress and fatigue and are prone to leading a failure. Moreover, for a

converter with hundreds of submodules, the cabling can be cumbersome, time consuming and

costly. Thus, the next step to promote the utilization of MMCs would be wireless control of

submodules. The advancement can remove meters of cables used for control purposes, save

related costs, decrease commissioning and maintenance time, and increase the availability of

the converter.

Key findings: A proposal for wireless control of MMC is given [1]. It is based on distributed

control approach in which high level control tasks are done in the central controller; modulation

and submodule capacitor voltage balancing are done in the local controllers located on the

submodules. Proposed control method is validated with tethered communication [2]. Proposed

control with wireless communication is to be validated.

[1] B. Ciftci, J. Gross, S. Norrga, L. Kildehøj & H.-P. Nee, “A proposal for wireless control of

submodules in modular multilevel converters” in 2018 20th European Conf. on Power Electron.

and Applicat., Riga, 2018.

[2] B. Ciftci, J. Gross, S. Norrga & H.-P. Nee, “Simple Distributed Control for Modular Multilevel

Converters” in 2019 21st European Conf. on Power Electron. and Applicat., Genoa, 2019.
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Modular Electric Machinery

K. Bitsi
Funding: Energimyndigheten

The development of electric vehicles (EVs) is one of the most promising ways to ensure a

sustainable energy future. As the market of EVs is constantly expanding, car manufacturers

are seeking ways to produce highly efficient and economically viable electrical drive systems

(EDS). The goal of this work is to investigate and propose suitable modular integrated EDS

topologies for automotive applications. These topologies constitute a low-cost and fault-tolerant

proposal that can be adapted in the current series-production of EVs.

The project milestones include: (1) Investigation of modular multiphase electrical machines

suitable for traction applications, (2) electromagnetic study and thermal analysis of the selected

modular topologies, (3) optimization of the examined models based on the required specs and

(4) experimental validation of the results obtained through the overall examination.

K. Bitsi et al., “Many-objective Optimization of IPM and Induction Motors for Automotive Appli-

cation” 2019 21st European Conference on Power Electronics and Applications (EPE’19 ECCE

Europe), Genova, 2019.
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Real Time Estimation of Power System Inertia

Dimitrios Zografos

The scope of this project is to develop methods to estimate the system inertia or assess the

frequency response of the system in real-time based on available system data. Initially a test

system is used to develop the methods. Then the developed methods are used to estimate

the system inertia or assess the frequency response based on data from a real system to

verify their accuracy. By proposing methods for estimating power system inertia and frequency

response, this project attempts to provide additional solutions to the challenges that modern

power systems have to face. It offers supplementary tools to increase the system awareness,

in order to take appropriate actions in case of frequency events.

Key findings: (1) Four disturbance based inertia estimation methods are proposed. The

methods accommodate the frequency and/or voltage variations that arise after a disturbance

and estimate both the total inertia constant and the total power imbalance of the system. (2)

The use of simplified equivalent models, along with neural networks and linear regression are

examined for frequency response assessment. The accuracy of the methods, as well as the

uncertainty that is introduced by system non-linearities, are assessed through simulations.
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Intermittency and ancillary service cost allo-
cation: A game-theoretic approach

Ehsan Davari Nejad
Funding: SweGrids, Svenska Kraftnät

In recent decades, there has been a rapid rise in penetration of renewables in electrical

power systems. This type of providing energy, despite looking green and clean, introduces

some challenges for power systems. One of these challenges is raised from the fact that this

part of energy production does not provide inertia for the network as the conventional syn-

chronous generators do. Hence, in case of an outage or any other type of contingency, there

will be problems regarding frequency drop (Nadir) and rate of change of frequency (ROCOF).

So, we should still keep some conventional units in reserve to have some rotating mass so

as to provide inertia (or any other types of inertia providers). As a result, we should pay for this

inertia. Thus, frequency response has a cost. My project at this stage mainly aims at finding

a price for this inertia, and also to design market mechanisms to ensure inertia adequacy.

The project is currently focusing on frequency markets and can be extended to other ancillary

services in the future. The funding is Provided by Svenska kraftnät.
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Volatile project - Voltage control on the trans-
mission grid using wind power at other volt-
age levels

Stefan Stanković
Funding: ERA-Net Smart Energy Systems

Wind power has grown strongly in recent years. In Sweden, nuclear power will be phased

out during the coming decades which will cause a need of new generators such as wind energy.

In Denmark and other countries, large amount of wind power is currently in operation and it

is expected that the amount will increase significantly. A stable and secure control of voltage

in the power system is a pre-request for its stable operation. This is often done by using the

synchronous generators in the conventional, centrally-based power plants connected to the

transmission system. With large amounts of solar and wind power entering the system, the

amount of these centrally-based power plants will decrease creating a possible voltage control

problems in transmission grid. The possibility to be studied here is to use wind power stations

on other voltage levels to control the voltage on the transmission level.

Key findings: Preliminary results from the studies show that there is an efficient way to sup-

ply reactive power from the wind power stations at lower voltage levels and support control of

the voltage on the transmission grid. In order for this to be practically achieved, certain degree

of communication and collaboration between distribution system operator and transmission

system operator is needed. Further on, there are indications that this support might be of

substantial importance for the stability of the future power systems in the case of contingency

situations.

S.Stanković & L. Söder, “Analytical estimation of reactive power capability of a radial distribu-

tion system” IEEE Trans. Power Syst., vol. 33, no. 6, November 2018.

26



Weekly planning of hydropower in systems with
large volumes varying power generation

Charlotta Ahlfors
Funding: Energimyndigheten, Fortum, Vattenfall and KTH

The generation in wind power is varying continuously and must be balanced by other gen-

erators. In the Nordic system, this balancing is mostly done by hydropower plants. The amount

of wind and hydro energy is however uncertain, which makes the coordination more complex.

Forecast errors can result in situations with a lot of wind power generation at the same time

as the hydro reservoirs are full or the other way around, i.e., empty reservoirs when there is

wind power generation is low. In both cases, the resources of the power system are used less

efficiently, which decreases the profitability and that some wind or hydro generation must be

spilled and replaced by other sources, for example fossil fuels. This project aims at developing

efficient methods to plan the coordination between wind and hydro power. Earlier research has

mostly studies the uncertainties of seasonal planning and daily planning respectively. In this

project, the focus is on the step in between, weekly planning.

The main finding is a dynamic optimization model for maintenance scheduling, which can

be used to plan the production in a river with several power plants which are connected in

cascade.

The project is a collaboration between KTH, Vattenfall and Fortum. Vattenfall and Fortum

will contribute with knowledge and understanding of industrial experience.
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SiC-Based Converter Cells for HVDC Connec-
tion of Wind Power

Keijo Jacobs
Funding: SweGRIDS

In electrical energy transmission and distribution systems there is an increasing need for

converters with high efficiency, controllability, reliability, robustness, and scalability. At the same

time investment cost and footprint should be as low as possible. An integral part of such

converters are high-power semiconductors. Until recently, state-of-the-art semiconductors in

the high power segment were based on silicon. Advancements in silicon carbide (SiC) have

paved the way for high-power semiconductors with higher breakdown field strength, higher

maximum operation temperature, and lower switching losses.

This project investigates possible advantages of employing SiC in power electronic build-

ing blocks for HVDC applications. Investigations range from topology studies, over hardware

design of converter submodules, to detailed testing of the semiconductor itself. The findings

indicate that SiC semiconductors have the potential to reduce the system losses, converter

volume, and cost.

Heinig, S. et. al. “Implications of Capacitor Voltage Imbalance on the Operation of the Semi-

Full-Bridge Submodule” IEEE transactions on power electronics (2019)
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Efficient trading for wind power integration

Priyanka Shinde
Funding: Energimyndigheten

Renewable energy sources are inherently stochastic in nature and as a result might lead

to high balancing costs. Allowing trade closer to the time of delivery is a potential solution.

Intraday electricity markets provide this possibility to the market participants to adjust their po-

sitions in the market based on the updated forecast. An analysis of a system with multiple

market participants displaying certain behavior, could be difficult through an optimization prob-

lem. Due to several advantages, we aim to propose an agent based approach to model the

behavior of different market participants in the electricity markets. These models should be

able to simulate an electricity market where information becomes available at different times,

such as wind forecasts as well as the result of earlier electricity trading. The models will also

be able to simulate how actors’ strategies for managing new information affect prices on spot

market, intraday and the regulatory market.

P. Shinde & M. Amelin, “A literature review of intraday electricity markets and prices” in 2019

IEEE Milan PowerTech. IEEE, 2019, pp.1?6
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Advanced Modular Multilevel Converters for Wind
Power Integration with HVDC Grids

Stefanie Heinig
Funding: SweGRIDS

This project addresses the need to investigate new submodule (SM) topologies for mod-

ular multilevel converters (MMC) with extended functionality, which can be applied in future

demanding applications such as meshed high-voltage direct current (HVDC) grids, where one

of the most important aspects to consider is DC side fault handling.

One promising approach to find advanced SM topologies is based on the idea to equip

SMs with more than one capacitor each. This approach leads to improved SM topologies with

essentially reduced power losses, such as the semi-full-bridge (SFB) or the double-connection

of the novel Double-Zero-Submodule (DZ-SM). Both topologies enable efficient handling of DC

side short circuits, whereas the SFB also uses less semiconductors than two conventional full-

bridge (FB) SMs. Both SMs provide the possibility to operate the converter at increased modu-

lation indices which can significantly reduce the energy storage requirements of the submodule

capacitors. Many aspects of the SFB and the DZ-SM topologies have not been investigated

extensively. Moreover, the application of advanced silicon carbide (SiC) power semiconductors

is a further option to improve future SM topologies.
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S. Heinig, K. Jacobs, K. Ilves, S. Norrga & H.-P. Nee, “Implications of Capacitor Voltage Imbal-

ance on the Operation of the Semi-Full-Bridge Submodule” IEEE Trans. Power Electron., vol.

34, no. 10, pp. 9520-9535, Oct. 2018.
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Asset Management for Wind Power

Y. Cui, L. Bertling Tjernberg
Funding: China Scholarship Council, KTH and Greenbyte

The energy system is in a global transition towards a sustainable energy system. The

resource efficiency and environmental concerns are pushing towards the change into use of

renewable energy resources and to optimize the energy usage. Wind power has been one of

the fastest growing energy areas during the last years. The wind power industry has struggled

in becoming more competitive, increasing availability, and cutting project costs. The cost of

operation and maintenance (O&M) is a substantial part of the project cost and recent market

analysis indicates further increase in the future. Moreover, studies show that O&M has a

significant contribution to the life cycle cost with up to 30% for offshore wind farms.

This project aims to develop a condition monitoring framework for wind turbines and use

preventive maintenance, instead of corrective maintenance, to help correct operation states

when it is necessary. The project mainly focuses on SCADA data, models the normal operation

modes and explores the potentially anomalous behaviors. The project is the collaboration

between KTH and China Scholarship Council and the data input is provided by Greenbyte AB.

31



Efficient hydro power modelling in presence of
volatile wind power

Evelin Blom
Funding: KTH-Digitalization

With an increasing share of wind power and other variable energy sources in the Swedish

power system the balancing requirements also increase. Due to its flexibility, hydropower pro-

vides much of this balancing power. To assess future balancing requirements, security of

supply and analyze potential investments, power system models are a helpful tool. However,

for computational tractability simplifications of the power system are often imperative.

Since hydropower plays an important role in the Swedish power system, it should also be

included in the modelling. Nonetheless, there are many challenges concerning hydropower

models; the electricity production nonlinearly depends on water discharge and head height,

there are forbidden zones of operation, and the inflow varies and presents an uncertainty. Fur-

thermore, in Sweden the hydropower stations are hydrologically connected in long and often

complex river systems. Including these attributes in the model typically make it computation-

ally heavy. Thus for incorporation in larger power system models significant simplifications are

required.

The aim of this project is to develop optimally reduced Equivalent models of hydropower to

replace a more detailed model for power system simulations. The Equivalent models should

mimic the behavior, e.g. hourly power production, flexibility and water usage, of a more detailed

hydropower model, but with a reduced computation time.
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SynchroPhasor-based Automatic Real-time Con-
trol

Oscar Utterbäck
Funding: The Research Council of Norway

Advanced real-time applications that utilize PMU generated data are being developed to

improve reliability and efficiency of the power grid. These applications provide wide-area visu-

alization and increased situational awareness to system operators. However, most of the PMU

based real-time applications are used for monitoring, visualization, and reporting, and for early

warning or alarming. We aim to provide a basis for extending the functionalities of real-time

PMU applications from monitoring to decision support and automatic control applications.

Methods for coordinated control of voltage and reactive power controlling devices in the

system will be developed. Such coordination will improve system voltage level and reduce

losses in the system due to the change in reactive power flow. The availability of higher resolu-

tion, synchronous data leads to new possibilities in data-driven approaches to implement this

type of coordinated control. In this project, a focus on machine learning-based TSO control

room operator decision support will provide new insights into the usefulness of this data.
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Dynamic rating with applications to renewable
energy

K.Morozovska, P. Hilber, H. Edin (KTH) & T. Laneryd (ABB AB) & C.
Ahlrot, O. Ivarsson (E.On.)
Funding: SweGrids

Connection of new renewable power plants to the grid is one of the key topics among the

power grid community nowadays. Dynamic rating gives possibility to use already existing power

systems to connect new generators to the grid fast and safe. Usually power grid components,

such as overhead lines and transformers have a specified limit on how much power they can

transport. Those limits are designed based on extreme weather conditions that might occur

only during a few days per year. A more dynamic approach is to determine a real time rating

of the components enabling to use extra capacity. Dynamic rating has many benefits: better

utilization of power transmission units; more renewable energy in the grid; higher reliability of

the power system, etc.

The main goal of the project is to explore how dynamic rating can affect operation of the

power lines and transformers and power grid as a whole. Additionally, project takes a closer

look into planning and expansion of renewable power plants, where dynamic rating can be

used to facilitate grid connection and lower investment costs for grid connection.
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Reduced vulnerability and risk mitigation in the
power grid

M.Bergkvist

There are significant upcoming challenges for the Nordic power grid. While we are decom-

missioning large controllable power sources, such as nuclear power, we see an increase of

variable power sources, such as wind. The new variable sources are also to a large extent dis-

tributed, compared to our traditional centralized production and unidirectional power transport

from producer to consumer. The integration of these new sources makes the power grid more

complex with a more complicated power transport in the grid and increased uncertainty as the

production from the new sources is more stochastic.

This project focuses on two areas: The ability of the power grid to handle a high share of

electricity produces from variable renewable power sources, such as wind, and the ability for

the power grid to handle natural disasters with significant impact. The project aims at study-

ing the vulnerability to give guidelines for risk mitigation of both controllable, and renewable

variable power sources.

Figure 1: Contribution from nuclear, thermal, IRE and net load (hydro + import - export) for the year

2014. For scenarios 1 and 2, the results for the mixes optimized to reduce the variation are shown.

J Olauson et al., “Net load variability in Nordic countries with a highly or fully renewable power

system” Nature Energy 1 (12), 16175.
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Experimental validation of models for novel per-
manent magnets without rare earth metals

S. Eriksson
Funding: J Gust Richert foundation

The purpose of this project is to experimentally verify and test models for electric machines

with new magnets without rare earth metals. A long-term goal is to contribute to the develop-

ment towards a society with more renewable energy and a more electrified transport sector,

while at the same time reducing dependence on rare earth metals. This is done through the

development of new magnetic materials and part of that work is to understand how new mag-

nets, which are expected to have non-linear magnetic properties, behave in electric machines.

To increase this understanding, new non-linear models for new magnetic materials are being

developed in a project funded by the Swedish Research Council. The project sought is to verify

the models developed and to apply the results by building an electric machine with non-linear

magnets and tested. Since no new magnets are available, the models will be verified with

destructive tests.

Alnico magnets, which is an existing non-linear material that is available with many different

compositions and properties. Furthermore, a prototype of an electric machine will be built

where the magnets should be interchangeable and where the magnetic field can be measured

during operation. The experiments are expected to increase the understanding of non-linear

magnetic materials and how they behave in electric machines.
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Modelling novel nonlinear permanent magnet
materials for energy applications

S. Eriksson
Funding: Swedish Research Council (VR)

There are several ongoing research projects with the aim to find novel, rare earth metal

free permanent magnets to substitute the commonly used neodymium-iron-boron magnets. To

facilitate this research and evaluate possible magnet candidates there is a need for nonlinear

material models to model magnets in electrical machines. The neodymium-iron-boron mag-

nets can be modelled with linear models whereas preliminary results indicate novel materials to

have nonlinear magnetic properties. This research project aims at developing a computation-

ally efficient method for modelling nonlinear materials for use in existing finite element method

based simulation tools for electrical machines connected to an electrical circuit. The method

will be experimentally verified. Ones the method is verified it will be used to investigate the

stability of nonlinear magnets when used in electrical machines with the goal to determine how

nonlinear a material can be to be considered a candidate as a permanent magnet for electrical

machines. Previous results indicate that the stability of a material’s magnetic properties might

not be as important for large slow-rotating wind power generators as for high-speed electrical

motors, so the materials will be evaluated for different applications. The research will be per-

formed by a PhD student and the main applicant during four years. An overall goal with this

project is to contribute to a more sustainable society.
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Design of a Permanent Magnet Synchronous
Generator with Alnico Magnets

F. Lopez, A. Ibrayeva, S. Eriksson
Funding: StandUp for Energy

Following the trends to diminish the fossil fuel energy production tendency, new technolo-

gies known for their renewable sources have become a significant option for helping combat

climate change and the current oil prices. These new technologies base their power production

on already established physical principles that convert mechanical power to electrical power.

Generators are the fundamental piece of machinery for electricity production. Among the

various types of generators that exist, permanent magnet synchronous generators (PMSGs)

are commonly used for renewable electricity production. For instance, wind power production.

At present, the most used magnets for PMSGs are alloys of neodymium, iron, and boron which

form a tetragonal crystalline structure known as the Neodymium magnet (NdFeB). These types

of magnets are expensive and contain rare-earth materials, which makes them highly non-

sustainable materials.

Research to find new magnet compositions to substitute rare earth magnets or to reduce

the weight and increase the efficiency of PMSGs is currently being studied. Other researches

are looking to optimize lower-performance magnets such as Alnico magnets [2]. This project

falls in the last one.

With the help of a finite element analysis (FEA) software COMSOL Multiphysics three types

of Alnico grades 5, 8 and 9 were implemented in the rotor of a spoke type generator to study the

load limits of the rotor magnets, and together with this observe the demagnetization and impact

that it has on the power production of the generator, in two different scenarios: 1) When the

generator is connected to a nominal load under normal conditions and 2) when the generator

is connected to a nominal load after a short circuit.

The simulations provided an insight into the load limitations that the generator poses by

each type of Alnico studied. Alnico 9 showed to be the most outstanding magnet from the three

magnets implemented with less demagnetization and higher electrical power output, followed

by Alnico 8, which presented a good electrical power output at the nominal load scenario.

Regardless of the higher demagnetization of Alnico 5, it proved to be a better candidate than

Alnico 8 at the SC.

The results from this project will be submitted for presentation at the conference ICEM

2020.
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