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Abstract 
The global energy system is under transformation. The energy transition from a centralized, 
fossil fuel based energy system to a more decentralized, renewable energy based system will 
challenge the balancing of electricity supply and demand. This stresses the importance of grid 
flexibility. In this challenge, energy storage will play a valuable role as it can provide flexibility 
and support the renewable energy integration. More specifically, lithium-ion battery energy 
storage systems (Li-ion BESS) demonstrate technological advantages and valuable application 
possibilities in the electricity grid. This thesis examines opportunities and barriers for 
deployment of grid-scale Li-ion BESS in the Swedish electricity market, and provides an 
overview of different perspectives of possibilities with BESS from several market actors. The 
purpose of the exploratory study is to gain an understanding of prospects for grid-scale BESS 
in Sweden. 

Through a comprehensive literature study and an empirical study, based on fourteen interviews 
with various actors in the electricity market, data was collected and analyzed. The analysis of 
the empirical findings resulted in two tables summarizing opportunities and barriers for 
implementation of BESS in Sweden. The opportunities and barriers are categorized into three 
hierarchical levels; contextual level, power system level and BESS level, referring to where in 
the system the benefits or hinders are localized. Also, key discussion points related to BESS 
(such as storage time perspective, ownership, grid services, cost, price signals and knowledge 
gap) are explored and evaluated. Furthermore, to understand the possibilities for grid-scale 
BESS in Sweden, a potential business setup for BESS is assessed and analyzed to identify 
preconditions for BESS to be attractive on the Swedish electricity market. 

The findings of the thesis indicate that grid flexibility is most likely going to be a considerable 
issue within 10-20 years. By the time of the potential nuclear phase out in Sweden, there will 
be major instabilities in the electricity grid if solutions are not in place. Therefore, keys to grid 
flexibility need to be evaluated and planned for well in advance, and the findings indicate that 
BESS could be a possible part of the solution. Until now, the regulatory framework has been 
perceived as rather unclear when it comes to energy storage, which has led to uncertainties 
among the market actors. These unclarities are about to be clarified with new laws and 
regulations, which will enable potential businesses for BESS. With the changes in the 
regulatory framework in place, we see an opportunity with new actors on the market. Our 
analysis shows that the BESS owner will most likely be a commercial actor, to enable utilization 
of a BESS for combined applications. An important factor, affecting the possibilities of 
implementing BESS on the Swedish electricity market, is the cost of BESS. We consider the 
cost aspect as vital for the likelihood of deploying BESS in Sweden. Based on our main 
findings, we conclude several preconditions for the deployment of BESS in Sweden. These are; 
decreased costs of BESS, acceptance from market actors, increased knowledge, a trading 
platform for grid services provided by a BESS, coordination between markets and electricity 
load forecasts. We believe that if these preconditions are fulfilled, Li-ion BESS has a chance to 
affect and have an impact on the Swedish electricity market.  



 
 
 

iv 

Sammanfattning 
Dagens energisystem är under förändring. Det sker en omvandling där energisystemet går från 
att vara centraliserat och fossilbaserat till att bli mer decentraliserat och baserat på förnybar 
energi. Detta kommer att utmana balanseringen av elproduktion och elkonsumtion, vilket 
betonar vikten av flexibilitet i elnätet. I den stundande utmaningen kommer energilagring att 
spela en viktig roll eftersom det kan bidra med flexibilitet och samtidigt stödja integrationen av 
mer förnybar elproduktion. Mer specifikt har energilagersystem med litiumjon-batterier 
flertalet tekniska fördelar och värdefulla användningsområden i elnätet. Det här examensarbetet 
utforskar möjligheter och hinder för en framtida implementering av nätanslutna litiumjon-
batterilager på den svenska elmarknaden och ger en överblick över perspektiv på utsikter för 
batterilager från flertalet marknadsaktörer. Syftet med den utforskande studien är att få en ökad 
förståelse för framtidsutsikterna för storskaliga batterilager i Sverige. 

Genom en omfattande litteraturstudie och en empirisk studie, baserad på fjorton intervjuer med 
olika aktörer på elmarknaden, samlades data in och analyserades. Analysen av de empiriska 
resultaten resulterade i två tabeller som sammanfattar möjligheter och hinder för 
implementering av batterilager i Sverige. Möjligheterna och hindren kategoriseras i tre 
hierarkiska nivåer; kontextuell nivå, kraftsystemnivå och batterilagersystemnivå, med 
hänvisning till var i systemet fördelarna eller barriärerna är lokaliserade. Dessutom utvärderas 
flera betydande diskussionsteman relaterade till batterilager (såsom lagringstid, ägande, 
nättjänster, kostnad, prissignaler och kunskapsluckor). För att förstå möjligheterna för att 
etablera batterilager i Sverige har en möjlig affärsuppställning utvärderats och analyserats. 
Detta för att identifiera förutsättningar för att batterilager ska vara attraktivt på den svenska 
elmarknaden. 

Examensarbetets resultat tyder på att nätflexibilitet sannolikt kommer att bli ett betydande 
problem inom 10-20 år. Den troliga avvecklingen av den svenska kärnkraften kommer att 
resultera i instabilitet i elnätet om inte lösningar finns på plats. Därför behöver lösningar för att 
uppnå flexibilitet i elnätet utvärderas och planeras i god tid och uppsatsens resultat visar på att 
batterilager kan vara en möjlig del av lösningen. Fram till nu har det funnits oklarheter i 
regelverket gällande energilagring, vilket har lett till osäkerheter hos marknadsaktörerna. Nya 
lagar och förordningar kommer att klargöra flertalet osäkerheter och möjliggöra potentiella 
affärer med batterilager. När det förändrade regelverket är på plats, ser vi potential för nya 
aktörer på marknaden. Vår analys visar på att batterilager med största sannolikhet kommer att 
ägas av kommersiella aktörer för att möjliggöra kombinerade användningsområden av 
batterilager. Möjligheterna till implementering av batterilager på den svenska elmarknaden 
påverkas i hög grad av kostnaden för batterilager. Vi anser att kostnadsaspekten är avgörande 
för sannolikheten att utnyttja batterilager i Sverige. Vår slutsats är att det finns flertalet 
förutsättningar för att batterilager ska bli attraktivt och lönsamt i Sverige. Dessa är; minskade 
kostnader för batterilager, acceptans från marknadsaktörer, ökad kunskap, en handelsplattform 
för nättjänster som tillhandahålls av batterilager, samordning mellan marknader samt 
lastprognoser. Om dessa förutsättningar uppnås anser vi att litiumjon-batterilager har en chans 
att påverka den svenska elmarknaden.   
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Definitions 
Ancillary services Services to support the operation of the transmission and 

distribution systems, thus maintaining a reliable electricity system 
and balance supply and demand. 

Calendar life How long a battery cell is expected to last, independent of charging 
and discharging of the battery, expressed in calendar years. 

Cycle life The number of charge and discharge cycles a battery cell can operate 
through before it becomes nonfunctional. 

Energy density The nominal battery energy per unit volume. High energy density 
indicates that a large amount of energy can be stored in a small 
amount of mass. 

Peak hour Time of the day when the electricity use is at its highest. 

Peak-shaving Level out the peaks in electricity use, thus lower the peak hours. 

Power density The maximum available power per unit volume. High power density 
indicated that a large amount of energy can be outputted based on 
the mass. 

Power system flexibility The ability of a power system to, in a reliable and cost-effective way, 
handle the uncertainty and variability of supply and demand across 
all relevant timescales.  

Response time The time it takes for a storage system to ramp up supply, e.g. to 
respond to a sudden change in load. 

State of charge The available capacity of a battery, as a percentage of its rated 
capacity, i.e. proportion of the charge in a battery cell compared to 
its capacity. 

State of health An arbitrary measure of a battery’s condition (i.e. ability to store and 
deliver electrical energy) with respect to its nominal conditions (i.e. 
compared with a new battery). 

Storage time The time energy is typically stored in a storage system until it is 
used, ranging from seconds to month. 

Time-shifting Store electricity when the energy use and/or electricity prices are 
low, so that electricity can be used or sold later, when the energy use 
and/or electricity prices are high. 
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1. Introduction 
The thesis begins by providing a short background of the research subject, followed by the 
problem formulation. Thereafter, the purpose and research questions of the thesis are stated, 
and the delimitations and limitations of the study as well as the expected contribution of the 
research are described. Finally, the outline of the thesis is presented, with a short description 
of each chapter. 

1.1 Background 
The energy transition from a centralized, fossil fuel based energy system to a more 
decentralized, renewable energy based system will challenge the balancing of electricity supply 
and demand (IRENA, 2018a). This stresses the importance of grid flexibility. In short, 
flexibility creates system stability in a cost-effective way by altering electricity supply and 
demand (Ugarte et al., 2015). As the share of renewable energy in the electricity generation 
increases, there is a need for investments in, for example, flexibility resources such as storage 
solutions (IRENA, 2018a). 

Energy storage plays a valuable role in the energy transition as it will allow decarbonization in 
key segments of the energy market (IRENA, 2017; EASE, 2018). In addition, energy storage 
can provide flexibility and a wide range of power and energy services in the electricity system. 
As a result of decreased costs and attractive technological characteristics, the promises of using 
battery energy storage systems (BESS) on a grid level have grown (Faunce et al., 2018). More 
specifically, lithium-ion (Li-ion) batteries demonstrate technological advantages and valuable 
application possibilities in the electricity grid. They are currently showing the best compromise 
in terms of market readiness, cost, lifetime and energy density, compared to other battery 
technologies. 

1.2 Problem Formulation 
The outlook for energy storage in the electricity system is promising as it can provide grid 
flexibility and facilitate an increased share of renewables. However, energy storage has not yet 
developed its full potential in the electricity markets (European Commission, 2017a). Even 
though there are advantages with energy storage and Li-ion BESS, there are hindrances that 
affect the potential growth of BESS in the electricity system. The Li-ion battery technology is 
under continuous improvement and there are still areas in need of development. Other than the 
technological aspects, laws and regulations are a main barrier for the implementation of BESS. 
The regulatory framework is not yet adapted to accommodate new flexible solutions, such as 
energy storage (European Commission, 2017a). Uncertainties regarding regulations hold back 
a wider use of grid-scale BESS by, for example, electricity grid operators (Faunce et al., 2018). 

During the past decades, hydro power has been the main source of frequency and balancing 
supply in the Nordic electricity grid (Widegren, 2016). As intermittent power sources are 
increasing, there will be a need for additional flexibility resources. In order for the need to be 
met, the electricity market has to be reformed and adapted to new storage solutions (Faunce et 
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al., 2018). Thus, the question arises what changes are needed in the Swedish electricity market 
to allow for an increased usage of energy storage. 

1.3 Purpose and Research Questions 
With the given background and problem formulation, the aim of the thesis is to investigate the 
possibilities of grid connected BESS in Sweden. The thesis will examine opportunities and 
barriers for deployment of grid-scale BESS in the Swedish electricity market, as well as 
exploring the technological aspects of energy storage and BESS. Furthermore, a possible 
business setup for BESS will be analyzed and the underlying preconditions will be identified.  

The objective of the research is to contribute with insights about how grid-scale BESS can be 
integrated in the Swedish electricity system. Moreover, the research will provide an overview 
of different perspectives of possibilities with BESS from several market actors. The purpose is 
to gain an understanding of the prospects for grid connected BESS in Sweden. Therefore, the 
research will be in the form of an exploratory study. To achieve the purposes of the thesis, two 
main research questions have been formulated.  

1. What are the technological and market opportunities and barriers for grid-scale BESS 
in Sweden? 

2. Under which preconditions will BESS be attractive in the Swedish electricity market? 

1.4 Delimitations 
The delimitations are intentional boundaries, chosen to limit the scope of the study. For this 
thesis, several delimitations have been formed to narrow and specify the research. Firstly, the 
geographic area of investigation is limited to Sweden. However, since Sweden is affected by 
policies on European Union (EU) level, some perspectives regarding the EU will be included 
in the research. Secondly, the thesis is limited to the electricity market. The energy market 
includes other sectors such as gas and oil, but as energy storage is primarily linked to electricity, 
sectors other than electricity are excluded from the study. Thirdly, the energy storage 
technology of focus is battery energy storage. More specifically, the main focus will be on Li-
ion BESS. The size of the BESS is delimited to grid-scale, meaning stationary, large-scale (i.e. 
utility-scale) and grid connected storage facilities. Finally, the thesis is limited to only study the 
initial phases of the batteries’ life cycle. In other words, the manufacturing and usage phase will 
be examined, and not the recycling phase of Li-ion batteries. 

1.5 Limitations 
The limitations are constraints and potential weaknesses to the research that cannot be 
controlled. For this thesis, the time frame is one constraint that will limit the range and size of 
the research. Also, there is limited access to relevant resources. Lastly, the interviewees may 
be reluctant to share all aspects of their knowledge due to confidentiality restrictions or 
company secrets. Furthermore, depending on the interviewees’ positions in the market, they 
might be biased in their answers.  
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1.6 Expected Contribution 
The approaching energy transition and the ongoing changes in the laws, regulations and markets 
regarding the power system will change the prospects for energy storage. By interviewing 
different market actors, our thesis will cover perceptions and standpoints about BESS from 
various angles, and provide insights into the actors’ positioning towards future challenges for 
the energy system. In addition, we see that our thesis will contribute with perspectives on how 
a potential business setup could be structured, with regard to the new regulatory framework as 
well as different market actors’ standpoints. For example, our work builds on to 
Energimarknadsinspektionen’s (Ei) investigation about BESS for grid flexibility in Sweden, 
from 2016 (Widegren, 2016). 

1.7 Outline of the Thesis 
The thesis consists of seven chapters: 

Chapter 1, Introduction provides an introductory background to the thesis. Following the 
background, the problem statement is formulated. Thereafter, the purpose and research 
questions of the thesis are stated. Finally, the delimitations, limitations and expected 
contribution are defined.  

Chapter 2, Literature Study presents a review of the existing literature on the subjects of 
energy transition and energy storage. More specifically, the technological and market aspects 
of Li-ion BESS are explored.  

Chapter 3, Theoretical Framework gives an overview and explanation of the framework used 
to analyze the interviews. 

Chapter 4, Research Method explains the research method used to carry out the thesis. First, 
the research design, research purpose and research approach are defined. Secondly, the research 
process is described, including a description of the literature study, the empirical study and the 
research analysis. Lastly, the reliability and validity of the research method is discussed. 

Chapter 5, Results presents the results from the empirical study through tables of identified 
opportunities and barriers, and additional findings. Also, an analysis of a possible business 
setup for BESS in Sweden is presented. 

Chapter 6, Discussion examines and discusses the literature study and empirical findings 
through several discussion topics. Also, preconditions for BESS are discussed as well as areas 
for future research. 

Chapter 7, Conclusions answers the research questions and sums up the thesis. 
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2. Literature study 
The literature study consists of three main parts. Firstly, the perspectives of energy transition 
and the need for flexibility in the electricity grid are explored. Secondly, the technological 
aspects of battery energy storage are examined. Finally, the focus of the study shifts to explore 
and understand the electricity market situation and regulatory framework affecting the 
implementation of energy storage in Sweden. 

2.1 Energy Transition 
The world is facing a major energy transition. The increasing use of renewable energy sources 
challenges the grid stability and reliability, and difficulties with load balancing is an emerging 
problem. Due to this, flexibility in the electricity system is a growing requirement to support 
the renewable energy integration (IRENA, 2018b). A possible way to increase the flexibility in 
the system is to use energy storage (EASE, 2018). In addition, energy storage enables 
decoupling of energy production from consumption, both geographically and over time. 
Therefore, energy storage allows for greater amounts of renewable electricity production in the 
electricity system, and contributes to system stability and reliability. Thus, energy storage will 
be a critical part of the future energy system. This is reflected in the visions for the future, 
that without energy storage, the EU cannot achieve its transition to a low-carbon economy. 

2.1.1 Visions for Energy Storage 
European Union 
The aim of the EU energy policies is to ensure that the citizens of Europe can access secure, 
affordable and sustainable energy (European Commission, n.d. b). In the transition towards a 
low-carbon economy, the Energy Union is an important part of the EU that plays a major role 
in the shift. The Energy Union’s strategy builds on five dimensions; energy security, a fully 
integrated internal energy market, energy efficiency, decarbonizing the economy, and research, 
innovation and competitiveness. A goal for the EU is to become the world leader in clean energy 
solutions and being the world number one in renewables, which is relevant for all five 
dimensions of the Energy Union (European Commission, 2016a, 2017c). In numbers, the EU’s 
targets for 2030 are to cut greenhouse gas (GHG) emissions by at least 40 % compared to 1990 
levels, have at least 27 % share of renewable energy consumption and increase energy 
efficiency by at least 27 % (European Commission, n.d. a). 

As a part of implementing the goals of the Energy Union, and advancing in the energy 
transition, the Clean Energy for all Europeans package was issued in November 2016 
(European Commission, 2016b). It consists of a package of proposals and pursues three main 
goals; putting energy efficiency first, achieving global leadership in renewable energies and 
providing a fair deal for consumers. The regulatory and legislative proposals were politically 
agreed by the European Parliament and the Council in December 2018 (European Commission, 
2018c). When the regulations and directives have been formally approved, the regulations will 
come into force instantly and the directives have to be transposed into national law within 18 
months. As for energy storage, the Clean Energy for all Europeans package states that market 
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rules and the electricity market need to change in order to reward the flexibility provided from 
energy storage (European Commission, 2016b). 

Research and innovation (R&I) within the field of energy, and more specifically within energy 
storage, is an important factor in the achievement of clean energy solutions and the goal of 
becoming a world leader in renewables. Technological innovation in energy storage falls under 
the Horizon 2020 program and the Strategic Energy Technology Plan (SET-Plan) (EASE and 
EERA, 2017). Horizon 2020 is an €80 billion EU framework program for research and 
innovation, where one of the research fields is energy storage. The SET-plan focuses on 
accelerating the development and deployment of low-carbon technologies, which are important 
in the decarbonization of the energy system (European Commission, 2018d). The SET-plan 
consists of ten key actions, where energy storage falls under the seventh of them; batteries for 
e-mobility and stationary storage. The core focus of the R&I for this area is Li-ion batteries, 
and the targets include targets for performance, cost and manufacturing (European 
Commission, 2016d). The implementation plan for the action is proposed to be a part of the 
R&I dimension of the European Battery Alliance (the alliance will be further described in 
section 2.3.1.1 Value Chain and Battery Industry). 

Finally, the European Commission has a long-term strategy to reach a climate neutral economy 
by 2050 – A Clean Planet for All (European Commission, 2018a). There are no set targets, but 
rather a vision to achieve the transition to net-zero GHG emissions by 2050. The strategy 
expresses a need for a continued research focus on transformational carbon-neutral solutions, 
and states that improved energy storage deployed on a large-scale is required in the transition 
towards a decentralized power system dependent on renewables. 

Sweden 
As a Member State of the EU, Sweden shares EU’s common goals (European Commission, n.d. 
d). To achieve the common EU targets, each country in the EU has committed to reach their 
own national renewables targets. In addition, each country has adopted a national renewable 
energy action plan, with concrete actions to reach their renewable targets. 

The Swedish Government has made major investments in the energy policy. One initiative is 
“Fossilfritt Sverige” (eng. fossil-free Sweden), with the aim of becoming one of the world’s 
first fossil-free welfare countries (Fossilfritt Sverige, n.d.). The goal is that by 2045, Sweden 
should have net-zero GHG emissions to the atmosphere (Regeringskansliet, 2018). Within the 
electricity system, the targets are that in 2030, the energy use should be 50 % more efficient 
than in 2005, and in 2040, the electricity production should be from 100 % renewables. 

2.1.2 Grid Flexibility and Energy Storage  
The energy transition towards an electricity system dominated by renewable energy production 
will cause several challenges regarding system balancing of supply and demand (IEA, 2017; 
IRENA, 2018b). Thus, the need of understanding and managing the electricity system 
flexibility has become increasingly important. The target of 100 % renewable energy 
production in Sweden in 2040 implies a higher share of electricity from intermittent energy 
sources. Hence, the flexibility need is expected to increase beyond the flexibility that is offered 
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by the Swedish hydro power resources today (Widegren, 2016). Grid flexibility facilitates a 
reliable and cost-effective management of the variability and uncertainty in electricity supply 
and demand (IEA, 2018). Flexibility can be provided by several solutions in all sections of the 
energy system. These solutions can be divided into four different categories; supply-side 
flexibility, flexibility through energy transport, energy storage and demand-side flexibility (Van 
Nuffel et al., 2018).  

As often highlighted, energy storage will play a crucial role in the energy transition by providing 
flexibility and supporting the renewable energy integration (European Commission, 2017a; 
IRENA, 2017; EASE, 2018). Flexibility can be provided from energy storage at various time-
scales, from milliseconds to months, where different storage technologies are suitable for 
different purposes and time-scales (EASE, 2018). Another important aspect of energy storage 
is the fact that it can be deployed and contribute with flexibility services in all parts of the 
electricity grid (national, regional and local level). To avoid costly solutions when future 
flexibility issues emerge, it will be important consider flexibility in grid planning, for example 
through the integration of energy storage (European Commission, 2017b; IRENA, 2018b). 
Furthermore, EASE (2018) argues that the EU’s transition towards a low-carbon economy is 
not possible without energy storage. 

2.2 Technological aspects 
The energy transition towards an increased share of renewable electricity production, and the 
growing demand of grid flexibility, have increased the focus on energy storage. To give an 
overview, a brief description of the technical aspects of different energy storage technologies 
will be presented under 2.2.1 Energy Storage Technologies. After that the focus will shift to Li-
ion BESS, and for example the advantages, drawbacks and applications for the technology will 
be discussed. This is to provide the reader with an understanding of the storage system and how 
it functions.  

2.2.1 Energy Storage Technologies 
A widely used method for classification of different types of energy storage technologies is in 
terms of the form the energy is stored in. The different technologies can be categorized into 
mechanical, electrochemical, electrical and thermal energy storage (Gallo et al., 2016). In the 
following subsections each category will be further examined, and in accordance with the 
limitations of the study, only grid-scale power supply systems will be explored. The intention 
with this part is to provide a simple comparison between different energy storage technologies 
by describing the advantages and drawbacks with each technology and mention their suitable 
applications, and thus motivate the choice of Li-ion BESS as the focus area of the study. Table 
1 gives an overview of the different energy storage technologies and their main technical 
parameters, and figure 1 provides an overview of application areas for the different 
technologies.  
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Table 1: Comparison of different energy storage technologies (Luo et al., 2015; Gallo et al., 2016; 
Palizban and Kauhaniemi, 2016; Habib and Sou, 2018). 

Energy 
storage  Maturity Capacity 

(MWh) 
Storage 

time 
Response 

time 

Life 
time 

(years) 

Mechanical 

Pumped hydro Mature ≤ 14 000 h-month min 40-70 

Compressed air Demo/ 
Commercial ≤ 2 700 min-month min 30-40 

Flywheel Demo/ 
Mature ≤ 10 s-min ms 15-20 

Electro- 
chemical 

Lead-acid 
batteries 

Demo/ 
Commercial ≤ 100 min-day ms 5-20 

Li-ion batteries Demo ≤ 100 min-day ms 5-15 
Sodium-sulfur 
batteries Commercial ≤ 600 s-h ms 10-15 

Sodium-nickel-
chloride batteries Commercial ≤ 5 s-h ms 15 

Nickel-cadmium 
batteries Commercial ≤ 1.5 min-day ms 10-20 

Vanadium redox 
batteries Demo ≤ 10 h-month ms 5-15 

 Zinc bromine 
batteries Demo ≤ 4 h-month ms 5-10 

Electrical  Commercial ≤ 3 s-h ms 20-40 

Thermal  Mature ≤ 350 h-month min 25-30 
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Figure 1: Overview of application areas for different energy storage technologies (DNV GL, 2018; 
Habib and Sou, 2018, own revision). 

2.2.1.1 Mechanical Storage 
In mechanical energy storage systems, energy is stored in the form of potential or kinetic 
energy. Pumped hydro and compressed air energy storage are examples of the former and 
flywheel energy storage is an example of the latter. 

Pumped hydro energy storage  
Pumped hydro energy storage has a long history and is the most widely implemented large-
scale energy storage system, counting for 98 % of all energy storage in the world (Habib and 
Sou, 2018). During off-peak hours, energy is stored by pumping water from a lower to a higher 
level reservoir, thus storing electrical energy in the form of hydraulic potential energy. During 
peak-hours, water is released and drives a turbine to generate electricity. An advantage of the 
technology, besides its level of maturity, is the long lifetime of the system (Palizban and 
Kauhaniemi, 2016). A main drawback is the dependence on geographical conditions for 
placement of the plant. Pumped hydro energy storage has a response time of seconds to minutes 
and a storage time of hours to months (Habib and Sou, 2018). These characteristics make the 
technology suitable for applications such as peak-shaving, energy arbitrage and renewable 
energy integration (Palizban and Kauhaniemi, 2016). It is also possible to use pumped hydro 
energy storage for some ancillary services. 
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Compressed air energy storage  
Compressed air energy storage is a technology that uses excess energy to compress air into a 
storage chamber (Luo et al., 2015). During peak-hours, the high pressure air is released to drive 
a turbine and generate electricity. The compressed air energy storage is capable of storing large 
amounts of energy. However, the method is very expensive and a barrier to implement the 
storage technology is to find an appropriate location for the storage chamber (Luo et al., 2015; 
Palizban and Kauhaniemi, 2016). Compressed air energy storage has a response time of 15 
minutes and a storage time of minutes to months (Habib and Sou, 2018). The technology is 
suitable for applications such as ancillary services, energy arbitrage and renewable energy 
integration (Palizban and Kauhaniemi, 2016). 

Flywheel energy storage 
Flywheel energy storage technology use electricity to accelerate a spinning flywheel, thus 
storing rotational kinetic energy (Palizban and Kauhaniemi, 2016). The technology has low 
maintenance costs and a very fast response time (milliseconds). However, the storing capacity 
is very low, and the technology is not applicable for large-scale storage systems. Another 
drawback is the high rate of self-discharge. The technology is suitable for applications such as 
voltage support and customer energy management. 

2.2.1.2 Electrochemical Storage 
Electrochemical storage, or battery energy storage (BES), is the technology of storing electrical 
energy in an electrochemical form (Gallo et al., 2016). The main elements of a battery are the 
negative electrode, the positive electrode and an electrolyte. As the electrodes have different 
electrochemical potentials, a spontaneously induced redox reaction generates an electrical 
current when closing the circuit, and the battery is uncharged. Since the reaction is reversible, 
the batteries can be recharged by applying external voltage at times of excess energy. BESS 
have a fast response time (milliseconds) and an approximate storage cycle of minutes to days, 
depending on the battery type, which makes the technology suitable for applications such as 
ancillary services and customer energy management (Palizban and Kauhaniemi, 2016). It is 
also possible to use the technology for renewable energy integration. 

There are several main advantages of BES. For example, the possibility of using the storage 
technology in both small and large scales, the flexible location of the storage, the wide range 
of applications and the quick response of output power (Luo et al., 2015; Piao et al., 2015; 
Palizban and Kauhaniemi, 2016). Moreover, BESS are compact and have high energy density 
and efficiency which makes them suitable for large-scale storage (Liu et al., 2017). The current 
main barriers of implementing large-scale BES are the low cycling times and high maintenance 
costs compared to other energy storage technologies (Luo et al., 2015). 

The most widely used batteries for energy storage are the solid state batteries (e.g. lead-acid 
batteries, Li-ion batteries, sodium-sulfur batteries, sodium-nickel-chloride batteries and nickel-
cadmium batteries) and different types of flow batteries (e.g. vanadium redox batteries and zinc 
bromine batteries) (Palizban and Kauhaniemi, 2016).  
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Solid state batteries 
Lead-acid batteries are the most mature battery technology with advantages such as low cost 
and moderate to high efficiency (Gallo et al., 2016). However, the technology has the major 
drawback of poor cycle life. The fastest growing BES technology of today is the Li-ion 
batteries, which has become the most competitive battery energy technology as a result of better 
specific energy and cycle life (Gallo et al., 2016; Habib and Sou, 2018). Sodium-sulfur batteries 
have to be maintained at a high temperature during operation (~ 300°C), which causes self-
discharge losses and increased costs (Gallo et al., 2016; Palizban and Kauhaniemi, 2016). The 
advantages of the sodium-sulfur batteries are the high efficiency and flexible operation. 
Sodium-nickel-chloride batteries also have to be maintained at a high temperature during 
operation, and an operational inconvenient of this battery technology is that it takes 12-15 hours 
to heat up after it has been solidified (frozen) (Luo et al., 2015; Gallo et al., 2016). However, 
sodium-nickel-chloride batteries have advantages such as little self-discharge and relatively 
high cycle life. Finally, nickel-cadmium batteries have the benefits of robust reliabilities and 
low maintenance requirements. However, the metals used in the batteries are toxic and 
environmentally hazardous. 

Flow batteries 
The electrochemical process of flow batteries is similar to solid state batteries but in contrary 
to solid state batteries, flow batteries use ions dissolved in liquid electrolytes (Palizban and 
Kauhaniemi, 2016). There are both redox flow batteries, such as vanadium redox batteries, and 
hybrid flow batteries, such as zinc bromine batteries. The flow battery technology has the 
advantages of a long life cycle and very small self-discharge (Luo et al., 2015). The drawbacks 
are that the technology is expensive and has more complicated system requirements compared 
to solid state batteries.  

2.2.1.3 Electrical Storage 
The most direct way of storing electricity is through a capacitor, which is composed of at least 
two electrical conductors separated by an insulator (Luo et al., 2015). When a capacitor is 
charged, an electrostatic field is induced. Capacitors are not suited for large-scale or long-term 
energy storage, but rather for storing small quantities during a short time. Thus, the technology 
is suitable for power quality management. Some examples of electrical storage are double layer 
capacitors and superconducting magnetic energy storage.  

2.2.1.4 Thermal Storage 
In thermal energy storage, the energy is converted to ice or hot water and the energy output 
form is cold or heat (Gallo et al., 2016; Palizban and Kauhaniemi, 2016). The thermal energy 
input can either be direct, like waste cold, waste heat or solar thermal energy, or indirect, in the 
form of electricity converted to cold or heat. One example of thermal energy storage is hot 
water tanks, which is a form of sensible heat technology. This technology is mature and has a 
storage period of days to months. It is suitable for application such as time-shifting and seasonal 
energy storage. However, due to isolation issues and thermal leakage, the efficiency can vary 
between 50-90 %. 
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2.2.2 Lithium-ion Battery Energy Storage Systems 
In recent times, Li-ion battery technologies have developed considerably and been the main 
breakthrough of the electrochemical energy storage technologies (Faunce et al., 2018). Also, 
during the past years, Li-ion batteries have stood for more than half of the projects within 
stationary electrochemical energy storage installations (Malhotra et al., 2016; IRENA, 2017). 
The fast growth and competitiveness of Li-ion batteries are reasons for choosing this battery 
technology as the main focus of the thesis. 

2.2.2.1 Advantages with Lithium-ion Batteries 
Li-ion batteries have multiple characteristics that make them attractive for grid-scale BESS, 
and at present the batteries represent the best compromise between energy density, lifetime, 
cost and market readiness (Faunce et al., 2018). Overall, Li-ion batteries have high energy and 
power densities and high energy efficiency (Poullikkas, 2013). A key to the high roundtrip 
efficiency is the reversible intercalation of Li+ ions between the electrodes, which allows for 
efficient and relatively fast recharging of a Li-ion battery (Faunce et al., 2018). In addition, 
lithium is very electropositive and light-weighted, which is advantageous over other battery-
materials (Zubi et al., 2018). 

For stationary BESS, the lifetime of the batteries is of importance. Li-ion batteries have a great 
stability in calendar and cycle life as well as a long calendar and cycle life compared to other 
batteries (Palizban and Kauhaniemi, 2016; Blomgren, 2017). The stability and long lifetime 
adds to the high reliability of Li-ion batteries (Zubi et al., 2018). Furthermore, Li-ion batteries 
require low maintenance during operation and have a low loss of energy which leads to a 
reasonable low self-discharge rate. 

Some final advantageous characteristics of a Li-ion BESS are the scalability and fast response 
times (Müller et al., 2017). The fast response time in combination with the scalability and 
modularity enables the Li-ion batteries to be used for several power and energy applications 
(Malhotra et al., 2016). These applications will be described in section 2.2.2.5 Applications of 
Battery Energy Storage Systems.  

2.2.2.2 Drawbacks with Lithium-ion Batteries 
Even though there are many advantages with Li-ion batteries, there are a few drawbacks that 
have to be taken into consideration. The main drawbacks that will be further examined are 
aging, safety issues and environmental impact.  

Aging 
Aging of Li-ion batteries is an unavoidable process that limits the lifetime and performance 
when using the batteries for energy storage. Batteries suffer from both calendar aging and cycle 
aging, which have different causes. The former is a consequence of energy storage and the latter 
is associated with battery utilization (i.e. charge or discharge of the battery) (Barré et al., 2013; 
Zubi et al., 2018).  
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There are various mechanisms that influence the degradation of the batteries and these are 
highly dependent on the specific Li-ion battery composition, for example, the electrode 
chemistry setup and the active material (Vetter et al., 2005; Barré et al., 2013; Hesse et al., 
2017). Even though aging takes place in the electrolyte of the battery, the main degradation 
occurs at the electrodes. A major reason of aging at the negative electrode is the changes at the 
electrolyte-electrode interface, caused by reactions at the surface. The positive electrode also 
suffers from aging, for example due to changes at the electrolyte-electrode surface. However, 
these alterations are low over time and the aging processes are significantly affected by the 
positive electrode material. 

The Li-ion battery aging processes are dependent on temperature and state of charge (SOC) 
(Vetter et al., 2005; Hesse et al., 2017). In general, high temperatures accelerate the aging 
process but also low temperatures can have a negative impact. Moreover, both high and low 
SOC can shorten battery life time and the charging or discharging voltage has an impact on 
cycle aging (Barré et al., 2013). There are two main effects of the battery aging processes; 
capacity fade and impedance rise. These effects have a negative impact on the battery 
performance in terms of, for example, maximum power output available and energy storage 
capacity. Even if the aging is an unavoidable process there are continuous improvements. For 
example, IRENA (2017) predicts that the calendar life could increase by 50 % by 2030 and the 
number of possible full cycles could increase by 90 %.  

Safety issues  
Due to the composition of lithium, oxygen and a flammable electrolyte in a Li-ion battery, 
safety is an embedded technological challenge for battery production (Zubi et al., 2018). 
Lithium is highly reactive, which makes it challenging to build safe lithium battery cells. By 
not using metallic lithium, this problem has so far been handled, and a separator between the 
electrodes is a safety component to avoid direct contact between these, and thus avoid short-
circuiting. 

Wen et al. (2012) have provided a review of safety issues with Li-ion batteries, which include 
overcharge, thermal runaway, dendritic lithium, current-collector dissolution and gas evolution 
as mechanisms of safety issues. They mention that the safety issues originate under abnormal 
abuse conditions, which include mechanical abuse behavior (e.g. crush or vibration), 
electrochemical abuse behavior (e.g. short circuits, over-charge or over-discharge) and thermal 
abuse (e.g. external heating or flames). To avoid the safety problems, there are external and 
internal protection mechanisms, and some of the suggested solutions for the referred issues are 
redox shuttle additive, flame-retardant additive and positive temperature coefficient device. The 
authors conclude that the most common and dangerous safety issue is overcharging. 

A consequence of overcharging is thermal runaway, which is a serious issue (Zubi et al., 2018). 
If a battery is excessively heated, freed oxygen can react with lithium, which results in outbreak 
of flames. There are several safety incidents reported where Li-ion batteries have sparked and 
flamed, which has caused injuries and property damages (Blomgren, 2017). 
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Environmental impact  
Even though energy storage, and more specifically Li-ion BESS, can enable a larger share of 
renewables in the energy system, Li-ion BESS can still not be considered as absolutely 
environmentally friendly (Zubi et al., 2018). It is important to analyze the environmental issues 
throughout the whole value chain, from mining of raw material to recycling of the batteries. 
Peters et al. (2017) have made an extensive review of the existing studies on environmental 
impact of Li-ion batteries. They have concluded that the production phase of Li-ion batteries 
contributes to a significant share of the environmental impact over the battery lifetime. Also, 
Ellingsen et al. (2017) state that the production phase of Li-ion batteries holds for the main part 
of the GHG emissions over the battery life cycle. However, GHG emissions from battery 
production has a relatively low value compared to average production in Europe (Peters et al., 
2017).  

Battery production has comparably high values in other emission categories, for example 
human toxicity (Peters et al., 2017). For the toxic environmental impact, the mining and 
resource production play a significant role, and especially mining of cobalt and nickel cause 
considerable toxicity impacts. To achieve lower environmental impact, the importance of 
recycling has been emphasized (Zubi et al., 2018). However, since the scope of this study does 
not include the recycling of Li-ion batteries, this aspect will not be further examined. 

2.2.2.3 Lithium-ion Battery Chemistry Setup 
To understand the entire storage system of a Li-ion BESS, it is of importance to analyze the 
technologies and chemistries of a Li-ion cell (Hesse et al., 2017). There are several electrode 
materials that can be combined. Depending on the composition of these materials in 
combination with the layer thickness and the cell containment, together with the separator and 
electrolyte composition, different attributes are formed. In turn, these attributes affect battery 
performance parameters such as safety, power capability, charge/discharge properties, energy 
content, cycling efficiency, self-discharge, cost, degradation and aging. A picture of the main 
components and the operating principle of a Li-ion battery is seen in figure 2. 

 

Figure 2: Main components and operating principle of a Li-ion battery (Brunning, 2016, own 
reviison). 
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There are several types of chemistry setups for Li-ion batteries. Frequently used is a carbon 
graphite (C) negative electrode with a metal oxide positive electrode (Hesse et al., 2017). Non-
graphite negative electrodes, such as lithium titanate (LTO), are under development and testing 
(Zubi et al., 2018). The most commonly used lithium metal oxide electrode for stationary BESS 
include lithium iron phosphate (LFP), lithium nickel cobalt aluminum oxide (NCA) and lithium 
nickel manganese cobalt (NMC). An overview of the common Li-ion chemistry setups for 
stationary storage systems is presented in table 2, which includes a comparison of different 
performance parameters. According to Müller et al. (2017) the chemistry setup with the most 
optimal characteristics for a stationary BESS is Li-ion batteries based on LFP:C chemistry. 

Table 2: Overview of the common Li-ion chemistry setups for stationary storage systems including a 
comparison of different performance parameters (more stars indicate better performance) (Hesse et 
al., 2017; Müller et al., 2017; Zubi et al., 2018).  

Parameter LPF:C LPF:LTO NCA:C NMC:C 

Power Density ÌÌ ÌÌ ÌÌÌ ÌÌÌÌ 

Energy Density ÌÌ ÌÌ ÌÌÌÌ ÌÌÌ 

Cycle Life ÌÌÌ ÌÌÌÌ ÌÌ ÌÌ 

Calendar Life ÌÌÌ ÌÌÌÌ ÌÌÌ ÌÌÌ 

Safety ÌÌÌÌ ÌÌÌÌ ÌÌ ÌÌÌ 

Maturity Market Research Market Market 

Cell Costs ÌÌ Ì ÌÌÌ ÌÌÌ 

BESS Performance ÌÌÌÌ ÌÌÌÌ ÌÌ ÌÌ 

 

The technological diversity and variation of chemistry setups for Li-ion batteries is seen as an 
advantage compared to other battery-types (Zubi et al., 2018). A note to be made is that the 
advantages and drawbacks with Li-ion batteries (described in previous sections) are to some 
extent determined by the chemistry setup. 

2.2.2.4 Structure and Components of Battery Energy Storage Systems 
A BESS consists of several components. To begin with, battery cells are interconnected to 
create battery packs, which together form the base of the BESS. In addition to the battery packs, 
there are three management systems; battery management system (BMS), energy management 
system (EMS) and power conversion system (PCS). The BMS is responsible for the safety and 
thermal management of the battery packs. The EMS manages the system control and utilization 
of the BESS. Lastly, the PCS converts the electricity from DC to AC and controls the power 
flow. In the following subsections each component of the system will be described in more 
detail. Figure 3 provides on overview of the structure of a BESS. 
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Figure 3: Overview of the structure of a BESS and the information and power flows. 

Battery pack 
The smallest component of a BESS is the battery cell, with a nominal voltage of 3.2-3.7 V 
(Väyrynen and Salminen, 2012; Chang et al., 2015; Hesse et al., 2017). The cells are 
interconnected in series or in parallel to battery modules (also named battery trays). Serial 
connection sums up the voltage of individual battery cells, and parallel connection increase the 
usable capacity. In brief, the most common structure of a stationary BESS is to connect multiple 
cells in parallel, and subsequently connect them in series that adds up to ≤ 60 V to form a battery 
pack (also named battery rack). The battery packs are finally connected in series-parallel 
configurations to attain the required capacity of the BESS. The structure of the BESS battery 
build-up is visualized in figure 4.  

 

Figure 4: The structure of the battery build-up of a BESS. 

Battery management system (BMS) 
To monitor and maintain a safe battery operation, a BMS is integrated in a BESS (Davide, 
2012; Lawder et al., 2014). There are various functions of a BMS with the main aim to operate 
the battery packs in the system in an optimal and safe manner. These functions include; 
measurement, management and evaluation of the batteries. A BMS can measure the voltage, 
current and temperature of the cells, and these measurements enable the BMS to manage the 
operation of the batteries in the system. The BMS manages the batteries to operate between the 
specific current and voltage limits by management of the current, thus ensuring a safe operation 
and protection of the batteries. A BMS can also be responsible for the balancing of the cells in 

Cell Module / Tray Pack / Rack BESS
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the battery pack, with the purpose of bringing all the cells to the same SOC, hence enabling full 
use of the cells’ capacities. The final part of the management is thermal management, which 
controls and ensures temperature in each cell to be at a safe level by monitoring cooling or 
heating (Davide, 2012; Hesse et al., 2017). This is an important part of the battery management 
as the cell operation and aging are strongly affected by temperature.  

Besides management of the battery, the BMS can also, depending on if is analogous or digital, 
provide several evaluations from the measured current and voltage of the batteries (Davide, 
2012; Lawder et al., 2014). Models are used to calculate or estimate parameters such as SOC, 
depth of discharge, resistance, capacity and state of health (SOH). The estimated cell specific 
values of, for example, SOC and SOH are reported to the EMS and PCS to be used in the 
operation and optimization of the BESS (Lawder et al., 2014; Byrne et al., 2017).  

Energy management system (EMS) 
The EMS (also called system supervisory control) is responsible for the system control and 
management of the BESS, and serves as the link between the grid and the BMS (Lawder et al., 
2014; Byrne et al., 2017; Hesse et al., 2017). The individual cells and battery packs are managed 
by the BMS, which also estimates the SOC and SOH values. This information is then used by 
the EMS to control the power flow in the entire BESS and optimize the system operation. The 
EMS is connected to, and interfaces with, the market, the grid, and/or the customer and the 
utility. The EMS optimizes the utilization strategy (i.e. charging or discharging) of the battery 
packs with regard to the SOC, SOH and information concerning the grid demand.  

Power conversion system (PCS) 
As batteries are based on direct current (DC), and the electrical grid is based on alternating 
current (AC), a PCS is needed to convert the electricity and manage the power flow (Chang et 
al., 2015; Schimpe et al., 2018). The PCS is included in the power electronics, which also 
include the transformer (Hesse et al., 2017). The transformer’s purpose is to connect the BESS 
to the grid, but it can be omitted if the system output and the grid connection have matching 
voltages. 

A PCS management system consists of two levels of control; primary and secondary (Byrne et 
al., 2017). The purpose of the primary control is to manage the power electronics, and thus 
govern the charging control, voltage control, current control and voltage-current control. Given 
the state of the system and operating mode, the primary control generates drive signals for the 
power converters. The secondary control is responsible for higher level management and rule 
the power converters’ operating mode. The power commands (e.g. real and reactive power) are 
received from the EMS and the energy storage states (e.g. SOC and temperature) are received 
from the BMS. 

2.2.2.5 Applications of Battery Energy Storage Systems 
Grid connected Li-ion BESS have numerous application modes in the electricity system. The 
applications can generally be classified based on the time-scales, which range from 
instantaneous (0 to a few seconds) to short-term (a few seconds to minutes), mid-term (minutes 
to a few hours, <5 h) and long-term (days) (Divya and Østergaard, 2009). A further 
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categorization is power applications and energy applications, where power applications refer to 
the faster time-scales (instantaneous and short-term) and energy applications refer to the slower 
time-scales (mid-term and long-term) (Byrne et al., 2017). Table 3 provides an overview of the 
applications suitable for Li-ion BESS. 

Table 3: Overview of grid-level applications for Li-ion BESS (Palizban and Kauhaniemi, 2016; Hesse 
et al., 2017; Müller et al., 2017). 

Application Time frame Recommended 
grid-level 

Stakeholder 
(example) 

Primary frequency regulation ms MV, HV Enterprise 

Voltage support ms LV DSO / Enterprise 

Ramping control s-min MV Renewable energy 
producers 

Black start s-h MV, HV Electricity utility 

Uninterrupted power supply s-h LV, MV Industry 

Secondary and tertiary 
frequency regulation min-h MV, HV Enterprise 

Arbitrage min-day LV, MV, HV Enterprise 

Renewable energy time-shift min-day LV, MV DSO / Renewable 
energy producers 

Transmission and distribution 
upgrade deferral day-years LV, MV, HV DSO / TSO 

 

Primary frequency regulation  
It is crucial to control the frequency in the power system to correct for frequency deviations. 
Primary frequency regulation (also named primary control reserve or primary frequency 
control) refers to the instantaneous balance of generation and demand, aiming at restoring the 
frequency within 5-20 seconds (Palizban and Kauhaniemi, 2016; Hesse et al., 2017). As Li-ion 
BESS can react to power fluctuations with a response time of milliseconds, the technology is 
well suited for primary frequency regulation applications. In addition, the power output from 
Li-ion BESS is accurate and stable (Piao et al., 2015). 

According to Piao et al. (2015), ongoing projects show feasibility of using Li-ion BESS for 
primary frequency regulation. Moreover, Li-ion BESS has the ability of two-way regulation as 
the BESS can either absorb power from the grid and thus act as a load, or release power to the 
grid and act as supply. Hesse et al. (2017) point out that Li-ion BESS is technically mature and 
has potential to become more profitable than conventional power plants in the service of 
primary frequency regulation. 
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Voltage support 
Grid stabilization due to voltage fluctuations can be achieved by using Li-ion BESS for voltage 
support (Byrne et al., 2017; Hesse et al., 2017; Müller et al., 2017). To reduce voltage 
fluctuations, active or reactive power is supplied from the BESS to the grid. Li-ion BESS is 
considered suitable for this power application as a fast response time (≤100 ms) is required 
(Palizban and Kauhaniemi, 2016). 

Ramping control 
Ramping control, or capacity firming, is used to smooth the power or voltage output from 
intermittent power units with strong feed-in fluctuations (Palizban and Kauhaniemi, 2016; 
Byrne et al., 2017; Hesse et al., 2017). This supports renewable energy integration and can be 
facilitated through Li-ion BESS. The output power from the renewable energy sources is added 
to the BESS and supports the load. 

Black start 
Due to a Li-ion battery’s high nominal power and low self-discharge, Li-ion BESS are suitable 
for providing black start capacity (Hesse et al., 2017). In the case of supply failure (e.g. due to 
cyber attacks or technical defects) in the whole power system or in a single part, the stability of 
the system could be endangered. In such case, a black start can help to restore the system. The 
responsibilities of a black start are power management, voltage control and balancing, and a 
BESS can facilitate the restart of existent power plants (Palizban and Kauhaniemi, 2016; Müller 
et al., 2017).  

Uninterrupted power supply (UPS) 
To ensure power supply in case of a blackout, or to firm power quality in the event of grid 
fluctuations and disturbances, Li-ion BESS can be used as an uninterrupted power supply (UPS) 
(Hesse et al., 2017; Müller et al., 2017). Some critical users (e.g. hospitals and computer 
servers) rely on UPS as they require highly reliable power supply. A Li-ion BESS used as an 
UPS can, for example, be connected to crucial grid nodes or small island grids where it either 
buffer power disturbances or, in times of a blackout, provide emergency power for several 
minutes up to a few hours.  

Secondary and tertiary frequency regulation  
After the primary frequency regulation, the grid balancing is managed by secondary and tertiary 
frequency regulation. These services exist in order to maintain the frequency in the power 
system, but the time frame of the regulation is longer, and the objectives of the applications are 
slightly different compared to the primary frequency regulation (Palizban and Kauhaniemi, 
2016; Müller et al., 2017). The secondary frequency regulation has a response time of 5-15 
minutes. It reacts upon, and serves as a backup for, the primary frequency regulation. The 
response time of tertiary frequency regulation is 15-60 minutes. According to Palizban and 
Kauhaniemi (2016) and Müller (2017), Li-ion BESS is considered suitable for these 
applications. 
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Arbitrage 
Energy arbitrage refers to purchasing energy when prices are low and selling energy when 
prices are high (Byrne et al., 2017). This can be applied to energy storage arbitrage trading, and 
the price fluctuations result in charge and discharge cycles. Li-ion BESS is perfect for this 
application since it can operate in nearly any electricity market (i.e. both fast and slow trading 
platforms in the market), and it is a profitable technology for this matter (Müller et al., 2017). 
Especially arbitrage with short time fluctuations is economically feasible for Li-ion BESS 
(Hesse et al., 2017). 

Renewable energy time-shift 
Time-shift is a way to handle the fluctuations in power from renewable energy sources 
(Palizban and Kauhaniemi, 2016). In this case, a Li-ion BESS stores energy when the demand 
is lower than the supply, and injects this power into the system when there is a shortage of 
power due to high demand or low generation. Also, minor fluctuations can be handled. The 
time frame in this application ranges from minutes to hours. Time-shift is related to energy 
arbitrage, with the target to shift renewable energy generation from off-peak hours to on-peak 
hours (Byrne et al., 2017). This application is similar to peak-shifting or peak-managing, which 
aims at reduce or handle the peaks of load profiles (Müller et al., 2017). 

Transmission and distribution upgrade deferral 
As Li-ion BESS can be used for several grid supporting tasks, it can also serve as a deferral, or 
even an alternative, to traditional reinforcement of the grid (Hesse et al., 2017). The energy 
infrastructure is aging and the demand is growing, so transmission and distribution (T&D) 
upgrade deferral is a potential benefit from BESS (Byrne et al., 2017). The most straightforward 
way to prevent overload is to upgrade the powerlines and transformers, but by integrating a 
BESS, the grid investment costs could be reduced. In many cases of T&D upgrade deferral, 
BESS is only used several times a year for the desired benefit, which makes it possible to 
provide other grid benefits during the remaining time. A drawback, however, is that T&D 
upgrade deferral is very location specific. 

2.2.2.6 Second Life Electric Vehicle Batteries 
The cost competitiveness has been a main barrier of implementing BESS. At the same time, a 
large amount of electric vehicle (EV) batteries will be decommissioned due to the recent years’ 
fast growing EV market (Lacey, Putrus and Salim, 2013; Jiao and Evans, 2016; Abdel-Monem 
et al., 2017). Secondary usage of EV batteries in stationary energy storage solutions has 
therefore been suggested as a promising concept (Hesse et al., 2017; Gur et al., 2018). 
Secondary usage extends the life-time of the batteries, reduces the resource exploitation and 
has a considerable economic advantage over new batteries. Moreover, Gur et al. (2018) stresses 
the importance of secondary usage of EV batteries to ensure a sustainable battery supply chain.  

An EV battery is typically replaced when the capacity is below 70-80 % of the initial capacity, 
since it is not considered as appropriate for transportation purposes any more (Jiao and Evans, 
2016; Gur et al., 2018; Casals, Amante García and Canal, 2019). However, c. Recent pilot 
projects with secondary usage of EV batteries for stationary storage have not found any major 
technical barriers (Jiao and Evans, 2016). In addition, a study made by Casals et al. (2019) 
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shows results which indicate that second life Li-ion EV batteries are an economically beneficial 
alternative in BESS.  

Renault and Nissan are two examples of car manufacturers who have announced that they are 
going to use second life EV batteries for stationary energy storage. Group Renault (2018) 
announced in a press release that they are launching their “Advanced Battery Storage”, which 
is a program to build a stationary energy storage system by using EV batteries. It is part of 
their strategy to form a smart electric ecosystem, and the plan is to build three sites in Germany 
and France during 2019. The system will have a storage capacity of at least 60 MWh. 

Nissan has partnered up with British EDF Energy to jointly work on an energy storage project 
with second life EV batteries to support the grid (Sharpe, 2018). The plan is to use retired 
batteries from the car Nissan Leaf and utilize them for commercial battery storage. The used 
EV batteries still have around 70 % of their original capacity and over 10 years of remaining 
life time, which makes them suitable for other energy storage solutions. Nissan’s second life 
program will ensure that batteries from EVs can provide energy storage even after the life in a 
car. 

2.3 Market Aspects 
Li-ion BESS is a promising and attractive solution for the future electricity system thanks to its 
technological characteristics. To explore the possibilities for BESS further, the market for Li-
ion batteries will be analyzed. This is to understand the drivers and barriers in the production 
industry and for the investments in Li-ion BESS. The deployment of grid connected energy 
storage in Sweden is highly dependent on the electricity market situation and regulatory 
framework. Hence, the Swedish electricity market and the European and Swedish regulatory 
frameworks will be considered, focusing on the implications for BESS deployment in Europe 
and Sweden.  

2.3.1 Market for Lithium-ion Batteries 
The market for Li-ion batteries is showing an upward trend and battery cell costs are falling 
rapidly (IRENA, 2017). Technology improvements and economies of scale are driving the 
overall cost reductions, but cost reductions happen all across the manufacturing value chain. 
With the increased battery production, the availability of raw materials is discussed as 
a constraint on the growth of BESS technologies. However, a shortage of lithium is unlikely to 
occur in the near future. 

2.3.1.1 Value Chain and Battery Industry 
The value chain of Li-ion batteries in a BESS is complex, and involves several industries and 
suppliers at a global level (EASE and EERA, 2017). These actors can be divided into five main 
categories (see figure 5) which include suppliers of raw material, suppliers of advanced 
materials and components (such as electrode materials, electrolyte and separators), cell 
manufacturers, battery pack suppliers and, lastly, storage integrators for grid applications. Some 
companies take part in several steps of the value chain, for example raw material suppliers can 
be located in large chemical companies, and component suppliers can be divisions of 
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manufacturing companies. Other companies are niched, focusing only on one key activity 
(Hocking et al., 2016). An example of a company with activities across the value chain is Tesla 
(Zubi et al., 2018). The company produces battery cells with its own component production, 
and assembles battery packs. 

 

Figure 5: Value chain of a BESS (EASE and EERA, 2017, own revision). 

At present time, East Asian actors (mainly Japan, Korea and China) dominate the value chain 
of Li-ion batteries (Hocking et al., 2016; EASE and EERA, 2017; Australian Trade and 
Investment Commission, 2018). With the growing demand and increased use of Li-ion 
batteries, however, European countries and the United States have the opportunity to advance 
in this field and develop their own production, which they recently started to do. The global 
manufacturing of Li-ion batteries has grown rapidly, and plans for further expansion of 
capacities continue. By 2020, the annual manufacturing capacity for Li-ion batteries may 
possibly exceed 250 GWh (IRENA, 2017). The investments in new worldwide production 
capabilities have grown, and keep on growing. A trend in the production of Li-ion batteries is 
“gigafactories” (large-scale production facilities of battery cells), and while three such 
production plants were planned in 2015, the number has grown to 42 planned in 2018 
(Australian Trade and Investment Commission, 2018). 

The European Commission launched the European Battery Alliance in October 2017, with the 
objective to “create a competitive manufacturing value chain in Europe with sustainable battery 
cells at its core” (European Commission, n.d. c). It is a cooperative platform that gathers the 
European Commission, interested EU countries, key industrial stakeholders, innovation actors 
and the European Investment Bank, with the ambition to create a competitive and sustainable 
battery manufacturing industry in Europe. With a Strategic Action Plan, the Commission aims 
at having concrete and targeted measures to develop a competitive battery industry in Europe 
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(European Commission, 2018b). The Strategic Action Plan includes targets for raw materials, 
research and innovation, trade and competence development, standardization and regulations, 
sustainability, and scaled battery cell manufacturing and a full competitive value chain in 
Europe. 

2.3.1.2 Raw Material 
The Li-ion battery industry relies on the availability of raw material supply. Critical materials 
are materials that are considered as risks for supply disruption, either due to natural scarcity or 
as a result of concentration of supply to a few countries (Zubi et al., 2018). In the case of critical 
materials for Li-ion battery production, challenges may arise due to the rapid scaling of lithium 
and cobalt usage (Olivetti et al., 2017; Zubi et al., 2018). There are contradictory discussions 
and results whether the supply of lithium would imply any risks for the Li-ion battery industry. 
However, these scenarios are not considered as critical in the short-term, and according to, for 
example, IRENA and Zubi et al. (2017; 2018), it seems unlikely that there would be a shortage 
of lithium.  

The supply of cobalt is considered as a major concern for the Li-ion battery industry, since the 
mining of the raw material is highly concentrated geographically (IRENA, 2017; Olivetti et al., 
2017; Faunce et al., 2018; Zubi et al., 2018). The global cobalt reserves are concentrated to 
Democratic Republic of Congo, and the mining of cobalt is therefore affected by the political 
stability of the region. Hence, cobalt is seen as the main material risk of Li-ion batteries in the 
short-term (Olivetti et al., 2017). 

The risks of lithium and cobalt are not seen as sufficiently threatening to the battery industry 
(IRENA, 2017). Anyhow, there is potential to confront these bottlenecks by introducing 
recycling schemes and end-of-life management strategies for Li-ion batteries (Zubi et al., 
2018). Today the Li-ion industry lags behind in the aspect of recycling. Since the scope of this 
study does not include the recycling of Li-ion batteries, these aspects will not be further 
examined. 

2.3.1.3 Cost 
Cost is an important driver for the usage of Li-ion batteries in BESS (Blomgren, 2017), and 
recent price falls of Li-ion batteries over the last years have improved the economics for energy 
storage and opened up new market demands (Hocking et al., 2016). However, detailed cost 
breakdowns for BESS are difficult to obtain or are scarce due to confidentiality restrictions 
(IRENA, 2017; Schmidt et al., 2017). Nevertheless, it is worth noting that Li-ion batteries used 
for stationary applications have a higher cost than batteries used for EVs (IRENA, 2017). This 
is because the continuous charge-discharge cycles in a stationary BESS are more challenging 
and require advanced and more expensive battery management systems and hardware. 
Consequently, it is not optimal to apply EV battery costs on BESS.  

Although detailed data on costs for Li-ion BESS is hard to conquer, the total installed costs of 
Li-ion batteries for stationary applications are declining (IRENA, 2017). According to IRENA 
it could fall by an additional 54-61 % by 2030, as a result of the growth in scale of Li-ion battery 
manufacturing for EVs, and due to the synergies in production of batteries for EVs and 
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stationary applications. Other than the scale of production capacity, drivers for cost reductions 
of Li-ion batteries include, for example, improvements in materials, performance 
improvements and a more competitive value chain (IRENA, 2017; Tsiropoulos, Tarvydas and 
Lebedeva, 2018). Figure 6 gives an overview of drivers for cost reduction of BESS. 

 

Figure 6: Cost reduction drivers for BESS (IRENA, 2017, own revision). 

Due to the difficulties to obtain detailed cost breakdowns for a Li-ion BESS, it is not always 
feasible to do a direct cost comparison of storage systems based on multiple sources 
(Tsiropoulos, Tarvydas and Lebedeva, 2018). This is mainly because of the differences in 
technologies for various BESS. Factors that characterize the technology and in turn affect the 
costs include, for example, boundaries (e.g. grid connection), type of service (e.g. frequency 
regulation or renewable energy time-shift), size (e.g. MW or kW) and chemistry (e.g. LPF, 
NCA or NMC). Figure 7 gives an example of a cost breakdown of a power-designed and 
energy-designed grid-scale stationary storage system provided by Tsiropoulos et al. (2018). In 
this case, energy-designed refers to batteries that can provide energy for more than one hour 
and power-designed refers to batteries that can provide energy for less than one hour. 

 

Figure 7: Cost breakdown of power-designed and energy-designed grid-scale stationary storage 
system. BMS = Battery management system, PCS = Power conversion system, EMS = Energy 

management system, EPC = Engineering, procurement and construction (Tsiropoulos, Tarvydas and 
Lebedeva, 2018, own revision). 
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Table 4 indicates the difficulties of doing a direct cost comparison of storage systems based on 
multiple sources. The table includes the cost for a stationary Li-ion BESS from five different 
sources. All of the sources have different time frames, and some include cost projections for 
the future, while other focus on the cost at the time of the research. However, a trend in cost 
decline can be seen based on the costs in the table. Figure 8 illustrates this cost decline for Li-
ion BESS. Nevertheless, future cost reductions of BESS are needed to strengthen the business 
opportunities for energy storage, and to support a timely deployment of the technology that is 
required by the energy transition (European Commission, 2017a). 

Table 4: Comparison of the cost for Li-ion BESS based on different sources. 

    Source 
Cost for stationary 

Li-ion BESS  Comment 
Year USD/kWh 

IEA (2019) 

2017 
2025 
2030 
2040 

402 
269 
242 
218 

Estimated costs of utility-scale 
BESS in the New Policies Scenario 
(based on 2017 prices).  

IRENA (2017) 2016 
2030 

350 – 1 050 
145 – 480 

Central estimate for the energy 
installation costs for utility-scale 
applications (prices depending on 
battery chemistry). 

Schmidt et al. (2017) 

2030 
2040 

461 
354 

Experience curve based cost 
projections. 

Future 244 – 521 
Cost projections for 1 TWh 
cumulative installed capacity on 
utility-scale. 

Lazard (2017) 2017 320 – 411 BESS placed at distribution-level. 

Deutsche Bank 
(Hocking et al., 2016) 

2010 
2016 
2020 

1 950 
1 163 
825 

Stationary energy system average. 

 

 

Figure 8: Overview of the cost decline for Li-ion BESS (based on the costs in table 4). 
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2.3.2 The Swedish Electricity Market  
The Swedish electricity market can be divided into two separate parts; the physical transmission 
of electricity and the financial trading of electricity. The national (400-220 kV), regional (130-
40 kV) and local grids (40 kV-230 V) ensure the electricity to be transported from the producers 
to the consumers (Energimarknadsbyrån, n.d. a; Svenska kraftnät, 2016b). The electricity grid 
is supervised by the Swedish government through Energimarknadsinspektionen (Ei) (eng. the 
Swedish Energy Market Inspectorate). Electricity is traded in the free and deregulated Nordic 
power market, Nord Pool, a marketplace owned by the Swedish transmission system operator 
(TSO), Svenska Kraftnät, together with other national grid companies in the Nordics and the 
Baltics (Svenska kraftnät, 2016c).  

2.3.2.1 Actors on the Swedish Electricity Market 
There are various actors operating in the Swedish electricity market, all of them with different 
responsibilities and functions. The actors that will be further described are; the TSO, DSOs, 
electricity producers and consumers, and power retailers. An overview of the structure and 
actors in the Swedish electricity market is provided in figure 9. 

The Swedish TSO is commissioned by the government and have several different 
responsibilities (Svenska Kraftnät, 2018). These include grid balancing, frequency regulation, 
and the maintenance and operation of the national transmission grid. In addition, the TSO 
ensures a free and competitive electricity trading. The regional and local distribution grids are 
owned and operated by grid owners, the distribution system operator (DSO) companies. In 
contrast to the trade of electricity, the transmission and distribution of electricity is not a 
competitive market, but rather a natural monopoly that is regulated by laws and regulations 
(Söder and Amelin, 2011). The electricity producers own and operate the Swedish power plants, 
and sell electricity either directly to consumers or in the marketplace for electricity, Nord Pool. 
The power retailers are the link between electricity producers and consumers, since they 
produce (a power retailer can also be a producer) or buy electricity in the market, and sell it to 
the consumers. In addition, the power retailers often have the responsibility of maintaining a 
balance between supply and demand (i.e. they take the role as balance responsible parties). This 
balance is achieved by forecasting the demand and planning the production. To ensure a 
financial balance, electricity trading is performed. 
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Figure 9: Overview of the Swedish electricity market (Svenska kraftnät, 2017, own revision). 

2.3.2.2 Electricity Trading  
The electricity trading in the Nord Pool spot market is offered on the day-ahead trading platform 
or on the intraday trading platform, with hourly, 15 minutes, 30 minutes or block based bids 
(Nord Pool, n.d. a, n.d. b). Sweden is divided into four different electricity areas (SE1, SE2, 
SE3 and SE4), which may have different electricity spot prices due to the limitations and 
bottlenecks in the transmission grid (Energimarknadsbyrån, n.d. c). The southern areas (SE3 
and SE4) consume a large part of the electricity in Sweden, although, most electricity is 
produced in the northern electricity areas (SE1 and SE2) (Energimarknadsbyrån, n.d. b). Hence, 
depending on the electricity supply and demand, the electricity prices can vary between the 
areas. 

Since it is hard to forecast the precise electricity production and consumption, deviations from 
the plans will occur in the transmission and distribution of electricity (Söder and Amelin, 2011). 
These deviations are operated through automatic control systems and by actions from the TSO. 
To account for these deviations, real-time trading of electricity is performed. The TSO is the 
most important player in the real-time trading, because of the balancing responsibility. In the 
real-time trading market, actors can bid up-regulation or down-regulation power, meaning that 
actors offer the physical undertaking of increasing (up-regulation) or decreasing (down-
regulation) their production (or consumption), and to what price the actors are willing to sell 
the regulation power. The TSO is the buyer of regulation power. Moreover, actors who cause 
an imbalance have to pay the TSO for the costs associated with the balance maintenance 
(Svenska kraftnät, 2016a). 

2.3.2.3 Balance and Frequency Regulation 
The balance responsibility of the TSO implies a responsibility of maintaining the frequency in 
the electricity system at 50.0 Hz (Svenska kraftnät, 2018). As mentioned previously, up-
regulation or down-regulation power is bought in the real-time market. Automatic control 
systems can correspond within seconds and activate the reserves to maintain the frequency 
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balance (Söder and Amelin, 2011). The different regulation reserves products that are used in 
the Swedish (and Nordic) electricity market are; frequency containment reserve (FCR), 
frequency restoration reserve (FRR) and replacement reserve (RR) (also named primary, 
secondary and tertiary frequency regulation) (ENTSO-E, 2016). These reserves have different 
time responses, from seconds (FCR) to hours (RR). There are two different types of FCR 
products, normal (FCR-N) and disturbance (FCR-D), which have different purposes. Shortly, 
FCR-N is used to balance the frequency within 49.90 to 50.10 Hz, and FCR-D is used when the 
frequency has dropped below 49.90 Hz. 

2.3.3 Market Conditions for Battery Energy Storage Systems in Sweden 
Ei has examined the potential benefits of using BESS for grid flexibility in Sweden (Widegren, 
2016). The possibilities are discussed in light of the Swedish electricity market situation and 
the regulatory framework, as of 2016. In addition, several business models and barriers for 
BESS in Sweden are analyzed. 

To begin with, the use of BESS as a flexibility resource is seen as an interesting opportunity 
since the benefits can be utilized at several different grid levels (Widegren, 2016). At the same 
time, the importance of economic incentives for BESS investment and ownership is pointed 
out. The economic incentives are highly dependent on the compliance with laws and 
regulations. The possible benefits of BESS in the Swedish electricity system have been 
examined in relation to different actors in the market (TSO, DSOs and electricity producers). 
These benefits are summarized in table 5. An important note here is that the benefits are not 
connected to the different actors from an economic perspective, but rather divided according to 
where in the electricity system the benefits are made. The overall market development and the 
design of laws and regulations are crucial for the possibilities of utilizing these potential 
benefits and obtain profitability.  

Table 5: Potential benefits of BESS in the Swedish electricity system (Widegren, 2016). 

TSO DSOs Electricity producers 
• System stability 
• Frequency stabilization 
• Bidding in the regulatory 

market (primary, 
secondary and tertiary 
reserves) 

• Facilitate the handling of 
bottleneck effects and 
postpone grid investment 

• Possibility of arbitrage 
profits 

• Integration of BESS with 
wind parks or solar power 
plants 

• BESS as an alternative to 
curtailment at low demand 

• Black start of 
conventional power 
production 

 

• Handling of stability 
problems 

• Local maintenance of 
voltage  

• Improved electricity 
quality and reactive power 
compensation 

• Facilitate the handling of 
bottleneck effects and 
postpone grid investment 

• Possibility of planned 
insular operation at power 
blackouts 
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Several business models for grid owners have been suggested, since the benefits for DSOs are 
interesting from both a system and society perspective (Widegren, 2016). The different 
proposed business models are discussed in relation to the law of limitation of network 
operations, which prohibits network operation companies (DSOs) from electrical power 
trading. This law is a major regulatory issue that needs to be considered. Four main business 
models for DSOs are discussed by the Ei. These are: 

1. The DSO owns and operates the BESS, primary for grid operation but also for trading 
in the market for energy and power applications.  

2. The DSO applies tariffs and regulations for purchasing of flexibility recourses. This will 
create incentives for other actors in the market to invest in BESS.  

3. The DSO purchases a long-term contract for the BESS, which is located on a specific 
site. The BESS will be used for grid operations, and the DSO will pay the BESS operator 
according to the contract. Besides the grid operations, the BESS will be used on 
commercial conditions. 

4. The DSO owns and uses the BESS for grid operations. In addition, the BESS is long-
term leased to a commercial actor, who operates in the market for energy and power 
applications. 

These different models all have disadvantages. The first model will not be applicable in grid-
scale, according to the limitation of network operation. However, the solution has often been 
used in demonstration projects, where the projects have been granted exceptions from current 
regulations (Widegren, 2016). The other models comply to a higher degree with the law that 
limits the network operations, but they still have other drawbacks. The second model may have 
insufficient long-term assurance of revenue. In addition, there are no guarantees of using the 
BESS for crucial grid operations. The third and fourth models are considered as more 
interesting in the perspective of utilizing the BESS. Moreover, the fourth model would probably 
give the strongest financial incentives. When considering the law regarding the limitation of 
network operation, the third model is preferable in the aspect of compliance, since the fourth 
model is more complicated from a regulatory perspective. 

It should be noted that the investigation from Ei is from 2016, hence, the time aspect has to be 
taken into consideration when evaluating the information. By the time of the publishing of the 
report, the regulatory framework differentiated from today. Today there are ongoing changes 
in the regulatory framework due to the Clean Energy for All Europeans package, which will be 
discussed in section 2.3.4.2 Proposals on Amendments and New Laws and Regulations. In the 
new regulatory framework, DSOs are not allowed to own energy storage, which strongly limits 
the applicability of business model one and four discussed by Ei. 

2.3.4 Laws and Regulations 
As a Member State of the EU, Sweden is governed by EU regulations and directives. An EU 
regulation is applied directly as a Swedish law, while an EU directive should be transformed 
and implemented into the Swedish legislation (Ei, 2019a). This usually happens through 
establishment of new laws or through changes in existing laws. The case could also be that an 
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EU directive is directly applicable in Sweden. An example of an EU directive regulating the 
electricity market is the Electricity Directive (2009/72/EC), concerning common rules for the 
internal market in electricity. In addition to the EU regulations, the Swedish Electricity Act 
(1997:857) with complementary regulations controls the Swedish electricity market and defines 
what is permitted and not. 

2.3.4.1 Laws and Regulations Implications for Battery Energy Storage Systems 
The investments in and implementation of energy storage in Sweden are to a high extent 
governed by laws and regulations on the EU and national level. However, there are uncertainties 
in the market rules and regulations, and there is a lack of clarity and transparency (Widegren, 
2016; IEA, 2017). Today, the regulatory framework form several barriers since it is not 
designed to support energy storage deployment (EASE, 2018). In addition, the use of energy 
storage is limited by lacking markets for flexibility and ancillary services and the lack of new 
business models (Ugarte et al., 2015; EASE and EERA, 2017; IEA, 2017). 

Definition and classification of energy storage 
The lack of a formal definition and classification of energy storage in the Electricity Directive 
(2009/72/EC) is often recognized as a regulatory barrier (Ugarte et al., 2015; Castagneto 
Gissey, Dodds and Radcliffe, 2018; EASE, 2018). A consequence is uncertainty regarding how 
energy storage should be treated under current regulations. Therefore, an open and robust 
definition of energy storage is needed in the EU regulatory framework (e.g. as an amendment 
to the Electricity Directive) (EASE and EERA, 2017). With a clear definition, covering all 
energy storage technologies, investment security for the European industry would be created. 
In the Clean Energy for all Europeans package, a new definition for energy storage is proposed. 
This aspect will be further examined in section 2.3.4.2 Proposals on Amendments and New 
Laws and Regulations. 

Today, energy storage is often classified as generation, which can cause the issue of double 
tariffs for commercial actors who own and operate a BESS (Widegren, 2016). In addition, an 
effect of treating storage as generation is that energy storage is excluded from incentives, 
standards and government plans for renewable generation only (Ugarte et al., 2015). Thus, 
energy storage loses regulatory focus. By establishing energy storage as a new, separate asset 
class (alongside generation, transport (transmission and distribution), and consumption), the 
struggle of classifying energy storage as either generation or consumption, or as both, would 
disappear (EASE and EERA, 2017). For example, a clear framework specific to energy storage 
could be established, and unwarranted double charging would be clarified. By specifying a new 
asset class for energy storage, alternative regimes for energy storage would be enabled 
(Castagneto Gissey, Dodds and Radcliffe, 2018). This could in turn increase the 
competitiveness for energy storage for commercial actors. 

Taxes on energy storage 
Grid charges, taxes, tariffs and fees are not yet adapted to energy storage (EASE, 2018). An 
implication is reduced economic incentives for several actors in the electricity market (for 
example generation suppliers, local electricity producers and service companies at distribution 
or transmission level) to use energy storage (Ugarte et al., 2015; EASE, 2018). As mentioned 
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previously, the classification of energy storage as generation often causes double charges – once 
when electricity is stored and once when electricity is delivered back into the grid. However, in 
Sweden there is a new change in the Energy Taxation Act, which will be further examined in 
section 2.3.4.2 Proposals on Amendments and New Laws and Regulations. 

Ownership of energy storage 
The ownership of storage by regulated entities is another limitation for the advancement of 
BESS (EASE and EERA, 2017; EASE, 2018). There are unclarities in the rules under which 
energy storage can access electricity markets, and this is somewhat connected to the absence of 
a clear classification of energy storage. This is foremost related to the recognized limitations 
and inabilities of TSOs and DSOs to own and operate energy storage. For example, TSOs are 
not allowed to own or operate any form of generation, which by extension includes energy 
storage. Also, the Electricity Directive (2009/72/EC) requires the separation of entities in the 
vertically integrated system, which restricts ownership and operation of energy storage by 
DSOs. In the Clean Energy for all Europeans package, the aspect of ownership of energy 
storage has been clarified. This will be covered more in detail in section 2.3.4.2 Proposals on 
Amendments and New Laws and Regulations. 

Markets for balancing and ancillary services 
The markets for balancing and ancillary services in EU are not fully adapted to energy storage, 
which hinder energy storage to provide ancillary services (EASE, 2018). For example, it has 
not been possible for energy storage to serve as a frequency reserve in Sweden (ENTSO-E and 
WGAS, 2018). Hence, this is a barrier for the deployment of energy storage. However, there 
are new changes in the Swedish balancing markets that will impact the possibilities for BESS 
to deliver frequency regulation. This aspect will be further examined in the next section.  

2.3.4.2 Proposals on Amendments and New Laws and Regulations  
Several of the above mentioned laws and regulations are subjects of debates in the European 
Commission. In addition, there are proposals on amendments and new laws and regulations that 
will facilitate the adoption and expansion of BESS. Some of the changes are on EU level, while 
others are on a Swedish level. 

Clean Energy for all Europeans – EU level 
The Clean Energy for all Europeans package from November 2016 (which was politically 
agreed upon in December 2018) expresses a need for changes in market rules and the electricity 
market in order to reward the flexibility provided from energy storage (European Commission, 
2016b, 2018c). A part of the package is the electricity market design initiative, which consists 
of proposals for a revised Electricity Directive, a revised Electricity Regulation, a revised 
regulation on a European Agency for the Cooperation of Energy Regulators and a new 
regulation on risk preparedness in the electricity sector. The new legislative proposals for the 
market design will improve the cost-efficient use of energy storage solutions and allow storage 
facilities to operate in the electricity markets on a competitive basis (European Commission, 
2017b).  
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One part of the market design initiative is a proposal for a clear definition of energy storage. 
The proposed new definition is: “‘energy storage’ means, in the electricity system, deferring an 
amount of the electricity that was generated to the moment of use, either as final energy or 
converted into another energy carrier” (European Commission, 2016c, p. 56). However, for 
example EASE proposes a slightly different definition, where the word “generated” is replaced 
with “produced” (EASE and EERA, 2017). The argument for EASE’s proposed change, is 
that the definition should not address the question of ownership (i.e. linking energy storage to 
generation).  

Beyond the definition of energy storage, the market design initiative proposes that the 
ownership and operation of storage facilities should be a commercial activity, performed by 
market parties other than regulated entities (European Commission, 2017b). In other words, 
TSOs and DSOs should not be allowed to own, develop, manage or operate energy storage 
facilities. In special cases, system operators could be granted to invest in storage facilities. In 
such case, the following conditions must be fulfilled; (i) other market parties are not interested 
in providing particular storage services, (ii) a storage facility is necessary to ensure an efficient, 
reliable and secure operation of the grid, and (iii) a regulatory authority has examined and 
approved that the conditions for exemption are fulfilled and the market procedure is transparent 
(European Commission, 2016c). 

As operation of storage facilities should be a commercial activity, storage operators should be 
allowed to provide multiple services, such as congestion management for DSOs or balancing 
services for TSOs (European Commission, 2017b). In addition, storage operators should be 
allowed to take part of other commercial activities, and be rewarded for the contribution to 
decarbonization of other economic sectors. 

Where bottlenecks in the electricity grid is a problem due to variable renewable energy sources, 
energy storage is seen a possible solution for the renewable energy producers (European 
Commission, 2017b). Furthermore, in grid planning, energy storage is seen as an option on both 
distribution and transmission level. Thus, DSOs should be enabled and encouraged to use 
services from energy storage to, for example, avoid expensive electricity grid expansions.  

To be able to provide all the possible services of energy storage and participate in the electricity 
market, access to the infrastructure is essential (European Commission, 2017b). Therefore, it is 
suggested in the market design initiative that energy storage should be admitted access to the 
grid under non-discriminatory conditions. Moreover, price caps and regulated prices in the 
electricity market are proposed to be removed, in order for the electricity prices to reflect when 
and where there is insufficient electricity supply in the system. 

Clean Energy for all Europeans – Swedish level 
As EU directives have to be transposed into the national law, the Swedish Government has 
assigned Ei the assignment to analyze and propose how Sweden should adapt to the revised 
directives in the new electricity market design initiative (Regeringskansliet, 2019). The changes 
in the Swedish legislation have to be implemented no later than December 31, 2020. Due to 
that time frame, none of the legislative changes can be covered in detail in this thesis. 
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In November, 2019, Ei will declare how the new EU directive will be transposed into the 
national law (Ei, 2019b). However, Ei has summarized an overview of the new or changed 
regulations and directives in the Clean Energy for all Europeans package. There are some 
articles in the new Electricity Directive that are connected to energy storage and flexibility. For 
example, there are new requirements on local grid owners to purchase flexibility services, 
which Ei will explore and, if needed, develop and propose in new national laws. Moreover, the 
new regulations regarding ownership of energy storage will be explored and, if needed, new 
national laws regarding this will be developed and proposed. 

Changes on the Swedish level 
In September 2018, the Swedish Government submitted a Government bill that propose an 
amendment of the Swedish Energy Taxation Act (1994:1776) (2017/18:294). The suggested 
change regards the taxation liability of electricity in situations where taxation has already 
occurred. The purpose of the amendment is to avoid double taxation of electricity, for example, 
when using battery energy storage. In November 2018, the Government bill was adopted by the 
Swedish parliament (2018/19:SkU2), and the amendment of the law came into force on January 
1, 2019 (2017/18:294). This change in the Swedish Energy Taxation Act, law 2018:1887, 
implies that the regulatory implication of double taxation is no longer an issue. 

The Swedish balancing market is under development. For example, a new contract for 
balancing responsibility came into force during May, 2019 (Svenska kraftnät, 2019b). In this 
contract, FCR-N and FCR-D are separated with regards to if the reserve is received from 
production or consumption. Energy storage will be traded as either production or consumption, 
depending on if the storage facility will have a net input or net output to the grid during the bid 
period (Svenska kraftnät, 2019c). Moreover, the Nordic TSOs are currently developing a new 
balancing model, which includes the development of a new product, the fast frequency reserve 
(FFR), changed requirements on FCR-N and FCR-D, and 15 minutes time resolution 
(Damsgaard, 2019; Svenska kraftnät, 2019a). According to the Swedish TSO, Svenska kraftnät, 
BESS is seen as a possible provider of FFR in the future (Nilsson, 2019). 

2.3.5 Market Examples and Existing Projects 
In Sweden, there is currently no installed large-scale BESS project. However, looking abroad, 
there are many grid-scale BESS projects up and running with favorable results. In this section, 
a few (three) of these projects are described. These projects were selected based on their various 
sizes, geographical locations and applications. The purpose of including this section is to show 
that grid-level BESS is a mature technology that exists in other countries, and to present how 
BESS can be used on an existing market. 

2.3.5.1 Hornsdale Power Reserve, Australia 
With a power output of 100 MW and an energy capacity of 129 MWh, Hornsdale Power 
Reserve, in the South of Australia, is currently the world’s largest Li-ion BESS (Hornsdale 
Power Reserve, n.d.). The owner and operator of the battery storage facility is Neoen, an 
independent power producer specialized in renewable energy projects, and the supplier of the 
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facility is Tesla, with their Tesla Powerpack system. Hornsdale Power Reserve has operated 
since December 1, 2017 and is connected to the grid through a 275 kV transmission line. 

The main purpose of the battery storage facility is to stabilize the South Australian electricity 
grid, and 70 MW/10 MWh of the discharge capacity is reserved by the South Australian 
Government for system security services (Aurecon, 2018). The remaining 30 MW/119 MWh 
is available for Neoen for market participation and electricity trading. The key system security 
services include system integrity protection scheme (SIPS) and frequency regulation through 
FFR. SIPS is a scheme in South Australia to prevent load-shedding events. The aim of the 
scheme is to reduce the likelihood of separation of South Australia from Australia’s National 
Electricity Market and thus prevent a black system in South Australia in the event of a loss of 
multiple generators. The Hornsdale Power Reserve participates on the regulation and 
contingency frequency regulation ancillary service markets in Australia. 

According to a case study made by Aurecon, the Hornsdale Power Reserve “has delivered on 
high expectations of its performance and market impact” (2018, p. 2). The case study concluded 
that the Hornsdale Power Reserve is an essential element of the SIPS, provides frequency 
regulation more rapidly than existing market requirements, improves system security and has 
a significant impact on the South Australian regulation market. 

2.3.5.2 battery@pyc, United Kingdom 
In the United Kingdom (UK), Vattenfall has built a BESS co-located with the onshore wind 
farm Pen y Cymoedd (Vattenfall, 2018). The battery storage facility, named battery@pyc, has 
a maximal power output of 22 MW and has been in operation since May 2018. It consists of 
new Li-ion batteries, BMW i3-batteries, adapted for stationary application. By storing 
electricity produced by the windfarm, battery@pyc provides reliability services to UK National 
Grid and helps to maintain frequency levels through a service called enhanced frequency 
response. Enhanced frequency response is a form of frequency regulation defined by National 
Grid Electricity Transmission to have an active power output at 1 second (or less) when 
registering a frequency deviation. It can be compared to the primary and secondary frequency 
response services, with a time-scale of 10 respectively 30 seconds. 

2.3.5.3 Batcave, Finland 
The largest BESS in the Nordics is Fortum’s Batcave project, installed in Järvenpää, Finland, 
as a part of a R&D project for grid balancing (Fortum, 2017; Saulny and Alaperä, 2018). The 
Li-ion BESS is installed in conjunction with Fortum’s biomass-fired biopower plant in 
Järvenpää, and has a maximal power output of 2 MW and an energy capacity of 1 MWh. The 
Batcave BESS has been in operation since March 1, 2017, and its main application is to provide 
grid flexibility through frequency regulation on a second and minute basis. Another benefit of 
the BESS is the possibility to optimize the operation of the biopower plant (Alaperä, 2019). 
The battery is utilized on the Finish FCR-N market simultaneously with Fortum’s hydro 
frequency reserves in order to create the most advantageous operation logic (Saulny and 
Alaperä, 2018). 
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Batcave Two, Sweden 
Fortum is currently constructing and planning the installation of a BESS in Sweden, called 
“Batcave Two” (Fortum, 2018). The Li-ion battery solution will be installed at the Forshuvud 
hydropower plant in Dalälven, and will become the largest BESS in the Nordics with a maximal 
power output of 5 MW and an energy capacity of 6.2 MWh. The idea is to improve the 
hydropower plant’s regulative ability (i.e. frequency regulation) by connecting the quickly 
responding BESS to the plant. Moreover, the installation of a BESS will decrease the wear of 
the hydropower plant’s turbines, since the plant does not need to have as fast changes in the 
water flows (Nohrstedt, 2018). The BESS will be used for frequency regulation on a 
commercial scale. However, as the Swedish regulative framework is currently not adapted (as 
of November 2018), the BESS will be installed behind-the-meter. 

2.4 Summary and Concluding Remarks from the Literature Study 
The purpose of the literature study was to give a comprehensive background of Li-ion BESS 
and explore the main opportunities and challenges of using the storage technology on grid-scale 
in Sweden. Throughout the three different parts in the literature study, the areas of energy 
transition, and technological and market aspects of Li-ion BESS have been studied. Before 
moving on to the remaining parts of the thesis, there are some main takeaways from the 
literature study that we would like to highlight.  

To begin with, by reviewing the literature it can be concluded that energy storage will play a 
crucial role in the future energy system. The importance of using energy storage to provide grid 
flexibility and support renewable energy integration is one main reason. Hence, the exploration 
of BESS is considered to be well motivated from this perspective. In addition, energy storage 
is specified as an important part to achieve the visions of net-zero carbon emissions, and is 
therefore under discussion on a political level in both Sweden and the EU. 

There are some points that we would like to highlight from the technological overview of Li-
ion BESS. Firstly, there are many advantages with Li-ion batteries, which make them attractive 
for stationary BESS. There are also a few drawbacks with Li-ion batteries, but most of them 
are under improvement. Secondly, there are developments of new battery chemistries and 
advancement in existing ones, making Li-ion batteries even more competitive for BESS. 
Thirdly, there are many application areas for Li-ion BESS. Applications such as ancillary 
services, grid support, renewable energy integration and energy arbitrage are suitable for Li-
ion BESS. The possibility of combining several application modes contributes to the economic 
feasibility of using grid-scale BESS. Lastly, second life Li-ion EV batteries have been shown 
to be an economically beneficial alternative in BESS. As the cost competitiveness has been a 
main barrier for the implementation of grid-scale BESS, this is a promising option. 

Regarding the market for Li-ion batteries, the rapid growth of Li-ion battery production and the 
continuous cost reductions are two aspects to highlight. These market developments show a 
positive outlook for Li-ion batteries. However, further cost declines are needed to make Li-ion 
BESS cost competitive. 
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Connected to the broad range of applications BESS can provide, there are various benefits with 
BESS in the electricity system for different actors. The benefits for grid owners are interesting 
from both a system and society perspective. However, the regulatory uncertainty holds back 
the development of favorable and successful business models in compliance with laws and 
regulations. 

A main takeaway from the review of the current market situation for energy storage and BESS 
is that there have been major unclarities in the regulatory framework. This has been a 
considerable barrier for the deployment of energy storage. However, as the literature study 
shows, many of the identified implications are being addressed in the recent and ongoing law 
and regulation amendments (e.g. the EU’s Clean Energy for all Europeans package). Since the 
regulatory framework and market situation for BESS are currently under remarkable changes, 
the future conditions for implementation of BESS in Sweden are considered as an interesting 
and important subject to analyze further in this thesis.  

To conclude, we see the question of ownership and business models for BESS as an important 
issue to investigate further to examine the prospects for BESS in Sweden. The literature has not 
provided sufficient, and up to date, information regarding the different market actors’ 
standpoints in the question of implementing BESS in Sweden, and therefore the empirical part 
of this study will examine these aspects. Furthermore, an analysis of a potential BESS business 
setup will be performed to deepen the exploration of prospects for BESS in Sweden.  
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3. Theoretical Framework 
In the following chapter, the theoretical framework used for analyzing the empirical data is 
presented. The framework is based on, and constructed in accordance with, the research 
questions of the thesis. 

The theoretical framework of this thesis is inspired by and based on the work of Anund Vogel, 
Lundqvist and Arias (2015). In their work, they have created a novel framework for 
categorizing barriers depending on their structural origin. Their categorizing is formed after the 
current system structure of the Swedish building sector. In this thesis, we form our own 
framework for categorizing opportunities and barriers for grid-scale BESS in Sweden. Our 
framework is formed after the current system structure of the Swedish electricity market. 

3.1 The Swedish Electricity Market as a Sociotechnical System 
To apply our framework for categorizing opportunities and barriers, the Swedish electricity 
market is viewed as a sociotechnical system. A sociotechnical system is a complex system that 
is both socially constructed and society shaping (Hughes, 2012). The components of the specific 
sociotechnical system for this thesis include, for example, physical artifacts (e.g. power lines 
and power utilities), legislative artifacts (e.g. laws and regulations), organizations and firms 
(e.g. power retailers, DSOs and institutions), and natural resources (e.g. raw material and wind 
power). These components are interconnected in the system and interact with each other; hence, 
the component characteristics are influenced by the system.  

The diffusion of new technologies and innovations in a sociotechnical system has been 
understood and studied by, for example, Schot and Geels (2008). They distinguish three 
different levels of a sociotechnical system; technological niches, sociotechnical regime and 
sociotechnical landscape. Anund Vogel, Lundqvist and Arias (2015) are inspired by these three 
analytical levels when forming their own levels; project level, sector level and contextual level. 
Furthermore, these levels are the primary inspiration for the development of the levels in the 
sociotechnical system of the Swedish electricity market in which BESS could be implemented. 
The following three levels of hierarchy have been defined for the sociotechnical system of the 
Swedish electricity market: 

1. BESS level 
This level is limited to the BESS, including the technological aspects of BESS and the 
actor who owns and operates a BESS. Moreover, the BESS level includes the benefits 
and/or costs associated to the ownership and operation of BESS. The actions in the 
BESS level are governed and affected by higher levels in the sociotechnical system. 
Also, activities made in this level have an impact on the power system level. 

2. Power system level 
This level consists of the interactions between, for instance, companies, organizations 
and institutions on the Swedish electricity market. In addition, the physical transmission 
of electricity in the power system, and the impacts of, for example, BESS are included 
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in this level. The actions in the power system level are governed and affected by the 
contextual level.  

3. Contextual level 
This level refers to the laws and regulations for the electricity market and energy 
storage. The regulatory framework in the contextual level influences the technological 
design (e.g. of a BESS) and the electricity market development. Hence, the lower levels 
of the sociotechnical system are influenced by the contextual level. 

3.2 Framework for Categorizing Opportunities and Barriers 
The framework for categorizing opportunities and barriers is based on the structural origin of 
the opportunities and barriers in the Swedish electricity market. This is similar to the framework 
created by Anund Vogel, Lundqvist and Arias (2015). It is a hierarchical level framework, and 
the opportunities and barriers are categorized into three analytical decision levels. These levels 
are based on the three levels of hierarchy used when describing the Swedish electricity market 
as sociotechnical system (portrayed in figure 10). These levels are: 

1. BESS level (particular BESS) 
2. Power system level (Swedish electricity market) 
3. Contextual level (institutional framework, e.g. laws and regulations) 

 

Figure 10: Levels of hierarchy in the Swedish electricity market (Anund Vogel, Lundqvist and Arias, 
2015, own revision). 

By categorizing the opportunities, we will gain understanding of where the value of energy 
storage exists (i.e. at what level in the system the opportunity or barrier is located). This will 
allow us to see the driving forces for implementing changes related to BESS. By categorizing 
the barriers, we will be able to map the preconditions that are needed for BESS to be attractive 
in the Swedish electricity market, and see which changes are needed in the electricity market. 
In addition, the categorization will help us to gain insight into what companies can or cannot 
control, based on what level the opportunity or barrier is located. 
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4. Research Method 
In this chapter, the research method is explained, beginning with the research design, followed 
by the research process and finishing with the reliability and validity of the study. The purpose 
of presenting the research design, as well as defining the research purpose and research 
approach, is to motivate and describe the chosen methodology. The research process describes 
the procedure of the research and explains the steps of the literature study, empirical study and 
research analysis. Lastly, the reliability and validity of the study is assessed to address the 
quality of the research. 

4.1 Research Design 
The research design determines how the research questions are transformed into a research 
project (Saunders, Lewis and Thornhill, 2016). In other words, the research design is the overall 
plan for how to answer the research questions. For this thesis, the research design will be based 
on a qualitative methodology. The qualitative research design is often characterized by the 
collection of non-numerical data through questions and procedures that may alter during the 
research process. A holistic picture of an issue is evaluated by investigating several factors and 
perspectives, with the use of qualitative data (Creswell, 2009). The qualitative research design 
is considered appropriate for this thesis because of the exploratory purpose of the study. 

4.1.1 Research Purpose  
The objectives for this thesis are to gain insights about how grid-scale BESS can be integrated 
in the Swedish electricity system and to get an understanding of the prospects for grid-scale 
BESS in Sweden. Given the aim of the study, the research design will have an exploratory 
purpose. An exploratory study aims to discover and obtain insights about a topic (Saunders, 
Lewis and Thornhill, 2016). The exploratory research design is useful when the purpose of the 
research is to explore or clarify a topic, but when the variables of theory base are unknown 
(Creswell, 2009). Hence, an exploratory study is well suited for this thesis. An advantage of 
conducting an exploratory study is the flexibility, and that the research can change direction if 
new data or results are gathered (Saunders, Lewis and Thornhill, 2016). The flexibility is 
convenient for this thesis since it will have a broader focus at start, and become more specific 
during the research process. The final focus of the thesis is thus dependent on what results and 
insights that are gained throughout the study.  

4.1.2 Research Approach 
The research approach used in this thesis is the abductive approach, which is a combination of 
inductive and deductive methods (i.e. a combination of utilizing theories in literature and 
empirical findings) (Saunders, Lewis and Thornhill, 2016). When having an abductive 
approach, the existing theory is incorporated when appropriate and data is collected to explore 
a phenomenon, identify themes and locating these in conceptual frameworks. In this thesis, an 
example is that the theories and findings from the literature study were used when designing 
the interviews, and the empirical findings from the interviews were used to refine the literature 
study.  
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4.2 Research Process 
The research process was carried out through four main steps. These include a literature study, 
empirical study, research analysis, and discussion and conclusion. The outline of the research 
process is shown in figure 11. Since the research is exploratory and has an abductive approach, 
the thesis was conducted through an iterative process. As new discoveries were made, the 
research questions and purpose of the study was altered.  

To answer the research questions of the thesis, qualitative data was collected through a 
comprehensive literature study and an empirical study in the form of interviews. The literature 
study was, to a large extent, carried out as a first part of the research. This was in order to be 
prepared for the interviews, and ensure that, for example, relevant questions were asked in order 
to get reliable and valid answers.  

After the literature study and the interviews were conducted, the data was analyzed and 
summarized. The findings from the interviews were structured and categorized in accordance 
with the theoretical framework, as well as compiled and analyzed. Thereafter, a potential 
business setup for BESS in Sweden was analyzed. Finally, based on the research analysis, the 
discussion and conclusion for the thesis was formed and written. 

 

Figure 11: Outline of research process. 

4.2.1 Literature Study 
The purpose of the literature study was to gain knowledge about energy storage and grid-scale 
Li-ion BESS, thus, get an understanding for the research subject. Both broad understanding 
about the technology and market for energy storage, and in-depth understanding about Li-ion 
batteries, BESS and specific market circumstances associated with grid connected Li-ion BESS, 
was valuable to develop for the thesis. 

As a first phase of the literature study, an initial literature search was conducted. The purpose 
of the initial search was to decide specific areas within energy storage that were of interest for 
further research. After the initial literature search, preliminary research questions were 
formulated and the literature search was revised with the preliminary research questions in 
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mind. Thus, the literature search began with a wide scope, before narrowing it down and 
conducting a more precise search on specific topics. In light of the reading, the research 
questions were redefined to their final formation. 

The main literature was acquired from the online search engines Web of Science, ScienceDirect 
and KTH Primo. These three search engines are considered to provide reliable sources. In 
addition to the search engines, searches were executed on, for example, the European 
Commission’s and Ei’s web pages. The purpose of this was to find information that, for 
instance, journal articles cannot provide. To be selective about the websites of search was of 
importance, and as Collins and Hussey (2014) suggest, primarily information from authoritative 
sources was collected.  

An important aspect of the literature search and the literature review was the time aspect. As 
Li-ion battery technology and BESS are continuously developing technologies, outdated 
research, journal articles and reports were not considered relevant for the scope of the thesis. 
Therefore, the search was limited to, but not restricted to, literature from 2009 and later. This 
means that most of the literature was not older than ten years. However, literature not older than 
five years was selected and used at first hand. Moreover, market aspects, such as laws and 
regulations, are constantly changing. For that reason, it was of importance for the literature 
study to find information that was up to date in this aspect. 

Assessment of relevance and value of the literature was other important parts of the literature 
search (Saunders, Lewis and Thornhill, 2016). The relevance of the collected literature was 
dependent on the research questions and objectives of the thesis, and the value of the literature 
had to be assessed to decide the quality of the literature. Valuation was of importance to 
estimate if, for example, the literature was biased or subjective. Another important aspect was 
to critically review the literature, thus, having a critical mindset (Blomqvist and Hallin, 2015). 
After the literature search and collection process, the material was reviewed, selected and 
organized to create a concise and proper literature study. 

4.2.2 Empirical Study  
The data collection in the empirical part of this thesis was mainly gathered through interviews. 
When conducting an exploratory study, the use of interviews for primary data collection can 
provide important contextual information for the research (Saunders, Lewis and Thornhill, 
2016). Thus, the chosen data collection method is considered suitable for the explorative 
purpose of this study. The aim of the interviews was to obtain a wide, but also extensive, picture 
of the current BESS outlook in Sweden. Actors from different parts of the Swedish electricity 
market, as well as actors associated with battery manufacturing, provided different perspectives 
on the opportunities and barriers for deployment of BESS in Sweden. The interviews were also 
important for our own knowledge development in areas connected to the utilization of BESS in 
Sweden.  

The process of selecting whom to interview was continuous throughout the empirical study. 
However, the underlying strategy was to select interviewees from several different electricity 
market segments in order to get insights from various market perspectives. The selected actors 
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to interview were, for example, commercial actors such as electricity producers and battery 
manufacturers, grid owners (DSOs and the Swedish TSO) and other institutions and 
organizations, such as Ei and innovation associations. When deciding whom to interview from 
a specific organization or company, the personal knowledge, expertise and position were 
considered before contacting the possible interviewee. Moreover, one interview often led to 
another if the interviewee gave us further recommendations on people to interview.  

4.2.2.1 Interviews  
The interviews were conducted in a semi-structured way. This means that the interviews were 
not performed in a standardized way, and that the questioning could vary from interview to 
interview. Instead of having a predetermined and identical set of questions, several key 
questions were formulated (see appendix A for these questions). Depending on the interview 
and, for example, the organizational context, some questions were omitted and others were 
added. As the research has an exploratory purpose, this type of data collection provided 
important contextual material for the study (Saunders, Lewis and Thornhill, 2016). The semi-
structured interviews allowed the interviewees to develop and build on to their answers, which 
gave the opportunity to obtain a rich and detailed set of data.  

The questioning approach is important to consider to reduce bias in the answers and increase 
the reliability and validity in the obtained information (Saunders, Lewis and Thornhill, 2016). 
To avoid bias, open questions were used in the interviews. This type of questions encouraged 
the interviewees to give extensive and developed answers. The open questions were often 
followed by probed questions, with the aim to explore specific topics in more detail or seek 
explanations for the interviewees’ standpoints. To avoid misinterpretations between us and the 
interviewees, specific terminology used in the questions were defined in the beginning of the 
interviews to ensure an equal understanding of the concepts used.  

Preparation is the key to a successful interview (Saunders, Lewis and Thornhill, 2016). Two 
important factors of this are our level of knowledge and interview themes. To raise our 
knowledge about the research subject, we compiled the vast majority of the literature study 
before conducting the interviews. In this way, we had a good understanding of the subject when 
carrying out the interviews. When it comes to the preparation of interview themes, providing 
information to interviewees before the interview is an important part. We did this in two ways. 
Firstly, when asking the interviewee or organization for an interview, we explained our thesis 
research subject. Secondly, we formulated several key questions, which we sent to the 
interviewees before the time of the interview. 

Both face-to-face interviews and telephone interviews were conducted. One interview was in 
the form of a group interview, as more than one person from the organization participated in 
the interview, but primarily one-to-one interviews were performed. In the beginning of each 
interview, the question of audio-recording approval was asked. If the interviewee accepted 
audio-recording, the interview was recorded in addition to taking notes. According to 
Blomqvist and Hallin (2015), it is beneficial for one interviewer to focus on the interview itself 
and for the other interviewer to take notes, if there are two persons conducting an interview. 
Therefore, for each interview, one of us was appointed the primary interviewer and the other 
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the assistant interviewer. The primary interviewer was in charge of the interview, asking the 
questions and making sure that the interview was well-functioning. The assistant interviewer 
was responsible for taking notes and being an active listener. However, the primary interviewer 
could also take notes and the assistant interviewer could ask additional questions. 

4.2.3 Research Analysis 
The research analysis consists of two main parts. In the first part, the empirical data is analyzed. 
In the second part, the findings from the literature study and empirical analysis are used to 
analyze a potential business setup for BESS in Sweden.  

4.2.3.1 Analysis of Empirical Findings 
The analysis of the empirical findings was an ongoing and iterative process throughout the 
empirical study. The purpose was to clarify and organize the data, thus, forming a 
comprehensive and structured understanding of the findings. The analysis of the qualitative 
data gathered from the interviews can be divided into three main parts. Firstly, summarizing, 
structuring and categorizing each interview, secondly, compiling all the structured and 
categorized data, and thirdly, summarizing and highlight important additional takeaways from 
the empirical study.  

Summarizing, structuring and categorizing interviews 
After each interview, the notes taken during the session were reviewed thoroughly and 
expanded in order to develop a summary of the interview. The recorded audio was used as a 
complement if there was a need for further clarification. Thereafter, the interview was 
structured, and the findings were categorized. The process of structuring and categorizing was 
divided into two steps.  

The first (1) step was to structure the interview in terms of opportunities and barriers for 
implementing BESS in Sweden. This was done by picking out opportunities and barriers from 
the summary of the interview. In addition, the opportunities and barriers were categorized as 
either technological (T) or market (M) related. Some opportunities and barriers were labeled as 
both technological and market since they were considered to be related to both perspectives. 
Step 1 also included the process of picking out additional takeaways from each interview. These 
were used later in the analysis process when summarizing and concluding the results from the 
empirical study in the additional takeaways.  

The second (2) step was to categorize the opportunities and barriers based on our theoretical 
framework for categorizing and structuring. The categorization was performed based on the 
three levels of hierarchy; BESS level, power system level and contextual level. To categorize 
opportunities under the three analytical decision levels, we used questions to determine which 
level that was appropriate for the specific opportunity/barrier. These questions were; (i) “Is the 
opportunity or barrier directly connected to laws and regulations?” If the answer was “yes”, 
then this opportunity or barrier was considered to belong to the contextual level. (ii) “Is the 
opportunity or barrier directly connected to the BESS technology (technological functions and 
the BESS structure)?” If the answer was “yes”, then this opportunity or barrier was considered 
to belong to the BESS level. (iii) “Is the opportunity or barrier directly connected to the profit 
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for the BESS owner?” If the answer was “yes”, then this opportunity or barrier was considered 
to belong to the BESS level. If the answer was “no” to all of the questions, the opportunity or 
barrier was categorized in the power system level. The flow chart ruling the categorization is 
shown in figure 12. 

 

Figure 12: Flow chart of how to determine the hierarchical level of opportunities and barriers. 

The structuring and categorizing of the interviews was an iterative process. For example, 
several interviews were analyzed in the first step before continuing to the second step of 
structuring and categorizing. In this way the structuring and categorization became an iterative 
process where we went back to previously analyzed interviews to compare and adjust the 
analysis. This ensured that all the interviews were categorized and structured based on the same 
premises.  

Compiling all interviews 
When all of the interviews were structured and categorized according to our hierarchical level 
framework, the findings were compiled into one single table for the opportunities and one for 
the barriers. The process of compiling the findings included two steps. Firstly, all the 
categorized opportunities and barriers from the interviews were put together in one joint table. 
Secondly, the opportunities and barriers were reviewed. Opportunities and barriers that were 
identical, similar or implying the same idea were merged into one singular opportunity or 
barrier. Note that opportunities and barriers of the different levels in the tables are structured 
without mutual order.  

Summarizing and concluding the empirical study 
The final part of the empirical data analysis was to summarize important additional takeaways 
from the interviews. This was done by reviewing and comparing the notes from step 1 in the 
structuring and categorization process of the interviews. The notes were evaluated and 
considered in light of the position of the specific interviewee and what market actor he or she 
represented. The aim of the summary was to highlight takeaways from the interviews that we 
consider as important for the thesis, in addition to the identified opportunities and barriers.  
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4.2.3.2 Analysis of Business Setup 
The findings from the literature study and the analysis of the interviews were used to perform 
an analysis of a potential business setup for BESS in Sweden. The method used for this analysis 
was the 5W1H model. This model goes through the business setup in a structured and 
systematic way by answering the questions; What?, Why?, Who?, Where?, When? and How?. 
Why the 5W1H analysis method was chosen, is because it will give a comprehensive analysis 
of a possible business setup. In addition, the 5W1H model is simple, systematic and versatile. 
Below the method is described in more detail by explaining the purpose of each question.  

1. What? An overview of the business setup will be described in order to get an 
understanding of the basic components and actors. 

2. Why? The business setup will be motivated from different actors’ perspectives. For 
example, economic and technological perspectives will be examined.  

3. Who? The main actors included in a potential business setup will be examined, 
including their roles and potential benefits of the BESS. 

4. Where? The aspects regarding the location of potential BESS will be analyzed. 

5. When? The business case will be analyzed and examined from a time perspective. 

6. How? The functions and practical setup of the BESS business will be examined in 
more detail. This part of the analysis aims at describing, for example, what markets 
will be affected and how different actors will interact.  

4.3 Reliability and Validity 
To perform the study in a critical, systematic and impartial way is of importance to establish 
the quality of the thesis. Central to determine the quality of the research are reliability and 
validity. Reliability refers to replication and consistency of the study (Saunders, Lewis and 
Thornhill, 2016). For a study to be reliable, it should be possible to replicate the research design 
and achieve the same findings. Validity refers to the suitability and appropriateness of the 
measures used, as well as the accuracy and generalizability of the results and findings. In 
addition, validity is the extent to which a specific method measures what is of desire to measure, 
and that the result reflects the area of the research (Collins and Hussey, 2014). 

Reliability 
According to Saunders, Lewis and Thornhill (2016), semi-structured interviews are associated 
with concerns about reliability. This is because it is impossible to replicate interviews, and it 
can be difficult for others to reveal similar information from interviews. For example, the time 
aspect is a factor that affect the reliability. As the subject of research is constantly developing, 
responses will most likely vary depending of the time and date of the interview. Nevertheless, 
it is important to not forget the strengths and advantages of using semi-structured interviews as 
part of the methodology. 

Reliability is also connected to the issue of bias related to interviews (Saunders, Lewis and 
Thornhill, 2016). There are three types of bias arising for interviews that need to be taken into 
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consideration; interviewer bias, interviewee or response bias and participation bias. In order to 
overcome the three types of bias connected to the interviews, thus increase the reliability, 
preparation was of importance. This included to prepare questions and interview themes 
beforehand, as well as decide the setup for the interviews. In addition, it was essential to 
perform the interviews in a careful manner. To have a more informational conversation 
approach, rather than too many interviewer-led questions, is proposed by Saunders et al. (2016) 
to achieve a cultural contact and engage the interviewee to participate in the interview. As for 
the response bias, an important aspect to take into consideration is that many of the 
interviewees were representing competitive companies, and therefore might have been reluctant 
to share sensitive information. However, by conducting interviews with several actors in the 
electricity market, and compare the answers to each other and to the literature, the reliability 
will increase when compiling the findings. 

Lastly, to increase the possibility to replicate the interviews and strengthen the reliability, 
detailed documentation about the interviews was registered. This documentation includes the 
interviewee’s name, the name of the company or organization, the position of the interviewee, 
and the date, time, place, style and duration time of the interview. This information is provided 
in appendix B. 

Validity 
For qualitative studies the validity is generally high (Saunders, Lewis and Thornhill, 2016). For 
example, during the conducted interviews for this thesis, understanding can be ensured through 
direct questions, thus misunderstanding and misinterpretations can be avoided. Thereby, errors 
are reduced and accuracy is achieved. 

The researchers’ degree of access to the interviewees’ knowledge is connected to the validity 
(Saunders, Lewis and Thornhill, 2016). Although there may be bias associated with semi-
structured interviews, this method of data collection may enhance the validity when the scope 
is limited to a phenomena and search for deeper meanings. For this study, the validity has been 
ensured by thoroughly considering the interviewees’ knowledge in the area of investigation. 
This was done by, for example, examining the position and background of the interviewee. 
Also, interviewees that we got recommended from persons with insights in the electricity or 
energy sector were chosen at first hand. Anyhow, some bias in the interviews may still occur, 
which can lower the validity. Moreover, participant validation was done to assure the accuracy 
of the data collected from the interviews. The information collected from interviews was 
confirmed by the interviewees before using it in our work. In this way, validity was ensured.  
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5. Results 
In the following chapter the results of the empirical study and our analysis of a possible 
business setup for BESS in Sweden are presented. Firstly, an overview of the interviewees is 
provided. The empirical results are then presented in the form of tables of identified 
opportunities and barriers for BESS in Sweden. Thereafter, additional findings and discussions 
from the interviews are highlighted and described. Finally, the analysis of a potential BESS 
business setup in Sweden is presented.  

5.1 Empirical Findings 
During the spring of 2019, fourteen interviews were conducted to obtain a wide, but also 
extensive, picture of the current BESS outlook in Sweden. The interviewees represent a broad 
spectrum of actors engaged or interested in, or affected by, BESS. Table 6 provides a list of the 
interviewees (additional information regarding the interviews can be found in appendix B). 

Table 6: List of the interviewees. 

Name Position Organization / 
Company Market Actor 

Kristin Brunge 
Power System Analyst at the 

Division for Electricity 
Market Analysis 

Svenska kraftnät TSO 

Demijan Panic Lead Technical Engineer at 
Central Innovation 

E.ON 
Energidistribution 

DSO Stephan Stålered Senior Project Manager, 
Acquisition & Integration  Ellevio 

Yvonne Ruwaida Business Strategist Vattenfall 
Eldistribution 

Ilari Alaperä Business Development Manager, 
Fortum Spring Fortum 

Retail 
Magnus Berg R&D Portfolio Manager, 

Customer Products and Solutions Vattenfall 

Karin Alvehag; 
Karin Tvingsjö; 

 
Johan Carlsson 

Technical Analyst; 
Expert, Market Inspectorateand 

International Matters; 
Lawyer, Grid Regulations 

Energimarknads-
inspektionen Authority 

Anna Wolf Expert Energy Systems & 
Smart Grid Power Circle 

Innovation 
association Bo Normark Responsible for Smart Grids and 

Energy storage InnoEnergy 

Joachim Lindborg Chief Technology Officer, 
Systems Architect 

Sustainable 
Innovation 
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Lars Olsson Advisor and Consultant within 
Energy Systems Seniorit AB Consultant 

Peter Olofsson Technical Account Manager Northvolt Battery 
manufacturer 

Lennart Söder Professor in 
Electric Power Systems KTH 

Research 
Lina Bertling 

Tjernberg 
Professor in 

Power Grid Technology KTH 

 

5.1.1 Identified Opportunities and Barriers 
Based on the performed interviews, the opportunities and barriers expressed by the interviewees 
were withdrawn and compiled into two tables. One table (table 7) represents the identified 
opportunities based on the interviews, and the other table (table 8) represents the identified 
barriers based on the interviews. The tables are categorized according to the three levels of 
hierarchy (BESS level, power system level and contextual level). In addition, the T stands for 
a technological opportunity/barrier and the M stands for a market opportunity/barrier. It is 
important to remember that the empirical findings represent the interviewees’ perceived and/or 
experienced opportunities and barriers. However, the categorization is performed by us. 

Table 7: Identified opportunities for BESS in Sweden based on the interviews. 

System structure Opportunity 

Contextual level Non identified 

Power system level 

• Creates grid flexibility (T) 
• Fast compared to other energy storage solutions, e.g. with regard 

to demand-side-flexibility (T) 
• Transmission and distribution upgrade deferral (T) 
• Solve grid congestion and power shortage problems (T) (M) 
• Solve grid bottlenecks (T) 
• Fast and easy to build and install compared to transmission and 

distribution upgrade (T) 
• Grid support, e.g. power quality, voltage support and security of 

supply (T) 
• Balance of the power system on an hourly and daily basis (T) 
• Solve future balancing problems that e.g. hydro power cannot 

solve (T) 
• Renewable energy time-shift (T) 
• Storage of excess energy (T) 
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• Energy storage on a daily basis, e.g. in combination with solar 
power (T) 

• Load shift and load management (T) 
• Peak-shaving (T) 
• In combination with a power plant and/or other energy storage 

solutions in the electricity system, e.g. to optimize the power 
plant and provide fast frequency reserves (T) 

• Frequency regulation (T) 
• UPS (T) 

BESS level 

• Fast response time (T) 
• Suitable for combined applications (T) (M) 
• Frequency regulation (M) 
• Arbitrage (which is dependent on electricity spot prices) (M) 
• Peak-shaving (M) 
• Renewable energy time-shift (M) 
• In combination with renewable energy production, e.g. wind or 

solar power (T) (M) 
• In combination with a power plant to optimize the plant and 

provide fast frequency reserves (M) 
• Solving curtailment problems (M) 
• DSOs renting BESS from other actors owning BESS (T) (M)  
• Second life usage of EV batteries (T) (M) 
• EVs creates a market for stationary batteries (M) 
• Future battery manufacturing in Sweden will support the growth 

of BESS (M) 
• Scalability and flexibility (T) 
• Modularity facilitates fast installations compared to other 

solutions (T) 
• Portable system, not geographically locked (T) (M) 
• Mature technology (T) 
• Advanced software (T) 
• Multiple system designs (T) 
• Li-ion batteries are better compared to lead-acid batteries in 

terms of cycle life (T) 
 

Table 8: Identified barriers for BESS in Sweden based on the interviews. 

System structure Barrier 

Contextual level 
• Unclear regulations regarding ownership and operation, which 

creates uncertainties, e.g. it is unclear if DSOs can own and 
operate a BESS (M) 
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• Regulations hindering DSOs to own and operate BESS (M) 
• Lack of formal definition and classification of energy storage 

(M) 
• Limited access to the Swedish balancing markets (M) 
• Certain market designs are not optimal for BESS (M) 
• Lack of coordination between different markets (M) 
• Loose regulation regarding grid-tariffs, resulting in uncertainty 

and hinders the feasibility of e.g. spot arbitrage (M) 
• Uncertainties regarding electricity taxation (M) 
• Price signals not adapted for flexibility (M) 
• Short cycles (4 years) of regulations regarding ownership is a risk 

for the investment (M) 
• Uncertain safety regulations (M) 

Power system level 

• Knowledge gap (M) 
• Not suitable for weekly or seasonal energy storage (T) 
• Uncertainties for DSOs to buy BESS services from other actors, 

due to need of control (T) (M) 
• Power system not built for flexibility, including lack of 

supporting systems and routines for flexibility (T) 
• Handling of BESS and other flexibility resources in grid 

planning and operation (T) 
• Implementation of BESS will affect the system stability (T) 
• Lack of precise power demand forecasting (T) (M) 

BESS level 

• Expensive (M) 
• Knowledge gap (M) 
• Short life time compared to traditional power resources (T) 
• Risk of failures due to the complexity in the system (T) 
• Safety issues, e.g. thermal runaway (T) 
• Energy losses in the BESS (T) 
• Locked power-energy relationship (T) 
• Environmental challenges, e.g. recycling of batteries (T) 
• Risk of raw material shortage (T) 

 

5.1.2 Additional Takeaways 
The empirical study aimed to provide a broad perspective of insights and thoughts about BESS, 
and opportunities and barriers for a future deployment in Sweden. Based on the answers and 
discussions in the interviews, nine different themes have been identified and selected among 
the perceptions and experiences of the interviewees. In the following subsections, each theme 
will be further described. The purpose is to highlight points from the interviews that we consider 
as important takeaways for the thesis, in addition to the identified opportunities and barriers 
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outlined in the previous section. A note to be made, is that several interviewees shared the same 
view or expressed the same opinion, but everyone is not always referenced to in the text. 

The need for flexibility 
An important area of discussion in all the interviews was the need for more flexibility in the 
future Swedish electricity system, which will be based on renewable energy production. Several 
interviewees mentioned BESS as one of the flexibility recourses that will play important roles 
in the future. Karin Alvehag (Technical Analyst at Ei) highlighted the need for flexibility due 
to the political goal of 100 % renewable electricity production in 2040. She mentioned that 
energy storage is one of three flexibility sources, alongside flexible production and demand-
side flexibility. Kristin Brunge (Power System Analyst at Svenska kraftnät) also emphasized 
the need for more flexibility after the nuclear phase out in Sweden in 2040. However, she posed 
the question whether the Swedish hydro power will have enough capacity to meet this storage 
demand, and whether BESS would be a suitable solution or not. 

Because of the increased share of renewable energy production, a future challenge of frequency 
regulation was recognized by Bo Normark (energy storage expert at InnoEnergy). Problems 
will occur due to the loss of inertia in a power system based on renewable energy, and Normark 
mentioned the use of BESS as a way to handle these issues. Also, several other interviewees 
mentioned the future frequency challenges and that BESS is suitable in this aspect. Anna Wolf 
(energy system expert at Power Circle) pointed out BESS as a solution to the future flexibility 
challenges. She thinks BESS will be needed in the future, but the question is when. At the 
moment there is no need; however, after the phase out of nuclear power there will be a need for 
flexibility solutions such as BESS. 

To summarize, the time frame is an important factor to consider in the discussions of a possible 
BESS deployment in Sweden. It can be concluded that none of the interviewees see a need for 
BESS today. However, there is a common view that more flexibility, including BESS, will be 
needed after the nuclear phase out in Sweden. 

Time perspectives of energy storage  
Several of the interviewees discussed the suitability of BESS for energy and power applications. 
It was commonly agreed that BESS is well suited for power applications (e.g. for frequency 
regulation). However, the suitability for BESS with regard to energy storage applications was 
not always agreed upon. For example, Kristin Brunge (Power System Analyst at Svenska 
kraftnät) argued that a main future challenge of energy storage in Sweden will be weekly energy 
storage, due to the volatility caused by weather dependent wind power in the system. In this 
case she questioned the suitability of BESS as an energy storage solution.  

Several other interviewees mentioned that they do not believe in using BESS for energy storage 
in longer time periods. For example, Yvonne Ruwaida (Business Strategist at Vattenfall 
Eldistribution) highlighted that the need for energy storage in Sweden will be weather and 
seasonal dependent, thus, in the aspect of longer storage times, BESS will not be a suitable 
solution. Lars Olsson (advisor and consultant at Seniorit AB) also mentioned the need for 
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seasonal energy storage. He did not believe in BESS for this application, but rather other energy 
storage solutions such as thermal energy storage or power-to-gas. 

When considering the need for energy storage in shorter time periods, however, the possibility 
of using BESS for energy storage applications has been identified. For example, Peter Olofsson 
(Technical Account Manager at Northvolt) mentioned BESS as an opportunity to balance the 
energy generation on an hourly or daily basis, thus, supporting a power system based on 
renewable electricity production. 

Ownership of battery energy storage 
In light of the ongoing changes in the regulatory framework (The Clean Energy for all 
Europeans package), the discussions about ownership and operation of BESS was interesting 
and showed slightly different standpoints. The new initiative limits the DSOs possibilities to 
own and operate BESS, which was a common starting point in the discussions. However, 
several of the interviewees said that there will be a growing need for DSOs to handle grid 
limitations and capacity problems, and that BESS could be a possible solution for this. For 
example, Magnus Berg (R&D Portfolio Manager at Vattenfall), shared this view. However, he 
does not believe that the DSO always is the best owner and/or operator of a BESS, because in 
that case, the BESS would only be able to serve one system benefit (i.e. for local/regional grid 
operation). If a commercial actor owns and operates the BESS instead of a DSO, and the 
BESS is placed behind-the-meter instead of “in the grid”, several benefits can be utilized. Berg 
highlights the possibility of combining applications as a major advantage of BESS. Therefore, 
he believes that the DSOs instead often will buy grid services from other actors owning the 
BESS.  

Anna Wolf (energy system expert at Power circle) had a similar standpoint. She thought, based 
on the market conditions, that it will possible for third party market actors to own and operate 
BESS. Moreover, she argued that a BESS must be used for several applications in different 
markets to be economically feasible. The possibility of BESS ownership and operation by third 
party actors was also recognized by Lars Olsson (advisor and consultant at Seniorit AB), Peter 
Olofsson (Technical Account Manager at Northvolt) and Ilari Alaperä (Business Development 
Manager at Fortum). Examples of possible third party actors, mentioned by the interviewees, 
were data centers and car manufacturers.  

From a DSO perspective, BESS ownership by third party actors seemed like a solution that 
could be accepted. Stephan Stålered (Senior Project Manager at Ellevio) described a possible 
future where they, as a DSO, rented a BESS from other commercial actors. However, it should 
be mentioned that Ellevio would have liked to own and operate BESS themselves, but that the 
current regulations hinder this. Also, Demijan Panic (Lead Technical Engineer at E.ON 
Energidistribution) recognized that a third party actor could own and operate a BESS, as long 
as a DSO could benefit from the services provided by the BESS. The view of Vattenfall 
Eldistribution (DSO) was similar. Yvonne Ruwaida (Business Strategist at Vattenfall 
Eldistribution) mentioned that it is possible that third party actors will own BESS in the future. 
Ruwaida also saw the opportunities they could have got by owning BESS; however, she 
recognized the regulatory framework as a hinder for this.  
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The standpoint expressed by Bo Normark (energy storage expert at InnoEnergy) was, however, 
in contrast to the other perceptions. His view was that it would be peculiar if DSOs will not be 
allowed to build BESS instead of investing in grid expansions. Anyhow, he did recognize the 
regulatory framework as a hinder for the DSO ownership of BESS.  

System perspective 
The importance of power system understanding when discussing and implementing flexibility 
services was recognized by Yvonne Ruwaida (Business Strategist at Vattenfall Eldistribution). 
The power system is complex and can be difficult to understand, thus, she argued that there 
may be a lack of system understanding among, for example, third party actors compared to the 
valuable knowledge held by the TSO and DSOs. Therefore, Ruwaida expressed a concern 
regarding a possible future scenario where flexibility services are provided by actors other than 
grid owners. In addition, DSOs have high requirements of power quality, security and delivery. 
For that reason, it may be a risk for DSOs to buy services from other actors without the high 
level of insights and knowledge regarding the local, regional or national power systems.  

Another issue on the power system level was identified by Stephan Stålered (Senior Project 
Manager at Ellevio). He described how the grid stability will be affected due to a higher 
integration of flexible production and consumption, such as BESS, in the power grid. Thus, to 
control the grid stability and monitor power variations, Stålered recognizes an increased need 
for DSOs to expand and develop their grid surveillance.  

Grid services provided by battery energy storage 
A common point mentioned during the interviews was the opportunity to use BESS as a solution 
to power shortage problems and transmission and distribution upgrade deferral. For example, 
Magnus Berg (R&D Portfolio Manager at Vattenfall) argued that BESS can be a used by DSOs 
to handle grid limitations. Berg reasoned that there is also a need for grid expansions; however, 
these expansions take time and the time needed to plan for and install a BESS is much shorter. 
Therefore, the time perspective is of relevance. For a shorter time-frame it can be economically 
attractive for DSOs to get grid support by BESS instead of investing in grid expansions.  

Yvonne Ruwaida (Business Strategist at Vattenfall Eldistribution) also discussed the time 
perspective in relation to the possibility of using BESS instead of, or as a complement to, grid 
expansions. She argued that the issue is complex and the question about economic feasibility is 
dependent on what assumptions are made. For example, in a shorter time perspective BESS 
may be more economic advantageous, but, in a longer time perspective, grid expansions could 
be cheaper than using a BESS.  

In the interview with Stephan Stålered (Senior Project Manager at Ellevio), the future problem 
of power shortage in Stockholm was discussed. Stålered argued that there will be a need for 
solutions, such as BESS, to solve these problems. He also mentioned the time perspective, and 
he argued that grid expansions take too long time, and that faster solutions will be needed.  

Cost of battery energy storage systems 
Many of the interviewees experienced that high investment costs for BESS is a hindering factor 
for the deployment of BESS in Sweden, and several interviewees shared the opinion that the 
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expensive cost is the major barrier for BESS. In addition, many interviewees mentioned that 
prices have to go down before BESS will be profitable. For instance, Magnus Berg (R&D 
Portfolio Manager at Vattenfall) considered that the major barrier for BESS is that it is 
expensive, but that he also experiences a good price development and he believes that the price 
will go down further in the near future. 

Another interviewee who believes in decreasing costs was Peter Olofsson (Technical Account 
Manager at Northvolt). He also expressed that the price currently is a major barrier for BESS, 
but that as the price goes down, opportunities will grow. Olofsson is certain that BESS will 
break through and become more attractive on the market, and that the demand will increase in 
align with the price decline. Furthermore, Lina Bertling Tjernberg (professor at KTH) believes 
that BESS will be a large area in the future, and that the growth of Northvolt and their planned 
battery factory in Sweden will enable the growth of BESS. 

An interviewee with a slightly different belief in the future costs for BESS was Lars Olsson 
(advisor and consultant at Seniorit AB). Like Magnus Berg and Peter Olofsson, he defined 
expensive costs as the major barrier; however, he is somewhat negative about a future price 
drop and believes that it will take long time before such price drop takes place. In addition, he 
does not see how BESS prices can drop quickly enough for the technology to be profitable in 
the near future. Olsson also mentioned that previously estimated price drops has not yet 
occurred, which adds to his uncertainties and disbelieves. 

On the other hand, what Lars Olsson is positive about and believes in, is second life EV batteries 
and a second hand market for batteries. Olsson does not believe that a primary battery market 
for BESS will create profitability, and that a second hand battery market will rather dominate. 
If such second hand market gets going, then BESS will most certainly become profitable he 
said. Also, Lina Bertling Tjernberg mentioned the opportunity with second life EV batteries, 
and that it will contribute to a lower carbon footprint compared to new batteries. 

Price signals – arbitrage, future electricity prices and grid tariffs 
Arbitrage is a possible market for BESS, but requires large price fluctuations in order to create 
profitability. As the Nordics have a high share of hydro power, the price volatility in Sweden 
is low. This is a perspective that Lennart Söder (professor at KTH) mentioned in his interview, 
and he believes that arbitrage will not be a lucrative market in Sweden due to this. In addition, 
Ei does not see large changes in the electricity price in the future, and predicts that there will 
most likely be similar price fluctuations as of today. However, Kristin Brunge (Power System 
Analyst at Svenska kraftnät) mentioned that according to Svenska kraftnät’s scenarios for the 
future, created for 2040 when the nuclear power is phased out in Sweden, there will be larger 
price volatility, but that the volatility will most likely be between weeks and not between hours 
and days. Hence, arbitrage on a day-to-day market will not be affected.  

Instead of having electricity prices as a price signal, grid tariffs are a way of providing favorable 
price signals for BESS. According to Bo Normark (energy storage expert at InnoEnergy), grid 
tariffs can affect the prospect for BESS, and tariffs based on power are advantageous. For 
example, Ellevio is considering establishing power based tariffs in Stockholm. Stephan Stålered 
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(Senior Project Manager at Ellevio) said that the expectation is to provide price signals for 
flexibility and load management, and that it can be a solution to handle potential power 
shortage. Moreover, Ei has initiated a work to develop regulations, or rather guidelines, on how 
grid tariffs should be designed to promote efficient use of the electricity grid. A proposal they 
mentioned in the interview was dynamic tariffs (i.e. power based tariffs) that reflect the 
congestion in the grid. 

To sum up, some of the interviewees agreed that price signals have to develop in order for 
flexibility, and more specifically BESS, to be profitable. Yvonne Ruwaida (Business Strategist 
at Vattenfall Eldistribution) said that today’s electricity pricing and grid tariffs are not made for 
a flexibility market. The only price signal existing today is the electricity price, and it does not, 
for example, reflect congestions in the grid. Ruwaida stated that there is a need for price signals 
that values electricity quality and efficient use of the electricity grids. Also, Stephan Stålered 
mentioned that clearer price signals are a prerequisite for BESS. Besides price signals, they 
both talked about CoordiNet, which is an EU-project aiming at using todays power system more 
efficient. In the project, incentives for flexibility are studied as well as necessary coordination 
between different markets. Only when BESS can access different markets, and the coordination 
between the markets is effective, the benefits of flexibility can be achieved, Ruwaida said. 
Stålered also mentioned that CoordiNet is exploring appropriate market places for rental 
services from BESS, and that such market place could price the services form BESS. 

Scale of battery energy storage 
The delimitations of this thesis limit the study to stationary, large-scale and grid connected 
battery storage facilities. However, in some interviews, other scales of battery energy storage 
were mentioned. These discussions touched upon whether large-scale BESS is the optimal size, 
or if rather small- to middle-scale BESS is a favorable alternative. For example, Bo Normark 
(energy storage expert at InnoEnergy) believes in a mixture of small- and large-scale BESS. He 
does not see a considerable margin in having one large BESS in comparison with many small, 
decentralized and aggregated batteries. 

Joachim Lindborg (Chief Technology Officer at Sustainable Innovation) was somewhat 
skeptical to large-scale BESS, and he thinks that a community of small-scale batteries is more 
probable. For example, a community of property owners could jointly invest in, own and 
operate a BESS. However, a barrier for this, are the regulations hindering a community to create 
such system. He also said that rather than having one large BESS in, for instance, Stockholm, 
he believes it will more likely to have several middle-scale BESS. This means that, for example, 
Northern Stockholm will have one BESS and Southern Stockholm will have another BESS. 

Knowledge gap 
An existing knowledge gap about grid connected BESS was identified and experienced by some 
of the interviewees. Bo Normark (energy storage expert at InnoEnergy) expressed his concern 
about the low knowledge about batteries and grid connected BESS, and the areas of usage. For 
example, he said that Swedish grid owners are surprisingly uninformed about what BESS has 
been used for in other countries, and Normark is surprised that successful projects abroad are 
questioned, despite the positive outcomes from the projects. In addition, the knowledge is low 
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on how to use (i.e. charge and discharge) stationary batteries in order for them to last longer, 
due to a lack of knowledge concerning the battery life and how it is affected by the usage. 

Bo Normark recognizes a need for increased knowledge on the subject. The development of 
BESS has been rapid and the understanding has not kept up with the fast pace. Also, Peter 
Olofsson (Technical Account Manager at Northvolt) mentioned in his interview that there is a 
need for more understanding about batteries and the system as a whole. As a solution to 
diminish the knowledge gap, Bo Normark proposed that Sweden should look abroad, and lean 
from other countries who are ahead when it comes to integration of BESS in the power system. 
More projects and test pilots in Sweden are also suggestions on how to raise the knowledge. 

5.2 Battery Energy Storage Business Setup in Sweden 
In this section the results from our analysis of a possible business setup for BESS in the Swedish 
electricity market is presented. The analysis is performed by us, based on the literature study 
and the empirical findings, and follows the structure of answering the six questions; What?, 
Why?, Who?, Where?, When? and How?, regarding a future deployment of BESS in Sweden. 
This business setup is the case we believe will be the most likely on the Swedish electricity 
market. However, it should be noted that this setup is one out of several potential setups. 
Moreover, the outcome of the analysis will form the base for the discussion of preconditions 
for a possible BESS business case in Sweden.  

5.2.1 What 
A future deployment of BESS in Sweden could be designed as follows. A large-scale Li-ion 
BESS will be installed and connected to the local or regional electricity grid, at a location well 
motivated from the local or regional DSO’s perspective. The BESS will be owned and operated 
by a commercial actor, provide a wide range of services, and benefit several different electricity 
market actors. Services such as frequency regulation and grid stabilization will be traded on 
Swedish markets. Moreover, the BESS will serve as a flexibility recourse and enable a higher 
share of renewable energy production in the future Swedish electricity system.  

5.2.2 Why 
The transition towards a 100 % renewable electricity production is an important why for the 
implementation of grid-scale BESS in Sweden. BESS in the power grid will serve as flexibility 
recourses and support grid balancing and stabilization, thus, allowing an increased share of 
renewable energy production. Furthermore, the fast response time of BESS makes this energy 
storage solution suitable from a frequency regulation perspective. 

Several incentives for the different market actors can be identified in this BESS business setup. 
To begin with, there are potential economic incentives for the BESS owners. The operation of 
a BESS implies an opportunity to sell services such as frequency regulation and grid services 
in the markets. Moreover, there is, depending on the electricity prices and tariffs, a possibility 
of electricity trading and arbitrage. 
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It has been identified both in the literature study and empirical study that the DSOs could gain 
great benefits of an implementation of BESS in the Swedish electricity grid. These benefits 
regard both technological and economic perspectives. Firstly, an incentive for DSOs to use 
BESS grid services will be transmission and distribution upgrade deferral. Secondly, as the 
Swedish cities grow, along with the electrification of the society, BESS can be used by DSOs 
to avoid power shortage problems. Hence, there are both direct and indirect economic 
incentives for the DSOs to use BESS.  

5.2.3 Who 
In this potential business setup for BESS there will be a commercial actor owning and operating 
the BESS. This could be an electricity producer or power retailer, but probably more likely a 
third party actor. According to several of the interviewees in the empirical study, a setup where 
new (in the electricity market) actors, so called third party actors, own and operate BESS was 
what they saw for the future. The ownership by commercial actors will enable the use of BESS 
for several applications (i.e. both participating on commercial markets and using BESS for grid 
services). In addition to the owner of the BESS, who will gain economic profits, there are other 
main actors involved in the setup. The grid owners, TSO and DSOs, will benefit from the BESS 
because of the providence of grid services and frequency regulation. Moreover, the balance 
responsible parties will be affected when BESS are integrated in the electricity grid. The BESS 
operations could create deviations from the beforehand projections of electricity supply and 
demand, and the financial responsibility for these deviations lies on the balance responsible 
parties. 

5.2.4 Where 
A convenient placement of a BESS is dependent on, for example, local or regional grid 
bottlenecks, or the location of power shortage problems. According to the empirical study it 
can be concluded that grid owners express a desire to be involved in the decision regarding the 
location of a future potential BESS installation in their grid. This will be needed in order to 
utilize the BESS in an optimized way from a local or regional grid perspective. A solution for 
the business setup could therefore be that a DSO perform a procurement, which allows them to 
influence where the BESS owners place the BESS. Moreover, this procurement could include 
contracts for how, and when, the BESS needs to be available for grid services. 

Another aspect regarding the where in this business setup is the possibility of changing the 
location of a BESS during its lifetime. A BESS is a portable solution, which is often recognized 
as an opportunity. Therefore, it can be located where it is currently needed, and then be 
relocated as the need changes. In addition, it may be beneficial for the BESS owner to install 
the BESS in combination with other facilities, for example renewable energy production 
facilities. This has been shown to be a favorable solution in some of the existing markets 
projects described in the literature study.  

5.4.5 When 
There are several aspects affecting when this business setup for BESS could happen. The 
potential nuclear phase out in Sweden will be the major driver for an increased need for 
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flexibility and solutions such as BESS. Hence, one answer to the when is 2040, after the nuclear 
phase out. In addition to the increased need for flexibility, BESS may be needed earlier because 
of local grid problems, such as power shortage in cities. This could push the need for BESS 
sooner in time (i.e. before 2040). However, it can be concluded from the literature study and 
empirical findings that this business setup for BESS deployment in Sweden will not happen 
before the prices of batteries have decreased. Prices must drop to a sufficiently low level in 
order to create economic feasibility. Decreased battery prices are thus a precondition for a 
deployment of BESS in Sweden in this described setup.  

Second usage of EV batteries is considered as an alternative to primary batteries in BESS, and 
could be an alternative in the BESS business setup for Sweden. Therefore, the when could also 
be when there is a functioning market for second hand EV batteries in place. The use of second 
hand EV batteries will probably be a less costly alternative, which can enable a deployment of 
BESS sooner in time compared to BESS built on new batteries.  

5.2.6 How 
The how of this business setup for BESS will be described from the different perspectives of 
the actors involved. Beginning with the commercial BESS owner, this actor will invest in a grid 
connected BESS. Together with the DSO of the local or regional grid, the BESS owner will 
investigate and decide the location of the installation. The DSO may also have inputs on the 
energy capacity and power output requirements, which need to be taken into consideration.  

The BESS owner will then operate the BESS in an optimal way, from an economic and/or 
power system perspective. A precise load forecasting has been identified as an important factor 
to facilitate the planning and operation of the BESS. Thus, this may be a precondition for 
optimal operation. The planning of operation includes, for example, to decide when to provide 
a certain service. Services will be traded on the Swedish markets, for example frequency 
regulation on markets for frequency regulation and grid services on a market for grid services 
(such market is currently not in place, hence, this needs to be established for this chosen setup). 
Electricity may also be traded on the NordPool spot market. The need to use the BESS for 
several combined applications (i.e. services) to maximize the profits has been emphasized both 
in the literature study and empirical findings, hence, this setup is designed in order to enable 
this. 

From a DSO’s perspective, the location of a BESS in the local or reginal grid will be discussed 
with the potential BESS owner. In order to gain influence over the decision, the DSO could 
establish a long-term contract with the BESS owner. This contract could also include the 
capacity and power output needed to be available for grid services for the DSO, and at what 
times it should be available. A long-term contract could lower the investment risk for the BESS 
owner. Moreover, when the BESS is installed and in operation, the DSO will buy BESS grid 
services on the market when needed. The Swedish TSO, Svenska kraftnät, will purchase 
frequency regulation provided by the BESS on the Swedish markets for frequency reserves.  
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6. Discussion 
The discussion is separated into three main parts. In the first sections, the literature study and 
empirical findings are discussed. The discussion areas are perspectives believed to determine 
the possibilities of implementing BESS in Sweden. Following these sections, is a section 
discussing preconditions for BESS, which are identified from the business setup analysis and 
the findings from the empirical study. Finally, areas for future research are discussed. 

6.1 Discussion of Literature Study and Empirical Findings 
The following discussion is based on findings form the literature study and conducted 
interviews. Four discussion headings are chosen, based on identified critical areas that we 
believe will determine whether implementation of BESS in the Swedish electricity market 
could be a possible alternative. 

6.1.1 Battery Energy Storage for Grid Flexibility 
Highlighted in both the literature study and empirical findings is the ongoing energy transition. 
To handle the transition, there is an emphasized need for grid flexibility. As of today, the need 
is not critical, but it is a matter of time before it will be. Within 10-20 years, flexibility is most 
likely going to be a considerable issue, which needs to be handled. By the time of a potential 
nuclear phase out in Sweden, there will be major instabilities in the electricity grid if solutions 
are not in place. Therefore, keys to grid flexibility need to be evaluated and planned for well in 
advance, and solutions are needed within the near future. 

BESS is one solution to the flexibility problem. It is a promising flexibility resource, which was 
mentioned by several interviewees, and it could play an important role in the future. Even 
though we recognize great potential for BESS, we do not see BESS as the solution, but rather 
as a possible part of the solution. As we see it, there is not one innovation or one technology 
that is going the solve the flexibility need. There are many solutions to the problem, and when 
they come together to create a comprehensive solution, then increased grid flexibility can be 
achieved. However, to use of BESS for grid flexibility also requires evaluation in relation to 
other storage technologies, for example in regard to cost aspects and technological suitability 
and matureness. Moreover, the market saturation needs to be considered. There will be several 
different flexibility solutions available, and at some point, the market will be saturated as more 
flexibility is added to the grid. This could decrease the needs to use BESS for grid flexibility.  

6.1.2 Ongoing Changes in the Regulatory Framework 
Today, we are in the middle of regulatory adjustments, which will change the electricity market 
as we know it today. There are new laws and regulations coming into force, with the aim to 
create a sustainable and cost efficient use of electricity. This enable the implementation of new 
solutions (such as BESS) on the market. However, we see that regulatory and market 
perspectives are lagging the technological development of new solutions. This is 
understandable as technologies constantly are developing and it is hard to predict which 
technologies will break through. Nevertheless, we believe improvement in knowledge 
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transferring could raise the understanding of which laws and regulations are needed, and thus 
create faster enforcements of new regulatory frameworks. 

The ongoing changes in the regulatory framework on both EU and Swedish level will affect the 
prospects for BESS on the Swedish electricity market in several ways. This includes, but is not 
limited to, the definition of energy storage, ownership of energy storage, markets for energy 
storage, and taxes and tariffs affecting energy storage. A clearer definition of energy storage 
will hopefully solve some unclarities, especially unclarities regarding whether energy storage 
is seen as generation, production or both, and thereby make it clearer which laws and 
regulations are applicable on energy storage. Furthermore, defining who is allowed to own and 
operate an energy storage will clarify the ownership question. A clearer regulatory framework 
can create incentives to invest in BESS, as some risks connected to these unclarities disappear. 

Markets for BESS are currently under development. For example, the Swedish markets for 
frequency reserves is under adjustments, which we see as an enabler for the frequency 
regulation application of BESS. Also, access to the frequency market enables economic 
incentives for BESS owners. There are several projects with the purpose of looking at potential 
markets for BESS. For example, the CoordiNet project studies necessary coordination between 
different markets as well as incentives for flexibility. When BESS can access different markets 
and the coordination between the markets is efficient, the benefits of using BESS for grid 
flexibility can be achieved. 

When it comes to taxes and tariffs, there are also changes going on, which could be drivers for 
the deployment of BESS in Sweden. The new amendment in the Swedish Energy Taxation Act 
removes the previous issue of double taxation when using a BESS for electricity trading. 
Moreover, several Swedish grid owners are considering power based tariffs. Such tariffs would 
be favorable for demand side flexibility and BESS. Power based tariffs are also a prerequisite 
to create a price signal for flexibility, because there are no other price signals today since 
electricity prices are not sufficiently volatile.  

6.1.3 Ownership and Operation of Battery Energy Storage Systems 
With the changes in the regulatory framework in place, we see an opportunity with new actors 
on the market. These new market actors could enable changes and renewal of the electricity 
market. The electricity system in Sweden is a well working system today; however, changes 
are required to handle the energy transition. In these changes we see new solutions playing 
important roles. This is where we see the opportunity of new actors, being innovative and 
thinking outside the box compared to the traditional electricity market players, as a driver of 
these new solutions and the required changes. 

In our business setup, we assume that the BESS owner will be a commercial actor. The 
motivation behind this choice is foremost the regulations hindering DSOs from owning and 
operating a BESS. But part of the motivation is also that this setup will enable utilization of the 
BESS for combined applications, and it will therefore be useful in multiple parts of the power 
system. Even though a commercial actor owns and operates the BESS, we see the importance 
of DSOs’ participation in the implementation phase. This is because of their knowledge about 
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the grid, and their insight regarding the most suitable location of a BESS from a grid operational 
perspective. In addition, this setup is supported by the interviews conducted with DSOs. 

6.1.4 Cost Aspects of Battery Energy Storage Systems 
An important factor, affecting the possibilities of implementing BESS on the Swedish 
electricity market, is the cost of BESS. We consider the cost aspect as vital for the likelihood 
of deploying BESS in Sweden. Simply put, if the solution is not cost efficient or economically 
attractive, there will be no business case at all. At the moment, prices are high for BESS and it 
is expensive to invest in. Prices have to decrease in order for the investment to be feasible. At 
the same time, it is difficult to predict when (or if) a price drop will occur. Therefore, it is hard 
to predict when (or if) BESS will be feasible in the Swedish electricity market. In addition, 
there are risks associated with investments in BESS, and there are no guarantees of profitability. 
For example, accurate forecasts of future electricity prices are hard to determine, and tariffs and 
regulatory frameworks can change in undesirable ways. 

A likely market for batteries in BESS is the second hand market, which we believe could drive 
the market for BESS and make it more feasible. The usage of second life EV batteries could be 
a cost efficient and sustainable alternative to newly manufactured batteries.  In addition, by 
establishing a second hand EV battery market, the cost for a BESS could decrease to a 
reasonable level. This is due to the lower cost of used batteries compared to newly produced 
batteries. However, such market is not yet established. As the EV market has grown rapidly 
over the past years, used batteries are just becoming available to create such market. Because 
of this, we assume that that a second hand market for batteries is on its way, and that it will 
have a positive impact on the prospects for BESS.   

6.2 Preconditions for Battery Energy Storage in Sweden 
Based on our business setup analysis, and the findings from the empirical study, we have 
identified several preconditions for BESS to be feasible in Sweden. Firstly, the most crucial 
precondition is that the cost of BESS must drop to a sufficiently low level. As mentioned 
previously, without a price drop there is no business case with BESS. However, we do not see 
this precondition as impossible to reach within the timeframe of 20 years (i.e. before a nuclear 
phase out in Sweden). As the statistics show, battery costs are continuously declining, in 
addition, we see great potential with second usage of EV batteries in BESS. 

Secondly, in order to deploy new innovations, such as BESS, to the electricity market, there 
has to be an acceptance from the existing market actors. Grid owners on all levels (local, 
regional and national) need to accept and comply with the implementation and use of BESS in 
their grids, otherwise the system benefits of BESS cannot be realized. Moreover, acceptance is 
needed from other actors, such as regulative entities, to establish a compliant regulative 
framework. Our analysis is that the precondition of BESS acceptance is linked to the need for 
knowledge transferring. From the empirical study we have concluded that there is a BESS 
knowledge gap that needs to be filled. And, we believe that when the knowledge about BESS 
and its possibilities in the power system increases, then an acceptance of deployment could be 
reached. 
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Finally, we have identified several market preconditions for the BESS business setup. In order 
to create a trading platform for BESS grid services, a market place of that kind needs to be 
established. However, we do not see this market place being established and mature in the 
upcoming years. Therefore, the trading of grid services between the BESS owner and the DSO 
will probably have to be handled through other solutions, for example, direct contracts or 
procurements. Also, the coordination between markets have been pointed out as an important 
factor for a successful BESS deployment. We see CoordiNet as an important and promising 
project regarding this aspect. Another precondition we have identified to enable an optimal 
operation and planning of BESS is to introduce an accurate electricity load forecast. This 
precondition was pointed out during the interviews. A predictive load forecast would facilitate 
an optimized planning of BESS usage for different applications.  

An important note to be made is that our proposed business setup for BESS in Sweden is one 
out of several potential business setups. There might be other business setups that are better or 
more suitable, and we consider that the optimal setup should be prioritized in this case. 
Moreover, there might be solutions other than BESS, which could provide the same services 
and be better and more cost efficient. In such case, these solutions should be chosen at first 
hand. 

6.3 Future Research 
After writing this thesis, we see some areas for future research. Due to the limitations and 
delimitations of the study, there are areas linked to grid connected BESS that we have not 
considered in this thesis, for example, the aspects of recycling and re-usage of batteries. Other 
examples of subjects for future studies include: 

• Perform an up to date cost-benefit analysis of installing a BESS in the electricity grid. 
This includes taking new prices, and possible applications and owners into account. By 
doing this, the profitability of BESS can be examined, and the results can be used to, 
for example, motivate a future potential business model. 

• Identify possible business models. This builds on to our business setup. However, by 
comparing multiple possible business models, more detailed information about which 
model is most suitable can be provided. In addition, new, settled, laws originated for the 
Clean Energy for all European package can be taken into account. 

• Examine how a potential second hand market for EV batteries could function, and 
explore how these batteries could be used for stationary BESS. 

• Perform a comparison of different storage methods in a Swedish market context. Thus, 
investigating which storage method is the most suitable for Sweden. 
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7. Conclusions 
In the conclusion, the two research questions of the thesis will be answered. In addition, some 
concluding remarks will be made to sum up the thesis. 

7.1 Answers to research questions 
The objective of the research was to contribute with insights about how grid-scale BESS can 
be integrated in the Swedish electricity system, and to understand prospects of grid-scale BESS 
in Sweden. To achieve the purposes of the thesis, two main research questions were formulated, 
which will now be answered.  

1. What are the technological and market opportunities and barriers for grid-scale BESS 
in Sweden? 

2. Under which preconditions will BESS be attractive in the Swedish electricity market? 

7.1.1 Research question 1 
The identified technological and market opportunities and barriers in table 7 and 8, section 5.1.1 
Identified Opportunities and Barriers, provide an extensive answer to the first research 
question. The opportunities and barriers presented in the tables are based on the findings from 
the conducted interviews. However, the opportunities and barriers are analyzed with support in 
the literature study.  

To summarize, there are many technical opportunities on the power system level, which 
indicate that possible BESS applications are beneficial from a power system perspective. There 
are also business opportunities in owning a BESS, due to the possibilities of, for example, 
trading services and electricity on the corresponding markets. A major opportunity is to use the 
BESS for combined applications, which can optimize the economic incentives for the BESS 
owner, as well as optimize the electricity grid benefits from the BESS. 

A main market barrier for the deployment of BESS in Sweden is the BESS cost, since it is a 
limiting factor for the economic profitability. The other identified barriers are mostly connected 
to the contextual level. Several previous regulative barriers have now been clarified due to the 
ongoing changes in the regulatory framework, nevertheless, there are still barriers on the 
contextual level remaining. Finally, we have identified a BESS knowledge gap, which could be 
hindering the development and implementation of grid-scale BESS in Sweden. 
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7.1.2 Research question 2 
One reason for constructing an analysis of a possible business setup for BESS in Sweden was 
to identify preconditions for BESS to be attractive and profitable on the Swedish electricity 
market. In other words, the business setup analysis is one part of the thesis that provides answers 
to the second research question. The identified preconditions are presented more thoroughly in 
section 6.2 Preconditions for Battery Energy Storage in Sweden, and include, but are not limited 
to: 

• Decreased costs of BESS 
• Acceptance from market actors (such as grid owners and regulatory entities) 
• Increased knowledge (about BESS and its usage areas in the power system) 
• Trading platform for grid services provided by a BESS 
• Coordination between markets (that BESS can participate on) 
• Electricity load forecasts 

Concluded from the study is that the primary precondition for the feasibility of BESS on the 
Swedish market is the price, and that a price drop is necessary for BESS to be more attractive. 

7.2 Concluding Remarks 
To conclude, we identify BESS as a promising solution to the approaching flexibility issue and 
the increased need for flexibility in the grid. We see a most likely future business setup where 
commercial actors own and operate BESS. However, without the support and acceptance from 
grid owners in the implementation phase, BESS will not be as profitable, or provide as many 
functionalities in the system, as it could. Finally, we would like to emphasize that there exist 
several other possible solutions to achieve grid flexibility, and to achieve an optimal and 
effective future electricity grid many solutions may be combined. 
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Appendix 

Appendix A: Interview questionnaire 
Battery energy storage – General  

1. What role does battery energy storage play in your company’s/organization’s 
strategies and considerations? 

a. What reasoning underpins your company’s/organization’s view? 
b. What activities (R&D, testing, pilot project, etc.) related to battery storage 

initiatives are your company/organization engaged in (today or planned in the 
near future)? 

c. What visions for the future for battery energy storage does your 
company/organization have? 

2. What future do you see for battery energy storage in Sweden? (Near future 0-10 years, 
before 2030 / long-term perspective 10-30 years, after 2030) 

a. How could it be integrated in the electricity market?  
b. What functions do you see battery energy storage can fill in the electricity 

grid? 
c. Whom (what actor on the market) do you see owning and/or operating battery 

energy storage?  

Battery energy storage – Opportunities and barriers 
Technological = Aspects regarding lithium-ion batteries and battery energy storage systems, 
and the connection to the electricity grid. 
Market = The electricity market, and laws and regulations in Sweden and EU. 

3. What technological advantages/opportunities can you identify for battery energy 
storage?  

4. What technological drawbacks/barriers can you identify for battery energy storage?  
5. What market opportunities can you identify for battery energy storage?  
6. What market barriers can you identify for battery energy storage?  
7. Which is the major opportunity and major barrier with battery energy storage, 

according to you?  
8. What changes do you think are needed to make battery energy storage 

interesting/economic attractive?  

Final thoughts and comments  
9. Is there anything else you would like to add?  
10. Are there any other actors on the Swedish electricity market you think we should 

contact and talk to in regard to this subject?  
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Appendix B: Interviews 
Table 9 provides detailed documentation about the interviews. Thereafter, a short description 
about each interviewee is given to strengthen the relevance of the interview for the empirical 
study. 

Table 9: Extended information about the interviews. 

Name Position Organization / 
Company 

Date and 
time Place Style Duration 

time 

Kristin Brunge 
Power System Analyst at 

the Division for Electricity 
Market Analysis 

Svenska kraftnät 2019-03-11 
9.00-9.25 

Svenska 
kraftnät's office 
(Sturegatan 1, 
Sundbyberg) 

Face-to-
face 25 min 

Demijan Panic Lead Technical Engineer 
at Central Innovation 

E.ON Energi-
distribution 

2019-04-12 
13.00-13.15  Telephone 15 min 

Stephan Stålered Senior Project Manager, 
Acquisition & Integration  Ellevio 2019-04-04 

12.30-13.10 

Ellevio's office 
(Valhallavägen 

203, Stockholm) 

Face-to-
face 40 min 

Yvonne Ruwaida Business Strategist Vattenfall 
Eldistribution 

2019-04-01 
13.00-14.00 

Vattenfall's office 
(Evenemangs-

gatan 13, Solna) 

Face-to-
face 60 min 

Ilari Alaperä Business Development 
Manager, Fortum Spring Fortum 2019-03-21 

13.00-13.15  Skype 15 min 

Magnus Berg 
R&D Portfolio Manager, 

Customer Products 
and Solutions 

Vattenfall 2019-03-04 
10.00-11.00 

Vattenfall's office 
(Evenemangs-

gatan 13, Solna) 

Face-to-
face 60 min 

Karin Alvehag; 
Karin Tvingsjö; 

 
 

Johan Carlsson 

Technical Analyst; 
Expert, Market 

Inspectorate and 
International Matters; 

Lawyer, Grid Regulations 

Energimarknads-
inspektionen 

2019-03-18 
13.00-13.50 

Energimarknads-
inspektionen's 

office 
(Drottninggatan 
26, Stockholm) 

Face-to-
face 50 min 

Anna Wolf Expert Energy Systems & 
Smart Grid Power Circle 2019-03-08 

11.45-12.10  Telephone 25 min 

Bo Normark Responsible for Smart 
Grids and Energy storage InnoEnergy 2019-03-19 

10.30-11.05  Telephone 35 min 

Joachim 
Lindborg 

Chief Technology Officer, 
Systems Architect 

Sustainable 
Innovation 

2019-04-05 
9.30-10.00  Telephone 30 min 

Lars Olsson Advisor and Consultant 
within Energy Systems Seniorit AB 2019-03-14 

10.30-10.55  Telephone 25 min 

Peter Olofsson Technical Account 
Manager Northvolt 2019-03-11 

17.00-17.30 

Northvolt's office 
(Gamla Brogatan 
26, Stockholm) 

Face-to-
face 30 min 

Lennart Söder Professor in 
Electric Power Systems KTH 2019-03-08 

9.00-9.45 

Lennart's office 
at KTH 

(Teknikringen 33, 
Stockholm) 

Face-to-
face 45 min 

Lina Bertling 
Tjernberg 

Professor in 
Power Grid Technology KTH 2019-03-11 

15.15-16.00 

Lina’s office at 
KTH 

(Teknikringen 33, 
Stockholm) 

Face-to-
face 45 min 
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Kristin Brunge, Svenska kraftnät 
Kristin Brunge works at the division for electricity market analysis at Svenska kraftnät. The 
department develops market analyses, based on short- and long-term scenarios, for the Swedish, 
and Nordic, electricity system. Through the market analyses, Svenska kraftnät wants to 
contribute to increased knowledge of future challenges, and what measures may be needed to 
meet these challenges. 

Demijan Panic, E.ON Energidistribution 
Demijan Panic works at the department of central innovation at E.ON Energidistribution. At 
the department, they are, for example, looking at solutions such as energy storage to handle 
grid problems. Panic is also the project manager responsible for batteries in a pilot project in 
Simris (a village in Skåne, Sweden), where a decentralized local energy system (i.e. microgrid) 
is established. The aim of the project is to explore how to utilize local renewable energy sources 
and use energy in a smarter way. In this project, a grid connected (1 MW, 333 kWh) Li-ion 
BESS is used. 

Stephan Stålered, Ellevio 
Stephan Stålered has 27 years of experience in the energy industry. He is currently responsible 
for the future electricity grid program, which is a program that, for example, looks into how to 
use and manage battery energy storage. Ellevio has several projects connected to battery energy 
storage. For instance, the company is currently working on a pilot project within business 
development. 

Yvonne Ruwaida, Vattenfall Eldistribution  
Yvonne Ruwaida is involved in Vattenfall Eldistribution’s work regarding the capacity shortage 
in Uppsala. In this project, energy storage is included as a small part. Ruwaida is also a project 
manager for the Horizon 2020 project. Vattenfall has several different projects related to energy 
storage. The projects are, for example, residential energy storage for customer optimization of 
electricity use, energy storage for electricity quality and energy storage as a solution in a pilot 
project in Gotland. 

Ilari Alaperä, Fortum 
As a manager at Fortum Spring, Ilari Alaperä works with demand response business 
development and cases related to battery energy storage. Fortum has battery storage as a focus 
area, and they have initiated a few projects related to batteries. Examples of the company’s 
battery projects are the “Batcave” projects in Finland and Sweden. 

Magnus Berg, Vattenfall 
Magnus Berg has worked 14 years at Vattenfall, and is currently at a position where he works 
in between technical development and business development. Berg is involved in battery related 
projects, mostly towards the Swedish market and behind-the-meter. Vattenfall has several 
projects related to battery energy storage. For example, in the UK, Netherlands and Germany 
Vattenfall has built large-scale BESS for commercial applications. In Sweden there are 
discussions regarding where to build a grid connected BESS. 
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Karin Alvehag, Karin Tvingsjö & Johan Carlsson, Energimarknadsinspektionen 
Ei monitors and develops the rules for the electricity market, as well as secures an effective 
energy distribution and energy trading in the society. They supervise compliance with laws and 
regulations in the energy markets and suggest changes to laws or other measures when 
necessary. Currently, Ei is working on the Swedish Government’s assignment, to analyze and 
propose how Sweden should adapt to the revised directives in the new electricity market design 
initiative (in the Clean Energy for All Europeans package). Also, Ei has initiated a project about 
grid tariffs to create guidelines for an efficient use of the electricity grid. Karin Alvehag and 
Karin Tvingsjö are both involved in the regulatory changes connected to the Clean Energy for 
All Europeans package, and Tvingsjö is the project manager for the grid tariffs project. As a 
legal adviser, Johan Carlsson has knowledge about laws and regulations connected to energy 
storage. 

Anna Wolf, Power Circle 
Anna Wolf is a project manager and is an expert in the area of energy system and smart grid. 
Wolf was involved in Power Circle previous project, “Energilager i energisystemet” (eng. 
“Energy storage in the energy system”), in 2014, where battery energy storage was considered 
in the power system. She is currently the project manager for Power Circle’s ongoing project 
“Lokal energilagring eller traditionella nätförstärkningar?” (eng. “Local energy storage or 
traditional grid reinforcements?”). 

Bo Normark, InnoEnergy 
Bo Normark has a long experience in the energy industry. For example, he has worked with 
power transmission technologies for over 40 years at ABB, and he has also worked at Power 
Circle. Normark is currently responsible for smart grid and energy storage at InnoEnergy. 
InnoEnergy is involved in projects regarding battery energy storage. For example, InnoEnergy 
runs Battery Alliance, launched by the European Commission with more than 250 member 
companies and organizations.  

Joachim Lindborg, Sustainable Innovation 
Sustainable innovation runs development projects for an energy and resource-efficient society, 
with a focus on mobility, housing, and smart systems. The company has projects related to 
small-scale energy storage and other flexibility solutions such as distributed heat pumps. In 
several of these projects, Joachim Lindborg is the project manager. 

Lars Olsson, Seniorit AB 
Lars Olsson has an extensive experience of the energy industry, for example, he is the former 
CEO of Falbygden Energi, Göteborg Energi Nät AB and Karlstads Elnät AB. He has in the last 
four years back run his own company, Seniorit AB, that offers advice and consultation within 
the energy industry with a focus on smart energy systems. Olssson ran a project about energy 
storage in 2010, where they built an energy storage in Falköping. He is currently participating 
in two battery energy storage projects within the Adaptive Control of Energy Storage 
(ACES) project. 



 
 
 

77 

Peter Olofsson, Northvolt 
As the technical account manager within the business development team, Peter Olofsson sells 
Northvolt’s battery racks and gives technical support within different market segments. He 
meets potential business partners and customers, and internally develops products (together 
with Northvolt’s battery systems team) that could suit the customers in the future. Olofsson has 
a background in power systems and as a system design engineerer. 

Lennart Söder, KTH 
Lennart Söder has been a professor in electric power systems at KTH since 1999, and is engaged 
in research and education within this field. For example, he has participated in several national 
studies on subjects such as power system stability, smart grid and the impact of wind and solar 
energy.  

Lina Bertling Tjernberg, KTH 
Lina Bertling Tjernberg is a professor in power grid technology at KTH and is also the director 
of the energy platform at KTH. Her research interests include future technologies (e.g. battery 
storage), designs and operation of the power grid, and the electrification of transportations. In 
addition to her lecturing and researching at KTH, Bertling Tjernberg is an advisor and expert 
in various professional organizations, such as a member of the advisory council of Ei, and she 
is also a distinguished lecturer of IEEE Power & Energy Society. 
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