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                                                            ABSTRACT 

Photovoltaic (PV) system and the battery energy storage system are promising to supply power for 

residential buildings. Solar panels along with the battery energy storage (BESS) presents an 

opportunity for the households to use a much greater proportion of the solar photovoltaic (PV) to 

generate the electricity and minimize the need of purchasing expensive electricity from the 

electricity grid. This project presents a framework for conducting the economic and technical 

analysis of residential house along with the integration of solar panel units and the BESSs. In this 

study, the electricity consumption of a multi flats building (Magnolia) in Helsingborg and the PV 

production profile under local weather conditions are compared and analyzed. The proposed 

framework is developed by considering different prices of electricity of the existing electricity 

market in Sweden as well as the investment costs for the solar PV units and BESSs. The economic 

analysis is carried out based on different economic measures such as electricity price, simple 

payback analysis, net present value, payback analysis based on funding and without funding, and 

reduction in carbon-di-oxide (CO2) emissions. Technical evaluations of the BESS are carried out 

based on peak shaving purpose and overproduction from the solar panels. and The results show 

that ten 28 kWh of the BESSs in Magnolia building is required in order to meet the customer 

electricity demand and reduce the stress on the electricity grid as well as power cost and size of 

the fuse. Furthermore, the customer saves 154256 kr yearly, with the payback period of 14 to 20 

years, which is almost similar to the expected lifetime of such a BESS.   
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SAMMANFATTNING 

Photovoltaic (PV) systemet och batterilagringssystemet är ett lovande teknik att leverera ström till 

bostadshus. Solpaneler tillsammans med batteriets energilagring (BESS) ger hushållen möjlighet 

att använda en mycket större andel av solcellerna (PV) för att generera el och minimera behovet 

av att köpa dyr el från elnätet. Detta projekt presenterar en ram för att genomföra den ekonomiska 

och tekniska analysen av bostadshus tillsammans med integrering av solpanelaggregat och BESSs. 

I denna studie jämförs och analyseras elförbrukningen hos en flerbostadshus (Magnolia) i 

Helsingborg och PV-produktionsprofilen under lokala väderförhållanden. Det föreslagna 

ramverket är utvecklat genom att ta hänsyn till olika elpriser på den befintliga elmarknaden i 

Sverige samt investeringskostnaderna för solcellscentralerna och BESSs. Den ekonomiska 

analysen utförs på grund av olika ekonomiska åtgärder som elpris, enkel betalningsanalys, 

nuvärde, återbetalningsanalys baserad på finansiering och utan finansiering och minskning av 

koldioxidutsläpp (CO2). Tekniska utvärderingar av BESS utförs baserat på topprakning och 

överproduktion från solpaneler. Resultaten visar att tio 28 kWh av BESSs i Magnolia-byggnaden 

är nödvändiga för att möta kundens elbehov och minska spänningen på elnätet samt energikostnad 

och storlek på säkringen. Vidare sparar kunden 154256 kr årligen, med återbetalningsperioden på 

14 till 20 år, vilket nästan motsvarar den förväntade livslängden för en sådan BESS. 
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1. INTRODUCTION 

1.1. Background 

Renewable energy plays an important role as an energy source. This is because of reduction in the 

burning fossil fuels for heat and electricity production and it leads to the reduction in CO2 

emissions. In addition, renewable energy, electric cars, and smart buildings are becoming 

competitive with technologies based on fossil fuels. Nevertheless, in order to technologies become 

completely transformative, it is important to develop a new generation of battery energy storage 

to power them. The battery energy storage system enables electricity to be stored at the times of 

low demand, high generation and low electricity cost, or from intermittent energy sources such as 

solar, and on the other hand, to be used at the times of high energy demand, low generation and 

high electricity cost or no other generators are available [1]. 

Photovoltaic systems are promising to supply electricity for residential building and store the 

energy with the battery energy storages [2]. In this study, Magnolia building in Helsingborg is 

considered due to evaluate residential battery energy storage. It is estimated that the City of 

Helsingborg will grow by about 40 000 new residents by 2035. To meet the future needs of both 

residential and office spaces, Helsingborg will grow with about 1 000 new homes annually. H+ is 

the largest urban renewal project in Helsingborg in modern times [3]. Until 2035, the old port and 

industrial area of about one million square meter will be developed into a mixed city. H+ area will 

provide space for the new and existing neighborhoods Oceanhamnen, Universitetsområdet, 

Husarområdet and Gåsebäck and to be linked with the city center and the surrounding 

neighborhoods. It has worked out an ambitious environmental profile of the H+ area. The long-

term idea is that even those who live and work within the H+ area in a natural way to understand 

and contribute to the environmental profile developed and strengthened. The aim of H+ project is 

to analyze existing systems and provide suggestions for the future systems and solutions in the 

energy, waste, and water [3]. In addition, in spring 2017, the first ground within the H+ area will 

be prepared and in September 2017 estimated the first house will start to be built. There is a desire 
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to reduce as much as possible, production and consumption of electricity in the area, and although 

the area will be connected to the larger network, the hope is that one should have to deliver as little 

electricity as possible [3]. Magnolia building is a new type of building and it is a part of H+ project. 

The building consists of 127 flats and electrical energy will be supplied by photovoltaic panels and 

the electricity will be stored by the battery energy storage system (BESS) during off-peak periods 

and possibilities to buy electricity on the spot price.  

1.2. Purpose 

The aim of the project is to investigate how in Magnolia building, where electricity generated by, 

for example, solar cells, twenty-four hours wise (daily) can smooth the input/output electricity 

consumption by using the BESS and analyze the effects of the BESS on the grid and electric 

vehicle and power cost. 

The goal of the project is to propose a model that will optimize the consumption and production 

of electricity in the building by using local energy storage from an economic and a technical point 

of view. 

1.3. Research questions 

This project seeks to answer the following questions: 

1. Why install the BESS at Magnolia? 

2. How the BESS can be designed and operated by considering following factors: 

 Economic 

 Grid quality 

 Solar panel  

 Electrical Vehicle (EV)  

3. How will the BESS cut power costs? 

4. How does the BESS influence on the electricity consumption of the building? 
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5. Is it profitable or viable to sell the surplus demand of the electricity to the grid or will be 

stored? 

1.4. Electricity market in Sweden 

The electricity price is defined by the balance between supply and demand. Some factors such as 

the weather or electricity plants not producing to their full capacity can impact electricity prices 

[4]. Nowadays, there is general agreement between the politicians and stakeholders in the Nordic 

and Baltic electricity markets that this power model serves society well. However, the cost of 

electricity is defined according to supply and demand, it can also become clear where there are 

issues in the grid when the price of electricity goes up. It makes easier to identify that where the 

production or capacity is lacking and there is too high demand in comparison to production supply. 

Figure 1 shows the electricity consumption between May 2015 and April 2017. The trend of the 

figure varies during the year and the results show that, the highest electricity consumption occur 

in January 2016 and January 2017 [4]. 

 

Figure 1. Electricity Consumption in Sweden between May 2016 and April 2017 [4] 
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The Swedish electricity market consists of two main actors, the electricity network owner and the 

electric company. In many cases an electric company might also own the grid. The electric 

company can be selected by the costumer but the grid owner depends on the location. This gives 

a clear breakdown of the electricity price in three parts, the electricity network price and the 

electricity price, and taxes. The electricity network cost usually consists of one yearly cost for the 

connection and one electricity transfer cost, depending on amount of bought electricity. The annual 

cost usually related to the size of the main fuse to the household. It means that, the smaller fuse is 

cheaper and the cost increases exponentially [5]. In some cases a power cost is also added which 

is paid per kW from the peak power usage each month and some companies can use many peaks 

or only apply this cost during certain hours [5]. 

The power cost generally has different payment plans, most common is a fix electricity price plan 

such as peak power price and the variable electricity price plan, which both of them will be used 

in this project. The fixed electricity price is decided when signing up with the power company and 

is a constant cost per kWh during a specified amount of time, usually 1-4 years [5]. In some cases 

it may be divided into a fixed price per quarter instead with some differences between each quarter 

to reduce electricity price during winter, or similar. Upon this, a monthly cost is added. The fixed 

electricity price allows the customer know exactly how much they will be paying per kilowatt-

hour for a longer period of time. Figure 2 shows the fixed electricity price (Euro per kWh) 

estimation for household consumers in different countries, especially Sweden, in 2015 [6]. The 

total fixed electricity price including value added tax (VAT), taxes and levies other than VAT, and 

basic price is estimated EUR 0.18 per kWh in Sweden. 
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Figure 2. Electricity prices for household consumers, second half 2015 [6] 

The flexible price is a little more advanced and can vary between every hour, day or each month 

and for implementation aims the hourly variation is assumed. The biggest variation of this price is 

decided by the Nordic electricity market [4] and an instance of how the price varies during the day 

is shown in Figure 3. 
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Figure 3. The price of the electricity set by Nord Pool [4] 

On the other hand, it is expected that the price of purchasing electricity increased by 6% annually 

in Sweden [6]. Figure 4 indicates the percentage change in purchasing electricity prices including 

all taxes for household consumers in different countries, especially Sweden, during the 12 months 

between the second half of 2015 and the second half of 2016.  
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Figure 4. The percentage change in electricity price for household consumers [6] 
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2. LITERATURE REVIW 

The previous researches show the importance of using energy storage system in the residential 

area. Researchers have developed lots of methods to optimize energy production, consumption 

and the electricity tariffs as well as optimized size and efficiency of a battery energy storage system 

(BESS). Germany, the United States, and China are leading the way on battery storage 

development.  

In 2017, Akter et al. [7] presented a comprehensive economic analysis of a residential building 

along with photovoltaic panel and battery energy storage system. The results show the viability of 

a residential house for the investment on the battery energy storage system as well as solar PV 

panels.  

Another research was done by Strand [8], and it is about different strategies of charging and 

discharging the residential battery energy storage in order to optimize the output energy toward 

the electric network and minimize energy consumption by the battery energy storage and charge 

the battery during off-peak times when power cost is low. The outcome of the research indicates 

the peak shaving method leads to saving money [8].  

Luthander [9] examined a battery energy storage in order to increase residential photovoltaic panel 

self-consumption. The results show that the relative consumption of PV can be increased by a 

battery storage. 

 Moshövel et al. [10] analyzed the impacts and benefits of battery storage systems in residential 

area along with photovoltaic (PV) panels and the effects on the gird. They proposed a MATLAB 

based model in order to reduce stress on power supply system. Furthermore, they were presented 

two ways in order to raise self-consumption rate by load shifting and the application of battery 

storage systems. As a result it will be shown that a battery energy storage management can 

decrease the stress on the grid in comparison to maximizes self-consumption. 
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In 2015, a research study has been done in associate with BESS by the Climate Council of Australia 

[11]. The research focus on the current status and future perspective of BESSs. The results of the 

study shows that BESS capacity is predicted to grow rapidly in less than ten years due to decreasing 

the cost of battery annually by 14%. Moreover, the rapidly falling price of batteries lead to make 

plug-in electric vehicle (EV) cost more competitive and attractive option compare to conventional 

cars during two next decades. 

Kein Huat Chua [12] presented a strategy to reduce and shave the peak demand and thereby the 

stress of utility companies during high peak electricity demand. In the project, LabVIEW graphical 

programming tool has been used in order to control the BESS. The outcome of the project 

illustrates that the BESS can reduce peak demand from the power supply system and mitigate the 

voltage unbalance of the power network. 
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3. METHODOLOGY 

The following section introduces the methodology used in the residential battery energy storage 

systems modeling. In addition, the parameters can influence the battery energy storage selection 

and performance will be evaluated. The parameters are based on the electricity production by the 

solar panels and the electricity consumption. There are three types of electricity consumption in 

Magnolia building, electricity is consumed by the residents in the flats, and by the building 

(ventilation, elevators, etc.), and by the electric vehicles.  

Data collection for the project was mainly done through the literature review and interviews. For 

the first section, relevant online tool was used in order to evaluate the electricity production of 

solar panels. The method in regard to the electricity consumption of the building, flats, and EVs 

was based on the interviews in Öresundskraft Company in Helsingborg with the technical staff. 

Finally, an economic and technical analysis tool developed by Box of Energy and Strand [8] was 

used for obtaining suitable BESS in order to use in the building. 

3.1. Solar panel 

In recent years, the mounted photovoltaic (PV) capacity has rapidly increased in the world. The 

growth of the photovoltaic market has led to a significant price drop off in new installations [9]. 

But, one of the major problems is intermittent of PV output. The best way of mitigating the 

intermittency and smoothing power output from the solar panel is energy storage. 

The weather data in Helsingborg containing the diffuse solar radiation (W/m2), the global solar 

radiation (W/m2), ambient temperature (ºC) are taken from PVGIS [13]. In this project, in 

Magnolia construction, solar panels are used in order to supply electricity demand. The output of 

the photovoltaic system is estimated by the Photovoltaic Geographical Information System 

(PVGIS) [13]. PVGIS is the method is used in this project and it is the online tool to evaluate the 

photovoltaic performance and it provides the yearly electricity production of solar photovoltaic 

panels as well as solar radiation and temperature data. 
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The data related to the building in this project is provided and estimated by Öresundskraft 

Company in Helsingborg in order to evaluate electricity production of PV panels. 

3.2. Electric Vehicle (EV), Flats, Building 

Residential charging stations that imply an electric car owner plug-in the cars when the battery of 

the car is empty during the night when there is few electricity consumption. In this project, the 

BESS is used in order to reduce stress on the grid caused by charging EVs especially during peak 

power time. The data in regards to the numbers of EVs and EVs consumption are given by Clever 

Company [14]. Some important factors should be taken into account in order to propose a suitable 

model for the charge stations. One of the important factor is charging time of EVs and the charging 

times are estimates of how long it would take in order to fully charge the battery pack from zero 

charge. The time to fully charge an EV with assuming 1-phase connection can be calculated by 

the equation (1): 

𝐸𝑉 𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 (ℎ) =
𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑃𝑎𝑐𝑘 𝑆𝑖𝑧𝑒 (𝑘𝑊ℎ)

𝐶ℎ𝑎𝑟𝑔𝑒𝑟 𝑆𝑡𝑎𝑡𝑖𝑜𝑛 𝑂𝑢𝑡𝑝𝑢𝑡 (𝑘𝑊)
        (1) 

In equation 1, the battery pack size is the capacity of the electric vehicles battery pack with the 

unit of kWh and charger station output is the maximum output power of charger stations and the 

unit is kW. 

Another important factor is the distance of an EV can run and it can be estimated by the equation 

(2): 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑘𝑚) = 5 (𝑘𝑚/𝑘𝑊ℎ)  ∗ 𝑏𝑎𝑡𝑡𝑒𝑟𝑦 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦  (𝑘𝑊ℎ)        (2) 

In equation 2, 5 km is the constant and it can be defined as the distance that one car run per 1kWh 

[14]. Finally, the power that consumed by the EVs, the flats, and the building can be computed by 

the equation (3): 

𝑃 (𝑘𝑊) = √3 ∗ 𝑉(𝑣) ∗ 𝐼(𝐴)            (3) 

Where P is the power, V is the voltage, and I is the current. The power factor in equation (3) 

assumed to be one. 
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4. CASE STUDY 

4.1. Characteristics of the charge station 

Every car is connected to a charge station via one terminal and the terminal is connected to the 3-

phases power supply, as shown in Figure 5. The power supply is assumed to be 3*63 amps and the 

power supply with 3-phases is controlled by the power meter. For load distribution, with 1-phase 

operating mode, there is an energy meter inside the charge station to check and balance the 

consumption of the car. The MASTER charging station is a load management system for a group 

of charging stations (SLAVES).  Depending on the configured mode (1-3 phase), the load 

management will allocate the available current to the charging station. Once the charging 

procedure has been ended by an electric car, the current that was available to this charging station 

will be divided between the remaining active charging procedures. All the electric cars can not 

charge on one-phase (L1) of a power supply and instead, they have to charge on different phases 

(L2 or L3). In figure 5, the zero and earth connection are not considered. 
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Figure 5. Characteristic of the charger stations and electric vehicle 

4.2. Operation of the BESS 

Figure 6 illustrates that the electricity first goes from the grid to the main switch and then into the 

energy meter to control the signal for the controller (safety switches, MCB circuit breaker, and 

RCD circuit breaker), and the solar panels are connected to the three phases and when the panels 

start to produce energy and the electricity first goes to the main installation, but when it is 

overloaded, it goes to the grid in order to sell it, then the energy meter notice that starts selling 

energy then sending signals to the box that there is an overproduction and it starts charging. 
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Figure 6. Operation of the battery energy storage system 

In cloudy days, it is preferable that the electricity goes directly to the flats instead of the battery 

because 8% of the efficiency will loss when it goes to the battery. For the peak shaving purpose, 

this is just good to store overproduction from the solar panels. In that scenario, it is possible to 

schedule the operator that in the midnight (between 10 pm to 6 am) when the energy price is 

usually lower, the battery can charge during the night then discharging in the morning in order to 

reduce the peak. 

 

4.3. System configuration 

A schematic configuration of the studied system is shown in Figure 7 [2]. In the system 

configuration, battery energy storage system is used in order to store electrical energy in the off-

peak period and discharge at night when the consumption of electricity is high. In this project, 
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electric cars are charged with the electricity network only at night and when the electricity price is 

low.  

During cloudy days, the battery is charged by the electricity network in the morning and discharge 

at night at peak time. During the summer when the sunlight is too high and the battery is fully 

charged by the PV panels, the excess electricity will sell to the grid and the amount of the electricity 

that sell and buy from the utility network is controlled by smart meters data. 

 

Figure 7. Schematic Diagram of Residential Battery storage System along with PV panels [2] 

 

4.3.1 Data 

The annual estimation of load profile of Magnolia building (Helsingborg; latitude 56º N, longitude 

13º E) that consists of 127 apartments is recorded from Öresundskraft AB Company.  
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Table 1. Characteristics of the solar panels 

 Type Area 

(m2) 

Mounting 

position 

Peak 

Power 

(kWp) 

Slope 

(Degree) 

Orientation  

(Degree) 

Estimated system 

losses 

PV 

Cells 

Mono-

Crystalline 

600 Free-

standing 

95kWp 10˚ 1˚ 14% 

 

Table 1 illustrates the area of the panels is about 600 m2 and the nominal power is 95 kWp and the 

angle of the panels is assumed about 10˚ with the material of mono-crystal. The optimum angle in 

Helsingborg is 40º but in Magnolia building is assumed to be 10˚ due to keeping the appearance 

of the building beautiful by hiding the solar panels on the roof. 

4.4. Data Analysis 

In this section, solar panels production and the power and electricity consumption the flats, 

building, EVs will be evaluated due to the suitable selection of the battery energy storage. In the 

first step, the amount of solar panels production is estimated, and in the next step, the amount of 

electricity that is consumed by the customers in the flats, the building, and the EVs will be 

calculated. In the last stage, the battery energy storage system will be evaluated from the economic 

point of view. 

4.4.1 Solar panels  

Average daily and monthly electricity production from the given system as well as average daily 

and monthly sum of global irradiation per square meter received by the modules can be computed 

by using the methods (PVGIS) that mentioned in section 3.1 and the results shown in Table 2. 

Moreover, the table indicates that the yearly electricity production of the given system is about 86 

MWh/year. 
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Table 2. Electricity production from the PV system and average sum of global irradiation [13] 

Fixed system: inclination=10°, orientation=1° 

Month Ed Em Hd Hm 

Jan 46.7 1450 0.69 21.3 

Feb 94.4 2640 1.36 38 

Mar 229 7100 3.24 101 

Apr 354 10600 4.96 149 

May 413 12800 5.78 179 

June 438 13100 6.12 184 

Jul 420 13000 5.86 182 

Aug 344 10700 4.81 149 

Sep 254 7610 3.57 107 

Oct 137 4260 1.96 60.7 

Nov 53.5 1610 0.78 23.4 

Dec 30.7 951 0.45 14 

  

Yearly average 235 7150 3.31 101 

Total for year 85900 1210 

 

In the Table 2: 

Ed: Average daily electricity production from the given system (kWh) 

Em: Average monthly electricity production from the given system (kWh) 

Hd: Average daily sum of global irradiation per square meter received by the modules of the 

given system (kWh/m2) 

Hm: Average sum of global irradiation per square meter received by the modules of the given 

system (kWh/m2) 

The monthly average solar radiation and the monthly height of sun during 12 months under 

Helsingborg condition are shown in figure 8 and figure 9, respectively. Figure 8 shows that the 

highest and lowest amount of irradiation are estimated in May and December, respectively. The 

solar radiation in May is about 180 kWh/m2 and in December is approximately 20 kWh/m2.  
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Figure 8. Monthly in-plane irradiation for fixed angle [13] 

Figure 9 illustrates that, the highest value of height of sun occurs in 21 of June with the amount of 

around 57 degree and the lowest amount of sun height occurs in 21 of December with the value of 

about 10 degree. 

 

Figure 9. Outline of horizon with sun path for winter and summer solstice [13] 
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Average monthly production profiles for 95 kWp photovoltaic panels in 12 months is shown in 

figure 10. As it clear from figure 10, the highest and lowest production of the photovoltaic panel 

are in June and December, respectively. The average monthly electricity production in June is 

about 13100 kWh and it is about 10 times bigger than in December (1450 kWh). 

 

Figure 10. Average monthly photovoltaic production in different months [13] 

Currently, the cost of the solar panels is between 12 to 14 kronor per watt [3]. However, many 

utility companies offer incentives, and some subsidies but the government in Sweden offers 30% 

subsidy for the solar panel installation that it can influence on the pay-back period and the initial 

cost. With considering the nominal power of the modules is 95 kW then the cost of the whole 

system in the Magnolia building becomes: 

14
𝑘𝑟

𝑊
∗ 95000 𝑊 ≈ 1.3 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑆𝑤𝑒𝑑𝑖𝑠ℎ 𝑘𝑟𝑜𝑛𝑜𝑟 

One the important factor is pay-back period and it is a method to estimate the time it would take 

to pay off an investment. In Sweden, pay-back period (PBP) is between 9-12 years, but it depends 

on the several factors such as the material of the component, the cost of the electricity, the amount 

of solar panels production [15]. The electricity price including power cost, grid price, and taxes is 
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assumed 1.2 kronor per kWh and the panels produce 86 MWh per year, then the pay-back period 

of the solar panels in this project can be estimated as: 

1.2 𝑘𝑟/𝑘𝑊ℎ ∗ 86000 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟 = 103200 𝑘𝑟/𝑦𝑒𝑎𝑟 

𝑃𝐵𝑃 =
1.3 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑘𝑟

103200 𝑘𝑟/𝑦𝑒𝑎𝑟
≈ 12 𝑦𝑒𝑎𝑟𝑠 

In the above calculation for the pay-back period, 30% subsidy from the government is not added 

to the calculation. In Sweden, if the costumers buy both solar panels for the building, the customers 

can apply for 30% fund from the government [16]. By adding the funding effect on the calculation, 

the price of the whole system becomes: 

1.3 𝑚𝑖𝑙𝑖𝑜𝑛 𝑘𝑟 ∗ (1 − 30%) = 910000 𝑘𝑟 

𝑃𝐵𝑃 =
910000 𝑘𝑟

103200 𝑘𝑟/𝑦𝑒𝑎𝑟
≈ 9 𝑦𝑒𝑎𝑟𝑠 

 

4.4.2 Estimation of EV Power Consumption 

In order to calculate the time to fully charge an EV, the equation (1) is used and the result becomes: 

𝐸𝑉 𝐶ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑇𝑖𝑚𝑒 =
24 𝑘𝑊ℎ

3.7 𝑘𝑊
= 6 ℎ𝑜𝑢𝑟𝑠         

In the above calculation, the value of battery pack size is assumed 24 kWh because it is a standard 

capacity for the EVs [14]. In addition, the value of charging stations output vary between 3.3 kW 

to 7 kW but in Sweden, the majority of charger stations have the power output of 3.7 kW. The 

result shows that an EV with the 1-phase connection will take 6 hours to fully charge. 

It is assumed that one car can run 5 km per kWh and a fully charged car (24kWh) can run for 120 

km based on the following calculation by using the equation (2). 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 5 (𝑘𝑚/𝑘𝑊ℎ) ∗ 24  (𝑘𝑊ℎ) = 120 𝑘𝑚   
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However, in the above calculation, the result is just suitable for a standard condition when driving 

an EV (without considering temperature and seasonal effect and wind resistance). Furthermore, a 

3-phase battery in an electric car is proposed for people who work at the office and they need to 

charge the car faster. The time of completely charging of the battery is 2.5 hours. 

Finally, the power consumption of the EVs can be obtained by the equation (3). 

𝑃𝐸𝑉 = √3 ∗ 𝑉(𝑣) ∗ 𝐼(𝐴) = √3 ∗ 400 ∗ 63 ≈ 43.4 𝑘𝑊 

4.4.3. Estimation of Flats and Building Power Consumption 

Electricity consumption of each flat in Magnolia building is proposed by [3] to be 2 Amps/flat and 

the power for the whole flats can be calculated by using equation (3): 

𝑃𝑓𝑙𝑎𝑡𝑠 = √3 ∗ 𝑉(𝑣) ∗ 𝐼(𝐴) = √3 ∗ 400 ∗ (2 ∗ 127) ≈ 174 𝑘𝑊 

Electricity consumption of the building that includes ventilation, elevator, lamps, etc. is estimated 

by [3] to be about 20 Amps, and the power consumption of the building can be evaluated by using 

equation (3): 

𝑃𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 = √3 ∗ 𝑉(𝑣) ∗ 𝐼(𝐴) = √3 ∗ 400 ∗ 20 ≈ 13 𝑘𝑊 

There are 127 flats in Magnolia building and the yearly electricity consumption of the flats, 

building, and EVs should be considered in order to compare the results with the solar panels 

production and check whether the production is enough for whole consumption or the customers 

should buy the electricity from the grid. It is assumed that the electricity consumption of the 

building (ventilation, elevator, etc.) to be around 20000-30000 kWh per year [3]. The electricity 

consumption of each flat is estimated by [3] around 3000 kWh per year and the whole flats based 

on kWh per year becomes:  

127 𝑓𝑙𝑡𝑎𝑠 ∗ 3000 𝑘𝑊ℎ/𝑓𝑙𝑎𝑡 = 381 𝑀𝑊ℎ/𝑦𝑒𝑎𝑟 

Residential solar power systems can be used to provide power for several standard electrical 

devices and household appliances. But in order to provide this power, these systems require solar 
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inverters. Hence, Four 25 kWp inverters are proposed for the project. The price of each inverter 

estimated about 30000 kr [17]. 

4.4.4. Technical Evaluation of the Battery Energy Storage System (BESS) 

There are two ways to evaluate the battery energy storage system (BESS):  

a) Peak reduction by the BESS 

b) Overproduction from the solar panels  

Firstly, the BESS is evaluated based on the peak reduction and the BESS is assumed to charge by 

the grid. Electricity demand varies from time to time and the cost of electricity changes 

accordingly. The price for electricity at peak demand periods is much higher and at off-peak times 

lower and this is because of differences in the cost of generation in each period [18]. It is difficult 

to decide about needed discharge power from just energy consumption because it depends on how 

the energy profile looks like. In this type of building like Magnolia, there are one peak in the 

morning and one in the evening. However, in the morning, sun is shining and the solar panels 

produce electricity. Now, it has to figure out how much discharge power is needed in order to 

handle this peak. Of course, it depends on the size of it (how big peak will it be). Thus, it is 

important to compare the peak consumption with the standard consumption. The standard 

consumption can be calculated as: 

𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 =
25000 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟

(365.25 ∗ 24 ℎ)
= 2.8 𝑘𝑊 → 𝑃𝑜𝑤𝑒𝑟 

𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑙𝑎𝑡𝑠 =
381000 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟 ∗ 20%

(365.25 ∗ 24 ℎ)
= 8.6 𝑘𝑊 → 𝑃𝑜𝑤𝑒𝑟 

𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 2.8 + 8.6 ≈ 12 𝑘𝑊 

The EVs consumption is not taken into consideration because the EVs are charged during off-peak 

time and the EVs will be fully charged in the morning. Then, the peak will become: 

𝑃𝑒𝑎𝑘 = (174 + 12) − 12 = 174 𝑘𝑊 
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In fact, the purpose is not to make the peak zero instead the aim is make the peak at the same level 

of the rest of the system. There are 186 kW peak consumption and 12 kW constant consumption 

that means 174 kW is needed to reduce the peak. 

The suitable BESS for the peak reduction and peak shaving will be expensive and the BESS 

capacity that needed can be written as: 

3 ℎ𝑜𝑢𝑟𝑠 ∗ 174 𝑘𝑊 = 522 𝑘𝑊ℎ 

It means that, with considering 3 hours peak time (between 18 o’clock to 21 o’clock) and in order 

to get 174 kW, 18 batteries are needed and that cost about 9 million krona. 

However, there is an advantage for the customers. For instance, in Helsingborg, the customers pay 

40 kr/kWh for the peak power. However, if the tariff assumed 40 kr/kWh for the peak, the cost of 

subscription can be reduced by 6960 kr/month.  

40 𝑘𝑟/𝑘𝑊ℎ ∗ 174 𝑘𝑊 = 6960 𝑘𝑟/𝑚𝑜𝑛𝑡ℎ 

Finally, it can be concluded that it is not viable and reasonable to reduce the peak completely and 

some parts of the peak demand are viable to reduce. 

Secondly, overproduction from the solar panels is considered in order to shave some parts of the 

peak. It is assumed that the solar panels can produce electricity after 6 am and there are 220 sunny 

days in Sweden [8]. Then, the solar panels produce: 

86 000 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟

220
= 390 𝑘𝑊ℎ/𝑑𝑎𝑦 

363 𝑘𝑊ℎ/𝑑𝑎𝑦

6 ℎ𝑜𝑢𝑟𝑠 𝑠𝑢𝑛
= 60 𝑘𝑊 ← 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 

With considering 12 kW for constant consumption then 48 kW solar panels overproduction can 

be sold or charged the BESS. 

48 𝑘𝑊 ∗ 6 ℎ𝑜𝑢𝑟𝑠 = 288 𝑘𝑊ℎ 

Each BESS has a 28 kWh storage capacity and 10 BESs are required in order to meet the 

overproduction. According to [19], each BESS has 18 kW input power and 4.2 kW output power 
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and for this project 10 BESs are proposed due to reduce the peak by a maximum of 42 kW. The 

future research on BES will focus on increasing the output to 10 kW [18] then the system can give 

10*10=100 kW output, and the peak demand will reduce too much. Finally, the new peak becomes: 

186 − 42 = 144 𝑘𝑊 ← 𝑁𝑒𝑤 𝑝𝑒𝑎𝑘 

4.4.5 Physical size of the BESS 

Table 3 illustrates that the BESS type is lithium-ion with the characteristics of 28 kWh with the 

nominal power of 40 kW (only 70% is used to maximize the life time) are used and 10 of those 

BESS will be installed in this scenario and the batteries can be installed in several places (close to 

the demand in order to reduce the losses that occurs by distance). 

Table 3. Characteristic of the BESS 

 Type Nominal 

Power (kW) 

Weight 

(kg) 

Dimensions 

(cm) 

Power Versions 

[in/out] (kW) 

BESS Lithium-ion 40 560 195*80*90 18/4.2 

  

4.5 Economic Analysis of the BESS 

Payback period (pay-off time): 

Three factors should be taken into account in order to estimate the payback period. 

1. First, peak shaving by the BESS 

In this scenario, if the peak cost be 40 kr/kWh in each month and if the peak power reduced by 42 

kW (go from 186 kW to 144 kW) then the cost can reduce by 40*42= 1680 kr for each month and 

for one year becomes 20160 kr/year. 

2. Second, solar panels overproduction 

It is calculated that 288 kWh/day can be stored and for 220 sunny days then the total solar panel 

production becomes 288*220= 63360 kWh/year. Now, it should be figured out, is it viable to sell 
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it or store it? The price for selling electricity is estimated around 0.4 kr/kWh and for buying is 

about 1.2 kr/kWh [8]. The saving in this part will be the difference between selling or buying 

electricity (0.8 kr/kWh). 

0.8 𝑘𝑟/𝑘𝑊ℎ ∗ 63 𝑀𝑊ℎ/𝑦𝑒𝑎𝑟 = 𝟓𝟎 𝟎𝟎𝟎𝒌𝒓/𝒚𝒆𝒂𝒓  

3. Third, Charging the BESS at night and discharging during the day 

Another aspect is charged at night and discharging in the morning however it depends on the 

electricity price. In this case, the procedure is the same, but the difference is just buying the 

electricity (it is estimated about 1.2 kr/kWh [8]) from the electricity network. 

0.8 𝑘𝑟/𝑘𝑊ℎ ∗ 288 𝑘𝑊ℎ/𝑑𝑎𝑦 ∗ 365 𝑑𝑎𝑦𝑠 = 𝟖𝟒𝟎𝟗𝟔 𝒌𝒓/𝒚𝒆𝒂𝒓  

Finally, all those values must be added together in order to get maximum saving by using the 

proposed model: 

𝑭𝒊𝒓𝒔𝒕 𝒚𝒆𝒂𝒓 = 𝟏𝟓𝟒𝟐𝟓𝟔 𝒌𝒓/𝒚𝒆𝒂𝒓 

In Sweden, the price of each BESS is estimated to be about half a million krona (the price for more 

than one BESS will reduce linearly) [19] and for 10 batteries, the price will about 5 million kr and 

the pay-off time becomes 33 years. Nevertheless, two important factors are not included in that 

pay-off time: 1- in Sweden, the price of electricity is cheap now but it will increase by 6% for each 

year [16]. In 20 years, it will be 1.2*1.0620= 3.8 kr/kWh and it means that the pay-back period will 

reduce too much in comparison to the constant electricity price. 2- In Sweden, if the costumers 

buy both solar panels and BESS for the building, they will get 30% fund from the government [16] 

and followed by the BESS price as well as the pay-back period will be reduced so much. 

Today, it seems to be not profitable to buy the BESS but as it is clear from the Table 4, the selling 

electricity will reduce by 3% per year [16] and purchasing electricity will increase by 6% [6] and 

when the EVs start charging, the energy system has a large peak in the evening while the energy 

companies want to force people to charge during the night instead by the changing the electricity 

price at night by 2% [16]. Another important factor in the Table 4 is the BESS will reduce the 

capacity by 1% per year. 
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Finally, the pay-off time will be 20 years if the costumers get funding from the government by 

buying the solar panels and the BESS. The pay-back period will be 14 years with considering the 

reduction of 3% per year for selling electricity and increasing the price of buying electricity by 6% 

per year. A life time of the BESS is assumed to be about 20 years and it reveals that it is profitable 

to purchase the BESS. In addition, the BESS has about 15000-16000 cycles until there is 20% left. 

All the calculation related to the economic and technical parts is summarized and shown in Table 

4. 

Table 4. Technical and econommic analysis of the BESS based on the given data 

                      Data   Proposals for the energy 

storage 
  

Annual consumption: 406 000 kWh Size 280 kWh 

Yearly solar production: 80 000 kWh Price 3 400 000 kr 

Number of sunny day per 

year: 

220 days Price with subsidy 2 380 000 kr 

Number of sunny hour per 

day: 

8 hours Cost per kWh 12142.86 kr 

Price per purchased kWh 

today: 

1.20 kr Average savings per year for 

the next 20 years 

170216.44 kr 

Expected annual change: 6% Average saving per year next 

20 years per month 

14184.70 kr 

Price per sold kWh today: 0.40 kr Saving in percentage per year 

relative to investment 

5.01% 

Expected annual change: -3% Savings in percentage per year 

relative to investment with 

regard to subsidy  

7.15% 

Price per purchased kWh at 

night: 

1.20 kr Pay-back period 20 years 

Expected annual change: 2% Pay-back period with subsidy 14 years 

Reduction of energy storage 

capacity: 

1% Net economic value for 20 

years 

- 1 297 724 kr 

Peak power tariff: 40.00 kr Net economic value for 20 

years with subsidy 

-277 724 kr 

Reduction of energy storage 

capacity: 

-1% CO2 saving in grams over 20 

years 

220 903 200 
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5. DISCUSSIONS AND COMPARISON 

5.1. Distribution of power for electric vehicles 

In order to reduce the stress on the electricity grid, all the electric cars can not charge on one-phase 

(L1) of a power supply and instead they have to charge on different phases (L2 or L3). Figure 11 

shows that, if the EVs charge on one phase then charging power will increase and it leads to more 

stress on one phase as well as the second EV can not charge completely. If there is not enough 

electricity available in the BESS for all the vehicles, the electricity will be evenly distributed to all 

vehicles and it is done by the MASTER. If there is little electricity be available for every vehicle 

(less than the minimum power demand of the vehicle), the charging procedures of the electric 

vehicles will be successively paused for a specified period of time and then continued with. 

A 3-phase battery in an electric car is proposed for people who work at the office and they need to 

charge the car faster. The time of completely charging of the battery is 2.5 hours. Nine charge 

stations (1*3*63 Amps) are proposed for Magnolia building for the starting point and it will be 

increased by one more charge stations (1*3*63 Amps) in the future as a back-up because the 

lifetime of charger station is estimated by [8] to be around 10 years. For more than that, it is needed 

to have 2*3-phase 64 amps that become expensive. 

In this report, the EVs are charged during the time that the electricity price is low and there is no 

stress on the grid. The reasoning regarding night price is that when EVs get more common a power 

peak will appear in the evening which will not be feasible for energy companies. To cope with this 

they will lower energy prices later at night to get more distributed charging of EVs. 
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Figure 11. Distribution of the power for two electric vehicles [20] 

5.2. Perspective of electricity price and viability of the BESS 

The technical and economic analysis of the BESS presented in this report reveals that the potential 

economic obtain from installing the BESS varies a lot depending on the pricing from the electricity 

network. The Swedish electricity market currently has a relatively low energy price and with the 

current prices the investment in a BESS will be a loss-making deal. However, if the electricity 

price will increase the economic obtain of an installation would increase and even if it is small, the 

installation could turn profitable. Figure 12 shows the electricity price perspective in Sweden 

during next 20 years. It can be realized that electricity price will increase much higher and faster 

in comparison to the price at night. It means that it is reasonable to charge the EVs during night 

by the gird when the electricity price is lower and another option is charging the BESS during the 

night especially during winter when sun is not shinning. 
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Figure 12. Electricity price perspective in Sweden during next 20 years 

Currently ten 28 kWh of the BESS in the Magnolia building saves 154256 kr per year, depending 

on strategy resulting in a pay-back period of 14 to 20 years, which is almost similar to the expected 

life time of such a BESS. However, the results are very sensitive to the electricity price as the 

figure 13 shows the importance of changing electricity price in the next 20 years and the amount 

of money saving by changing the electricity cost.   

 

Figure 13. Sensitivity of annual saving by changing the electricity price 
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Figure 14 reveals that pay-back period of the BESS is a function of changing electricity price. In 

addition, the figure compared the pay-back period based on the subsidy and without subsidy. From 

the figure it can be noted that, with a higher electricity price the BESS would be a profitable 

investment. With an increase of 6% per kWh in the morning, 2% at night, and considering 30% 

subsidy from the government, the pay-back period of 288 kWh BESS was reduce to 14 years and 

making it a profitable investment. Moreover, other differences might appear in the future, such as 

pricing depending on sun hours or wind that related to the increase in renewable energy production. 

 

Figure 14. Pay-back period as a function of changing electricity price 

Regarding the prices of the BESS in the future there is no any direct estimation of battery prices, 

since the BESS companies use the EVs batteries and it is very dependent on the car manufacturers 

but of course the BESS companies working to lower the price. As price for Lithium Ion batteries 

is reduced quickly it is assumed that the price for the BESS in this project also will be reduced. At 

the same time the BESS companies try to work with the suppliers to lower the price of other 

components. There’s also quite a lot of estimations of future need for energy storage meaning 

larger volumes, and larger volumes also means lower prices. So it’s reasonable to believe that 

prices will go down in the future, the more difficult part is to find a good model to estimate how 

much. 
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Apart from the potential economic obtain of implementing the BESS, other aspects have been 

regarded as interesting by the caseload which should be taken into consideration when considering 

implementing the BESS. One of the aspects would be the high interest from private electricity 

producers to actually use their own power rather than selling it. While this has no economic gain 

but it is still a driving force in the Swedish battery electricity storage market. By checking other 

countries with more electricity producers connected to the electricity grid one might also notice 

that when the produced power reaches certain limits, the government implemented laws limiting 

allowed feed in to the grid and with the increased interest for renewable energy in Sweden this 

might happen there as well. Another aspect is the peak reduction can also leads to the reduction of 

the size of the main fuse. This peak reduction can potential save hundreds of Swedish krona per 

month and if the size of the main fuse is reduced and the BESS fails it may cause the fuses to melt 

during high consumption, resulting in blackouts. 

5.3. Environmental Impacts of Battery Energy Storage 

Storing electricity can provide some environmental benefits. For instance, the BESS can be used 

to help integrate more renewable energy into the electricity network. The BESS can also help 

generation facilities operate at optimal levels and reduce the use of less efficient generating units 

that would otherwise only run at peak times. Furthermore, the added capacity provided by battery 

storage can delay or alleviate the need to build additional power plants and transmission lines. 

On the other hand, potential negative effects of the BSSS will depend upon the type as well as 

efficiency of storage technology. For instance, batteries use raw materials such as lithium-ion and 

lead acid can present environmental hazards if they are not disposed of and recycled properly. In 

addition, some electricity is reduced during the storage and charging process. 
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6. CONCLUSION 

Renewable energy resources and electric vehicles are becoming competitive and attractive option 

compared to conventional technologies based on fossil fuels. However, for the new technologies 

to become really transformative, it is needed to develop a new generation of the battery energy 

storage system to power them. In addition, the battery energy storage is a solution for the 

intermittency of some renewable energy sources such as solar and wind.  

The project examines and analysis the residential battery energy storage system along with the 

photovoltaic system from the economic and technical point of view. The project is located in 

Helsingborg and the main purpose of the project is to investigate how in Magnolia building, where 

the electricity is supplied by the solar panels can smooth and lower the electricity consumption by 

using the battery energy storage and examine the effects of the battery energy storage on the 

electric vehicles, electricity cost, and peak demand. 

In the first part of the study, the background, purpose, and study questions of the project were 

explained and then the current status and perspective of the electricity market in different countries, 

especially Sweden were analyzed due to evaluate the pay-back period of solar panels and the 

BESS. 

In the second section of the project, previous research related to the study reviewed in order to 

show the importance of installing BESS. In the next section, some methods were proposed in order 

to evaluate the data and the data collection for the project was mainly done through the literature 

review and interviews. In addition, the relevant online tool was used in order to evaluate the 

electricity production of solar panels. The data was analyzed based on the proposed method and 

in the first part the production of the solar panels estimated and followed by electricity 

consumption of the flats, building, and EVs were calculated. Furthermore, the BESS was examined 

from the economic and technical point of view.  

The analysis presented in this project reveals that the potential economic obtain from installing the 

BESS varies a lot depending on the pricing from the electricity providers. The Swedish electricity 
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market currently has a relatively low electricity price and with the current prices, the investment 

in the BESS will be a loss-making deal. Nevertheless, the price of the electricity will increase and 

it leads to increase the economic gain of the installation and even if it is small, the installation 

could turn viable and profitable. Currently, 280 kWh of the BESS in Magnolia building saves 

154256 kr yearly, with the pay-back period of 14 to 20 years, which is almost similar to the 

expected lifetime of such a BESS.   
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