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Abstract

Battery energy storage systems in Sweden

Agnes Anderson

The renewable energy sources increase the volatility on the 
electricity market. To manage the quick variations battery energy 
storage systems (BESS), together with other storing solutions, will 
be required in the future. Depending on which level in the grid the 
battery is placed, it can serve different purposes. In this report a 
market analysis is conducted, which examine the performance of 
battery storages installed in Sweden. Further on, a simulation, with 
PV-panels and a battery, was performed at Behrn Arena in Örebro. 
 
From the market analysis it was shown that the majority of the 
respondents had used, or will use, their battery for peak shaving. 
This function is particularly meaningful for customers with a power 
tariff, which is the case for Behrn Arena. The simulated system 
decreased their yearly cost due to the power tariff with 70 000 SEK 
and the total electricity bill decreased with 155 000 SEK. 

For the batteries to be more profitable in the future, the battery 
price needs to decrease or the number of revenue streams need to 
increase. One revenue with great potential is frequency regulation, 
which has proven its efficiency in other countries. 
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Populärvetenskaplig sammanfattning 

När andelen förnyelsebar generering av elektricitet ökar fås en mer volatil elmarknad, 

på grund av snabba och oförutsedda produktionsförändringar. De förnyelsebara 

energikällorna kan skapa produktionstoppar, som nödvändigtvis inte matchar mot 

konsumtionstoppar. För att reglera det över- eller underskott som skapas krävs fler 

energilager i nätet eller i anslutning till kund. En av få lagringstekniker som kan hantera 

snabba effektförändringar är batterilager.  

Beroende på vilken nivå i nätet som batteriet placeras kan det tjäna olika syften. Sju 

olika funktioner som ett batteri kan användas till är; kapacitetsstabilisering, 

frekvensreglering, spänningsstöd, senareläggning av nätinvesteringar, lastreglering mot 

elpris, effektkapning och ökad självkonsumtion. Ju fler av dessa funktioner som 

batteriet kan täcka, desto mer lönsamt blir det.  

Med intervjuer som metod har batterilager på den svenska marknaden undersökts och 

kartlagts. Det genomfördes tio stycken intervjuer med representanter från olika företag, 

men som alla har investerat i ett batteri. Under intervjuerna diskuterades sex stycken 

områden, vilka var; om de har någon egen generering av elektricitet, vad som 

motiverade deras investering, vilket syfte batteriet har, vilken typ av batteri de investerat 

i, hur batteriet presterat samt vem de anlitat som leverantör och om de ser någon 

lönsamhet i investeringen.  

Vidare har en fallstudie genomförts på Behrn Arena i Örebro, där förutsättningarna för 

ett system med egen energigenerering och ett batteri undersökts. Denna anläggning 

valdes tack vare dess höga effektuttag i samband med match. Örebroporten, som är 

ägare till arenan, betalar mot en effekttaxa, vilken baseras på det högsta effektuttaget 

varje månad. Det ansågs därför vara intressant att undersöka vilken påverkan ett batteri 

skulle ha på systemet. För att erhålla ett resultat användes simuleringsprogrammet 

SAM, där systemets egenskaper specificerades och en urladdningsmodell för batteriet 

valdes. Batteriet valdes att styras mot effektkapning, då bas-lasten för anläggningen är 

för hög för att kunna dimensionera batteriet mot.  

Från intervjuerna erhölls ett resultat som visade att alla respondenter var nöjda med hur 

batteriet presterat och att de förväntningar som de haft uppfyllts. Trots detta ansåg 

samtliga att investeringen i dagsläget är för dyr, vilket lett till att ingen kunnat räkna på 

någon rimlig återbetalningstid. Vad som motiverat en investering varierade från fall till 

fall. Detsamma gällde vilka funktioner som respondenterna använt batteriet till. 

Majoriteten av de tillfrågade hade använt batteriet för att öka användningen från deras 

egen elektricitetsgenerering samt för att kapa effekttoppar. Andra funktioner som 

testats, eller ska testas, av ett par respondenter är frekvensreglering samt laststyrning 

mot elpris.  

Från simuleringen erhölls ett resultat som visade att det installerade systemet, med 

solceller á 123,3 kW och ett batterilager á 400 kWh, kunde kapa effekttoppar. 



 
 

Kostnaden för detta system var 14 kr/W för solcellerna och 450 $/kWh. Översatt till ett 

ekonomiskt resultat gav det en årlig besparing på 155 000 kr, där ungefär hälften 

motsvarades av det minskade effektuttaget. Även den konsumerade energin från nätet 

kunde minskas med det simulerade systemet.  

Slutsatser som kunde dras från marknadsanalysen och simuleringen är att batteripriserna 

måste bli lägre för att det ska bli lönsamt med en investering. Alternativ måste det ske 

förändring på marknaden, där fler intäktsströmmar måste skapas. För att det ska ske 

krävs en utveckling av batteriernas kontrollsystem, då de på egen hand ska kunna känna 

av marknaden och anpassa styrningen efter vad som för tillfället ger bäst avkastning. 

Vidare krävs att batteriägarna börjar få ersättning för att de kan tillhandahålla 

samhällsviktiga tjänster. En sådan tjänst skulle kunna vara frekvensreglering, om – eller 

när – batteriinnehavare tillåts offerera på balansmarknaden. För att kunna offerera måste 

innehavaren till batteriet veta i förväg hur mycket effekt och under vilka tider som lagret 

kan bistå. Detta skulle vara rimligt för ett batteri installerat på en arena, eftersom de 

toppar som primärt ska kapas inträffar på i schemalagda tider.    



 
 

Executive summary  

Batteries are needed on different levels in the grid to manage the volatile energy 

production from the renewable sources. There are several different market segments 

which have discovered the potential with batteries and invested in a storage system. The 

investors have been satisfied with the battery’s technical performance, but customers 

request lower price to decrease the payback time.  

The payback time for a battery might be shortened if the grid operators starts to charge 

more for the consumed power. With increased level of weather dependent energy 

sources a power charge can be expected in the future. This could increase the number of 

installations aimed at peak shaving.  

Another solution to make a battery more profitable is to increase the number of revenue 

streams. One function, which have shown great potential in Germany and the UK, is 

frequency regulation. The outcome from the pilot study in this subject, performed by 

Svenska Kraftnät, will be of interest. Arenas is one possible market segment for battery 

storages aimed at frequency regulation, since the peak consumption correlates to 

scheduled events.  

The battery systems on the market today are evaluating one function at the time. In the 

future the control systems need to be advanced. It will be required that the dispatch 

controller continuously should change operation mode with respect to what yields the 

highest profits.  
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Definitions and abbreviations  

aFRR Automatic Frequency Restoration Resource 

BESS Battery Energy Storage System 

DHI Diffuse Horizontal Irradiance  

DNI Direct Normal Irradiance  

DOD Depth of Discharge  

DSO Distribution System Operator  

FCR – D  Frequency Containment Reserve – Disturbance   

FCR – N  Frequency Containment Reserve – Normal  

GHI  Global Horizontal Irradiance  

mFRR Manual Frequency Restoration Reserve  

PV-system  Photovoltaic-system  

SOC State of Charge  
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1. Introduction  

The first law of thermodynamics states that energy can be converted from one form to 

another, but cannot be created nor destroyed under any circumstances (Boyle, 2018). 

Per definition the power system is always in balance. When intermittent power plants 

increases in the power grid the balance is more difficult to achieve. Due to prediction 

errors or difficulties in matching the generation with consumption, the need for energy 

storage increases.  

There are several different types of energy storage systems and they are more or less 

suitable for different purposes. For large scale applications there are two commercial 

systems; pumped hydro and compressed air (Nordling et al., 2015). Another system that 

is applicable for large scale, but can be flexible when it comes to the capacity, is Power 

to Gas (Nordling et al., 2015).  Flywheels are also flexible and these systems can be 

scaled from 100 kW to 1650 kW (Nordling et al., 2015). The flexibility factor is one 

major advantage with batteries, which are flexible in several aspects; capacity, location 

and applications (Luo et al., 2015).  

A battery energy storage system (BESS) is one of few techniques that can manage the 

quick variations intermittent power might contribute with (Hansson and Lakso, 2016). 

Intermittent power sources includes for example wind and solar power, which are 

increasing rapidly (The Energy Commission, 2017). To manage the coming 

implementations of renewable energy sources in Europe an extra capacity of 150 TWh 

energy storage will be necessary (Alpman, 2010). Alpman (2010) presents this 

prediction from Boston Consulting Group together with a statement from Bazmi 

Husain, Chief Technology Officer, at ABB. Bazmi states that batteries are the key to 

handle our future challenges.  

Batteries serves various purposes depending on where in the grid they are implemented. 

Capacity firming, frequency regulation, voltage support, postponement of investments, 

time-of-use, peak shaving and self-consumption are seven different applications for a 

battery. Each of those are more or less beneficial for customers on the market, due to 

their specific needs. Peak shaving or increased self-consumption might be a function to 

aim at if the power or energy consumption is high. This is the case for Örebroporten, 

owner of Behrn Arena. Örebroporten pays for a power tariff to E.ON which is based on 

the highest peak for each month. Therefore a battery could lower their monthly 

electricity bill. 

The project was executed on the behalf of the division Power quality solutions1, which 

is a newly started division within ABBs department Capacitors & Filters. Their purpose 

                                                           
1 https://new.abb.com/high-voltage/sv/kraftkondensatorer-filter  

https://new.abb.com/high-voltage/sv/kraftkondensatorer-filter
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is to provide customers with overall solutions within power quality, where battery 

energy storage systems (BESS) could be of interest.  

1.1 Scope of the project 

1.1.1 Purpose  

The purpose of the project is to conduct a market analysis of the Swedish market for 

BESS. Further on, a case study will be executed to examine Behrn Arena’s conditions 

for a BESS complemented with a photovoltaics (PV)-system.   

1.1.2 Aim 

The aim of this study is to do a mapping of the Swedish market for BESS), by 

identifying potential customers’ incentive to install a BESS. Further on, the level of 

self-consumption as well as economical profits will be studied for Behrn Arena.  

1.1.3 Research questions 

The problem formulation is narrowed down into specific research questions, which are;  

 What is the Swedish market for BESS? 

o What motivates customers to invest in a BESS?  

o Which applications are desirable and have the installation met their 

expectations?  

 How should a system be designed to fulfil its’ purpose at Behrn Arena?  

o How will the onsite generation be scaled? 

o What capacity is needed of the battery?  

o How should the battery be controlled?  

1.1.4 Limitations  

The market analysis was limited to the Swedish market. The limitation affected the 

interviews, since the respondents represented Swedish companies. To limit the number 

of interviews, certain market segments was considered.  

The solar irradiance used for the simulation of Behrn Arena covers 2017. This data is 

freely available for the public and measured by SMHI. For the energy and power 

consumption data from 2017 was used and gathered from E.ON’s “navigator”. For the 

hardware, e.g. solar panels and battery, investment cost is the only cost that has been 

taken under consideration. The study did not take any current expenses into account.  
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2. Theory and background  

In this chapter theory regarding batteries will be presented. The chapter covers 

operation characteristic, types of batteries, environmental impact, different purposes for 

a battery, suppliers on the market and international business models. Further on, theory 

regarding market analysis approaches as well as information regarding Behrn Arena 

will be presented.   

2.1 Batteries  

2.1.1 Operation characteristic  

In general, a battery has four fundamental parts; electrodes (2) (4), electrolyte (3), 

separator (3) and metals (1) as can be seen in Figure 1. It is a closed system where the 

electrodes – anode and cathode – undergo redox processes. There are two general types 

of batteries; primary and secondary. Primary batteries are batteries which can be 

discharged once. In the use of an energy storage system you have secondary batteries, 

since they are rechargeable. In the conversion of chemical energy to electric energy the 

battery goes through two processes, which are called galvanic process (discharging) and 

electrolysis (charging). (R. Yuonesi, lecture material, August 30, 2017) 

 

Figure 1. A principal sketch of a battery; (1) Metal Current Collector, (2) and (4) electrodes, (3) electrolyte and 
separator. 

The metal in the ends of the battery is called current collectors (CC). They do not have 

to be of the same metal, but they need to have electronic conductivity. The electrodes 

contain active material particles of different sizes. They have a porous structure for 

ionic conductivity and they are electronically conductive as well. Between the two 

electrodes you have the separator for mechanical separation of the anode and the 

cathode. The electrolyte can vary for different batteries, but its function is to transfer the 

ions, i.e. it has ionic conductivity. (R. Yuonesi, lecture material, August 30, 2017) 

When a battery gets charged you can describe the charging level with the expression 

State of Charge (SOC) (Bestgo Power, no date). If the battery is fully charged the SOC 

is 100%. When discharging the battery the expression Depth of Discharged (DOD) 
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describes how deeply it is discharged; SOC=100-DOD. If you empty the battery the 

DOD is 100%. This is not recommended for all batteries, since it might shorten the 

cycle life (Bestgo Power, no date). In Figure 2 the number of cycles in relation to the 

capacity of a lithium-ion (Li-ion) battery is shown for 80% DOD (Smith, 2017). 

 

Figure 2. Number of cycles elapsed in relation to the capacity. 

 

2.1.2 Different types of batteries and battery chemistries 

Currently, Li-ion batteries are extensively applied in renewable energy grid systems 

(Zhang et al., 2018), but to further increase the use if Li-ion batteries, the price needs to 

be lowered (May, Davidson and Monahov, 2018). Li-ion batteries also play a vital role 

in supporting the development of electrical vehicles (Zhang et al., 2018), and it is this 

application that currently is driving the cost downwards (May, Davidson and Monahov, 

2018). In comparison with other electrochemical storing techniques Li-ion batteries are 

the most profitable for applications with numerous short charge and discharge cycles 

(Hansson and Lakso, 2016). This battery chemistry has an average lifetime of 15 years 

and manages at approximately 2500 cycles (May, Davidson and Monahov, 2018).  

There are several different types of Li-ion batteries and lithium-iron-phosphate-batteries 

(LiFePO4) is one of them. LiFePO4 is supplanting other battery chemistries, because of 

its technical features (PowerTech, no date). The chemistry offers great thermal stability, 

fast charge time as well as long cycle life (Deveney, 2010). The technique is suitable for 

applications such as energy storage, off-grid as well as UPS systems; due to its 

capability to deliver high power (PowerTech, no date). It is a safe battery chemistry and 

there are no thermal runaway (PowerTech, no date). If you operate the battery with 

DOD of 100% the number of cycles is approximately 2000, but ideally 80% DOD or 

less is recommended (GWL-power, 2013).  

An argument against batteries is the environmental impact, but with a saltwater battery 

that is no longer the truth. With the statement “What’s inside matters” a new technology 

established on the market by Aquion Energy (Aquion Energy, no date). These batteries 

are the safest and greenest on the market (BlueSky, no date). One feature that limits the 

use is its weight. The storage needs to be placed inside and the modules weigh 60 kg per 
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kWh (BlueSky, no date), which can be compared to the weight of a Li-ion battery of 

approximately 10 kg per kWh (Kane, 2015). Although, a salt water battery has another 

advantage; you can operate it at a 100% DOD without damaging or shortening its’ 

lifetime.   

There are several other chemistries available on the market, but Li-ion batteries are still 

most frequent applied. A more mature battery technique, to a much lower cost than Li-

ion, is lead acid (Zhang et al., 2018). Lead acid batteries have been used for years, but 

cannot compete with some of the newer technologies when it comes to charging times, 

cycle life or energy and power density (Zhang et al., 2018).  

One technique which is less expensive than Li-ion, but can manage a higher number of 

cycles is sodium-sulphur (Na-S) batteries (Zhang et al., 2018). In comparison with lead 

acid batteries does a Na-S battery have significantly higher energy density and is 

slightly more expensive (May, Davidson and Monahov, 2018). One disadvantage with 

the technology is its operating temperature (350 °C), which have caused severe fire 

accidents (Zhang et al., 2018).  

An innovation based on Copper-Zinc chemistry is emerging, thanks to Cumulus Energy 

Storage advancement of the technology (Hero Renewables, 2017). The key benefits 

with these batteries are; low cost, long life, low maintenance and operational at all 

voltages (Cumulus Energy Storage, 2018). Other technologies, currently under 

development, are Zinc-air battery and metal-air (Hero Renewables, 2017).  

2.1.3 Environmental impact  

Deutsche Bank are counting on that the market for lithium will triple in next 10 years 

(Levander, 2016). But critics are questioning batteries as the environmental choice. In a 

report from the Swedish Energy Agency and the Swedish Transport Administration the 

energy consumption and greenhouse gas emissions from Li-ion batteries are studied 

(Romare and Dahllöf, 2017). Romare and Dahllöf (2017) are reporting that the 

production of batteries generates 150-200 kilo CO2-equvivalents per produced kWh. To 

get some perspective on this amount Ny Teknik created an example. If you buy a Tesla 

Model S with a 100 kWh battery, this battery has caused emissions of 1 750 kg CO2-

equivalents without you even driving the car (Kristensson, 2017). If you fly a round-trip 

Stockholm-New York, you as person has caused emissions of 600 kg CO2 (Kristensson, 

2017).    

It is the raw material production and the actual production of the battery that causes the 

largest amounts of greenhouse gas emissions (Romare and Dahllöf, 2017). The mining 

accounts for 10-20% of the total (Kristensson, 2017). One explanation is the factory’s 

location, due to the electricity mix in that country or region (Romare and Dahllöf, 

2017).   
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2.2 Purpose of the battery 

Battery storage systems can be placed in different locations of the grid and serve 

different purposes. Depending on the owner structure of the storage system, some of the 

application areas are more beneficial than others. In some cases the applications even 

goes hand in hand. In Table 1 seven different application areas are presented. The first 

four are today more relevant for grid owners, while the last three probably are more 

valuable for owners of storages placed behind-the-meter installations (e.g. commercial 

or residential).  

According to Hansson and Lakso (2016) many batteries, which are in use today, are 

underutilized. A battery can be used for several purposes and the battery becomes more 

profitable when the functions are combined. Hansson and Lakso (2016) also states that 

a battery can be inactive for 50% to 95 % of its lifetime when only being used for one 

application.  

Table 1. Application areas for batteries.  

Application area Description 

Capacity firming 
The output from a renewable power plant can be 

maintained at a firm level (ABB, no date a). 

Frequency regulation 
The BESS is discharged or charged to keep the frequency 

within limits (ABB, no date a). 

Voltage support 
Ensures dependable and uninterrupted electricity flow 

across the power grid (Fitzgerald et al., 2015). 

Postponement of 

investments 

Postponing or avoiding investments of the grid necessary 

to meet projected load growth (Fitzgerald et al., 2015). 

Time-of-use 
Shift the purchasing of electricity to times when the price 

is lower (Fitzgerald et al., 2015). 

Peak shaving 
By reducing the peak demand, customers can lower their 

electricity bills (ABB, no date a). 

Self-consumption Increase the self-consumption from e.g. a PV-installation. 

2.2.1 Capacity firming  

To control the power output from a renewable energy source at a maintained level, a 

BESS can be used. The purpose of the storage system is to smooth the output and 

eliminate voltage or power fluctuations (ABB, no date a). The consequences of these 

fluctuations can be negative, depending on the qualities of the system. The voltage level 

and the overall stability can be affected if the output power rapidly ramps up or down 

(IRENA, 2015). 

A PV panel’s production can be lowered with approximately 90 % almost instantly due 

to a passing cloud (IRENA, 2015). To cope with the unexpected variations a battery 

mitigates the short fluctuations before it is fed to the grid (IRENA, 2015).Several 
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studies has been performed with respect to PV-systems, which have proven batteries 

usefulness in this area (Abdelrazek and Kamalasadan, 2016).  

2.2.2 Frequency regulation 

Svenska Kraftnät (SvK) has the responsibility to balance the production and 

consumption of electricity in Sweden. When the system is balanced the frequency is 50 

Hz and decreases when the consumption is greater than the production, and vice versa. 

To maintain the frequency level in the grid SvK purchases reserves. These standby 

power generators have various requirements with respect to capacity and rapidity 

(Svenska Kraftnät, 2017a).  

There are different kinds of reserves characterised under three separate regulations, as 

can be seen in Figure 3. As the fundamental regulation you have primary regulation, 

which is categorised as Frequency Containment Reserve – Normal (FCR-N) and 

Frequency Containment Reserve – Disturbance (FCR-D). FCR-N stabilises small 

changes and is activated in the allowed frequency range 49.9 – 50.1 Hz. Whereas, FCR-

D stabilises disruptions with a frequency drop below 49.9 HZ as consequence. The 

secondary regulation, Automatic Frequency Restorations Reserve (aFRR), steps in after 

the primary to support the frequency regulating process. aFRR is automatically 

activated and resets the frequency to 50 Hz. Lastly, the tertiary regulation is available. 

Manual Frequency Restoration Reserve (mFRR) consist of a disruption reserve and 

reserve bids from the commercial market. (Svenska Kraftnät, 2017a) 

 

Figure 3. Illustration of the frequency reserves. 

 

The automatic reserves are bought one or two days in advance, whilst the mFRR can be 

bought ‘intra day’ as well (Svenska Kraftnät, 2016). An offer on the market for reserve 

power is, at least, equivalent to an hour of back-up power and the power limit is 0.1 

MW (Svenska Kraftnät, 2018). The provider charges Svenska Kraftnät for providing the 

service (Svenska Kraftnät, 2018). Today these providers are mainly hydropower 

stations (power plants) or large factories, which can decrease their consumption. In the 
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autumn of 2017 Svenska Kraftnät started a pilot project with the purpose of testing a 

UPS storage systems as FCR-D reserve (Svenska Kraftnät, 2017b).   

2.2.3 Peak shaving, time-of-use shifting and postponement of 
investments  

During a short time of the day peak loads occurs, which is a sensitive factor for the 

grids. Therefore, additional capacity usually is used to supply the peak. Smaller gas 

power plants or diesel generators are commonly used for this purpose. These systems 

possesses one great disadvantage; they produce greenhouse gas emissions. By shaving 

the peak load power producers can eliminate these plants. (Uddin et al., 2018) 

Peak shaving is when the load curve is flattened or when the peak shifted in time i.e. 

peaks when the load in general is lower. This can affect both the grid owners in a 

positive manner as well as the consumer. One consequence for the grid owner is that 

they can postpone a future investment. When the peak is lowered, the grid does not need 

to be strengthen and therefore if can be used for a longer time (Uddin et al., 2018). As a 

customer you might be able to lower your fuse level (Sustend, 2017) and reduce your 

monthly bill by purchasing during periods of lower rates (Fitzgerald et al., 2015).  

One market which might will incite these applications is the market for electrical 

vehicles (EVs). A large fleet of EVs comes with an increased peak demand, especially 

due to fast charging (Lee and Park, 2015). To manage high power demand, stationary 

storage systems can be coupled with the charging stations (Jalvemo and Sjöstedt, 2018). 

An interesting storage solution, according to Jalvemo and Sjöstedt (2018), is batteries – 

thanks to the decreasing costs. Both distribution system operators (DSOs) and the 

charging station owners could benefit from such implementation. Advantages DSOs 

could benefit from are the flattened power curve and the flexibility the battery provides, 

which could defer the need for grid investments (Jalvemo and Sjöstedt, 2018). 

Flexibility is also an advantage for the owner of the charging station, since the control 

system can shift the time-of-use to periods when it is cheaper to purchase electricity 

(Jalvemo and Sjöstedt, 2018). 

2.3 Owner structures for BESS 

2.3.1 Legal framework for grid owners 

According to the Swedish law of electricity grid owners are not allowed to produce or 

trade electricity (Riksdagen, 1997). There are two exceptions which allows grid owners 

to take action and execute any of these procedures; if the production explicit is aimed 

for covering grid losses or if it only is temporary and intended to cover the non-

produced electricity caused by a power failure (Riksdagen, 1997). This legal framework 

prevents grid owners to practice energy storing, since it needs to be performed by actors 

on the competitive market (Widegren, 2016). However, grid owners are allowed to 

possess the energy storage and on a commercial basis lease the storage capacity to other 
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players on the market (Widegren, 2016). As stated by Widegren (2016) this approach is 

in line with the framework of how energy storage systems should be handled.  

2.3.2 Behind-the-meter storage  

Behind-the-meter the market is liberalised, which it has been since 1996 (Swedish 

Energy Markets Inspectorate, 2010). This comprehends that the storage owner is 

allowed to own and operate the storage system as he or she finds suitable. For different 

types of storage owner, different business models might be implemented. In general, 

you have two straight forward business models as housing association. One is that each 

apartment no longer has its own connection to grid. Instead the whole building has one 

connection point, where the battery can serve all households and individual 

measurements is used to split the electricity bill (Hansson and Lakso, 2016). Another 

model is to separate the electricity used in building from the electricity used in the 

apartments and let the battery supply only to building’s consumption. 

2.3.3 Operating costs  

A grid tariff with the purpose of financing grid activities, such as the cost of operation 

and maintenance, is set by the owners (Svenska Kraftnät, 2017c). The concessionaries 

have broad freedom to design their tariffs and are only constrained by two factors; they 

should be non-discriminatory and objective (Swedish Energy Markets Inspectorate, 

2010). One consequence of this system is that the operator of a battery storage have to 

pay a tariff for both the electricity output and input; i.e. the electricity fed to the battery 

and fed into the grid again (Widegren, 2016). An exception is customers which have a 

power plant with a peak power lower than 1500 kW, whom are not obligated to pay for 

the electricity fed back the grid (Widegren, 2016). According to 19 § Electricity 

regulation (2013:208) these customers should receive a compensation for the electricity 

fed to the grid.  

In addition to the network charges there are taxes for operating an energy storage 

system. The commercial actor is obligated to pay electricity taxes for the electricity 

feeding to the battery. When energy is fed back to the grid and sold, taxes will be paid 

by the consumer. This results in double taxation. (Widegren, 2016) Action needs to be 

taken regarding this concern and double taxation should immediately be removed (Wolf 

and Andersson, 2018).  

2.4 Suppliers on the market 

2.4.1 Ferroamp2 

In 2010 Ferroamp was founded based on the innovation Adaptive Current Equalization 

(ACE), which now is patented. The company has been developed over the past years 

                                                           
2 http://ferroamp.com/  

http://ferroamp.com/
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and now Ferroamp provides modular systems. These systems allows flexible integration 

of renewable energy sources, charging of electrical vehicles and energy storage. 

(Ferroamp, no date)  

One technology Ferroamp can produce and implement today are their EnergyHub 

system, which includes their patented ACE and their energy storage. By using advanced 

algorithms the EnergyHub process control manages the communication with all the 

system components. With the gathered information is the energy flow optimized by the 

EnergyHub. Other optimization products Ferroamp provides are the Solar String 

Optimizer and the Energy Storage Optimizer. In addition to these products, the 

company has also developed a fireman switch. The fire fighter breaker system is able to 

simultaneous disconnect all PV strings in case of a fire. (Ferroamp, no date) 

2.4.2 Box of Energy3 

With the concept of reusing electric vehicles batteries - to create an energy storage - 

Box of Energy was founded. This was in 2014 and today they are developing and 

manufacturing smart energy storage systems. In Box of Energy’s product portfolio there 

are applications aimed for residential/real estate, large scale real estate and large 

scalable solutions. The hardware systems are controlled by a native supplied software 

and the user is able to follow the performance in real-time through e.g. a smartphone. 

(Box of Energy, no date) 

2.5 International business models 

In Germany the requirements for being an actor on the regulation market has been 

modified. These modifications have opened up the market for smaller players to offer 

their battery for regulation services (Hansson and Lakso, 2016). Within 30 seconds the 

storage should react and be able to deliver constant power for, at least, 15 minutes 

(Hansson and Lakso, 2016). This has been tested in the pilot project SWARM, where 65 

aggregated storage units contributed to stabilise the power grid (Brehler and Söllch, 

2015). Others have followed this concept. Sonnenbatterie offers their customers to sign 

an agreement with an aggregator when purchasing a battery (Hansson and Lakso, 2016). 

Similar tendencies as in Germany can be seen in the United Kingdom. In a market 

analysis it is shown that it is more common to work with an aggregator than not. 

Another result from the study is that half of the participants are using their BESS for 

grid services, such as frequency regulation. At the present it is the most valuable 

revenue stream. Even though frequency regulation is most valuable, triad charges can 

represent seven figure sums (in British pounds) for larger companies. Therefore, a 

battery used for peak shaving is an important part of the operation model. These two 

                                                           
3 http://www.boxofenergy.se/  

http://www.boxofenergy.se/


11 
 

revenue streams have a great impact on the payback time, which in the most cases is 3-5 

or 5-7 years in the UK. (Hero Renewables, 2017)   

2.6 Market analysis  

2.6.1 Interviews  

To collect data with interviews as method is appropriate when information from 

individual participants is required or desired. It is also expected to widen the 

opportunity of understanding the investigated area, since interviews might interpret as a 

more natural data gathering tool than, for example, questionnaires (Alshenqeeti, 2014). 

Interviews as a method has advantages and disadvantages, as any other data collecting 

technique. One advantage is that the return rate is high, another is that the method is 

relatively flexible (Alshenqeeti, 2014). Disadvantages can be that it is time-consuming 

and there is potential for subconscious bias (Adams and Cox, 2008). There are three 

essential techniques of research interviews; structured, semi-structured and unstructured 

(Gill et al., 2008). 

2.7 Behrn Arena  

2.7.1 Location and load profile  

At the area of the Behrn Arena there are different sports centres, such as hockey, bandy, 

football, baths and others in “Idrottshuset”. For this study was the football arena 

investigated, since Örebroporten already had installed PV-panels on one of the stands 

and are about to rebuild another stand-section.  

The load profile on a monthly basis is shown in Figure 4, where the yearly variations 

can be discovered. As one can see, the total monthly energy consumption decreases 

from April and throughout the summer months.  

 

Figure 4. Energy from grid to load for Behrn Arena. 

0

20000

40000

60000

80000

100000

120000

140000

160000

EN
ER

G
Y 

FR
O

M
 G

R
ID

 T
O

 L
O

A
D

 [
K

W
H

]



12 
 

Nevertheless, the arena have some of its highest peak powers during the summer, which 

can be seen in Figure 5. 

 

Figure 5. Energy from grid to load on an hourly basis. 

2.7.2 Design of system 

When designing a PV-system there are three parameters that needs to be decided. These 

are the number of modules per string, strings in parallel and number of inverters.  

The number of modules per string was decided by calculating 

𝑀𝑜𝑑𝑢𝑙𝑒𝑠 𝑝𝑒𝑟 𝑆𝑡𝑟𝑖𝑛𝑔 =  

(𝑀𝑖𝑛 𝑀𝑃𝑃𝑇 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 + 𝑀𝑎𝑥 𝑀𝑃𝑃𝑇 𝑉𝑜𝑙𝑡𝑎𝑔𝑒)
2

𝑀𝑜𝑑𝑢𝑙𝑒 𝑀𝑎𝑥 𝑃𝑜𝑤𝑒𝑟 𝑉𝑜𝑙𝑡𝑎𝑔𝑒
                  (1) 

and strings in parallel were calculated as 

𝑆𝑡𝑟𝑖𝑛𝑔𝑠 𝑖𝑛 𝑃𝑎𝑟𝑎𝑙𝑙𝑒𝑙 =
(

𝐴𝑟𝑟𝑎𝑦 𝑁𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 ∗ 1000
𝑀𝑜𝑑𝑢𝑙𝑒 𝑀𝑎𝑥 𝑃𝑜𝑤𝑒𝑟

)

𝑀𝑜𝑑𝑢𝑙𝑒 𝑝𝑒𝑟 𝑆𝑡𝑟𝑖𝑛𝑔
                           (2) 

while the inverter quantity was decided with 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟𝑠 =
(𝑀𝑜𝑑𝑢𝑙𝑒𝑠 𝑝𝑒𝑟 𝑆𝑡𝑟𝑖𝑛𝑔 ∗ 𝑆𝑡𝑟𝑖𝑛𝑔𝑠 𝑖𝑛 𝑃𝑎𝑟𝑎𝑙𝑙𝑒𝑙 ∗ 𝑀𝑜𝑑𝑢𝑙𝑒 𝑀𝑎𝑥 𝑃𝑜𝑤𝑒𝑟)

(𝐷𝐶 − 𝑡𝑜 − 𝐴𝐶 𝑟𝑎𝑡𝑖𝑜) ∗ 𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟 𝑀𝑎𝑥 𝐴𝐶 𝑃𝑜𝑤𝑒𝑟
      (3) 

The DC-to-AC ratio defines the relation between solar array, in DC watts, and the 

inverter size in AC watts. A value of more than 1 correlates to a slightly oversized solar 

array. 
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3. Projects  

Before this project was initiated a pre-study regarding BESS installations had been 

performed at ABB. In the pre-study, a variety of installations were presented. To find 

interesting market segments for further investigation, the projects were categorised 

according to the project owner. The chosen segments were; real estate companies, 

public buildings and grid owners.  

3.1 Real estate companies 

3.1.1 Control and Optimization of Distributed Energy Storages (CODES) 

“This project aims to design, develop and test a new battery management system which 

will enable the provision of services from distributed batteries to end-users and energy 

companies”  (Power2U, no date). In the project there are seven battery storage systems 

in seven different buildings. These systems can be aggregated through a cloud-based 

management to provide flexibility to grid operators (Jensen, 2017).  

3.1.2 Housing Association Viva  

Riksbyggen have, together with six other parties, initiated the concept “Positive 

Footprint Housing (PFH)” (Viva, 2016). With respect to this initiative, Riksbyggen are 

constructing apartment blocks with solar panels together with a battery storage system 

(Riksbyggen, 2016).  

3.1.3 Akademiska Hus  

Akademiska Hus is Sweden’s largest real estate firm and in their buildings 300 000 

persons are operative every day (Akademiska Hus, no date). The company has energy 

activities ongoing and their solar installations are generating more than 1 000 000 kWh 

(Akademiska Hus, no date). To increase their self-consumption from the PV-

installations and to create a more flattened production Akademiska Hus is investigating 

the possibility to invest in a DC-connected battery (Akademiska Hus, 2017). 

3.1.4 Tiundaskolan  

Uppsala municipality will be first in Sweden to install an environmental friendly battery 

with the purpose to smooth the power consumption (Kesselfors, 2017). Tiundaskolan 

will accept 1044 students and the school will be finished in the autumn of 2018 

(Skolfastigheter, 2017).   

3.1.5 Ihus – Vaksala Eke  

Ihus is Uppsala municipality’s industrial real estate company. At one of their locations 

they have implemented renewable energy generation together with a storage system. 
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The technique installed at this site is a result from the innovation contest Intelligent 

Energy Management, where the winners got to implement their solution. (Sustainable 

Innovation, 2017) 

3.2 Public buildings 

3.2.1 Sportarenan Örjanhallen  

In the fall of 2016 Halmstad municipality installed a PV-system together with a battery 

storage system. There are several previously installed PV-systems in Halmstad, but this 

one was the first with an energy storage. The purpose was to be more self-sufficient, 

due to low compensations for the sold power to the grid. (Halmstad Municipality, 2016) 

3.2.2 Sjöängens Cultural Center  

Vattenfall, Askersunds municipality and Sustainable Innovation are managing a project 

with the goal to install solar power, energy storage and charging points for electrical 

vehicles in closeness to Sjöänges cultural center. During the project period, November 

2016 to October 2018, different operation strategies will be tested. (Sustainable 

Innovation, no date) 

3.3 Grid operators  

3.3.1 Falbygdens Energi  

A relatively large amount of wind power has been connected in Falbygdens Energi’s 

(Feab) operation area of the grid and according to the prognosis, more is going to be 

connected (ABB, no date b). To manage these installations of intermittent power Feab 

installed a battery storage system of 75 kW in 2011 (Borg, 2012).   

3.3.2 Västra Orusts Energitjänst  

Västra Orusts Energitjänst bought the battery system to gain more knowledge about the 

technique. This was done as an investigation and a preparation, to see how energy 

storage systems can affect their grid and the economy when the technique hits the 

market (Bli Energiklok, 2016).  
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4. Method and data  

In this chapter the method for the market analysis is presented followed by the applied 

method and input data for the case study at Behrn Arena.  

4.1 Interviews  

Interviews as method is presented in section 2.6.1 and in this project a semi-structured 

approached was used. This type of interview consists of numerous key questions, but 

also allows the participants to deviate from the specific question (Gill et al., 2008). This 

technique allowed for the discovery of information that was significant for the research, 

but was not previously thought of. 

4.1.1 Interviewees  

The interviews were performed with companies which already had installed a BESS. 

There were six different topics with questions prepared for each interview and the 

questionings started with the interviewee clarifying their role and by them giving some 

general information about their organisation or the project. The second subject was the 

energy consumption and, if any, energy generation. Before answering questions about 

their battery the participant got to define their incentives and the purpose of the 

investment. The fifth subject was concerning their experiences and if their expectations 

had been fulfilled. The final topic was regarding suppliers and economy. In all of the 

interviews each topic was discussed, but the questions as well as the gathered 

information were depended on the interviewee.    

To gather more information regarding the installation some of the companies were 

visited during an arranged study visit. In Table 2 the participants is listed with name, 

title, company and dates when the interview as well as the eventual study visit took 

place. The interviewees can be correlated to the projects presented in chapter 3. 
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Table 2. Interview participants and date when the respondent was interviewed. 

Company Respondent  Interview Study visit 

Akademiska Hus 
Peter Karlsson 

Innovation manager 
2018-04-06  

Real estate company Respondent A 2018-03-21  

Falbygdens 

Energi/Seniorit AB 
Lars Olsson 
Founder of Seniorit 

2018-03-19  

Halmstads kommun 
Sven-Ingvar Petersson 
Operation engineer 

2018-03-09 2018-03-09 

Ihus 

Maria Säfström 

Vice president/ 

Sustainability manager  

2018-03-27  

Riksbyggen 
Mari-Louise Persson 
Energy Strategist  

2018-03-22  

Skolfastigheter AB 
Micael Östlund 
Technical building manager 

2018-03-14 2018-04-19 

Sustainable 

Innovation 
Jan Kristoffersson 
Project Coordinator 

2018-03-21  

Västra Orusts 

Energitjänst 
Mikael Larsson 
CEO 

2018-03-22  

Örebro Bostäder AB 

Jonas Tannerstad 

Manager electricity & 

automation 

2018-03-29 2018-04-05 

4.1.2 Analysis 

When the interviews were completed, the answers were analysed and compiled. The 

recording of each interview was transcribed – to reduce risk of increasing ambiguity. 

After this process, the transcription was printed. Whilst reading through the 

transcription, key words and figures were written in the margin and powerful cites were 

marked. Notes and cites were then summarised in a report and presented in such a way 

that it later could be understood be anyone. To ensure quality of the report, the 

respondents got to read and give comments on the summarisation.  

When all participants had been interviewed, the answers were compared to find themes 

and similarities. To give further credibility to the respondents’ speculations and visions 

professionals were, in some cases, advised. The advised professionals, with their titles, 

are shown in Table 3. The result was also visualised in charts created in Excel. In the 

report cites from the interviewees will be presented in relation to the charts. Cites from 

the interviews are translated from Swedish to English, but the exact cite is referred to in 

a footnote.   
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Table 3. Advised professionals. The table shows which company they are representing, the title the respondent have 
and date for the advising. 

Company Respondent  Date 

Energiforsk 

Susanne Olausson 

Area manager grid, wind- and 

solar power  

2018-03-29 

Insplorion AB 

David Johansson 

Director of Business 

Development 

2018-04-04 

STUNS 
Hans Nyhlén  

Accountable manager 
2018-03-27 

 

4.2 Simulation of Behrn Arena 

System Advisor Model (SAM) was used for the design and analysation of the system’s 

performance in the case study. The software program SAM is designed to assist the 

progress of decision making for people involved in renewable energy. Based on 

installation and operating costs, as well as project specific specified system design 

parameters, SAM can perform estimates of grid connected power projects. (National 

Renewable Energy Laboratory, 2010) The performance prediction and cost of energy 

estimates provides the basis for the analysis. In this analysis a PV-system will be 

complemented with a battery installation to investigate if it possible to decrease the 

energy drawn from the grid as well as lower the peaks.  

4.2.1 Location and load profile 

The case study started with a meeting and a study visit at Behrn Arena, where Lennart 

Lindkvist was present. Lennart Lindkvist is operation manager at Örebroporten, the 

owner of the arena and many other real estate in Örebro. To get a perception of the 

arena a solar map was examined, which is shown in Figure 6. As stated in 2.7.1 one of 

the areas has PV-panels installed, and this area is marked 1 and the one which will be 

rebuilt is marked 3 in the figure.   
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Figure 6. Incoming solar energy at Behrn Arena. 

In Figure 6 the arena is shown with a color coding for the incoming solar energy. As 

can be seen in the figure, all roof tops are in the interval 950-1000 kWh/m2/year and it 

was found that the total incoming solar energy was 5 615 MWh per year (Örebro 

Kommun, 2017). In Appendix A more detailed information of the incoming solar 

energy at the areas is shown. 

To find the monthly peak power consumption a Matlab-script was used and the outcome 

is shown in Appendix D, where the highest peak is marked with bold script. These 

peaks are of importance, due to Örebroporten’s power tariff which depends on the 

highest peak each month. Örebroporten has E.ON as power supplier and data from their 

electricity bills, excluding VAT, have been used as input in SAM. The data is shown in 

Appendix B. 

4.2.2 Weather and solar irradiance  

One required parameter when performing a PV-system simulation is the weather or the 

solar resource. SAM provides weather files of different locations to choose from. In this 

file there are nine parameters, including irradiances, pressure etc. For more information 

regarding the parameters see Appedix C. There are five accessible Swedish cities; 

Gothenburg, Karlstad, Kiruna, Östersund and Stockholm (Arlanda). Since neither of 

them are Örebro some modifications had to be done. The two most important 

parameters are beam normal irradiance and diffuse horizontal irradiance. Therefore, 

these two were modified to represent Örebro’s data. For the rest was data from Karlstad 

used, because it is the location geographically closets to Örebro.  

Solar irradiance data were gathered from STRÅNG with the coordinates 59.27 (latitude) 

and 15.23 (longitude) (GPS Coordinates, no date). Data used here is from the Swedish 

Meteorological and Hydrological Institute (SMHI), and was produced with support 

from the Swedish Radiation Protection Authority and the Swedish Environmental 

Agency (SMHI, no date). For the beam normal irradiance some dates were missing, 
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these 24 hours were replaced with either the day before or the day after; 6th of April was 

approximated as 5th, 7th of April as 8th, 30th of April as 29th and 31st of December as 30th.  

Diffuse horizontal irradiance had only been measured since May 2017. To get the 

magnitudes for January to April a calculation had to be performed, see equation below 

(University of Oregon, 2000).  

𝐷𝐻𝐼 = 𝐺𝐻𝐼 − 𝐷𝑁𝐼 ∗ cos (°)            (4)  

Where DHI is the diffuse horizontal irradiance, GHI is the global horizontal irradiance, 

DNI is the direct normal irradiance and the angel is the zenith angel. GHI and DNI were 

downloaded from STRÅNG (SMHI, no date), while the zenith angel was computed 

with MIDC SPA Calculator (National Renewable Energy Laboratory, no date a). This 

calculation was performed for every hour from 00:00 the 1st of January to 23:00 the 30th 

of April. Same dates were missing from STRÅNG as for the beam normal irradiance 

and these were approximated as described above. In Figure 7 the solar irradiance over 

one year is shown.  

 

Figure 7. Global solar irradiance over the year in Örebro at Behrn Arena. 

4.2.3 Design of system  

The system design was depended on three components; the PV-panels, the solar inverter 

and the battery. Lindkvist at Örebroporten expressed two requests, which was the type 

of solar panel. With respect to this wish, the simulation was performed with a thin film 

module. The other request was that the system should preferably not deliver any energy 

to the grid.  

The breaking point for when the system started to deliver energy to the grid was found 

with an iterative method. In this procedure the battery function was not enabled.  
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SAM offers two possibilities when designing the PV-system. One option is to let SAM 

design the system according to a desired array size and a desired DC-to-AC ratio. The 

other option is when the designer specifies the number of modules and inverters. To 

find the breaking point for when the system started to deliver energy to the grid an 

iterative method was used and SAM’s algorithm got to design the system according to 

an array size and a DC-to-AC ratio of 1.2. During this process the battery was not 

enabled.  

The breaking point for when the PV-system exceeded the power consumption was 

found to be 130 kWdc, which was used as maximum array capacity when manually 

determining the system design. The number of modules per string, stings in parallel and 

the inverter quantity were calculated according to the equations presented in section 

2.7.2. Technical specifications used in the equations can be seen in Appendix E. 

Later on, when the battery function was enabled a Li-ion battery was chosen, due to its 

characteristics presented in section 2.1.2. SAM provides default values for the chosen 

battery type, which were drawn from scientific research and manufacturer data sheets 

(National Renewable Energy Laboratory, no date b). For the battery bank sizing a 

desired bank capacity and a desired bank power was defined. In Appendix D, the hours 

with the highest power consumption is shown and the purpose of the battery was to 

shave peaks above 400 kWh/h. Consumption higher than 400 kWh/h lasted, in average, 

for four hours and with a chosen power of 100 kW became the resulted bank capacity 

400 kWh.  

SAM does not model the battery inverter like the solar inverter. Instead the battery 

inverter was modeled as a single efficiency value of 96% and operation of the battery 

was determined with SAM’s dispatch controller. The chosen dispatch model was “Peak-

shaving 1-day look ahead”. SAM operated the system to minimize grid power 

consumption by looking ahead to the next day’s solar resource and load data (National 

Renewable Energy Laboratory, no date b). To decrease the risk of shortening the 

lifetime of the battery has the SOC been limited and will not go below 20%, which is 

the ideal performance rate, as stated in section 2.1.2, for Li-ion batteries.  

The make of any of the components has not been taken into account, since Örebroporten 

is submitted to the public procurement law. Therefore, general prices have been used as 

input in SAM. For the PV-system a price of 14 SEK/W was estimated (H. Larsson, 

personal communication, November 21, 2017) and for the battery system the price was 

450 $/kWh (V-P. Sinha, personal communication, May 28, 2018). The simulation 

period was conducted over a 25 years period, to cover the whole lifetime of the PV-

modules.   
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5. Result 

In this chapter the findings from the interviews will be presented followed by the result 

from the simulation of Behrn Arena.  

5.1 Interviews 

As stated in the method chapter, there were six different topics that structured the 

interviews and the result will be presented with figures and quotations related to each 

subject. To ease the reading and for a better understanding, an overview of the 

respondents is shown in Table 4. Detailed information regarding the projects can be 

found in chapter 0 and information about the interviews can be seen in section 4.1.1.  

Table 4. An overview of the respondents; which company and project they are related to. 

Company Respondent  Project  

Akademiska Hus 
Peter Karlsson 

Innovation manager 
Akademiska Hus 

Real estate company Respondent A 
Project for real 

easte 

Falbygdens 

Energi/Seniorit AB 
Lars Olsson 
Founder of Seniorit 

Falbygdens Energi 

Halmstads kommun 
Sven-Ingvar Petersson 
Operation engineer 

Sport arena 

Örjanhallen 

Ihus 

Maria Säfström 

Vice president/ 

Sustainability manager  

Vaksala Eke 

Riksbyggen 
Mari-Louise Persson 
Energy Strategist  

Housing 

Association Viva  

Skolfastigheter AB 
Micael Östlund 
Technical building manager 

Tiundaskolan 

Sustainable 

Innovation 
Jan Kristoffersson 
Project Coordinator 

Sjönängen’s 

Cultural Centre 

Västra Orusts 

Energitjänst 
Mikael Larsson 
CEO 

Västra Orusts 

Energitjänst 

Örebro Bostäder AB 

Jonas Tannerstad 

Manager electricity & 

automation 

CODES 

 

5.1.1 Onsite generation 

All of the respondents had onsite generation in common. Either wind or solar power 

was implemented in their system together with a BESS. When the interviewees were 

asked how these two installations were match, four out of ten had maximised the PV-

installation and the battery capacity had been limited by the price. “We wanted 

something that was big enough to test and lab with as well as making a difference on the 
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total power, but not too expensive” (J. Kristoffersson, personal communication, March 

21, 2018)4. In Figure 8 the battery capacity in relation to the installed power is shown. 

Not all of the respondents knew the size of the power generation and they are therefore 

not represented in this figure.  

 

Figure 8. Capacity of the battery in relation to their onsite generation. 

 

5.1.2 Incentives  

The majority of the installations were executed during 2017 or will be put into operation 

during year 2018, as can be seen in Figure 9. The initiative for these installations was in 

eight out of ten cases research or innovation, but the reason differed from case to case. 

One frequent comment was to increase self-consumption. Half of the participants had 

installed charging points, which motivated them to invest in a battery that could handle 

the effects from the increased power consumption.  

 

Figure 9. Chart showing when the batteries were, or are going to be, implemented. 

 

                                                           
4 ”Vi ville ha någonting som var tillräckligt stort för att kunna testa och labba med och kunna göra en 
skillnad på den totala effekten, men inte bli alldeles för dyrt.” 
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5.1.3  Purpose of the battery 

Not all of the investments had been taken into operation when this analysis was 

executed. Therefore, the interviewees expressed their expectations for how to operate 

the battery. The different applications and functions can be seen in Figure 10. Many of 

the participants were aiming to test more than one application, hence the number of 

applications are more than ten. Susanne Olausson (2018), area manager at Energiforsk, 

believes that we need a combination of batteries with more advance control systems and 

the less innovative. Now, in the beginning, the simpler systems needs to be 

implemented to show the potential for batteries. This will make the market grow and 

make others willing to invest (Olausson, personal communication, March 29, 2018).  

 

Figure 10. The battery’s purpose and the number of participants who used it for each purpose. 

The function time-of-use had, when this market analysis was executed, never been 

tested in practice. Two of the respondents said that they are aiming to try this function. 

In one of the two projects this test was recently initiated and the setting is to operate the 

battery with respect to a pre-determined 24-hour price profile. In the other project their 

aim is “to buy electricity when the price is low and use the battery when it is more 

expensive” (M-L. Persson, personal communication, March 13, 2018)5. Another 

function that had not been tested yet is island operation, but the function is part of 

Sjöängen’s operation program and will be examined during the summer of 2018. An 

island operation, or an off-grid system, is also a vision for Respondent A.  

Frequency regulation has been taken under consideration in two cases. In the first case 

they simulated it and in the other they installed enough capacity to match the 

requirements from SvK. “We tested frequency regulation. Operated on deviant 

frequencies to be able to offer standby power to Svenska Kraftnät, and it functioned as 

                                                           
5 ”Köpa el när det är billigt och använda batteriet när det är dyr el.” 
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wished for” (L. Olsson, personal communication, March 19, 2018)6. Olsson (2018) 

emphasises the importance of this test, due to the transformation of the electricity mix in 

Sweden. “We need to implement more reserve power, on different levels of the grid. 

The hydropower is not enough, or, that is my view” (Olsson 2018)7. In the second case, 

in which they have passed 100 kW, it is physically not one single storage. Via industrial 

automation system seven separate batteries can, from a grid perspective, be interpreted 

as one. The batteries in Örebro Bostäder’s real estate are connected to a cloud service 

and can be aggregated, which enables the batteries to operate as a single storage system. 

Örebro Bostäder’s system is one of the most innovative installation and therefore 

demands a certain level of expertise. “We have noticed that it is one thing to deliver a 

battery in which you can store energy, but it is a whole other thing to work with this 

type of aggregated services” (J. Tannerstad, personal communication, March 29, 2018)8. 

Another insight Tannerstad (2018) emphasises is that they have received strong 

indications from The Swedish Energy Markets Inspectorate that the energy market will 

change. There will be a greater focus on power consumption. Therefore, Tannerstad 

believes that another important function to save money will be peak shaving. This 

function was one of the most frequently applied, or soon to be applied, service. In 

Sjöängen they start to shave the instantaneous peak power. From a customer’s 

perspective this was not a desirable operation mode, because the electricity fee covers 

the peak power consumed over an hour (J. Kristoffersson, personal communication, 

March 21, 2018). In the light of this insight the project team, in which Kristoffersson is 

active, changed the control system to shave the peak over an hour instead.  

5.1.4 Type of battery  

The majority of the installed batteries have been Li-ion and three of the respondents 

specified that they had lithium-iron-phosphate batteries. An illustration of the 

distribution of battery chemistries can be seen in Figure 11. Only one installation differs 

from the others and that is the installation at Tiundaskolan, where they have chosen a 

saltwater battery; “it was because this was an environmentaly friendly battery that we 

chose it” (M. Östlund, personal communication, March 14, 2018)9. STUNS was one of 

the partners in this implementation and it was they who suggested this chemistry to 

Östlund at Skolfastigheter. When Hans Nyhlén at STUNS was asked about their future 

battery projects he said that they are aiming for different types of batteries; “10 batteries 

                                                           
6 ”Vi testade även frekvensreglering. Att vi styrde på avvikande frekvens för att kunna sälja till Svensk 
Kraftnät, och det fungerade också bra.” 
7 ”Vi måste ha in mer reglerkraft på flera olika nivåer på nätet. Det räcker inte bara med vattenkraft, 
eller, det är min bild i alla fall.” 
8 ”Vi har sett att det är en sak att leverera ett batteri som det sparas energi i, men det är en helt annan 
sak att jobba med den här typen av aggregerande tjänster.” 
9 ”Det var tack vare att det var en miljövänlig lösning som vi valde det egentligen.” 
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of the same kind is simply not as innovative as if they were of different types, makes, 

chemistries etc.” (H. Nyhlén, personal communication, March 27, 2018)10.  

 

Figure 11. Which type and the number of installation of that kind of battery. 

The chemistry of the battery was not essential for the majority of the respondents. 

Instead of focusing on type of battery, they chose a supplier they found trustworthy and 

that could deliver according to their technical specifications. Two out of ten respondents 

emphasised the advantage of implementing 2nd use batteries. “This is second-hand as 

well, which I also think was of importance. 2nd use, so to say, one of the reasons to why 

it felt right to do this. To be able to show that it is possible to re-use instead of scrapping 

the batteries” (M. Larsson, personal communication, March 22, 2018)11. Lars Olsson 

also point out the importance of second-hand batteries in the future, since there will be a 

large number of batteries with more to offer in the future. To create a greater value for 

these batteries a new technique for measuring the capacity could be applicable. A 

Swedish company, Insplorion, is developing a sensor for this purpose “they are 

developing a new sensor which measures, chemicals inside, the transformation of the 

chemicals inside the battery cell” (Olsson 2018)12.  This sensor can be adjusted to any 

type of battery but the company’s focus is Li-ion batteries, since it is the largest market 

today (D. Johansson, personal communication, April 4, 2018). One potential market 

strategy could, according to Johansson (2018), be that the batteries primarily will be 

used in an EV and secondary use will be in an energy storage, when they no longer 

fulfil the requirements for vehicles.   

                                                           
10 ”10 st batterier av samma sort är helt enkelt inte lika innovationsdrivande som om de var av olika typ, 
fabrikat, kemier etc.”. 
11 Detta är begagnade batterier också, det tycker jag också var en poäng. 2nd use, så att säga. Ett utav 
skälen till att det kändes bra och kunna göra det här. Att kunna visa att det går att återanvända istället 
för att skota batterierna då.” 
12 ”De håller på att ta fram en ny sensor som du mäter, kemikalierna inne, kemikaliernas förändring inne 
i battericellen.” 
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5.1.5 Performance of the battery 

In all of the on-going projects the respondent was satisfied with the performance of the 

battery. However, there were projects when the interviewee wanted some improvements 

or change some features of the system. That was the case with Örjanhallen. Sven-Ingvar 

Petersson, who were in charge of the installation, could not remark on anything 

regarding the applications but if he had the opportunity to re-design the system he 

probably would (S-I. Petersson, personal communication, March 9, 2018). Their PV-

panels generates an overproduction of 10%, which Petersson believes he could reduce 

with a smaller PV-installation or with a larger battery. To reach this conclusion 

Petersson continuously monitors how the system operates. The tools used to monitor 

and visualise the battery’s performance is, according to two other participants, not as 

developed as it should. Both Respondent A (Respodent A, personal communication, 

March 21, 2018) and Ihus (M. Säfström, personal communication, March 27, 2018) 

whish for a better and more advanced visualisation tool. Another aspect Respondent A 

(2018) raises as a concern is the batteries capability to take care of the instantaneous 

generated power from e.g. the solar panels.   

Of all of the participants, Sjöängen is the project where they aims for evaluating the 

most applications. Kristoffersson, the project coordinator, says in the interview that it is 

important to have a more advanced control system, which can choose between different 

situations. “If you have a lot of sun power generation, for example, I can send it to the 

grid depending on electricity price. Should I try cut off a peak? Should I save some 

electricity in the storage to be able to face another peak which may occur in an hour, 

since it always appears in an hour and so on? That type of more advanced control is 

important to accomplish” (Kristoffersson 2018)13.  

Some of the interviewees do not believe it is the technique that will prevent progress or 

expansion of the market. Instead they fear that the obstacle will be laws and regulations. 

Olsson (2018) noticed this in 2011 and proclaims that the challenges is the same as back 

then regarding who is allowed to own and operate batteries. Tannerstad (2018) also 

raise his concern regarding the jurisdiction.  

5.1.6 Suppliers and economy 

Ferroamp and Box of Energy have been involved in the largest number of installations. 

Other actors on the market have executed single installations and in one case the 

supplier not yet decided. Three of the participants have invested in more than one 

system. Therefore, the number of installations, shown in Figure 12, exceeds the number 

of participants.  

                                                           
13 ”Så om du ha mycket solelproduktion, till exempel, så kan jag då pytsa ut det på nätet beroende på 
vad elpriset är. Ska jag försöka ta bort någon effekttopp? Ska jag spara undan lite el i lagret för att kunna 
möta ytterligare en topp som kanske kommer en timme, eftersom den brukar komma om en timme och 
så vidare. Den typen av smartare styrning, det är viktigt att få till.” 
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Figure 12. The number of installations each supplier has been involved with. 

 

In two of the projects, the end user of the battery is not the same as the actual owner. 

Riksbyggen – housing association Viva – have a partnership with Volvo whom are 

lending 2nd use batteries from their buses to this project. Volvo is committed to vouch 

for the batteries during the first years and it is not yet decided if, or how, the procedure 

of the association buying the batteries will fall out (Persson 2018). In similarity to this 

project Sjöängen’s Cultural Center is leasing the battery installation from Vattenfall. 

Instead of investing in a BESS, Askersund’s municipality is paying a current fee to 

Vattenfall. Meanwhile, the operation of the battery benefits the municipality, since it is 

placed behind the meter.  

Västra Orusts Energitjänst is the only company which had covered the whole 

investment themselves (Larsson 2018). In the majority of the other cases some grants 

had been received, since the projects were initiated as research projects. In the case of 

Tiundaskolan and Örjanhallen the investments were a consequence of a political 

decision and capital was received from the municipality for an environmental purpose.  

A general opinion regarding the cost of a battery is that it is too high and the payback 

time was considered in only one of the projects. In 2010-2011 Falbygdens Energi 

assessed the value of offering power on the regulation- and spot-market (Olsson 2018). 

By that time, they reached the conclusion that it would be profitable in 2017. This 

estimation was shown to be a bit optimistic, since the business models have not changed 

as projected (Olsson 2018). The investment cost of a battery is also a factor which limits 

the willingness to implement another one. “We might consider this as an innovation 

project, which could imply that it doesn’t have to pay for itself. But when you have 

executed those you need to let the cash flow decide if the you should do it or not” (P. 
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Karlsson, personal communication, April 6, 2018)14. One quality which, according to 

Respondent A (2018), simplifies an investment or an additional installation is rack 

modules. A company might aim for a high installed capacity, but can only afford 

smaller installations on several occasions.  

5.2 Simulation of Behrn Arena  

5.2.1 Design of reference system 

In section 4.2.3 the method for the system design was defined and the result is shown in 

Table 5. The configurations shown in the table results in a DC-to-AC ratio of 1.12, 

which indicates that the solar array is oversized for the inverter capacity. An effect of 

having an oversized solar array is clipping losses. For the simulated system design the 

inverter capacity causes two cut-offs in June, which can be seen in Figure 13. 

Table 5. Configuration at reference conditions. 

Module Data Inverter Data 

Nameplate capacity 123.3 kWdc Total capacity 110.4 kWac 

Number of modules 385 Total capacity 112.8 kWdc 

Modules per string 11 
Number of 

inverters 
4 

Strings in parallel 35   

Total module area 645.5   

String Voc 763.4 V   

String Vmp 630.3 V   

 

 

Figure 13. Inverter clipping losses of the AC power. 

                                                           
14 ”Antingen ser vi det som ett innovationsprojekt och då kan man ju tänka sig att projektet inte behöver 
bära sig självt. Men när man väl gjort dom, då måste man ju låta kassaflödena styra om man ska göra 
det eller inte.” 
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The PV-system, without battery, decreases the energy from the grid to the load on a 

monthly basis and over the year decreases the load with 124 942 kWh. Largest impact 

the system has from April to August, when the PV-system reduces the energy from the 

grid with 10.3-19.5 % each month. The energy consumed from the grid per month, 

before and after the implementation of PV, is shown in Figure 14. With respect to the 

bought energy an economical profit of 6% was obtained from SAM for the same period 

as shown in the figure below. With respect to the yearly savings is it possible to pay 

back the PV-system investment in 19 years.  

 

Figure 14. Energy from the grid to the load without the battery. 

5.2.2 Peak shaving: 1-day look ahead  

When the battery was controlled by the peak shaving controller the energy consumption 

was further decreased compared with the system without battery. In Figure 15 the 

energy from grid to load is shown for the three setups; without system, without battery 

and with system. Translated to an economical result, the system with PV and a battery 

decreases the yearly electricity bill with 10.2%. With respect to the yearly savings is it 

possible to pay back the PV-system investment in 11 years.  
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Figure 15. Comparison of the energy from grid to load. 

The purpose of the battery was to lower the peak demand for each month and in Figure 

16 the obtained result is shown. The system manages to cut all of the peaks above 600 

kW, but does not reach the power target of maximum 400 kW per month. This peak 

shaving results in a reduction of the cost of the peak power with 17.1%.  

 

Figure 16. Peak demand with and without system. 

As stated in the method chapter the battery was not allowed to discharge below 20%, 

which affects the discharge cycle. In Figure 17 the peak for August is zoomed in. At 

17:00 is the power demand rapidly increasing, which can be seen by the steep slope of 

the curve in Figure 17. When the peak power hits at 19:00 there is only approximately 

35% of the power left in the battery.  
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Figure 17. State of discharge-curve at the peak power consumption in August. 

In Figure 18 the SOC is shown on a yearly basis and as can be seen the battery 

discharges until it reaches the DOD limit. In average is the SOC of the battery 94.9%, 

which indicates that the battery is not being aggressively charged and discharged. This 

can also be seen from the number of cycles the battery undergoes. As proclaimed in 

section 2.1.2 a Li-ion battery should manage approximately 2500 cycles, which this 

battery system reaches after 17 years. Meanwhile, the battery capacity degrades to 70% 

after 15 years.  

 

Figure 18. State of charge on a yearly basis. 

5.3 Sensitivity analysis  

5.3.1 Decrease the lower limit for State of Charge 

In the result it was shown that the limit for SOC was reached. Therefore, a sensitivity 

analysis was performed to see how large impact the SOC limit had on the result. The 
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analysis was performed by decreasing the lower SOC limit in two steps. Initial value 

was 20% and this was first decreased to 10% and further on to 0%, which means that 

the battery is allowed to be fully discharged.  

At a SOC limit of 10% the studied parameters (energy drawn from the grid, electricity 

bill and power demand) decreased in comparison to the reference system. In average 

SOC was 93.8% and the degradation time to 70% of the capacity was shortened with 

approximately 1.6 years. The electricity bill (in SEK), energy consumption (in kWh) 

and power tariff (in SEK) are marginally affected, as can be seen in Table 6. With no 

limit for the SOC, a negative result on the electricity bill was obtained. This parameter 

was analysed first and the negative result led to no further interest of investigating 0% 

limit.  

Table 6. Sensitivity analysis of the SOC limit. 

 Electricity bill [%] Energy consumption [%] Power tariff [%] 

SOC at 10% 0.14 0.22 0.63 

SOC at 0% -1.47   

 

5.3.2 Vary the nameplate capacity of the PV-system 

The purpose of the PV-system was to decrease the energy drawn from the grid by 

covering the base demand. Therefore, an analysis was performed to investigate how the 

size of the PV-system affected the electricity bill. The array size was decreased with 

25% and 50% and increased with 25%, 50% and 75%. The new system design was 

calculated with the equations shown in section 2.7.2 and the investment cost was 

divided over 25 years. From the savings, compared to the no system case, the yearly 

investment cost was withdrawn. The part left from the savings, in relation to the array 

size, is shown in Figure 19. The blue solid line represents the savings, while the red 

dotted line represent the investment.  
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Figure 19. Solar array size in relation to the yearly savings. 

In the method chapter the breaking point for not sending any electricity to the grid, 

without the battery, was found. When the solar array size was increased the system 

started to deliver power to grid even though, the battery function in SAM was enabled. 

During the winter and the autumn the PV-system only deliver enough power to cover 

the base load, regardless of the array size. The largest difference between the systems 

was shown in May, June and July, when the bigger PV-system started to send hundreds 

of kilowatt hours per month. A comparison of two of the larger systems can be seen in 

Figure 20. Since the 50% larger system sends to much energy to the grid, the even 

larger system was not evaluated.  

 

Figure 20. Energy delivered to the grid from the PV-system. 
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peak for January is shown. The new battery powers lowered the peak demand with 

respect to the reference case, but there was no difference between the 200 kW, 300 kW 

and 400 kW batteries. To investigate if the SOC limit was the cause, a simulation with 

10% SOC was performed. It was shown that this limit had a small impact on the power 

delivered from the systems, but it affected the three different batteries (200 kW, 300 kW 

and 400 kW) likewise. 

 

Figure 21. Electricity drawn from the grid by the load. 

In Figure 22 the resulting peak power demand is shown for each of the power modes. 

For all of the months, except May and June, the peak power decreased compared to the 

reference case. This contradicts the result shown in Figure 21, where one could see the 

electricity drawn the grid got lowered.  

 

Figure 22. Peak power demand for the four different power levels. 

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

450.00

500.00

14:00 15:00 16:00 17:00

P
ea

k 
p

o
w

er
 [

kW
]

Time

Without system

Reference

200 kW

300 kW

400 kW

10% SOC

0

100

200

300

400

500

600

P
ea

k 
p

o
w

er
 d

em
an

d
 [

kW
]

Reference

200 kW

300 kW

400 kW



35 
 

 

The batteries discharge and charge cycle was examined for the random selected peak of 

the year. In Table 7 is the highest peak hours in January shown with the following three 

hours for the 200 kW battery. The 200 kW battery was chosen as an example, but the 

same result was discovered for the other powers as well. As can be seen in the table was 

the load receiving power from the battery during the high power hours, which decreased 

the power demand from the grid. After those hours the battery immediately started to 

charge with power drawn from the grid, which results in a new peak of 400 kW.  

Table 7. Electricity drawn from the battery and the grid hours within the peak. 

Time 
Electricity to load 

from grid [kW] 

Electricity to battery 

from grid [kW] 

Electricity to load 

from battery [kW] 

14:00 354 0 95 

15:00 355 0 93 

16:00 354 0 116 

17:00 387 0 37 

18:00 250 138 0 

19:00 200 200 0 

20:00 185 36 0 
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6. Discussion  

In the discussion the result from the interviews will be analysed to find trends and 

where the market is heading. Followed by this analysis the obtained result from the 

simulation will be discussed and analysed. Finally a general discussion regarding the 

battery market will be executed, where the theoretical analysis will be compared with 

the findings from the interviews.  

6.1 Market analysis 

Almost a third of the participants’ batteries had not been taken into operation when this 

market analysis was executed. This has some effect on the result, since those who have 

not start using it cannot express any thoughts regarding the performance of the battery. 

It also is an indicator on how new this market is. When comparing the different 

installation it also become clear that they have reached different stages. Instead of just 

charge and discharge the battery to increase the self-consumption, it is shown that you 

can aggregate sources as well as controlling the battery with respect to the frequency on 

the grid. Jonas Tannerstad and Örebro Bostäder’s industrial automation system is 

furthest developed and gives an insight on how smart cities might look like in the 

future. With their total installed battery power they match the requirements from Svk to 

be active on the regulation market. Örebro Bostäder’s initiative, Falbyden’s tests and 

Svk’s pilot project all indicates towards a change on the balance market, where storage 

systems spread out on different levels in the grid could become a vital player. A 

reformation like this has already taken place in e.g. Germany and the UK, which has 

shorten the payback period for the batteries.   

In general the respondents were satisfied with their battery, but some expressed a wish 

for better visual tools of the performance. The visualisation might be an important 

factor to take under consideration. Not just from a technical perspective, but to show off 

the performance and create a story about the technique. Further on, from a more 

technical perspective is a more advanced control of the batteries desired. Today it is 

possible to control the battery with respect to one parameter, e.g. peak shaving or 

electricity price. The next step would probably be to let the control system decide by 

itself which function the battery should take. Another performance quality that should 

be taken with respect is the possibility to handle the instantaneous power.   

Even though some have reached far when it comes to their mind-set and application of 

the battery, not all of the participants requires that kind of control system yet. The peak 

shaving function should therefore not be underestimated. Especially not if the 

indications of a greater focus on power demand, rather than energy demand, from the 

Swedish Energy Markets Inspectorate hits the market. If this becomes the reality it is 

not unlikely that battery investments will increase in the future, since it will be more 

beneficial to decrease the peak power demand.  



37 
 

Today the majority of the battery installations are of Li-ion type. These kind of batteries 

are suitable for application where they need to handle short and fast charge and 

discharge cycles. In the light of this knowledge it is reasonable to question whether or 

not Li-ion chemistry is needed in all of the projects presented in this analysis. With 

respect to how new the market is, it is not that surprising if the customers choose a, for 

them, trustworthy supplier rather than the chemistry of the battery. Instead it is the 

suppliers and manufacturers that should offer different types, but with the EV-industry 

pushing the price down for Li-ion batteries it becomes challenging for other types to 

find some profitability.  

Customers which had installed a battery did it with innovation or research as argument 

and with the aim of being in the lead of the market as well as to show off an 

environmental awareness. Meanwhile it is shown that the batteries might not be that 

environmental friendly. The greatest impact on the environment is from the 

manufacturing of the battery, which implies that we should reflect over the location of 

the manufacturing or try to stretch the calendar life time, to reduce the number of 

manufactured batteries. This is possible if we either choose batteries from countries 

where the electricity mix is green or by extending the time of use, which can be 

achieved by re-using the batteries. The ones who had installed a 2nd use battery 

proclaimed that this was one of the reasons for their investment. This shows the 

importance of a sustainable approach towards batteries. Therefore it is possible that 

Inspolrion’s technique will be of value for the battery market, since the technique 

creates a value of the 2nd use batteries. A factor to take into account is that the sensor 

technique needs to be implemented right from the beginning, but there are already a 

large number of batteries in use on the market.   

An interesting observation from the result is that the two largest battery installations are 

not owned by the end-customer. They are either owned by a third party or under a 

leasing agreement, because it would not be profitable for the consumer to buy a battery 

with that high capacity. This is not just interesting from an economical perspective, it 

also shows the possibility for this kind of market. Instead of just charging for the 

transported electricity, companies could start leasing energy solution. By then more 

electricity consumers could increase their flexibility towards the grid and the supplier 

would get a steady income with a subscription of their batteries.   

6.2 Simulation of Behrn Arena  

SAM has advantages, thanks to its many features; such as all the available technical 

data, help files for every aspect and that it is user friendly. The software is developed by 

the National renewable Energy Laboratory (NREL) and is, in some aspects, most suited 

for an American application. This is particularly noticeable for the financial parameters, 

where their governmental structure affects the different tax-rates. Even though, the 

American standard might affect the economical result it does not affect the technical 

outcome.  
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One factor which might have affected the technical result is the weather file, because 

many of the parameters was from the weather file for Karlstad. In the weather file the 

two parameters with the largest impact were changed to the studied location. The beam 

normal irradiance was gathered from STRÅNG, while the diffuse horizontal irradiance 

was calculated. With the calculation further uncertainties needs to be taken under 

consideration, due to several of input parameters to get the needed zenith angle. The 

weather profile was based on one year, which also was the case for the load profile and 

the energy price. The year was 2017 and it was not a remarkable year in any aspect. 

Therefore should not the result be any less trustworthy despite this limitation.  Another 

factor which marginally differed in the simulation compared with the reality was the 

electricity bill.  

6.2.1 Reference system 

The reference system manages to further decrease the monthly energy consumption, 

compared to the system without the battery. This result do also affect the payback time 

of the PV-system, which decreases with 8 years when complementing the PV-system 

with a battery. For the studied system, with a battery lifetime of at least 15 years, four 

years of savings from the electricity bill could be used to cover the battery investment. 

Unfortunately, for years of savings will not cover the total battery cost. Other incentives 

would be needed on the market to make this battery profitable during its lifetime.  

SOC in the battery was in average, approximately, 95% over the year. Such high 

capacity stored in the battery could indicate that it is underutilized when its only 

purpose is to shave peaks. It would therefore be more beneficial if it was possible to 

operate the battery with respect to other indicators than only the peak demand. One 

function that a battery located at this arena would be suitable for is frequency 

regulation. It has a high capacity stored in the battery for several hours of the month and 

in reality the arena has one peak each month which the battery should focus on shaving. 

This peak was rather easy to predict, since it in the majority of times correlated to a 

football match. Hence it would be manageable to know in advance when to offer power 

on the regulation market.  

SAM operates the battery automatically by look ahead to the next day’s load and solar 

resource. It is not possible to inform the simulation software exactly when the highest 

peak will come. Therefore, the battery discharges during times when it does not create 

the greatest value. This does not seem to affect the possibility for it to manage the 

highest peaks, but the number of cycles increases which shorten the lifetime of the 

battery.  

6.2.2 Lower limit for SOC 

With a lower limit of 10% for SOC small changes was obtained. With respect to the 

electricity bill and the power tariff, the charges were slightly decreased. That was also 

the outcome for the lifetime of the battery. It is therefore necessary to decide which 
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feature that is of greatest importance for the application. In this case the lifetime of the 

battery was considered to be more important than the tiny savings on the electricity bill. 

With a battery which were allowed to fully discharge, a negative result was obtained 

and not even further investigated. Another approach towards the SOC would be to 

lower the upper limit, to further increase the lifetime. A lower SOC implies decreased 

power in the battery, which was not desirable. It was shown in the reference case that 

the total 100 kW was needed to affect the peaks.  

6.2.3 Vary the nameplate capacity of the PV-system 

In the sensitivity analysis, presented in section 5.3.2, it was shown that Örebroporten 

would save money on a yearly basis if they install a PV-system with high rated power. 

The savings increased with the power level, since more of the load could be covered by 

the onsite generated energy. Even though the consumption is high, it was not high 

enough to not send any energy to the grid when the PV-capacity increased. To not 

consume or store the energy is from an economic perspective not desirable. Not from a 

complete system perspective either, where the distributed energy sources’ peak power 

can become a great challenge.   

6.2.4 Vary battery size  

The obtained result from SAM differ from what was expected of the system. When the 

battery increases, a larger part of the peak should be covered by the battery and 

therefore lower the monthly peak power. What was shown in the result chapter was the 

opposite. When the power from the battery increases the monthly peak demand do so as 

well. The increase was a result from the dispatch controller, which operated the battery 

to be fully charged within a few hours. For this study it was not necessary to have a 

short charge period, since the next high power demand did not come until the next 

month.  

When the SOC limit was decreased to 10% from 20% the peak power was further 

lowered for all systems, but as presented in 5.3.1 this setting shorten the life time. The 

difference in power demand was not considered great enough to risk a shorter lifetime 

of the battery. 

6.3 General 

Today Li-ion batteries dominate the Swedish, and the international, market for battery 

storage applications. The reason for the market advantage is the EV-industry, which 

exerts downward pressure on the price. To completely rely on one type of battery 

chemistry is not sustainable in the long run, because lithium is a finite resource located 

at few places and countries. The limited geographical spread of the resources might 

cause geopolitical challenges in the future. To increase the sustainability with BESS two 

aspects are of importance; extend the lifetime and increase the number of different 

battery chemistries on the market. In the simulation of Behrn Arena, a Li-ion battery 
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was chosen, mostly because of limitations in SAM. For this study it would have been 

interesting to simulate a mixture of battery chemistries to reach the perfect balance of 

deep and fast discharges and the possibility to store energy for longer times.  

The applied business models on the electricity market does not make it profitable for a 

BESS. The high price for the battery technique is one part of it, the other is the way we 

are paying for consumed energy. That is probably why the function time-of-use was not 

more frequently applied. For Behrn Arena a function operating on the energy price 

would be undesirable, since the base load is too high for a battery application to make 

an effect on and because the price for energy, compared to the price for power, is low. 

To make a BESS more profitable, the Swedish market should be influenced by globally 

applied market structures, such as the one in the UK. The possibility to work with an 

aggregator and their high power charges results in a payback time less than 10 years. 

This is a significantly more desirable business case than the one reported in the market 

analysis as well as in the case study.   
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7. Conclusions 

In the future there will be more of a power-challenge than an energy-challenge, due to 

increased penetration level of renewable energy sources. From a customer’s perspective 

this challenge could cause power tariffs on the electricity bill, which already is the 

reality for e.g. Örebroporten. These power tariffs are based on the increased expenses 

for the grid operators, which are obligated to deliver constant power to their customers. 

It is shown that a battery could support the grid owners, but today theirs’ business 

opportunities are limited due to laws and regulations. It is therefore necessary to review 

these restrictions and make the laws more up to date with the technical climate.   

One conclusion from this study is that a battery should not be dimensioned to cover any 

base load. The most suitable application for a BESS is to handle peak power and this 

will be more profitable if there will be a larger focus on the power demand from the grid 

owners. Companies, regardless size, do in most cases have peaks in the energy 

consumption which a battery could cut. Today companies start to offer EV-charging to 

their customers, which will increase their peak demand. With respect to an eventual 

power tariff, a battery will be a desirable solution for these companies.    

At Behrn Arena it was possible to lower the peak powers, and thereby the monthly 

electricity bill. To combine a battery with a PV-system created a greater value of the 

solar energy and the investment could be paid back eight years earlier compared to a 

system with only a PV-system. To make the batteries profitable the price needs to 

decrease or the business models need to be changed to create paths for revenue streams 

from more than one function. One function that could make a BESS more cost-effective 

is frequency regulation. In general sports arenas are an interesting location to place a 

battery for the use of frequency regulation. The highest peaks occurs when there is an 

event at the arena and they are scheduled in advanced. It would therefore be possible to 

know exactly when the battery will have enough power stored.  

Frequency regulation could be managed by a single battery owner, who have installed 

enough capacity to match the target. The minimum power level is today 0.1 MW, which 

not many cannot afford to install. Today has the largest installation been owned by a 

third party owner. This is definitely an interesting business model for the future as well, 

since many customers may not afford the initial investment cost. For a grid operator the 

business model could assure their future incomes when more customers are getting 

interested in generating their own electricity instead of consuming it from the grid.  

Revenue streams from one or more function could be considered an economic necessity, 

but it would require a more evolved control system. Today the batteries operates with 

respect to one function at the time. In the future the inverter should be controlled by 

adaptive algorithms, which continuously can detect the most profitable revenue stream 

or function.   
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Appendix  

Incoming solar energy  

In Table A 1-Table A 4 is the incoming solar energy per building and roof area of Behrn 

Arena shown. The energy data was used is the decision making for which areas suitable 

for PV-installation. The figure referred to is shown in section 4.2.1. 

Table A 1. Incoming solar energy of area 1. 

Energy class 

[kWh/m2/y] 

Roof area 

[m2] 

Incoming solar energy 

[kWh/y] 

>1000 0 0 

950-1000 2 262 2 169 500 

<950 56 48 774 

 

Area 2, shown in Table A 2, is the east pointing stand.  

Table A 2. Incoming solar energy of area 2. 

Energy class 

[kWh/m2/y] 

Roof area 

[m2] 

Incoming solar energy 

[kWh/y] 

>1000 0 0 

950-1000 840 800 476 

<950 164 150 925 

 

Area 3, shown in Table A 3, is the stand in the south position.  

Table A 3. Incoming solar energy of area 3. 

Energy class 

[kWh/m2/y] 

Roof area 

[m2] 

Incoming solar energy 

[kWh/y] 

>1000 0 0 

950-1000 1 206 1 152 850 

<950 134 121 582 

 

Area 4, shown in Table A 4, is the stand with west direction.  

Table A 4. Incoming solar energy of area 4. 

Energy class 

[kWh/m2/y] 

Roof area 

[m2] 

Incoming solar energy 

[kWh/y] 

>1000 0 0 
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950-1000 1 147 1 098 690 

<950 86 72 024 

<950 8 785 7 621 460 

 

  



49 
 

Energy price and taxes 

Input data to SAM, gathered from electricity bills for one year. Each month 

Örebroporten has a fixed monthly cost of 2100 SEK and 64.4 SEK/kW in power tariff. 

This tariff is based on the highest peak power demand for each month. Furthermore, 

Örebroporten is paying for the energy used and transferred to their arena. The energy 

price (SPOT-price), energy transportation fee and energy taxes are shown in Table B 1. 

Table B 1. Energy price and taxes. 

 [SEK/kWh] 

Energy price Monthly variations 

Energy  

transportation-fee 
0.0399 

Energy taxes 0.325 
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Parameters in weather file in SAM 

Parameters in the weather file in SAM, referred to in section 4.2.2, are presented in 

Table C 1. 

Table C 1. Parameters in weather file used in the simulation. 

Data field Units Labels in SAM 

Beam normal irradiance W/m2 Beam 

Diffuse horizontal irradiance  W/m2 Diffuse 

Ambient dry bulb °C Tdry 

Dew point temperature °C Tdew 

Atmospheric pressure mbar Pres 

Wind direction degrees Wdir 

Wind speed m/s Wspd 

Aerosol optical depth 0..1 Aod 

Ground reflectance (albedo) 0..1 Alb 
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Highest power demand  

Highest power consumption for each month of the year used for the technical design of 

the battery. The peak use was limited to be higher than 400 kWh/h and shown in Table 

D 1. 

Table D 1. Highest power demand for each month of one year. 

Date; time 

Power 

consumption 

[kWh/h] 

Date; time 

Power 

consumption 

[kWh/h] 

2017-01-22; 14:00 449.1 2017-07-02; 17:00 500.7 

2017-01-22; 15:00 447.3 2017-07-02; 18:00 509.7 

2017-01-22; 16:00 469.8 2017-07-02; 19:00 494.7 

2017-01-22; 17:00 424.2 2017-07-02; 20:00 462.3 

2017-02-22; 18:00 523.5 2017-08-21; 17:00 457.5 

2017-02-22; 19:00 511.8 2017-08-21; 18:00 544.2 

2017-02-22; 20:00 510.6 2017-08-21; 19:00 641.1 

2017-02-22; 21:00 462.0 2017-08-21; 20:00 599.1 

2017-03-16; 17:00 405.6 2017-08-21; 21:00 583.2 

2017-03-16; 18:00 524.4 2017-08-21; 22:00 548.4 

2017-03-16; 19:00 506.7 2017-09-21; 16:00 454.2 

2017-03-16; 20:00 493.2 2017-09-21; 17:00 579.9 

2017-03-16; 21:00 480.6 2017-09-21; 18:00 617.1 

2017-04-26; 18:00 523.8 2017-09-21; 19:00 589.8 

2017-04-26; 19:00 568.5 2017-09-21; 20:00 566.1 

2017-04-26; 20:00 542.4 2017-10-20; 18:00 538.5 

2017-04-26; 21:00 503.7 2017-10-20; 19:00 639.6 

2017-05-29; 18:00 510.0 2017-10-20; 20:00 612.0 

2017-05-29; 19:00 622.8 2017-10-20; 21:00 603.9 

2017-05-29; 20:00 578.1 2017-11-05; 12:00 450.9 

2017-05-29; 21:00 563.1 2017-11-05; 13:00 463.5 

2017-06 - 2017-11-05; 14:00 600.6 

  2017-11-05; 15:00 635.7 

  2017-11-05; 16:00 615.6 
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  2017-11-05; 17:00 605.1 

  2017-11-05; 18:00 531.3 

  2017-12 - 
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Technical specifications 

The technical specifications of the battery can be seen in Table E 1, together with the 

specifications for the modules and the inverter.  

Table E 1. Technical specifications of the modules, inverter and battery. 

Module Data   Inverter Data Battery Data 

Nominal efficiency 19.1 % 
Max AC 

power  

27 600 

Wac 
C-rate  1 

Max power  320 Wdc 
Min MPPT 

Voltage 
520 Vdc 

Fully 

charged 

cell 

voltage 

4.2 V 

Max power voltage 57.3 Vdc 
Max MPPT 

Voltage 
800 Vdc 

Cell 

capacity 
1.5 Ah 

 


