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Abstract

Techno-economic analysis of commercial battery
storage systems in Northern Europe

Albert Bergström

As the world looks to lower its need for fossil fuels, photovoltaics has 
been put forward as one of the proposed solutions. There is, however, 
one major drawback with the electricity production coming from 
photovoltaics – it is intermittent and rarely matches the electricity 
demand profile of society. To overcome this drawback, battery energy 
storages are a potential solution that can be used to match consumption 
with production better. When installed at an electricity consuming facility, 
a battery energy storage system can also provide added benefits such as 
uninterruptible power supply and so-called “peak-shaving”, using the 
battery to cut peaks in electricity demand which offloads the facility’s 
grid connection as well as the local electric grid.

This master thesis was conducted in cooperation with a German 
distributor of photovoltaic- and battery storage systems, EWS, and has 
studied the technical and financial conditions connected to investments 
in facility installed battery storages localized at non-household users of 
electricity in Scandinavia, Poland, and the Netherlands. The thesis has 
also, through case studies, compared different battery technologies for 
this purpose, like lithium-ion, sodium-ion, nickel-metal-hydride, and 
vanadium redox flow batteries. These techno-economical simulations 
were performed in the simulation software HOMER Grid.
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Populärvetenskaplig sammanfattning 
I takt med att klimatförändringar påverkar våra samhällen och vår natur i allt större 

utsträckning, blir även ropen efter lösningar på de ökande klimatproblemen allt starkare. Av all 

energi som handlas runt om i världen idag, är cirka 85% fossil energi från kol, olja och naturgas, 

något som akut behöver förändras om uppsatta klimatmål ens ska komma i närheten av att 

uppnås. 

Ett energislag som föreslagits kunna användas istället för fossil energi är elektricitet från 

solenergi, vilket kan produceras med hjälp av solceller. Denna elektricitet föreslås exempelvis 

kunna användas för att ladda elbilar eller som ersättning till smutsig elproduktion från kolkraft 

eller annan fossil elproduktion, och ska på så vis bidra till att minska miljöfarliga utsläpp.   

Solceller installeras idag världen över i högre takt än någonsin tidigare, även här i de norra 

delarna av Europa. En stor skillnad med solceller jämfört med andra, mer traditionella 

elproduktionssätt, som vattenkraft och kolkraft, är att solceller passar bra att installera även i 

mindre anläggningar som på tak på privata eller kommersiella fastigheter. Ett problem som 

man uppmärksammat i samband med detta är dock att elproduktionen från solcellerna varierar 

mycket beroende på årstid, tid på dygnet och beroende på vädret. Detta gör att solceller 

dessvärre sällan matchar fastigheters elbehov särskilt väl, vilket kan skapa problem. För att 

lösa detta problem kan exempelvis batterilager användas. Dessa fungerar så att man laddar 

upp dem med el från solcellerna under tider på dygnet då elproduktionen överstiger behovet, 

exempelvis mitt på dagen en solig sommardag, för att sedan laddas ur när energibehovet 

överstiger produktionen, exempelvis när solen gått ner på kvällen och man har satt på tv:n och 

har lamporna tända.  Batterilager kan dessutom användas för elförsörjning vid strömavbrott 

och för att minska belastningen på fastigheters elnätsanslutning. 

Det har dock visat sig att framförallt företag som investerar i solcells- och batteriteknik ofta inte 

bara vill göra det för att minska sina utsläpp och bidra till en bättre miljö, utan vill även 

långsiktigt kunna tjäna pengar på sina investeringar. För att göra det, och för att veta hur 

mycket man i längden kan tjäna, spelar dock många olika parametrar in, som skatter, elpriser, 

elnätskostnader och eventuella stödsystem. Dessa parametrar varierar ofta mellan olika 

länder. 

Om man ska kunna göra en rimlig uppskattning av hur lönsam en investering i batterier och 

solceller är, behöver man ha en uppfattning om alla de parametrar som påverkar en investering 

i denna teknik, samt hur de samspelar. För att underlätta med dessa beräkningar skapade för 

några år sedan det tyska företaget EWS, vilka säljer solcells- och batterisystem, ett program 

vid namn QuickPlan. QuickPlan är utvecklat så att personer helt utan tidigare kunskap om 

solceller eller batterisystem ska kunna utforska de tekniska och ekonomiska förutsättningarna 

man har för att investera i denna teknik. Gällande batterisystem kunde dock QuickPlan, fram 

till tiden för detta projekt, endast ta hänsyn till tyska parametrar och förhållanden, vilka inte 

kunde antas gälla för andra länder där EWS också hade kunder. De länder som EWS var mest 

angelägna om att anpassa QuickPlan till efter Tyskland var de skandinaviska länderna, 

Nederländerna och Polen, då detta var länder där EWS hade flest aktiva kunder. 

Detta exjobb har därför utförts på uppdrag av EWS, och har undersökt de tekniska och 

ekonomiska förutsättningarna för investeringar i fastighetsanslutna batterilager lokaliserade 

hos företagskunder i Skandinavien, Nederländerna och Polen. Arbetet har genom simuleringar 

även jämfört olika batteriteknologier för detta ändamål samt genom fallstudier utforskat och 

optimerat lönsamheten för investeringar i solceller och batterilager på kommersiella 

fastigheter.  



 

 

Executive Summary 
The project planning tool QuickPlan, developed by the German wholesaler for PV-components 

EWS, is suggested to be customized for the Scandinavian, Polish and Dutch market through 

incorporating financial high load window simulations and ability to decide financially optimal 

grid connection fuse size using load profiles and costs of investing in PV and battery systems.  

EWS is also suggested to target areas with high grid costs for their business within commercial 

battery storages. This would give maximum payoff and mean that the distribution grids with 

the most significant challenges are handled first. 

QuickPlan is also suggested to be customized for optimal system size simulations, which would 

further help their installation customers in the process of project planning and system 

dimensioning. 

As EWS presently only distribute and sell Li-ion batteries, this report suggests that EWS should 

consider broadening its product range with another battery technology such as NiMH or Na-

ion to address customers' concerns regarding safety and recyclability better. Even though 

these technologies generally have a slightly lower round-trip-efficiency compared to Li-ion, 

they show financial profitability potential comparable to Li-ion.



 

 

List of Abbreviations 
Abbreviation Definition 

AC Alternating Current 

BESS Battery Energy Storage System 

DC Direct Current 

DoD Depth of Discharge 

DSO Distribution System Operator 

EVA Ethylene-Vinyl Acetate 

LCOE Levelized Cost of Energy 

LCOS Levelized Cost of Storage 

LFP Lithium Iron-Phosphate 

Li-Ion Lithium-Ion 

MPP Maximum Power Point 

MPPT Maximum Power Point Tracker 

Na-Ion Sodium-Ion 

NCA Nickel-Cobalt-Aluminum 

NiMH Nickel-Metal-Hydride 

NMC Nickel-Manganese-Cobalt 

NPV Net Present Value 

O&M Operations and maintenance 

PrV Present Value 

PV Photovoltaics 

PVF Polyvinyl fluoride 

ROI Return of Investment 

SoC State of Charge 

SOH State of Health 

STC Standard Test Conditions 

VRFB Vanadium Redox Flow Batteries 

Wp Watt peak, nominal photovoltaic module power rating at STC 
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1 Introduction 
1.1 Initial situation: How energy storage can help renewable 

energy development 
Today’s society has a great need for energy in order to function correctly. Energy is, for 

example, used to light up our homes, transport our goods, power the factories where we work 

and run agricultural machines which help produce our food. In 2018, 85% of that energy came 

from fossil fuels such as coal, oil, and natural gas (Figure 1). 

 

Figure 1: Global Primary Energy Consumption by Traded Fuel in 2018. Data source: (BP, 2019) 

Unfortunately, the use of fossil fuels has shown to cause several problems such as local air 

pollution and emittance of greenhouse gases during combustion (International Energy Agency, 

2016). Fossil fuels are also finite resources that are harvested at a much higher rate than they 

are created, meaning society eventually has to significantly reduce its fossil fuel consumption 

because of physical limitations (Höök, et al., 2010). 

One alternative to fossil fuels is to use renewable energy sources, such as sun- or wind energy. 

However, when using these for electricity production, they both have one major drawback 

compared to the use of fossil fuels: They are both weather- and seasonally dependent energy 

sources and the electric power production is therefore only regulatable up to a certain degree. 

To compensate for this drawback, one can install energy storage systems that provide the 

flexibility needed in order to better balance the supply of renewable energy with the energy 

demand. This can, for example, be achieved by storing energy in rechargeable batteries during 

times with a surplus of electric power to later be able to discharge the batteries when there is 

a shortage of electric power production. 

In this paper, grid-connected PV-systems placed behind-the-meter at commercial facilities 

were simulated in combination with different battery energy storage technologies. 

Implementing these systems may not only reduce electricity costs for the system owner, but 

also reduce fossil fuel usage if the renewable PV-electricity is used instead of electricity 

produced from fossil fuels. 

34%

24%

27%

4%

7%
4%

Global Primary Energy Consumption by Traded Fuel 2018

Oil Natural gas Coal Nuclear energy Hydro-electricity Renewables

Data source: BP Statistical Review of World Energy 2019
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1.2 Information about the project owner and background of the 
thesis 

The company EWS GmbH & Co. KG1 is a photovoltaic wholesaler based in Germany and has 

supported solar installers in Northern Europe with the dimensioning of solar electric 

installations with or without battery storage systems since the start in 1985. The use of battery 

storages to increase the rate of self-consumption or raise the degree of autonomy in residential 

applications has increased significantly in recent years, while battery prices have dropped at 

a fast rate. Businesses, however, often only invest in energy storage systems if profitability 

has been proven, irrespective of whether a solar electric system is installed or not. As the latest 

commercial battery storage systems have shown high profitability in, for example, Germany, a 

significant untapped market potential can be expected for the use of these batteries. 

This thesis is a continuation of a previous thesis conducted at EWS, which investigated the 

market potential and technical conditions for commercial battery storage systems in Germany, 

aiming to broaden the research to further markets of interest to EWS. These theses will then 

be used for best possible market entry into the commercial energy storage market, using 

market-leading products, highly advanced project planning tools as well as market-specific 

marketing material. 

1.3 Motivation of thesis work 
EWS has, in the last years, put a lot of time and effort into building a user-friendly project 

planning tool for its customers, which is meant to simplify tender processing, decision making, 

and planning of photovoltaic systems. This tool, named “QuickPlan”, has also been configured 

to be able to optimize battery energy storage solutions for residential applications. However, it 

has not been able to configure commercial battery storage systems up until recently. The 

possibility of integrating this feature into the planning tool was made in a previous master thesis 

conducted at EWS, which primarily focused on the German market (Dahm, 2019).  

Since EWS has a broad customer base of photovoltaic installer companies in many other 

northern European countries such as Sweden, Denmark, Netherlands, Norway, and Poland, 

this thesis was conducted in order to configure QuickPlan according to the conditions for 

commercial battery storages in all these countries.  

1.4 Findings of preceding studies 
This thesis is a continuation of a preceding master thesis conducted in 2019 at EWS in 

Germany (Dahm, 2019). Here one can, for example, obtain detailed information about the 

conditions relevant to commercial battery storage systems in Germany, cost development for 

PV and battery storage systems in general, the “Energiewende” as well as technical and 
financial theory connected to the topic of commercial battery storage systems. 

1.5 Problem statement and aim 
User-friendly, optimized tender processing for commercial battery energy storage systems 

would inevitably simplify the quotation management for EWS installation customers who are 

located in the northern European countries covered by this report. 

A project planning tool that optimizes the investment in a PV- and battery storage system must, 

however, be able to consider all relevant technical and financial conditions affecting the 

investment. For EWS project planning tool QuickPlan, this has up until now only possible been 

for systems located in Germany. 

 
1 https://www.pv.de/ 

https://www.pv.de/
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This project aims to collect data of, analyze and compare the different technical and financial 

conditions impacting investments in grid-connected, behind-the-meter battery energy storage 

systems at commercial facilities in Scandinavia, Poland and the Netherlands.  

Additionally, this project aims to simulate commercial battery energy storage systems for 

system optimization, both together with and without PV. This was done in order to set the 

researched theory into practice and give examples of optimal investment calculations of 

commercial battery storage systems in the previously mentioned countries. 

1.6 Delimitations 
The focus of this thesis is primarily towards photovoltaic (PV) and battery systems “behind-

the-meter” since this business segment is where the vast majority of EWS customers work for 

their installations of PV- and battery storage systems. Other applications of battery storages, 

such as utility grid storage and off-grid-solutions, were not researched in this paper. 

There are several different energy storage technologies commercially available for usage in 

small scale stationary energy storage applications, but only a few of these were considered in 

this report. For example, flywheels, supercapacitors, compressed-air energy storage (CAES), 

and lead-acid-batteries can all be used for storing electrical energy, but these were not 

considered in this paper. Only the following battery technologies were considered: 

• Lithium-ion batteries (Li-Ion) 

• Sodium-ion batteries (Na-Ion) 

• Nickel-metal hydride batteries (NiMH) 

• Vanadium redox flow batteries (VRFB) 
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2 Technical theory 
2.1 Rechargeable battery cell composition 
The most essential component in a commercial battery storage system is the battery itself, 

which is used to convert electrical energy to chemical energy when charging and vice versa 

when discharging. All batteries, regardless of battery technology, consist of a negatively 

charged electrode (anode), a positively charged electrode (cathode) and an electrolyte in 

which some type of ion can flow in between the electrodes. All batteries are charged and 

discharged using direct current. 

2.1.1 Lithium-ion batteries 
In a typical Li-ion battery cell, the anode consists of a particular carbon crystal structure called 

graphite, lithium ions are dissolved in an organic electrolyte, and the cathode is made of cobalt 

oxide, see Figure 2. 

 

Figure 2: Schematic figure of a Li-ion battery. LiCoO2 is used as cathode and graphite as anode (Julien, et al., 
2016). 

A change of the battery’s characteristics can, for example, be made through changing the 
cathode. This is commonly made with materials such as Nickel-Manganese-Cobalt Dioxide 

(NMC), Iron-Phosphate (LFP) and Nickel Cobalt Aluminum (NCA). By doing this, the battery’s 
characteristics can significantly change regarding aspects such as specific energy density, 

specific power density, safety, cost, and life span  (Battery University Group, 2019). Most 

batteries distributed by EWS in 2019 were LFP- (≈70%) and NMC-batteries (≈30%). 

2.1.2 Sodium-ion batteries 
The sodium-ion battery is a close relative to the lithium-ion battery, but instead of using lithium 

ions it uses sodium ions (Na-Ion). As of electrodes and electrolyte, the Na-Ion-battery 

researched in this report uses a carbon-titanium phosphate anode, manganese oxide cathode, 

and water as the electrolyte. The basic construction however is the same as in Figure 2, apart 

from the materials used. 

2.1.3 Nickel metal hydride batteries 
NiMH-batteries use nickel-oxyhydroxide (NiOOH) as cathode material, water-based alkaline 

electrolyte and a hydrogen-absorbing metal alloy as anode. Typically the anode in modern 
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NiMH-batteries is composed of many different rare earth elements such as V, Ti, Zr, Ni, Cr, Co 

and Fe, and the electrolyte is typically 6M KOH (Viswanathan, 2016). A schematic of the cell 

composition as well as charge- and discharge reactions for the NiMH-battery can be seen in 

Figure 3. 

 

 

Figure 3: Battery cell composition of a NiMH battery, as well as charge and discharge reactions (Liu, et al., 2011) 

2.1.4 Vanadium Redox Flow Batteries 
Vanadium Redox Flow Batteries is a type of “flow battery,” which can be viewed in Figure 4. 

This battery consists of two tanks with scalable size, pumps, and stacks of proton exchange 

membranes and current collectors. Vanadium Redox Flow Batteries are especially suitable 

for large energy storage applications, such as balancing the supply of renewable energy 

production with energy demand. 

 

Figure 4: Schematic of a Vanadium Redox Flow Battery, including charge- and discharge reactions (Fu, et al., 
2017). 

 

2.2 State of Charge (SoC) and Depth of Discharge (DoD) 
When operating a battery, there are many parameters who can be monitored and controlled. 

Two of these parameters, who are especially important, are the Depth of Discharge and the 

State of Charge of the battery. 
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The State of Charge of a battery is an estimation of how much energy is charged in a battery 

at a given time. If a battery, for example, has a rated capacity of 10 kWh, and the battery at an 

arbitrary time contains 5 kWh of stored chemical energy, the battery is said to be at 50% State 

of Charge (SoC). 

The Depth of Discharge of a battery is an operational parameter that tells how much of the 

installed battery capacity that is used during cycling. If a battery always is charged until 

completely full (100% SoC), and then discharged until completely empty (0% SoC), the battery 

is said to operate at 100% DoD. Furthermore, if a battery is, for example, configured to only 

charge until reaching 80% SoC, and then discharge until reaching 20% SoC, the same battery 

is said to operate at 60% SoC, since only 60% of the battery capacity is used during cycling. 

The DoD can often be configured in order to, for example, lengthen the cycle life of a battery. 

2.3 Energy management system (EMS) 
An energy management system is an automated system used to control and regulate energy 

flows. With regards to battery storage systems, the primary function of the EMS is to regulate 

when and how fast the battery should be charged and discharged. This can be done in a more 

or less advanced way, where for example a simple EMS might be programmed to charge the 

battery up to a given SoC as soon as there is a surplus of PV power and discharge it down to 

a given SoC as soon as there is a shortage of PV power produced. A more advanced EMS 

might, for example, be able to make a load prognosis for the coming 24 hours based on factors 

such as day of the week, day of the year, weather prognosis, historical electricity consumption, 

etc. in order to optimize the operation of the battery. Some EMS’s are also able to switch on 
and off different appliances in order to optimize, for example, the financial yield of available 

PV-electricity. 

2.4 Charging, discharging and C-values 
When operating a battery system regardless of size, a few trivial (but critical) characteristics 

are limiting. For example: 

• A battery cannot generate electricity. It is simply a storage for it. 

• A battery can only be discharged after it first has been charged 

• A battery can only be charged up to a certain threshold 

These are characteristics may seem trivial, but they considerably affect both the design and 

usage of a battery system, and they need to be carefully monitored and taken under 

consideration by the Energy Management System (EMS) continuously during operation.  

Another limiting factor which must be taken under consideration during both the design and 

operation of a battery is the C-value. This topic will be explained in the next section. 

2.4.1 The C-value 
The C-value (or C-rate) connects the power drawn from or fed into a battery with the nominal 
energy storage capacity of that battery. When discharging a battery at 1C, it’s done at a power 
that would drain the entire battery in 1 hour (MIT Electric Vehicle Team, 2008). The definition 
is simply:  𝑪 = 𝑷𝑬𝒏𝒐𝒎𝒊𝒏𝒂𝒍   [ 𝟏𝒉 ] (1) 

For example, a battery with a capacity of 100 kWh, which is discharged at 50 kW, is said to be 

discharged at ½C. Furthermore, a battery with a capacity of 10 kWh that is charged at 20 kW 

is said to be charged at 2C. 
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A battery is usually certified from the manufacturer to withstand power flows up to a certain C-

rate, which may be different for charge and discharge. Some battery technologies are better 

than others at handling high C-rates, which must be considered when choosing a battery type 

for a specific installation. 

It is important, however, to be aware that battery cycling with high C-rates generally both lowers 

the round-trip-efficiency of the specific cycle as well as reduces the lifetime of the battery 

compared to low C-rate cycling. This is due to internal resistance, which is present in all types 

of batteries and that the loss in power is equal to the square of the cycling current times the 

internal resistance. 

2.5 Differences between residential, commercial and utility 
battery storage systems 

As previously stated, this paper focuses primarily on commercial battery storages. But what is 

the difference between residential-, commercial- and utility battery storages? This will be 

discussed in the following paragraphs. 

2.5.1 Residential battery storage systems 
Residential battery storage systems are almost exclusively installed in combination with a 

renewable energy generator, such as PV. They are commonly around 5-30 kWh and 3-10 kW 

in size and are installed behind-the-meter in privately owned properties to the 0,4 kV-grid. The 

primary usage for this type of installation is to raise the self-consumption of self-generated 

renewable electricity and, in some applications, used for electricity supply during grid outages 

(Dahm, 2019, p. 24). 

2.5.2 Commercial battery storage systems 
Commercial battery storage systems have many areas of application, but most have financial 

benefits or the securing of electric power supply as their primary area of usage. They are 

commonly around 30 to 200 kWh and 15 – 500 kW in size, installed behind-the-meter in 

properties owned by companies to the 0,4 kV-grid. Usual scopes of application (for financial 

benefit) is to raise the self-consumption of self-generated renewable electricity and peak 

shaving (ibid.).  

In this report, a commercial battery storage will be defined as a battery storage system 

operational with or without PV, installed behind-the-meter to a commercial electricity customer 

connected to the 0,4 kV-grid to be used for peak-shaving, optimized self-consumption of PV-

generated electricity and/or as backup power supply in case of a grid outage.  

2.5.3 Utility battery storage systems 
Utility battery storages are usually systems used by the utility grid owner for grid stabilization 

purposes and are connected before the meter to the medium- or high voltage grid. They are 

usually much larger in size, from 400 kWh up to several MWh with corresponding high powers. 

In unusual cases, these systems are also used to store cheap renewable electricity (ibid.) 

2.6 Batteries as an uninterruptible power supply (UPS)  
A Battery Energy Storage System (BESS) can, in most cases, also be used as an 

uninterruptible power supply (UPS), supplying the facility with electricity within its limits even if 

there is a grid failure. In order to always be ready for a grid failure, the battery will always need 

to keep at least a set SoC during normal operation. This, however, limits the regular cycling of 

the BESS since the secured SoC-value only can be used in case of grid failure, limiting the 

BESS’s capacity factor. 
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2.7 Safety regulations with battery installations 
A charged, modern battery may contain quite significant amounts of energy in a small 

container, which potentially could be dangerous if not handled correctly. The general safety 

control of the battery is managed by the Battery Management System (BMS), which normally 

is included in the BESS straight from the factory. The BMS continually monitors the voltage, 

power flow, SoC, etc. of the battery to see that it is operated within safe intervals. If not, the 

BMS may shut the BESS off. 

Every commercially available BESS on the market today comes with a detailed installation 

instruction that should be followed for the battery to be safely and efficiently operated as well 

as for warranties to be valid. This instruction may include factors such as operating 

temperature, weather resistance, ventilation requirements, and resistance to physical violence. 

All BESS’s should, of course, be installed in line with the instructions from the manufacturer 

Some countries may, however, also have additional laws and regulations which apply for 

different types of battery technologies.  

2.8 Electrical components in a modern photovoltaic system 
A modern photovoltaic system is composed of several different system components, all of 

which need to be work seamlessly with the other in order to make the whole system run 

correctly. This section will briefly cover the functions of the different system components. 

2.8.1 Photovoltaic module 
A photovoltaic module contains several photovoltaic cells where energy contained in photons 

coming from a light source can be converted into electric energy through the photovoltaic 

effect. This energy can then be transported away from the PV-modules as direct current using 

wires. 

2.8.2 Inverter 
An inverter is a power electronic device used to transform between direct- and alternate 

current. It is important to understand, however, that inverting between DC and AC always 

creates a certain percentage of energy losses in the system. In Figure 5 one can observe a 

typical system topology of a grid-connected system with both a PV-inverter and battery 

inverter. The following two paragraphs will briefly cover their respective functions.  

 

Figure 5: System topology and possible energy flows from a grid connected PV-system with both a PV-inverter 
(left) and battery inverter (right) (Weniger, et al., 2018, p. 26) 

PV inverter 
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The most basic inverter used in PV-systems is a unidirectional DC/AC-inverter, which 

transforms PV-generated direct current into grid-compatible alternating current. Typically, a 

PV-inverter also includes one or several MPPT’s on the DC-side to optimize the power flow 

from the PV-modules. 

Battery inverter 

A battery inverter is a bidirectional DC/AC-inverter which is used to charge and discharge any 

type of battery. The battery is connected on the DC-side of the inverter and the battery inverter 

controls when the battery should be charged and discharged, respectively. When a battery 

inverter is used together with a PV inverter for storing PV-generated electricity, the PV-

electricity first has to be inverted from DC to AC by the PV-inverter and then back from AC to 

DC again by the battery inverter. This creates energy losses in both inverter steps just for 

storing. When the stored energy then is to be used, it needs to be inverted a third time back to 

AC, again creating energy losses.  

2.9 Basics of self-consumption 
When PV electricity is generated behind-the-meter, it can either be consumed directly onsite, 

sold to the grid, or stored in a battery for later use. If the power used on site is greater than the 

power generated by the PV-system, all PV-electricity will instantly be consumed onsite. This 

part of the generated electricity is called self-consumed, self-generated PV-electricity, or just 

self-consumption for short. PV-generated electricity that has been stored in a battery and then 

consumed onsite is also considered as self-consumption. 

A high level of self-consumption can also help minimize possible adverse effects on the local 

distribution grid, as a high level of PV-integration can create problems with overvoltages in the 

grid (Ehara, 2009)  

2.9.1 Self-consumption without battery storage 
The self-consumption-quota is highly dependent on the electricity use onsite as well as the 

size and characteristics of the PV system. A high self-consumption-quota is often financially 

beneficial for a system with PV and without batteries since the price of electricity purchased 

from the grid is higher than the compensation given for selling electricity back to the grid 

(Luthander, et al., 2014).  

Figure 6 presents two graphs showing two different size PV systems operating without a 

battery storage system to supply energy to the same varying load over the same day. One can 

observe that the self-consumption quota would be significantly higher for the system to the left.  
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Figure 6: Schematic of a PV system with a low (left) and a high (right) rated power supplying energy to the same 
varying load over the same day. (Luthander, et al., 2015, p. 83) 

2.9.2 Increased self-consumption using battery storage 
One way to raise the self-consumption quota is to install a battery system that charges during 

times of PV production surplus and discharges during PV production shortage. Another 

possibility to achieve the same result is to shift loads from times with surplus consumption to 

times with surplus PV production; however, that topic will not be covered by this report.  

A prerequisite for the profitability of using a BESS for increased self-consumption is that the 

Levelized Cost of Storage (LCOS) does not exceed the price difference between purchasing 

and selling electricity. If this prerequisite is not met, it will always be more profitable for the 

system owner to sell the excess electricity to the grid than storing it for later use onsite.  

Two different battery storage systems with different charge characteristics can be viewed in 

Figure 7, both applied to the same load as viewed in Figure 6. Both battery storage systems 

have the same storage capacity, only the charging power differs, where the charging power in 

the right system is limited to 40% av the generated surplus. During this particular day, the 

battery system with the limited charging power would both achieve a higher round-trip 

efficiency as well as a lower feed-in peak compared to the other. However, if the afternoon 

would have been heavily clouded, the battery system to the left would have outperformed the 

system to the right substantially, raising the self-consumption quota much more compared to 

the system to the right.  
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Figure 7: Schematic of the grid interaction for a PV+battery storage system connected to a varying load. The EMS 
in the right schematic limits the charging to 40% of the generated surplus power generated. Both systems have 

the same storage capacity (Luthander, et al., 2015, p. 92) 

2.10 Basics of peak shaving 
To only consider the total electric energy consumption and/or production when planning for a 

PV- and/or a battery system is normally not enough. One should also consider factors such as 

grid connection peak power capacity, possible power tariffs, and optimal choice of grid 

connection fuse size as well as the monthly load profile of the customer and tax conditions. It 

is when reviewing these different factors that so-called peak shaving (also called peak load 

capping) might be worth considering. 

Peak shaving, in short, can be defined as lowering the power consumption peaks of a facility 

(Vanhoudt, et al., 2014, p. 532). This can either be done by limiting the consumption during 

peak load hours (also called load-shifting) or through local supply of electricity from a PV-

system and/or a BESS. In this report, peak-shaving will only consider lowering the power 

consumed from the grid using local electricity supply from PV and/or BESS.  

The following paragraphs will mainly cover the different user applications of peak shaving who 

can be beneficial for commercial consumers of electricity located in Scandinavia, Poland, or 

the Netherlands. 

Figure 8 shows an example of a simulated, financially optimized system containing a Li-Ion-

battery and PV-system supplying electricity to a commercial load located in southern Sweden 

over an arbitrary day in summer. Here we can see that the simulation program has calculated 

an optimal demand limit where the PV and battery system cooperate to make the total load not 

exceed the set demand limit.  
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2.10.1 Peak shaving for power tariff reduction 
Some grid owners charge their customers with so-called “power tariffs,” which is a cost the 
customer pays for its peak power drawn from the grid during a fixed period. Swedish grid owner 

Vattenfall, for example, charges all their customers with a fuse size larger than 80A with a 

monthly cost for the highest monthly peak power drawn from the grid (Vattenfall Eldistribution 

AB, 2018). The peak power is calculated as the average power consumed for one hour. 

By using a BESS with a peak-shaving-compatible-EMS, with or without PV, a grid demand 

limit can be set for each billing period (for Vattenfall customers in Sweden, the billing period is 

monthly). The BESS will then start discharging as soon as the grid consumption reaches the 

grid demand limit, as much as is needed to keep the limit until fully discharged (or until reaching 

the SoC programmed in the EMS, in Figure 8, the minimum is set to 20% SoC). If the system 

can keep the grid demand limit for the whole billing period, the facility owner will save the 

difference between “real” consumption (called “AC Primary Load” in Figure 8) and peak-

shaved consumption (called “Grid Purchases” in Figure 8) on the bill for that specific period. 

2.10.2 Peak shaving as an alternative to grid expansion 
An electric grid needs to be designed to handle peak power demand in order to keep the grid 

stable. Peak shaving offers an alternative to the expansion of grid line ratings and transformer 

capacities or adding additional power supply needed to meet peak power demand in an electric 

distribution grid. Using a BESS together with PV can significantly lower the peak demand in 

the grid during peak load hours, reducing the need for grid expansion (Ehara, 2009, p. 28). 

This application of a BESS can also be used by individual grid users, such as commercial 

facilities, who want to expand their electricity usage (for example, when expanding a factory or 

installing car chargers for electric vehicles) to a level exceeding the grids connections 

tolerances. In these cases, the facility owner typically has to pay quite substantial fees to the 

grid owner for investments needed to raise the grid connections peak capacity. An alternative 

is to use an optimized BESS (with or without PV) to stay within the grid connections maximum 

tolerances.  

Figure 8 Schematic showing hourly values of a PV- and battery storage system keeping a financially optimized 
grid demand limit for a commercial load on an arbitrary day in southern Sweden. The upper graph shows the PV 
production and grid interaction, while the lower graph shows the battery’s charge- and discharge power and SoC. 
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2.10.3 The Energy Management System’s importance for peak shaving 
Depending on the application, a variously advanced EMS is needed for controlling the energy 

flows in the system. The following paragraphs will explain this more in detail. 

BESS used exclusively for peak shaving 

If a BESS is used only for peak-shaving-purposes, a rather simple EMS-configuration is 

enough to control the system. Figure 9 shows an example of such a system, where the BESS 

has a specific demand limit threshold around 120 kW at the grid connection, and as soon as 

the grid demand rises above this threshold, the BESS starts discharging as much as is needed 

to stay below the threshold. As soon as the grid demand is lower than the threshold, the battery 

starts charging as much as possible while still keeping the demand limit, until fully charged, to 

be ready for a new possible peak. If the battery is drained before the grid demand has declined 

to levels below the demand limit or if the power demand from the battery during the peak is 

higher than the power capacity of the BESS, the peak shaving will be unsuccessful, and the 

grid demand will exceed the demand limit.  

 

Figure 9 Example of typical daily power curves for a facility with PV-production and a BESS used only for peak-
shaving. Yellow curve is PV-production, dashed line is demand limit, pink curve is BESS-discharge power, brown 

curve is BESS SoC, grey curve is grid demand with PV, black curve is net grid demand, green curve is BESS-
charging power (Dahm, 2019, p. 58). 

The only input data the EMS needs for this type of peak-shaving is: 

Continuously measured: 

• Power demand from the grid [kW] (measured by energy meter located at the grid 

connection point) 

• SoC of the BESS [kWh] (usually measured by the BESS-integrated-BMS) 

• Date and time 

Configured into the EMS by the installer:  

• Maximum and minimum SoC of the BESS [kWh] 
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• Maximum power capacity of the BESS [kW] 

• Demand limit for every billing period [kW] 

If the demand limit only is set in order to minimize regular power tariffs, a slightly more 

advanced EMS may be able to set the demand limit itself for every billing period using a load 

prognosis of the following billing period. 

BESS used exclusively for peak shaving but configured only to charge with excess PV-

electricity 

If the system owner has a PV-system and wishes to take a first step into increasing the self-

consumption while keeping peak-shaving as the first priority and still only having to use a 

simple EMS, the system can be configured to only charge with excess PV-electricity. An 

example of this is shown in Figure 10. The only difference between this system and the system 

in Figure 9 is that this system is configured to only recharge using excess PV-electricity. In this 

example, that implicates the recharging of the battery following the peak shaving ending 

around 8 AM in Figure 10 is postponed until later in the day when there is excess PV-electricity 

available. 

 

Figure 10 Example of typical daily power curves for a facility with PV-production and a BESS used only for peak-
shaving and only using excess PV-energy for recharging. Yellow curve is PV-production, green curve is BESS-
charging power using excess PV-energy, dashed line is demand limit, brown curve is BESS SoC, grey curve is 

grid demand with PV, pink curve is BESS-discharge power, black curve is net grid demand (Dahm, 2019, p. 59). 

This solution can compromise the peak shaving capability of the system somewhat during the 

time following a peak, as can be seen in Figure 10. Comparing with Figure 9 shows the system 

being able to reach full charge first around five hours later, giving five more hours of increased 

vulnerability to peaks in demand than the system in Figure 9. Doing so will, however, increase 

the self-consumption compared to the system in Figure 9. 

BESS used for both peak shaving and optimized self-consumption 

In order to draw advantage of both the benefits of peak shaving and optimized self-

consumption at the same time, using the same battery is also an option. This, however, in 

general, needs a more advanced configuration of the EMS for the system to successfully 

manage both tasks optimally. 
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Figure 11 shows an idealized example of a BESS managing both optimized self-consumption 

and peak shaving using the same battery as in the previous two cases. Looking at the morning 

hours, the BESS in this example started the day empty. However, since the EMS predicted 

that their might come a morning peak that would exceed the demand limit, it controlled the 

BESS to charge from the grid a couple of hours earlier in the morning in order to have enough 

energy stored to meet the energy demand of the coming peak. As this is an idealized example, 

the EMS controlled the BESS, so it had precisely as much energy stored as was needed to 

shave the peak, so afterward, the BESS was again wholly empty. The EMS then controlled the 

BESS to only charge with excess PV-energy during the day (until fully charged) to later self-

consume that energy as soon as there was a shortage of PV-power production in the late 

afternoon. 

 

Figure 11 Example of typical daily power curves for a facility with PV-production and a BESS used both for peak-
shaving and optimized self-consumption. Yellow curve is PV-production, light-green curve is BESS-charging 

power using excess PV-energy, pink curve is BESS-discharge power, thick black curve is net grid demand, brown 
curve is BESS SoC, grey curve is grid demand with PV, green curve is BESS-charging with energy from the grid, 
dashed line is demand limit and thin black curve is the sum of energy necessary to shave the peak  (Dahm, 2019, 

p. 60). 

Using optimized self-consumption together with peak shaving, the system in this example 

managed to both lower the grid power demand while increasing self-consumption and 

therefore using the installed battery more efficiently with a higher capacity factor than in the 

two previous examples. The system could, however, have increased the self-consumption 

even more if it, for example, would have predicted the morning peak already the day before 

and saved the necessary amount of energy in the BESS to the next morning. 

The system in the example, however, would, in a real application, have been entirely 

dependent on the predictions made by the EMS. If the EMS had predicted the morning peak 

to be lower or shorter than it was, the system would have failed to keep the demand limit. 

Same if there would have come a second peak at 9 AM or in the evening at 9 PM. 

A visualization of how sophisticated such a multi-objective EMS can be is shown in Figure 12. 

Here the EMS uses a weather station as well as measurements of power demand, PV-

production, and in this example also wind power production to do a PV production forecast, 

wind power forecast, and power demand forecast. These are then used together with time, 
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electricity price, SoC of the BESS as well as fuel price in order to optimize self-consumption 

and peak shaving for the highest profitability and minimal emissions. 

 

Figure 12 Control structure of a multi-objective intelligent energy management system for multi-objective 
optimization of a grid-connected micro-grid using wind-power, PV, fuel cells, microturbine, and BESS for 

economic and emission optimization (Chaouachi, et al., 2013). 
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3 Financial theory 
3.1 Discount rates for PV investments 
A discount rate can be used when performing investment calculations in order to take the 

concept of “time value of money” into account. Future cash flows are then discounted at a set 

rate (depending on the investor) to take factors such as risk, inflation, and interest rates into 

account. The “present value” (PrV) of future cash flows can be calculated using Equation 2.  𝑃𝑟𝑉 = 𝐶𝑡(1 + 𝑟)𝑡 (2) 

Cn = cash flow in year t 

r = discount rate per year 

t = years after time of initial investment 

When calculating for PV investments for applications other than residential, a Swedish study 

suggests a discount rate of 3-6% (Stridh, et al., 2014, p. 1493). All investment calculations in 

this report will, therefore, be made using 3% as discount rate. 

3.2 Net Present Value (NPV) 
The NPV-method is a tool used for evaluating the profitability of an investment. It is merely a 

sum of all cash flows connected to an investment, including the investment itself. All expected 

future cash flows are discounted at a fixed rate (for example, 3% per year) and then summed, 

giving a number which shows the total win or loss of that investment.  

In the simulation software used in this report, HOMER Grid, the NPV-method is used in order 

to minimize the “Net Present Cost” (same as NPV but inverted) of an investment. Doing this 
minimizes the predicted electricity cost over a fixed time frame.  

3.3 Levelized Cost of Storage (LCOS) 
The Levelized Cost of Storage is a financial number used to show the cost of storing energy 

in, for example, a battery. It is the sum of all the costs related to the storage system (all future 

cash flows discounted similar to when calculating NPV) during its lifetime, divided with the 

lifetime energy output from the battery (also discounted). 

𝐿𝐶𝑂𝑆 = 𝑃𝑟𝑉(𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑐𝑜𝑠𝑡𝑠)𝑃𝑟𝑉(𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡) (3) 

3.4 Universal electricity tariff concepts 
Some electricity tariff concepts are used similarly in several of the researched countries. These 

will be presented in the following paragraphs. 

3.4.1 High load windows 
High load windows are used mainly by DSO’s (grid fees), with higher electricity transfer fees 
per kWh during specified times of higher grid loads. For example, the DSO Vattenfall in 

Sweden has a high load window with a higher cost per kWh consumed from 06-22, Monday to 

Friday from November to March. 

A prerequisite for high load window fees is energy consumption measuring by the DSO at the 

grid connection point for at least every 60 minutes.  
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3.4.2 Peak power fees 
A peak power fee is a price per peak kW consumed, calculated as an average over a fixed 

time step (usually every 15 or 60 min), and the customer pays for the highest peak during a 

specified billing period (usually per month or year). For example, the DSO E.ON in Sweden 

has a fixed price for its customers in southern Sweden, having a fuse size larger than 80A for 

the highest peak power consumed during one hour, billed every month.  

Examples of peak power fees, which are higher during high load windows, have also been 

found in the different countries. For example, DSO Vattenfall in Sweden both has a monthly 

peak power fee which is billed for the highest peak power consumption outside of the high load 

window (defined as in section 3.4.1), as well as a monthly peak power fee for the highest peak 

power consumption within the high load window. 

A prerequisite for peak power fees is energy consumption measuring by the DSO at the grid 

connection point at least every 60 minutes.  

3.4.3 Fuse contracts 
While bigger customers typically have power contracts with peak power fees, smaller 

customers with a maximum current demand of up to 63 or 80 A per phase may have so-called 

fuse contracts. Instead of peak power fees, these customers pay their DSO a fixed monthly 

fee for their fuse size as well as an energy transfer fee for every consumed kWh. Fuse 

contracts can also be combined with high load windows, with higher energy transfer costs 

during certain high load hours. 

Fuse contracts do not need continuous measuring of the energy consumption by the grid 

owner. This is only necessary if combined with high load windows.  
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4 Method 
4.1 Data collection 
Most data regarding electricity costs in the different countries were taken from the energy 

statistics in the European Commission database “Eurostat”2 as well as from Nord Pool’s 
historical day-ahead price data from 2018. These data were summarized in a spreadsheet and 

visualized in graphs and tables for overview, analysis, and comparison. 

As the Swedish tax data were incorrectly reported to the Eurostat database, these were 

estimated using the Norwegian price structure as described in section 5.1.3. 

Statistics of DSO grid costs in different parts of the studied countries were collected both from 

individual DSOs as well as from recent studies and databases who had compared the grid 

costs of previous years DSO grid costs. Grid fees for whole countries were taken from Eurostat. 

Information about taxes and subsidies in the different countries was taken from the different 

countries’ governmental webpages and the European Commission website “Renewable 
energy policy database”3.   

4.2 Financial optimization using technical simulations in 
HOMER Grid 

HOMER Grid4 is an advanced simulation software specially developed for profitability 

optimization of investments in grid-connected renewable electricity systems behind-the-meter. 

A system of components can be put together in the program, and the optimal size of each 

component is determined in order to obtain minimal Net Present Cost (NPC). 

In all simulations performed in this report, historical or standardized hourly or quarterly load 

profiles were used for a full year. The electricity purchase and sales prices used were taken 

from historical values from 2018. 

One of the optimization parts of HOMER Grid is an optimization of peak shaving in combination 

with optimized self-consumption. This is made using many parameters, such as hourly 

purchasing and selling prices of electricity, power tariff cost, investment costs in batteries, and 

battery inverters as well as PV-systems. The program chooses, for every timestep, if it is most 

profitable to, for example, sell overproduced PV-electricity at the moment of production, store 

it for later self-consumption, use it for peak shaving of a coming or present peak, charge the 

batteries from the grid to shave a later peak, etc. Taking the information from section 2.10.3 

into consideration, doing all these things simultaneously in a real-time situation needs highly 

advanced prognoses even to come close to optimal operation. To conclude, the simulation 

optimizations made in HOMER Grid with historical data give a theoretically optimal solution for 

that application, which is near impossible to achieve in real-time operation. Some extra 

resilience needs to be added to the system, such as excess stored battery capacity or excess 

power ratings on inverters for close to optimal operation, combined with an intelligent EMS, 

which considers many different factors. 

In this report, a few cases were simulated to investigate possible payback times for BESS 

investments under different conditions and using different battery technologies.  

 
2 https://ec.europa.eu/eurostat/web/energy/data/database 
3 http://www.res-legal.eu/ 
4 https://www.homerenergy.com/products/grid/ 

https://ec.europa.eu/eurostat/web/energy/data/database
http://www.res-legal.eu/
https://www.homerenergy.com/products/grid/
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4.2.1 Simulation software input data 
All simulations were made using the setup seen in Figure 13. For all currency exchanges 

between SEK and €, a fixed rate at 10,5 SEK/€ was assumed. All simulations were made for 
a 25-year period assuming a 3% discount rate, 25-year PV lifetime, 12,5-year inverter lifetime, 

and 95% fixed one-way inverter efficiency. The replacement cost of inverters after 12,5 years 

was assumed to be 5/7 of today’s price (VDMA, 2019, p. 54). Battery replacement cost was 

assumed to be 50% of today’s price (Goldie-Scot, 2019). BESS’s were assumed to be running 
at room temperature 20°C and to have reached the end of their life at 30% capacity 

degradation. No O&M-costs were considered in the simulations. Weather data was taken 

through HOMER Grid, using data from NASA. Self-discharge of batteries was not simulated 

as HOMER Grid does not support this in its calculations. 

 

Figure 13: System configuration in HOMER Grid, with the behind-the-meter AC- and DC-buses. The PV-system 
was connected to the AC-bus through a PV-inverter with a fixed DC-to-AC ratio of 1,2. The battery inverter formed 

a bridge between the AC- and DC bus. The sizes of the PV-system, battery inverter and batteries were all 
optimized. 

PV system cost estimation 

The PV system cost was calculated using EWS price list for all components, and all “soft costs” 
were calculated using the average numbers in Table 13 in the National Survey Report of PV 

Power Applications in Sweden 2017 and the 2018-values from Table 15 in the succeeding 

report (International Energy Agency, 2018) (International Energy Agency, 2019). The result of 

these calculations can be seen in Figure 14. The price used in all HOMER Grid-simulations 

was the function “System cost EWS 2019” in this figure. “Soft costs” are defined as costs for 
planning, installation work, shipping and traveling expenses, permits and commissioning 

expenses as well as project margins. 

The system components assumed in the price calculations were poly-crystalline PV-modules 

from Trina Solar with a nominal power rating of 290 W, inverters from Delta Electronics at a 

DC-to-AC ratio of 1,2 and fixed price for mounting system material and cabling at €100/kWp. 
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Figure 14: PV-system investment costs. The top curve shows the Swedish average turnkey price for commercial 
PV-systems in 2018. The bottom curve shows the pure material costs for a PV-system, calculated from the EWS-

retail price list in 2019, for the system components chosen in this report. The middle curve shows the turnkey 
price of a fictive PV-systems in 2019, with material bought from EWS and with Swedish average soft costs added 
as stated in the National Survey Report of PV Power Applications in Sweden 2017 (International Energy Agency, 

2018, p. 22). 

BESS cost estimation and technical input data 

The NiMH-battery was assumed to have a fixed specific cost of 5000 SEK/kWh and to be 

operating at 80% DoD, after inquiring Swedish NiMH-manufacturer Nilar AB. A maximum 

power capacity of the batteries was set at 3C, as stated in the datasheet of Nilar’s battery 
packs. The lifetime of the battery was set to 30 years calendar lifetime or maximum cycle life, 

according to Figure 15 (Nilar AB, 2019). 

 

Figure 15: Cycle life of Nilar NiMH-batteries as a function of DoD. Data source: (Nilar AB, 2019) 
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The vanadium battery was assumed to have a fixed specific cost of €650/kWh, with a maximum 
power capacity of C/4 (Minke & Turek, 2018). A calendar lifetime of 20 years or 10.000 cycles 

was assumed at 100% DoD, and the battery was simulated at 90% DoD with a fixed roundtrip-

efficiency of 80% (Visblue, 2019). 

The Li-ion-battery price was calculated based on the EWS price list for low voltage Lithium Iron 

Phosphate (LFP) batteries incl. freights, plus a 15% added cost for installation. This resulted 

in a fixed price of 4000 SEK/kWh in investment cost. A maximum power capacity was set at 

1C, as stated in the battery datasheet. A battery calendar lifetime of 20 years was set, based 

on the assumption of 20° C operating temperature (Grolleau, et al., 2014, p. 456). Cycle lifetime 

was set at 6000 cycles at 1C, 100% DoD according to the battery datasheet. The battery was 

simulated to operate at 80% DoD. 

The Na-ion-battery cost was calculated based on the recommended retail price list from Na-

ion-battery manufacturer BlueSky Energy. In Table 1, the estimated investment cost of Na-ion-

batteries, used for the simulations, can be viewed. A maximum power capacity was set at 0,2C, 

and the lifetime was set to 15 years or 5000 cycles at 80% DoD, as stated in the battery 

datasheet. The battery was also simulated to operate at 80% DoD. 

Table 1: Na-Ion battery investment and replacement costs used in financial optimization simulations 

Nominal capacity [kWh] Investment cost [SEK] 

16,2 120.000 
32,4 187.500 
64,8 365.000 

129,6 715.000 
259,2 1.360.000 

 

The battery inverter cost was assumed to be 100 €/kW (Litjens, et al., 2018).  

 Li-ion Na-ion NiMH VRFB 

Cost [SEK/kWh] 4000 Table 1 5000 6825 
Simulated DoD [%] 80 80 80 90 

Max. C-rate 1 0,2 3 0,25 
Round-trip-efficiency [%] 96 85 90 80 

Calendar life [yrs] 20 15 30 20 
Cycle life 6000 5000  Figure 15 10000  

 

4.2.2 Base case: Swedish mechanical workshop, 255 MWh yearly 

consumption 
As a base case, a mechanical workshop based just outside of Tingsryd in Sweden was used, 

which had roof area available for 370 kWp of PV-modules, 15° slope and facing 20° South-

West. 

Electricity prices for base case 

A power demand charge was fixed at 107,6 SEK/kW, billed monthly, and a fixed monthly cost 

at 600 SEK/month was set. Consumption charges were calculated from the hourly spot-prices 

for 2018 from Nord Pool zone SE4 (southern Sweden) plus energy tax (0,347 SEK/kWh), 

electricity provider fee (0,04 SEK/kWh), fixed cost from grid owner (0,0644 SEK/kWh), 

electricity certificate fee (0,035 SEK/kWh) and fee to national grid owner “Svenska Kraftnät” 
(0,015 SEK/kWh). A visualization of the consumption fee can be viewed in Figure 16.  
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Figure 16: Electricity purchasing price per kWh for base case simulations. Hourly values from 2018. 

The selling price of electricity was assumed to be the spot price, which can be seen in Figure 

17.  

 

Figure 17: Electricity spot prices per kWh for base case simulations, equal to the selling price of electricity. Hourly 
values for the whole year of 2018. 

The active power load profile for the base case is presented in Figure 18. 
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Figure 18: Active power load profile for the base case simulations. Hourly values for the whole year of 2018. 

4.2.3 Simulation cases with high and low profitability potential for commercial 

battery systems 
To compare the base case to the profitability of PV and BESS’s in other commercial sectors, 
the sectors found to have the highest and lowest potential for BESS’s were chosen from the 
preceding master thesis conducted at EWS. These were milk farms and companies with 

continuous operation, respectively, taken from German BDEW (Dahm, 2019, p. 72) (BDEW, 

2017). The total yearly electricity consumption was kept constant, only the load profile was 

changed.  

Simulation case with high profitability potential: Milk farm 

The load profile for a whole year for a milk farm can be viewed in Figure 19 and a typical daily 

profile can be viewed in Figure 20. 

 

Figure 19: Standardized active power load profile for a milk farm, as used in simulations. 15 min values for a 
whole year. 
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Figure 20: Daily active power load profile for a standardized milk farm a typical day 

 

Simulation case with low profitability potential: Continuous operational business 

The load profile for a whole year for a business with continuous operation can be viewed in 

Figure 21 and a typical daily profile can be viewed in Figure 22.  

 

Figure 21: Standardized active power load profile for a continuous operation business, 15 min values for a whole 
year 
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Figure 22: Daily active power load profile for a standardized continuous operation business a typical day 

4.3 Analysis of data collection and simulation results 
An analysis of the data and simulation results obtained in this report was made in order to 

compare them to one another and draw valuable conclusions, who were asked for by EWS. 

This was made through visual comparison of the obtained data in graphs and through 

evaluation of how the obtained parameters would affect the profitability of commercial battery 

storages in the studied countries. Using the simulation results and technical theory in this 

study, an analysis of different battery chemistries suitability for usage as commercial battery 

storages was also made. 
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5 Data collection results 
5.1 Electricity costs for non-household customers in 

Scandinavia, Poland, and the Netherlands 
Electricity prices can vary both between customers, DSOs and countries. The following 

paragraphs will describe this more in detail for the countries researched in this report as well 

as different customer sizes.  

Unless otherwise stated, all prices reported in the coming paragraphs are prices per kWh, 

including all fees, such as energy fees, grid fees, and non-recoverable taxes. 

5.1.1 Conditions applying to all researched countries 
One similarity between all the researched countries is that the electricity market is an open 

market where every customer can choose its electricity supplier based on its own preference, 

both for purchases, and sales of electricity. The electric grid, however, is a natural monopoly 

that is owned and regulated by a governmental organization on the transmission level and by 

hundreds of different local “Distribution System Operators” on the distribution level. These 
DSO’s are more or less free to set their own grid tariffs and tariff structures (within set laws), 
why this report has not been able to research all of them in detail. The following paragraphs, 

however, will cover how the tariffs, in general, are composed in each country. 

All producers of renewable energy within the EU (as well as Norway, Iceland, and Lichtenstein) 

are entitled to sell so-called “Guarantees of origin” for every produced MWh, according to 
article 15 in the European Directive 2009/28/EC. However, these generally have a meager 

value at around 1 € / MWh and no signs are present at the moment that their value will go up 

in the near future (Energimarknadsbyrån, 2019).   

5.1.2 Denmark 
The average electricity price for non-household customers in Denmark was 9,4 €ct per kWh in 

2018 (Eurostat, 2019a) (Eurostat, 2019b). For sold electricity from self-producing customers, 

the selling price in Denmark in 2018 was normally around the spot price which in average was 

4,5€ct per kWh in 2018 (Krönert, et al., 2019, p. 54) (Nord Pool, 2020). The following 

paragraphs will present more about the electricity tariff structure in Denmark. 

Tariff structure in Denmark 

The electricity prices for different size customers in Denmark are displayed in Figure 24. 
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Figure 23: Electricity prices per consumed kWh of electric energy for varying size non-household customers in 
Denmark 2018. Data source: (Eurostat, 2019b) 

The electricity price composition in Denmark can be seen in Figure 24. 

 

Figure 24: Electricity price composition for varying size non-household customers in Denmark 2018. Data source: 
(Eurostat, 2019a) (Eurostat, 2019b) 

DSO grid fees in Denmark 

The author only found examples of fuse tariffs and high load window tariffs at different Danish 

DSO’s, and no DSO’s applying power tariffs were found. Instead, many DSO’s seem to apply 
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the same high load windows, who can be seen in Figure 25, but with different rates for low-, 

high-, and peak load hours depending on customer size. A higher fixed monthly tariff for self-

producing customers was also found at all Danish DSO’s, compared to non-self-producing 

customers.  

 

Figure 25: Common high load windows for customers in Denmark. C-customers are normally residential 
customers and smaller commercial customers. A- and B-customers are normally large and medium size 

commercial and industrial customers. 

Subsidies and tax-benefits for commercial PV or BESS’s in Denmark 

No current nation-wide subsidies, tax-benefits our support schemes for new investments in PV 

or BESS’s in Denmark were found.  Self-consumed PV-electricity is, however, exempt from 

energy tax (Krönert, et al., 2019, p. 54). 

5.1.3 Sweden 
The average electricity price for non-household customers in Sweden was 8,5 €ct per kWh in 

2018 (Eurostat, 2019a) (Eurostat, 2019b). For sold electricity from self-producing customers, 

the selling price in Sweden in 2018 was normally around the spot price which in average was 

4,5€ct per kWh in 2018 (Krönert, et al., 2019, p. 54) (Nord Pool, 2020). The following 

paragraphs will present more about the electricity tariff structure in Sweden. 

Faults in Swedish statistics regarding energy taxation of non-household customers 

The Swedish energy tax on electricity in 2018 was 0,331 SEK/kWh (≈0,0315 €), which also 
applied to non-household customers. Industries, however, were entitled to only pay 0,005 

SEK/kWh in energy tax on electricity, and some specific regions were entitled to pay 0,251 

SEK/kWh (Ellevio, 2019). 

The Swedish Energy Agency and Swedish Statistics, however, has for a long time, at least 

since 2007, reported to Eurostat that all Swedish non-household customers only have to pay 

0,005 SEK/kWh in energy tax on electricity (Eurostat, 2019a). During this thesis work, the 

author has been in contact with Swedish Statistics regarding this issue, and the responsible 
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person at Swedish Statistics has confirmed that they now have identified this fault and will try 

to change the way they obtain and report this data, hopefully starting 2020. 

To overcome this fault in the statistics, the Swedish electricity taxes used in this report were 

calculated using Norway’s energy tax fee distribution, reported to Eurostat. Norway has a 
similar energy taxation system as Sweden, with some regions having a tax-discount and only 

0,0005 NOK/kWh in energy tax on electricity for industries (Skatteetaten, 2019). Because of 

this, the Swedish energy taxes used in this report were calculated based on the tax distribution 

in Norway, as can be seen in Table 2. 

Table 2: Energy taxes on electricity in 2018 for Sweden and Norway. Swedish values were calculated using 
Norway as reference. The data source for Norwegian taxes: (Eurostat, 2019a). 

MWh Norway Sweden 

< 20 0,0184 € 0,0315 € 

20 - 50 0,0105 € 0,0180 € 

500 - 2.000 0,0102 € 0,0175 € 

2 - 20.000 0,0102 € 0,0175 € 

20 - 70.000 -   € -   € 

70 - 150.000 -   € -   € 

>150.000 -   € -   € 

 

  Tariff structure in Sweden 

The electricity prices for different size customers in Sweden are displayed in Figure 26. 

 

Figure 26: Electricity prices per consumed kWh of electric energy for varying size non-household customers in 
Sweden 2018. Data source: (Eurostat, 2019b) 
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The electricity price composition in Sweden can be seen in Figure 27.  

 

Figure 27: Electricity price composition for varying size non-household customers in Sweden 2018. Data source: 
(Eurostat, 2019a) (Eurostat, 2019b) 

DSO grid fees in Sweden 

The author found examples of all tariff structures listed under section 3.4 at different Swedish 

DSO’s. Data was also found comparing DSO grid fees between Swedish municipalities, which 

can be seen in Figure 28. The values in this figure were calculated for standard household 

customers in Sweden, and not for commercial customers, but can still give an indication of the 

price relationship between different DSO’s in different parts of the Sweden.   
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Figure 28: Annual DSO grid fees in 2018 for household customers (20A fuse size, 20MWh/year) for different 
Swedish countries and municipalities. Values for counties were calculated as the average of the municipality 

values contained in every county. Currency is SEK. Data source: (Villaägarnas Riksförbund, 2018) 

Subsidies and tax-benefits for commercial PV or BESS’s in Sweden 

Swedish investors in PV may apply for a 20% investment subsidy, maximally 1,2 million SEK 

in subsidy per project (Energimyndigheten, 2019a). This subsidy applies to all costs connected 

to the installation, including a potential BESS as well as labor costs. 

However, this subsidy will be phased out in the near future, probably starting as soon as in the 

next budget coming from the Swedish Government in spring 2020 (Ygeman, 2019). 

Customers with PV-systems with a maximum peak power rating higher than 255 kW need to 

pay energy tax on the self-consumed PV-electricity, same as for the energy purchased from 

the grid (Energimyndigheten, 2019b). For all systems with a lower peak power rating than 255 

kW, the owner must only pay 0,005 SEK/kWh for self-consumed PV-electricity. 

PV-system owners are also entitled to sell so-called “Electricity certificates” for every produced 
MWh of PV-electricity. The average selling price of electricity certificates in 2018 was 154 

SEK/MWh (Swedish Energy Agency, 2019).  

5.1.4 Norway 
The average electricity price for non-household customers in Norway was 7,4 €ct per kWh in 

2018 (Eurostat, 2019a) (Eurostat, 2019b). For sold electricity from self-producing customers, 

the selling price in Norway in 2018 was normally around the spot price which in average was 

4,4€ct per kWh in 2018 (Krönert, et al., 2019, p. 54) (Nord Pool, 2020). The following 

paragraphs will present more about the electricity tariff structure in Norway. 

Tariff structure in Norway 

The electricity prices for different size customers in Norway are displayed in Figure 29. 
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Figure 29: Electricity prices per consumed kWh of electric energy for varying size non-household customers in 
Norway 2018. Data source: (Eurostat, 2019b) 

The electricity price composition in Norway can be seen in Figure 30.  

 

Figure 30: Electricity price composition for varying size non-household customers in Norway 2018. Data source: 
(Eurostat, 2019a) (Eurostat, 2019b) 

DSO grid fees in Norway 

The author found examples of all tariff structures listed under section 3.4 at different Norwegian 

DSO’s. Data was also found comparing DSO grid fees between Norwegian counties, which 

can be seen in Figure 31. The values in this figure were calculated for a medium size 

commercial customer, with 160 MWh electricity consumption and 40 kW peak power demand 
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per year, and therefore give a good representation of the DSO grid costs for commercial 

customers in different parts of Norway. 

 

Figure 31: Comparison of annual DSO grid fees for commercial customers with power tariff in different Norwegian 
counties. Values were calculated based on an annual peak power demand of 40 kW and 160 MWh electricity 

consumption per year. Currency is NOK. Data source: (Reguleringsmyndigheten for energi, 2019). 

Subsidies and tax-benefits for commercial PV or BESS’s in Norway 

No current nation-wide investment subsidies for PV or BESS’s in Norway were found.  

PV-system owners are, equally as in Sweden, entitled to sell so-called “Electricity certificates” 
for every produced MWh of PV-electricity. The average selling price of electricity certificates in 

2018 was 154 SEK/MWh (Swedish Energy Agency, 2019). Moreover, Self-consumed PV-

electricity is exempt for energy tax (Krönert, et al., 2019, p. 54). 

5.1.5 Poland 
The average electricity price for non-household customers in Poland was 9,1 €ct per kWh in 

2018 (Eurostat, 2019a) (Eurostat, 2019b). For sold electricity from self-producing customers, 

the average Feed-in-tariff for PV-systems smaller than 1 MW, guaranteed for 15 years, in 

Poland in 2018 was 8,2 €ct per kWh (Chudy & Mielczarski, 2019). The following paragraphs 

will present more about the electricity tariff structure in Poland. 

Tariff structure in Poland 

The electricity prices for different size customers in Poland are displayed in Figure 32. 
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Figure 32: Electricity prices per consumed kWh of electric energy for varying size non-household customers in 
Poland 2018. Data source: (Eurostat, 2019b) 

The electricity price composition in Poland can be seen in Figure 33. 

 

Figure 33: Electricity price composition for varying size non-household customers in Poland 2018. Data source: 
(Eurostat, 2019a) (Eurostat, 2019b) 

DSO grid fees in Poland 

The author found examples of all tariff structures listed under section 3.4 at different Polish 

DSO’s. Unfortunately, no data was found regarding the difference between DSO grid fees in 
different parts of Poland. 
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Subsidies and tax-benefits for commercial PV or BESS’s in Poland 

All PV-systems installed in Poland, under 500 kWp, are given a fixed selling price per kWh of 

sold PV-electricity for 15 years (RES LEGAL Europe, 2019a). Producers of renewable 

electricity are also exempt from consumption tax on the consumed renewable electricity. 

Moreover, installations of 40 kWp to 1 MWp are under certain conditions eligible for favorable 

loans (ibid.)  

5.1.6 The Netherlands 
The average electricity price for non-household customers in the Netherlands was 7,7 €ct per 

kWh in 2018 (Eurostat, 2019a) (Eurostat, 2019b). The following paragraphs will present more 

about the electricity tariff structure in the Netherlands. 

Tariff structure in the Netherlands 

The electricity prices for different size customers in the Netherlands are displayed in Figure 

34. 

 

Figure 34: Electricity per consumed kWh of electric energy prices for varying size non-household customers in the 
Netherlands 2018. Data source: (Eurostat, 2019b) 

The electricity price composition in the Netherlands can be seen in Figure 35. 
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Figure 35: Electricity price composition for varying size non-household customers in the Netherlands 2018. Data 
source: (Eurostat, 2019a) (Eurostat, 2019b) 

DSO grid fees in the Netherlands 

The author found examples of all tariff structures listed under section 3.4 at different Dutch 

DSO’s. Customers under 80A fuse size generally have fuse contracts and customers over 80A 
fuse size have peak power tariffs (similar to Sweden).  

There are only seven different DSO’s in the Netherlands, and data was found for comparison 
of the largest fuse size customers which can be viewed in Table 3. The most expensive DSO, 

Enduris, is responsible for the grid in the southern province Zeeland and the second most 

expensive DSO, Westland Infra, is responsible for the grid in the relatively small municipalities 

of Westland and Midden-Delfland. The two biggest DSO’s in the Netherlands, Liander, and 

Enexis, are also found to have some of the cheapest DSO grid costs in the Netherlands, 

Table 3: Annual DSO grid fees for different DSO's in the Netherlands. Values are given excl. VAT for customers 
with a fuse size of between 63 and 80A. Data source: (Independer, 2020) 

DSO Annual DSO grid fee, fuse size 63-80A 

Enduris BV 2.106 € 

Westland Infra Netbeheer BV 1.994 € 

Stedin BV 1.762 € 

Coteq Netbeheer 1.685 € 

Enexis BV 1.630 € 

Liander NV 1.533 € 

Rendo Netbeheer BV 1.480 € 

 

Subsidies and tax-benefits for commercial PV or BESS’s in the Netherlands 

Self-consumed renewable electricity is exempt from energy tax in the Netherlands (RES 

LEGAL Europe, 2019b). For “green investments” over €25.000, there is also a possibility for 
taking loans at a 1% reduced interest rate, all self-producers having a grid connection smaller 
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than 80 A are eligible for Net-Metering (sold electricity has the same value per kWh as 

purchased energy).  

Self-producers with a grid connection larger than 80 A (min. 15 kWp PV system size) are 

instead eligible for a premium tariff called SDE+, which is paid both for self-consumed and for 

sold PV-electricity, up to a maximum of 950 full load hours per year. The premium tariff is used 

to, similarly as in Germany and Poland, give an investor in renewable energy sources a fixed 

price per kWh they know they will obtain over at least 15 years. The big difference is that it 

also gives a subsidy for self-consumed electricity, aimed to give the system owner the same 

value per kWh regardless of if it is sold to the grid or self-consumed (Ibid.). 

Entrepreneurs in the Netherlands are also eligible to write off renewable energy investments 

such as PV- and battery systems against tax, up to as much as 54,5% of the total investment, 

for investments up to € 121 million per calendar year (ibid.). 

5.2 Safety regulations connected to commercial battery energy 
storages in Scandinavia, Norway and the Netherlands 

Special safety regulations regarding commercial battery energy storages were only found in 

Norway and the Netherlands among the researched countries in this report. 

Norway was the only country among the researched which has a set battery-installation 

regulation scheme, called “NEK 400-8-806 Batteriinstallasjoner”. This regulation scheme 
applies to lead-acid batteries, nickel-cadmium (NiCd) batteries as well as NiMH and Li-ion 

batteries.  Included in this scheme is, for example, factors such as sufficient ventilation, 

disconnection possibilities directly on the BESS as well as disconnection switches placed 

outside of the building (NEK, 2018). 

The Netherlands will present a new safety regulation scheme specifically for Li-Ion-battery 

installations that is expected to be released at the end of 2020 (NEN, 2019). Exactly what this 

will include is not yet published, at the time of writing this thesis.  
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6 Simulation results from HOMER 
Grid 

6.1 Base case simulations 
As a base case, a mechanical workshop in southern Sweden was simulated using the input 

data given in 4.2.2. The financially optimal simulation results can be viewed in the following 

paragraphs. 

6.1.1 Simulated existing system 
If the existing system would be kept without making any investments in PV- or battery systems, 

and without changing the load profile, the yearly electricity purchased from the grid would be 

254 951 kWh. The financial simulation results for this scenario are presented in Table 4.  

Table 4: Financial simulation result of the base case, "business as usual", for 25 years. 

 Costs [SEK] 

NPC 6.694.490 
LCOE 1,51 

Annual consumption charge 258.998 
Annual demand charge 118.525 

Annual fixed charge 7.200 
 

As the demand charge is billed based on the monthly peak power demand, this is presented 

in Table 5. 

Table 5: Monthly peak power demand for the base case, “business as usual” 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

kW 90 86 93 89 94 92 90 92 95 99 95 84 
 

6.1.2 Simulated optimal PV system size 
If the facility owner would choose only to invest in an optimally sized PV system, the optimally 

sized system would perform as can be seen in Table 6.  

Table 6: Optimally sized PV-system parameters for the base case 

 Value Unit 

Rated capacity 255 kWp 
Yearly production 231.447 kWh 

Specific yearly production 908 kWh/kWp 
LCOE 0,537 SEK/kWh 

Capacity factor 10,4 % 
 

A visualization of the PV power output over the year can be viewed in Figure 36. 
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Figure 36: Simulated PV power output over a full year for the base case, 255 kW module peak power rating 

The simulated financial parameters for the base case with optimal PV-system size can be seen 

in Table 7. 

Table 7: Financial simulation result for the base case with optimal PV system size 

 Costs [SEK] Savings [SEK] 

NPC 5.403.524 1.290.967 
LCOE 0,83 0,68 

Annual consumption charge 83.045 175.953 
Annual demand charge 95.847 22.405 

Annual fixed charge 7.200 - 
Investment cost 2.118.129 n/a 

ROI [%] 5,2 n/a 
Simple payback time [years] 10,7 n/a 

 

The monthly peak power demand for the base case with optimized PV system sizing can be 

seen in Table 8. 

Table 8: Monthly peak power demand for the base case with optimal PV system size 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

kW 80 84 79 58 62 63 69 81 63 85 83 84 

 

In Table 9 the energy flows within the system as well as to and from the grid are presented. 

Table 9: Annual energy flows for the base case with optimized PV-size 

 Value Unit 

Annual electricity 
consumption 

254.951 kWh 

Annual electricity production 231.447 kWh 
Grid sales 117.515 kWh 

Grid purchases 141.019 kWh 
Self-consumption 113.932 kWh 

Self-consumption quota 49% (% of total PV production) 
Self-sufficiency quota 44% (% of electricity consumption) 
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6.1.3 Simulated optimal PV and BESS combination: The most profitable 

solution 
If the facility owner would decide to invest in both PV and a BESS combined, the PV-system 

size would still be 255 kWp, as seen in Table 6, but with a 69 kWh Li-ion battery and a 38 kW 

battery inverter to form a complete BESS. More details can be viewed in Table 10. 

Table 10: Optimal BESS size for the base case and simulated values 

 Value Unit 

Nominal capacity 51,3 kWh 
Usable nominal capacity 41 kWh 

Battery inverter size 36,9 kW 
Battery round-trip-efficiency 96 % 
BESS round-trip-efficiency 86 % 

Expected lifetime 20 years 
Annual cycles 279,5 per year 

 

Table 11 shows the financial simulation results obtained for the base case with optimal PV- 

and BESS size. 

Table 11: Financial simulation results for the base case with optimal PV and BESS 

 Costs [SEK] Savings [SEK] 

NPC 5.162.703 1.531.787 
LCOE 0,82 0,69 

Annual consumption charge 78.081 180.917 
Annual demand charge 70.802 47.723 

Annual fixed charge 7.200 - 
Investment cost 2.360.886 n/a 

ROI [%] 5,5 n/a 
Simple payback time [years] 10,3 n/a 

 

The monthly peak power demand for the base case with optimized BESS and PV-system sizes 

can be seen in Table 12. 

Table 12: Monthly peak power demand for the base case with optimally sized BESS and PV-system 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

kW 55 69 56 35 46 45 52 44 52 67 71 67 

 

In Table 13 the energy flows within the system as well as to and from the grid are presented. 

Table 13: Annual energy flows for the base case with optimally sized BESS and PV-system 

 Value Unit 

Annual electricity 
consumption 

254.951 kWh 

Annual electricity production 231.447 kWh 
Grid sales 105.601 kWh 

Grid purchases 131.310 kWh 
Self-consumption 129.292 kWh 

Self-consumption quota 53% (% of total PV production) 
Self-sufficiency quota 48% (% of electricity consumption) 
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6.2 Comparison of different commercial sectors profitability with 
PV and batteries 

The financial simulation results for commercial sectors found to have the highest and lowest 

profitability potential for commercial battery storage investments can be viewed in the following 

paragraphs. 

6.2.1 Simulation case: Milk farm 
The financial simulation results of the milk farm case, without any investments in PV or BESS, 

can be viewed in Table 14. 

Table 14: Financial simulation results of the milk farm case without PV and BESS 

 Costs [SEK] 

NPC 6.075.842 
LCOE 1,37 

Annual consumption charge 255.315 
Annual demand charge 86.408 

Annual fixed charge 7.200 
 

The monthly peak power demand for the milk farm case without PV or BESS is presented in 

Table 17. 

Table 15: Monthly peak power demand for the milk farm case, without PV and BESS 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

kW 78 78 78 67 67 62 62 62 67 67 78 78 

 

The optimal PV system size was the same as in Table 6, 255 kWp, and the most profitable 

battery technology was Li-ion. Further details can be viewed in Table 16. 

Table 16: Optimal BESS size for the milk farm case and simulated values 

 Value Unit 

Nominal capacity 117 kWh 
Usable nominal capacity 93,3 kWh 

Battery inverter size 44,5 kW 
Battery round-trip-efficiency 96 % 
BESS round-trip-efficiency 86 % 

Expected lifetime 20 years 
Annual cycles 370 per year 

 

Table 17 shows the financial simulation results obtained for the milk farm case with optimal 

PV- and BESS size. 

Table 17: Financial simulation results for the milk farm case with optimal PV and BESS 

 Costs [SEK] Savings [SEK] 

NPC 4.813.994 1.261.848 
LCOE 0,77 0,60 

Annual consumption charge 76.485 178.830 
Annual demand charge 35.296 51.112 

Annual fixed charge 7.200 - 
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Investment cost 2.645.710 n/a 
ROI [%] 4,6 n/a 

Simple payback time [years] 11,5 n/a 
 

The monthly peak power demand for the milk farm case with optimized BESS and PV-system 

sizes can be seen in Table 18. 

Table 18: Monthly peak power demand for the milk farm case with optimally sized BESS and PV-system 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

kW 35 33 33 25 24 19 18 19 25 27 35 35 

 

In Table 19 the energy flows within the system as well as to and from the grid are presented. 

Table 19: Annual energy flows for the milk farm case with optimally sized BESS and PV-system 

 Value Unit 

Annual electricity 
consumption 

254.951 kWh 

Annual electricity production 231.447 kWh 
Grid sales 105.528 kWh 

Grid purchases 134.642 kWh 
Self-consumption 127.031 kWh 

Self-consumption quota 52% (% of total PV production) 
Self-sufficiency quota 47% (% of electricity consumption) 

 

6.2.2 Simulation case: Continuous operation 
The financial simulation results for the continuous operation case, without any investments in 

PV or BESS, can be viewed in Table 20. 

Table 20: Financial simulation result of the continuous operation case without PV and BESS 

 Costs [SEK] 

NPC 5.371.262 
LCOE 1,21 

Annual consumption charge 252.226 
Annual demand charge 49.034 

Annual fixed charge 7.200 
 

The monthly peak power demand for the continuous operation case without PV or BESS is 

presented in Table 21. 

Table 21: Monthly peak power demand for the continuous operation case, without PV and BESS 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

kW 39 39 39 36 38 38 38 38 38 36 39 39 
 

The optimal PV system size was the same as in Table 6, 255 kWp, and the most profitable 

battery technology was Li-ion. Further details can be viewed in Table 22. 

Table 22: Optimal BESS size for the continuous operation case and simulated values 

 Value Unit 

Nominal capacity 29,2 kWh 
Usable nominal capacity 23,3 kWh 
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Battery inverter size 8,8 kW 
Battery round-trip-efficiency 96 % 
BESS round-trip-efficiency 86 % 

Expected lifetime 20 years 
Annual cycles 319 per year 

 

Table 23 shows the financial simulation results obtained for the continuous operation case with 

optimal PV- and BESS size. 

Table 23: Financial simulation results for the continuous operation case with optimal PV and BESS 

 Costs [SEK] Savings [SEK] 

NPC 4.442.774 928.488 
LCOE 0,68 0,53 

Annual consumption charge 77.893 174.333 
Annual demand charge 37.889 11.145 

Annual fixed charge 7.200 - 
Investment cost 2.275.910 n/a 

ROI [%] 4,1 n/a 
Simple payback time [years] 12,2 n/a 

 

The monthly peak power demand for the continuous operation case with optimized BESS and 

PV-system sizes can be seen in Table 24. 

Table 24: Monthly peak power demand for the continuous operation case with optimally sized BESS and PV-
system 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

kW 34 31 31 27 27 27 26 27 28 30 33 33 
 

In Table 25 the energy flows within the system as well as to and from the grid are presented. 

Table 25: Annual energy flows for the continuous operation case with optimally sized BESS and PV-system 

 Value Unit 

Annual electricity 
consumption 

254.951 kWh 

Annual electricity production 231.447 kWh 
Grid sales 118.530 kWh 

Grid purchases 143.644 kWh 
Self-consumption 114.387 kWh 

Self-consumption quota 48% (% of total PV production) 
Self-sufficiency quota 44% (% of electricity consumption) 
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7 Analysis 
7.1 Comparison of electricity tariff structures in Scandinavia, 

Poland, and the Netherlands 
As presented in section 5, one can see that both the absolute costs as well as the electricity 

price composition in the different researched countries are varying both between customer 

size and country. Figure 37 shows the electricity prices for varying size non-household 

customers in all the researched countries, and Germany has been added for comparison. One 

can see that, compared to Germany, all the other researched countries have relatively similar 

total electricity prices for non-household customers. All countries have a lower cost per kWh 

for larger customers, but two countries with a specially big price difference between small (<20 

MWh) and medium-size (20-50MWh) customers is Denmark and Sweden, having almost 

double the price for small customers compared to medium-size customers. Studying Figure 24 

for Denmark and Figure 27 for Sweden shows that this price increase mainly is because of 

substantially higher taxation for small customers in Denmark and higher grid costs in Sweden.  

 

Figure 37: Electricity prices per consumed kWh of electric energy for varying size non-household customers in 
selected northern European countries 2018. Data source: (Eurostat, 2019b) 

Moreover, one can see that the electricity price for large consumers of electricity is lowest in 

Sweden, Norway, and the Netherlands.  

7.1.1 DSO-grid cost comparison 
The last years have seen an ever-increasing fixed proportion in the grid tariffs in the Nordic 

countries (NordREG, 2015, p. 7). There also seems to be a trend in these countries towards 

more capacity-based tariffs (power tariffs) rather than energy-based tariffs (ibid.). 

Figure 38 shows the grid fees portion of the grid cost paid by different size customers in the 

researched countries, plus Germany as reference.  One can, for example, see that the grid fee 

proportion of the electricity cost for smaller customers in Sweden is more than half of the total 

electricity cost, highest in all of the studied countries. The Netherlands has a relatively equal 
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proportion of the electricity cost to be grid cost, irrespective of customer size. Denmark has a 

lower proportion of grid fees for smaller customers, but if we look at Figure 24 we can see that 

this is only because of the high taxation of these customers.  

The general trend, however, seems to be that grid fees count for a smaller proportion of the 

electricity costs, the larger the consumer. 

 

Figure 38: Grid fees as a percentage of total electricity cost for varying size non-household customers in northern 
European countries 2018. Data source: (Eurostat, 2019a) (Eurostat, 2019b) 

Since a significant part of the profitability of using commercial battery storage systems often 

come from savings in DSO grid costs, comparing the absolute DSO grid costs can be 

interesting for evaluating the profitability of commercial battery storage systems in different 

regions. A complete list of the grid costs in absolute numbers per kWh for different size 

customers can be viewed in Figure 39.  
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Figure 39: Electric grid costs per kWh for different size non-household customers in selected northern European 
countries. Data source: (Eurostat, 2019a) 

Even though the data in Figure 39 do not provide any information about the variable part of the 

DSO costs, it gives an indication of which customers may profit from investing in a commercial 

battery storage. The Netherlands seems to be the country with the lowest saving potential, and 

Sweden seems to be the country with the highest saving potential among the researched 

countries, especially for small and medium-size customers. Germany was added to the table 

as a reference and shows to be the country with the highest saving potential, compared to the 

countries studied in this report. 

Moreover, all tariff structures listed in section 3.4 were found at different DSO’s in all the 
researched countries. Denmark, however, had many DSOs who had a slightly higher fixed 

monthly grid cost for self-producing customers than non-self-producing customers, which 

therefore harm the profitability of self-producing. 

7.2 Comparison of subsidies and tax-related aspects 
The subsidy systems and taxes connected to PV and BESS’s in the different countries varied 
to a much greater extent than the grid tariff structure. All countries have tax exemption for self-

consumed renewable electricity, except for Sweden where this only applies to all systems 

bigger than 255 kWp.  

The Netherlands is probably the country that stands out the most in this category, who 

seemingly have chosen the path of Net-Metering of PV-electricity for all commercial system 

sizes (but slightly differently regulated for customers with larger fuse size than 80A). This 

dramatically limits the profitability of BESS’s. 

Sweden and the Netherlands are the only countries with present investment support systems 

in PV and BESS’s, even though they are differently calculated and regulated. The Swedish 

investment support system, however, is to be abolished in the near future.  

Poland and the Netherlands are the only countries with a fixed selling price of PV-electricity, 

secured for 15 years. This secures the investment, since the investor knows the value of the 

produced electricity for a long time. However, this makes the investor not benefiting from future 

increases in electricity prices on the sold electricity. These countries also have the possibility 
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for companies to take favorable loans for investments in renewable energy sources, which 

helps the profitability of such an investment 

Norway and Sweden have a so-called “electricity certification”-system together, which aims to 

promote renewable electricity producers. The value of these electricity certificates was in 2018 

around 0,15 SEK/kWh, but the future price development of these certificates is uncertain and 

continuously dependent on political decisions.  

7.3 Comparison of BESS safety requirements in Scandinavia, 
Poland, and the Netherlands 

The only country with set safety regulations regarding BESS’s was Norway, where a 

regulation scheme has been developed. The Netherlands is presently in the development of 

a similar system that will be finished in 2020, but this will only cover installations of Li-Ion-

batteries. All the other researched countries only apply general electric installation 

regulations and that the BESS’s should be installed according to the manufacturers’ 
specifications.  

7.4 Which battery usage applications are applicable to every 
country? 

According to the findings in section 5.1 in this report, companies in all researched countries 

but the Netherlands have the possibility to reduce monthly electricity fees through optimized 

self-consumption of PV-electricity. The profitability, however, seems to be best in Denmark, 

Sweden, and Norway in decreasing order. Poland has relatively high feed-in-tariffs, why the 

profitability of increased self-consumption using batteries is lower. Denmark has high energy 

taxes, and many DSOs have a system of high load windows with higher electricity prices for 

commercial customers during the daytime, increasing the profitability of self-consumption. 

Companies in Sweden and Norway who are entitled to pay energy tax have a fairly large price 

difference between purchased and sold electricity, which means increased self-consumption 

can be more interesting for those companies. 

Peak-shaving as a usage application can be profitable for companies in all researched 

countries but is highly dependent on the cost conditions at the local DSOs. 

As stated in section 2.9.2, a prerequisite for the profitability of using a BESS exclusively for 

increased self-consumption is that the LCOS does not exceed the price difference between 

purchasing and selling electricity. That means, the greater the price difference is between 

purchasing and selling electricity, the higher the profitability is of increased self-consumption 

using a BESS. If the BESS is used for both increased self-consumption and peak shaving in 

combination; however, the LCOS can be higher than the profitability of increased self-

consumption while still being profitable for increased self-consumption use. This since the 

investment costs then has to be allocated between the two use cases. 

7.5 What battery chemistry is most profitable for commercial 
installations? 

It’s clear that, based on the input data in section 4.2.1, Li-ion is presently the most profitable 

battery technology among the researched technologies. However, factors such as cycle life, 

safety, round-trip-efficiency, and limited O&M-costs are crucial for the long-term profitability of 

the investment. These parameters can vary not only between battery chemistries but also 

between manufacturers. As of cycle life, the value used in this report taken from a battery 

datasheet, at 6000 cycles until 80% SOH for the Li-ion-battery, is unlikely to reach in a real-

case situation. A recently published study on the lifetime of Li-ion-batteries, containing the 
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battery used in this report, show that the cycle life of different Li-ion-batteries can significantly 

vary between manufacturers (ITP Renewables, 2019). Here, the battery used in this report 

(BYD LV) reached 80% SOH already after around 1400 cycles, which roughly would make the 

cost of storage four times higher than if the battery system would achieve 6000 cycles until 

80% SOH. It is important to state, however, that the batteries in the report from ITP 

Renewables were cycled at Australian outdoor temperatures, which theoretically should limit 

the cycle life of the batteries compared to cycling at room temperature.  

In all simulations in this report, the set calendar life of 20 years limited the lifetime of the battery 

rather than the cycle life. This can also be seen as an indication that the cycle life used in this 

study, as stated by the battery manufacturer, is overestimated. Based on the studied material 

in this report, and that calendar- and cycle degradation should be added when estimating the 

lifetime of a battery rather than calculated separately, the author of this report estimates that a 

cycle life of 2000 to 3000 cycles is more realistic when used under the condition studied in this 

report. 

Safety is also a concern with Li-ion batteries, where a thermal runaway always is a concern 

that has to be dealt with very carefully. This is also why some countries are developing special 

installation regulations for Li-ion batteries, reducing the risk of thermal runaway, which can 

cause fire. Na-ion batteries, for example, pose a much lower risk of thermal runaway than Li-

ion (Robinson, et al., 2018). 

NiMH-batteries are also better at handling physical and electrical abuse than Li-ion, for 

example, because of the use of an aqueous electrolyte rather than organic electrolyte, which 

is found in Li-ion, making it impossible for NiMH-batteries to self-ignite.  

As of cycle life, NiMH-batteries have also shown to have the ability to recover SOH through 

fillings of oxygen after capacity fade from cycling (Shen, 2018). This is a characteristic that is 

not seen in any of the other researched battery technologies and may greatly increase the 

lifetime of NiMH-batteries, reducing the LCOS.   
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8 Discussion 
 

A few topics from the result- and analysis part of this thesis are especially interesting to 

discuss. Some of these will be covered in the following paragraphs. 

One interesting result which was obtained from the simulations was that, for a case with high 

potential for installing commercial BESS’s (the “milk farm case” in this report”), the payback 
time for the optimized BESS and PV system combined was similar to both of the other load 

profile cases. The big difference between them was instead that the higher potential cases 

were assigned larger BESS’s, which resulted in a lower NPC compared to using smaller 
batteries. Systems simulated with a smaller BESS showed a shorter payback time, in line with 

the economic analysis made in the previous master thesis on this topic at EWS. This thesis, 

however, suggests that the aim of the project planning instead should be to minimize the NPC 

of investments, resulting in both bigger investments (and more sales for EWS), as well as 

increased savings over time, compared to smaller investments. 

In all simulations performed in this report, which includes batteries, temperature affects from 

varying battery temperatures, have been neglected. Unless the batteries are in a very well 

temperature-controlled and ventilated area, they will, during cycling, probably get warmer 

than the surroundings because of internal resistance losses. This can, depending on battery 

cell chemistry, affect the cycle life of the battery. Li-ion-batteries, for example, are known to 

degrade faster when cycled at higher temperatures, as mentioned in section 7.5. 

All simulations made in this study were made in Swedish Krona (SEK), and all exchanges 

between Euro and SEK were made with the exchange rate 10,5 SEK/€. This exchange rate 
was reasonable at the time of writing this report but is continuously changing and may not be 

applicable for future cases. 

As can be seen in the simulation results for the base case, the self-consumption quota of the 

optimized BESS only raised the self-consumption quota with four percentage points. This 

can be analyzed such that increased self-consumption, using batteries, only had marginal 

profitability for this case. Instead, the big saving potential with the battery, for this case, was 

for the use of peak-shaving. This can also be seen in the differences in consumption charges 

and demand charges in between the base case with optimized PV and the same case with 

both optimized PV and BESS. The system with PV and BESS only had a decrease of around 

5.000 SEK in consumption charges relative to the only PV, but a decrease of around 25.000 

SEK in demand charges. This shows that, at least for this case, peak-shaving would be the 

most profitable area of usage for a commercial battery storage system together with PV. 

The simulations made in this report did neither count for module power degradation nor 

possible increases in electricity prices over time since this was not possible in HOMER Grid 

when used for system optimization. Taking these parameters into account would probably 

change both the optimization as well as the return on investment, however, probably only 

marginal. The parameters which change over time are module power degradation (around 

0,5-0,8%/year), electricity price increase (1-2% per year in the last years), and, as used in 

the simulations in this report, the discount rate (3%/year). As module degradation and 

electricity price increase affect the yearly economic yield in opposite directions, this error can 

probably be seen as marginal and would only give an estimated fault of around +1% per 

year, as long as electricity prices keep on increasing. If, however, the electricity prices over 

time would start to decrease during the daytime, this would implicate a larger error in the 

financial calculation, negatively impacting the profitability calculation of the investment.  
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9 Realization 
9.1 How EWS should pursue the commercial battery system 

markets in the researched countries 
EWS has an excellent opportunity to use its market position as a consultative wholesaler of 

PV and battery storage systems to enter the relatively new market of commercial battery 

energy storages. To successfully do this in the markets researched by this report, however, 

some important market conditions need to be taken into consideration for the business to be 

efficient and successful. 

The profitability of an investment in commercial battery systems for the use of increased self-

consumption and peak shaving is highly dependent of the DSO grid costs, which varies not 

only between countries but also between DSOs within countries. Therefore, EWS should target 

country regions with especially high DSO grid costs in the first stage, for example, by offering 

educational sessions for installation customers and pushing the marketing to educate end 

customers about the profitability of commercial battery energy storages in these areas. 

Differentiation of the DSO grid costs in the Netherlands, Norway, and Sweden is given in this 

thesis in section 5, and with further research, this information can probably also be found for 

Denmark and Poland. 

It is of utmost importance that EWS chooses the right BESS-manufacture partner. EWS needs 

to assure that they only sell market leading quality regarding factors such as cost effectiveness, 

cycle life, EMS intelligence, and safety certifications to ensure reliable BESS and for the 

business to be successful in the long term. The first commercial battery systems which have 

been sold by EWS in 2019 have, for example, not been able to combine peak shaving with 

increased self-consumption in an intelligent way and have not been configurable to set demand 

limits for different billing periods than a full year. This needs to change in order to satisfy the 

needs in the countries studied in this report. As discussed in section 2.10.3, the energy 

management system is a very central part of the BESS when trying to combine the user cases 

of increased self-consumption and peak shaving (and also possible UPS). Because of this, 

EWS should put extra effort into ensuring that future commercial energy storage systems sold 

by EWS have energy management systems that can control energy flows in a more intelligent 

way than the present systems. 

The marketing material of EWS regarding commercial battery systems needs to be updated 

according to the conditions in the other countries, regarding aspects such as high load windows 

in Denmark and net-metering in the Netherlands. In Poland, the focus of the BESS marketing 

should be peak shaving both for existent systems but also for companies who are facing 

possible grid expansion as a result of integrating electric vehicle charging stations or when 

expanding the business. The Scandinavian countries generally have relatively large 

differences between purchasing and selling prices of electricity, making increased self-

consumption more interesting. Therefore, the Scandinavian market needs systems with highly 

intelligent energy management systems, which also should be pushed in the marketing of self-

consumption and peak shaving in combination. The focus in these markets should, however, 

also be on peak shaving, since this area of usage has shown greatest profitability potential. 

Since other battery technologies such as Na-ion and NiMH have shown increasing success in 

the last years, at the same time as safety and recyclability concerns about Li-ion have been 

more evident, EWS are recommended by the author to investigate the possibility to offer 

another battery technology such as Na-ion, NiMH or VRFB to their customers as well, apart 

from only Li-ion.   
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9.2 How QuickPlan should be adapted to fit the different 
countries 

In general, the same basic tariff concepts which have been implemented in QuickPlan for the 

German market can also be used for system optimization in the markets researched in this 

thesis. However, a few changes are suggested by the author. 

High load windows have been found as tariff concepts at DSOs in all of the researched 

countries in this thesis. Especially in Denmark, the high load window concept seems to be 

spread nationwide for most commercial electricity customers, instead of peak demand fees. 

Therefore, the author suggests that EWS should configure the QuickPlan-tool to be able to 

simulate high load window tariffs, as this is presently not possible.  

Another potential for improvement of QuickPlan regarding fuse tariffs would be if the customer 

could enter the fuse size pricing of the DSO in QuickPlan to calculate the financially optimal 

fuse size for the customer, using PV and batteries to reach the most profitable solution. This 

could be used for all countries where EWS has customers, not only those researched in this 

report, since most smaller customers usually have fuse tariffs. 

A similar configuration of QuickPlan, as what is stated above, could also help the program 

better simulate peak shaving as an alternative to an often very costly grid expansion. This 

could be done if QuickPlan would support the user to set a fixed grid connection power limit 

and let the program simulate what battery storage system size together with PV that is needed 

to meet the demand without exceeding the grid connection power limit. Even better would be 

if the user also could enter the grid expansion cost and if the program then could calculate the 

optimal grid expansion together with PV and a BESS, which would be needed to meet demand 

while minimizing cost. 

Furthermore, the author suggests that EWS learns from the simulation program HOMER Grid 

regarding the functionality of optimizing system sizes of PV and BESS for given applications. 

This type of optimization is, unfortunately, not supported in the present version of the program. 

These types of simulations would, however, probably both increase simulation time and the 

computing power needed to perform the simulations. 

The author also recommends EWS to add the calculation of peak demand savings when only 

calculating for PV in QuickPlan. As can be seen in section 4.2.2 in this report, the optimal PV 

system size for that particular case, without batteries, managed to lower the yearly demand 

charge with 19%. These savings should also be included, when applicable, in the investment 

calculations made in QuickPlan for all systems. The only added information needed to do these 

calculations is the customers' load profile. 

9.3 Recommended further actions and next steps for EWS 
EWS is recommended to, as a first step, research the market for a manufacturing partner of 

a commercial battery storage solution that best suits the needs of EWS customers. This 

includes both the characteristics mentioned under paragraph 9.2, but also characteristics 

such as modularity, competitive pricing, compatibility with other devices sold by EWS and 

reliable warranty conditions. Other battery chemistries than Li-ion should also be considered 

to be added to EWS portfolio. 

As a second step, EWS is recommended to adjust QuickPlan to the changes mentioned 

under paragraph 9.2, for the program to be relevant for the countries researched in this 

report, as well as change its marketing material to fit both the new markets with their 

individual conditions as well as the new products. 
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If EWS puts the suggestions given in this thesis into action, they will surely have a big 

untapped market to supply products in an efficient way that will help the renewable energy 

development in these countries.  
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10 Conclusions 
 

The project planning tool QuickPlan, developed by the German wholesaler for PV-components 

EWS, is suggested to be customized for the Scandinavian, Polish and Dutch market through 

incorporating financial high load window simulations and ability to decide financially optimal 

grid connection fuse size using load profiles and costs of investing in PV and battery systems.  

EWS is also suggested to target areas with high grid costs for their business within commercial 

battery storages, for maximum payoff.  

QuickPlan is also suggested to be customized for optimal system size simulations, which would 

further help their installation customers in the process of project planning and system 

dimensioning. This optimization should be based on minimizing the Net Present Cost of an 

investment, which also implicates that the optimal system sizes, and therefore investments, 

will be larger than if minimal simple payback time is used as the target of optimization. 

As EWS presently only distribute and sell Li-ion batteries, the author of this report suggests 

that EWS considers broadening its product range with another battery technology such as 

NiMH or Na-ion to address customers' concerns regarding safety and recyclability better. Even 

though these technologies generally have a slightly lower round-trip-efficiency compared to Li-

ion, they show financial profitability potential comparable to Li-ion. 

The profitability of commercial battery storage systems in Scandinavia, Poland, and the 

Netherlands are generally found to be significantly lower than in Germany. Peak-shaving 

should be the main priority in the marketing and planning of systems all the studied countries 

but Denmark since this is the area of application that has shown the highest profitability 

potential. In Denmark, load shifting away from high load windows as well as optimized self-

consumption of PV electricity should be the main priority.
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