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Abstract

This thesis investigates the techno-economic viability of residential photovoltaic
(PV) systems with and without battery energy storage under Swedish market condi-
tions. Using MATLAB, a comparative analysis is conducted for four system config-
urations: 5 kW and 10 kW PV systems, each with and without a 10 kWh lithium-ion
battery. The energy production potential is modeled using PVGIS data, while eco-
nomic metrics, Net Present Value (NPV), Return on Investment (ROI), and payback
period are calculated based on current electricity prices, feed-in tariffs, and tax in-
centives such as Sweden’s “Gron Teknik” deduction.

Additionally, the thesis implements and compares two battery control strategies:
a rule-based heuristic and a predictive model using price signals to optimize bat-
tery dispatch. Results show that PV systems without storage provide the shortest
payback and highest NPV, particularly when system size is aligned with household
demand. Battery integration improves self-consumption and grid independence but
reduces financial performance under current market conditions. Predictive control
marginally outperforms rule-based strategies in energy savings but yields limited ad-
ditional economic benefit. The study concludes that while residential PV is currently
a financially sound investment in Sweden, battery adoption remains constrained by
cost unless justified by non-monetary benefits or future policy shifts.

Keywords: Solar PV, residential, battery energy storage, net present value, return
on investment, self-consumption, predictive control, rule-based control, feed-in tariff,

MATLAB.



Sammanfattning

Denna kandidatuppsats undersoker den teknisk-ekonomiska lénsamheten for sol-
cellssystem i bostader, med och utan batterilagring, under svenska marknadsforhal-
landen. Med hjalp av MATLAB genomfors en jamforande analys av fyra systemkon-
figurationer: 5kW och 10kW solcellssystem, vardera med och utan ett 10 kWh
litiumjonbatteri. Energiproduktionspotentialen modelleras med data fran PVGIS,
medan ekonomiska nyckeltal sdasom nettonuvirde (NPV), avkastning pa invester-
ing (ROI) och aterbetalningstid berdknas utifran aktuella elpriser, erséttning for
overskottsel och skatteincitament som Sveriges skattereduktion for “Gron Teknik”.

Uppsatsen implementerar och jamfor dven tva batteristyrstrategier: en regelbaserad
heuristik samt en prediktiv modell som optimerar batterianviandningen baserat pa
prisvariationer. Resultaten visar att solcellssystem utan lagring ger kortast aterbe-
talningstid och hogst NPV, sarskilt nar systemets storlek matchar hushéllets elan-
vindning. Batteriintegration forbattrar egenanvandning och elndtsoberoende men
forsimrar den ekonomiska avkastningen under nuvarande marknadsforutsattningar.
Prediktiv styrning presterar marginellt battre dn regelbaserad styrning i form av en-
ergibesparing, men den ekonomiska vinsten ar begransad. Studien drar slutsatsen
att solcellsanldggningar i dagslaget dr en ekonomiskt lonsam investering i Sverige,
medan batteriinvesteringar fortsatt begransas av kostnadsskal, savida de inte mo-
tiveras av icke-ekonomiska fordelar eller framtida fordandringar i energipolitiken.

Nyckelord: Solcellssystem, bostader(villa), batterilagrings, nettonuvérde, avkast-
ning pa investering, egenanvandning, prediktiv styrning, regelbaserad styrning, er-
sittning for dverskottsel, MATLAB.
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Introduction

1.1 Background

Grid Collective is a Swedish Provider of Renewable Energy Solutions that has ex-
perienced a significant decline in solar panel adoption within the residential sector
throughout 2024. This decline can primarily be attributed to two key factors: per-
sistently low electricity prices throughout the Nordic region and the recent reduction
in government subsidies for residential renewable energy installations[3|. In response
to these challenges, Grid Collective is actively seeking actionable strategies to en-
hance the financial attractiveness of combined solar panel and battery systems for
Swedish homeowners.

The company has identified several specific challenges that currently limit the value
proposition of residential solar systems:

1. Inefficient energy management: Most installed systems lack sophisticated
control mechanisms to optimize energy flows between production, storage, and
consumption.

2. Underutilized home batteries: Many customers invest in home battery
systems but fail to maximize their economic potential due to suboptimal charge
and discharge patterns.

3. Insufficient integration with EV charging: Despite the growing adop-
tion of electric vehicles in Sweden, most residential energy systems are not
configured to intelligently coordinate EV charging with solar production and
battery storage.

Industry Context

Sweden has experienced a steady increase in residential solar panel installations in
the last decade, with the total installed photovoltaic (PV) capacity growth from
2018 to 2023 being 67% in 2023, 49% in 2022, 45% in 2021, 57% in 2020, 66% in
2019, and 59% in 2018 [3]. The steady growth can be attributed to the capital
subsidies system [7] and the reduced costs of solar panels and their installation.
Similarly, the adoption of home battery storage has increased with the support of
the green deduction for batteries [8]. Electric vehicle sales for passenger cars have
also increased by 14.4% year-on-year (YoY), with 51.6% of all new passenger cars
being plug-in vehicles [9].

However, despite this growth, the financial returns from these investments have been
diminishing due to various market and policy shifts:
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1. Shift from Capital Subsidy to Tax Deduction Support: The Capital
Subsidy Program for Solar PV was replaced by a tax deduction scheme for the
installation of green technology, narrowing long-term subsidy support.[10]

2. Low Electricity Prices: The Nordic electricity market has experienced rel-
atively low average prices in 2023-2024. In 2024, the Nord Pool market had
the lowest yearly average price of €36.06/MWh in Europe [11].

3. Demand Tariffs: The Swedish Energy Markets Inspectorate (Energimark-
nadsinspektionen, Ei) introduced a requirement for a demand tariff (effek-
tavgift) [12]. In response, many grid operators have implemented or announced
plans to adopt demand-based pricing schemes that charge consumers based on
their peak power usage rather than solely on total energy consumption.

These developments have created a challenging environment for residential renewable
energy investments, but also present opportunities for more sophisticated energy
management solutions that can navigate these complexities.

1.2 Purpose

The purpose of this thesis is to develop and evaluate control strategies that optimize
the interaction between residential solar photovoltaic (PV) systems, home battery
storage, and household electricity consumption to maximize the financial value of
such systems for Swedish single-family homeowners under 2024 market conditions.

This study addresses the economic challenges facing solar adoption in Sweden, par-
ticularly due to reduced subsidies, low spot electricity prices, and the implementa-
tion of demand-based tariffs. By simulating energy flows and assessing key economic
outcomes, the thesis aims to provide actionable recommendations.

Specifically, the thesis intends to deliver the following:

1. An energy management simulation model, developed in MATLAB, that il-
lustrates optimized energy flows between solar production, battery storage,
household consumption, and EV charging. The model compares baseline
(non-optimized), rule-based, and predictive control strategies, with a focus on
adapting to hourly electricity prices and peak demand charges under evolving
Swedish tariff structures.

2. A quantitative economic analysis, including calculation of annual savings, net
present value (NPV), return on investment (ROT), and payback period for four
system configurations (5 kW and 10 kW, with and without battery storage).
The analysis reflects real 2024 data on system costs, Nord Pool spot prices,
tax deductions, and feed-in tariffs applicable in Sweden.

3. Practical, data-driven recommendations for Swedish homeowners considering
investments in solar PV and battery systems, helping them to understand
under which conditions such investments are financially viable and how energy
management strategies can improve returns.
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‘ || [

Figure 1.1: Residential solar-battery system with wall-mounted inverter and bat-
tery bank.[1]

1.3 Limitations

This thesis focuses specifically on residential-scale solar PV and battery systems in
the Swedish market context. To maintain an achievable scope, this thesis operates
within the following limits:

The analysis is limited to single-family residences (villas) rather than multi-
dwelling buildings or commercial properties.

The research addresses only grid-connected (hybrid) solar PV systems, with
an example installation shown in Figure 1.1.

Weather and solar irradiance data will be based on conditions in Gothenburg,
Sweden.

The study excludes detailed hardware design considerations such as solar panel
manufacturing techniques, mounting solutions, or specific battery chemistries
ete.

The study considers only lithium-ion battery and solar PV technologies that
are currently commercially available.

Data is primarily obtained from available secondary sources, with limited pri-
mary data collected personally through case studies.

The economic analysis including calculations of payback period, NPV, and
ROl is conducted based on current electricity pricing, policy instruments (e.g.,
tax credits), and market conditions in Sweden as of 2024.

The study takes a microeconomic approach, focusing on the economic viability
and performance of solar PV and battery systems from the perspective of
individual households. Broader macroeconomic or grid-level impacts (e.g.,
demand response, grid balancing) are beyond the scope of this thesis.
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Theory

2.1 Residential Solar PV Systems

Residential solar PV systems generate electricity from sunlight and are increasingly
adopted in single-family homes to reduce electricity bills and increase energy inde-
pendence. These systems typically include PV panels, inverters, optional battery
energy storage systems (BESS), and interconnections to the electrical grid [13]. In
Sweden, most residential installations are grid-connected or hybrid systems combin-

ing battery storage with grid access [3].

Residential PV systems fall into three main categories:

e Grid-connected systems: The most common type, allowing the household
to draw power from and export excess electricity to the utility grid.
o Off-grid systems: Operate independently of the utility grid and require

significant storage capacity.

o Hybrid systems: combine grid connection and battery storage, offering both
flexibility and backup power. This thesis focuses specifically on hybrid systems,
as they provide a balance between self-sufficiency and grid interaction. The
solar power can be used, stored, or exported, as illustrated in Figure 2.1.

Sunlight

charge
controller |nverter y

. [_" ACvy

Solar Panels

DC 4

AC

Utility Grid

AC

House

O 0

ok o e

a

Figure 2.1: Energy flow in a residential hybrid solar PV system. [2].
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2.2 Solar Panels

Solar PV panels operate on the photovoltaic effect, where sunlight excites electrons
in semiconductor materials (usually silicon), generating direct current (DC) electric-
ity. Most consumer-grade solar panels are made from crystalline silicon (c-Si) and
have an efficiency between 15% and 22%. These efficiency ratings are measured un-
der standard test conditions (STC), defined as a light intensity of 1000 W/m? and a
panel temperature of 25 °C. The performance of solar PV systems depends on multi-
ple factors, including solar irradiation levels, panel orientation and tilt, temperature
effects, and system efficiency|[14].

2.3 Inverters

Inverters serve as the central hub of a solar PV system. They are electrical compo-
nents that convert the direct current (DC) produced by solar panels into alternating
current (AC), which is required for residential appliances and grid compatibility.
The choice of inverter significantly influences system performance, monitoring capa-
bilities, and future expansion potential. Some inverters are hybrid models that in-
clude integrated battery storage, while others feature maximum power point tracking
(MPPT) technology. MPPT is an algorithm-based function that continuously ad-
justs the electrical operating point of the panels to maximize power output. MPPT
optimizers can improve solar system efficiency by 10-30% compared to non-MPPT
systems by ensuring that the panels operate at their optimal power point [15].

2.4 Battery Energy storage system (BESS)

Battery storage allows excess solar energy to be stored for use during periods of low
production or high electricity prices. Lithium-ion batteries dominate the residential
market due to their high energy density, long lifespan, and declining cost. For safety
and efficiency, installations are typically done indoors, away from direct sunlight
and moisture. Battery proximity to the inverter and main electrical panel is also
recommended|[16].

2.5 Factors Affecting PV Output in Sweden

Several factors affect the performance of residential PV systems in Sweden, includ-
ing solar irradiance, geographic location, seasonal variations, temperature effects,
system losses, and snow coverage [17]:

e Solar Irradiance: Sweden has a moderate solar resource, as shown in Fig-
ure 2.2. Annual global solar radiation ranges from approximately 750 to
1100kWh/m?. Southern and coastal regions receive the highest levels of solar
energy (e.g., Stockholm receives approximately 990 kWh/m? /year).

o Latitude and Daylight Hours: Sweden’s high latitude causes significant
seasonal variation in solar production. Extended daylight hours during sum-
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mer increase energy output, while production during winter is minimal, espe-
cially in northern regions.

Panel Tilt and Orientation: To maximize solar gain, PV panels in Sweden
are typically installed at steeper angles, often close to the local latitude.
Temperature Effects: The efficiency of PV panels decreases with rising tem-
peratures. A typical crystalline silicon panel loses about 0.3 - 0.4% efficiency
per degree Celsius above 25°C [18].

Snow Coverage: Snow accumulation during winter can reduce or block solar
output. However, steeper installation angles and natural snow shedding can
help minimize long-term losses.

Global radiation kWh/m?

1050
1025
1000
975
950
925
900
875
850
825
800
775
750
725

Figure 2.2: Average global solar radiation in Sweden in one year. [3].

2.5.1 System Losses and Performance Ratio

In addition to environmental factors, a number of system-level losses reduce the
actual energy output of PV installations compared to their theoretical potential:

Optical losses: Caused by reflection, dirt (soiling), and partial shading.
Thermal losses: Efficiency drops due to elevated module temperatures.
Resistive losses: Energy losses from wiring and connection resistance.
Conversion losses: Inefficiencies in the inverter during DC-to-AC conver-
sion.

System downtime: Occurs due to maintenance activities or equipment fail-
ures.

The combined impact of these losses is represented by the Performance Ratio (PR),
defined as the ratio of actual energy output to the theoretical maximum under ideal
conditions. For well-designed residential systems in Sweden, PR values typically
range between 0.70 and 0.85 [19].
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2.6 Market Research

The Swedish market offers a range of suppliers and retailers for solar panels, battery
storage systems, and inverters. Among the available technologies, mono-crystalline
solar panels and string inverters are the most commonly used in residential instal-
lations in Sweden [3]. These technologies are considered both cost-effective and
well-suited to Sweden’s geographic and environmental conditions.

2.6.1 Solar Panels

As of 2023, the typical price for a standard crystalline silicon module is approxi-
mately 3.1 SEK/Wp [3]. Most residential PV systems fall within the smaller size
category, particularly installations under 20 kW, which are typical for single-family
homes (villas). By the end of 2022, systems under 20 kW accounted for 131,298
installations, representing around 56% of the total residential PV capacity in Swe-
den [20].

The Swedish Energy Agency (Energimyndigheten) notes that the <20 kW class
is "normally mounted on house roofs" [20]. In 2024 alone, 36,500 new small-scale
systems (<20 kW) were added, representing a 62% decrease compared to 2023, with
a combined capacity of approximately 389 MW [21].

According to the 2023 PVPS survey, residential Building-Applied Photovoltaics
(BAPV) systems typically range from 5-10 kW, with installed prices between 11—
19 SEK/Wp [3]. A typical villa installation consists of 20-40 panels covering about
30-90 m?. For instance, a 5 kW rooftop array covering roughly 30 m? is considered
suitable for an average household, with a total cost around 92,500 SEK [22]. This
cost can be reduced by 20% through the green technology tax deduction.

2.6.2 Battery Storage

The battery storage market in Sweden is also growing [3]. A typical 10 kWh home
battery system, intended to increase self-consumption of solar energy, costs approx-
imately 40,000 SEK after a 50% tax deduction [23]. This translates to about 3,500—
4,500 SEK per kWh of installed capacity (including VAT and incentives). Without
the subsidy, the raw cost is nearly double, at around 80,000 SEK. In summary,
homeowners looking to install both solar PV and battery storage can expect to in-
vest between 100,000 and 150,000 SEK for a 5-10 kW system paired with a 10 kWh
battery [23].

2.7 Government Incentives and Subsidies

To support the adoption of residential solar PV systems, Sweden offers several fiscal
incentives aimed at reducing upfront investment costs. The primary mechanism is
the gron teknik (green technology) tax credit, which provides a 20% deduction on
the cost of installation work and materials for grid-connected solar panels [10]. This
deduction is capped at 50,000 SEK per person per year.

8
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A more substantial 50% tax deduction is available for the installation of energy stor-
age systems, including home batteries and EV chargers, also subject to the same an-
nual cap [10]. These incentives are typically applied directly to the installer’s invoice,
functioning similarly to the broader ROT /RUT tax deduction scheme. However, be-
ginning in July 2025, the deduction rate for new solar installations is scheduled to
be reduced from 20% to 15% [24].

In addition to upfront incentives, homeowners currently benefit from a feed-in tax
credit of 0.6 SEK/kWh for surplus electricity exported to the grid. This applies
to up to 30,000 kWh of exported energy per year, translating to a maximum tax
credit of approximately 18,000 SEK annually [3]. This “micro-production” credit
has been a key driver of residential solar adoption in recent years. However, under
the proposed 2024 national budget, this incentive is slated for removal beginning in
January 2026 [25].

2.7.1 Swedish Electricity Market Context

Sweden’s electricity market operates within the larger Nordic power system, with
hourly pricing determined on the Nord Pool spot market. The country is divided
into four electricity price zones (SE1 - SE4), and prices vary regionally based on
local supply and demand as well as transmission constraints [3].

Residential electricity bills in Sweden typically consist of several cost components:

o Energy cost: Based on hourly spot market prices or fixed-rate contracts
negotiated with electricity providers.

e Grid tariffs: Charged by grid operators and include both fixed fees and,
increasingly, variable components based on peak usage.

o Demand tariff (Effektavgift): A power-based charge calculated from the
user’s maximum load on the grid during a billing period, typically measured
in kilowatts (kW) [12].

« Taxes and levies: Standard government-imposed charges.

« Value-added tax (VAT): Currently set at 25% on electricity and related
services.

2.8 Economic Analysis of Solar PV and Battery
Systems

The economic evaluation of residential PV and battery systems assesses the finan-
cial viability of the investment by estimating cost savings, potential revenue, and
the time required to recover the initial expenditure. This analysis is essential for
determining whether installing a PV system with or without battery storage is eco-
nomically sustainable for a household.

Residential PV systems reduce reliance on grid electricity by generating power for
on-site consumption. Surplus energy that exceeds immediate consumption can be
exported to the grid and compensated via a feed-in tariff (FiT) or net metering

9
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mechanism. The total financial benefit consists of both savings from self-consumed
energy and income from exported electricity [3].

2.8.0.0.1 Key Variables
e E,0a — Annual energy produced by the PV system (kWh/year)
e FEeons — Annual household electricity consumption (kWh/year)
o Egr — Portion of E,,q directly consumed on-site
e Eeport = Eprod — Eser — Surplus energy exported to the grid
o Cqec — Retail electricity price (SEK/kWh)
e Rpr — Feed-in tariff rate (SEK/kWh)
o [iota1 — Total system investment cost, including PV, battery, inverter, and
installation (SEK)
o Sannual — Annual monetary savings (SEK)

2.8.0.0.2 Annual Savings The total annual savings are calculated as:
Sannual - Eself : C’elec + Eexport : RFiT (21)

This equation accounts for both:
« Savings from using self-generated electricity (valued at the retail electricity
rate).
» Revenue from excess energy exported to the grid (valued at the feed-in tariff).

2.8.0.0.3 Revenue Calculation The annual revenue is computed as:

12
Revenue = Y _ (Self; - Pyt + Export, - Rpir) (2.2)

=1

Where Pypot,i is the spot electricity price in month .

2.8.0.0.4 Payback Period The payback period, defined as the time needed to
recover the initial investment, is given by:

] ota.
Payback Period = —*22L  [26] (2.3)

annual

A shorter payback period typically indicates a more financially attractive investment.
This metric does not include maintenance costs, degradation, or inflation.

2.8.0.0.5 Net Present Value (NPV) For a more comprehensive analysis, the
Net Present Value (NPV) considers the time value of money over the system’s op-
erational life n with a discount rate r:

= Sannual
NPV = ; 1+ 1) Liotal (2.4)
Where:

e r is the annual discount rate (typically 3 - 5%)

 n is the system lifetime (typically 25 - 30 years)
A positive NPV indicates that the investment generates more value than it costs
over time.
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2.8.0.0.6 Return on Investment (ROI) ROI expresses profitability as a per-
centage of the original investment:

Net Profit

total

ROI = ( ) x 100 [26] (2.5)

Where Net Profit equals total financial benefit minus total cost.

2.9 Energy Management and Control Strategies

Energy Management Systems (EMS) coordinate distributed energy resources such as
solar PV, battery storage, and controllable loads—to optimize system performance.
Control strategies vary in complexity, from simple rule-based logic to advanced pre-
dictive optimization as shown in Figure 2.3 [4].

Key approaches include:

1. Baseline Operation: In baseline mode, the system prioritizes solar power for
on-site use, charging the battery only after on-site demand is met, and drawing
from the grid only when necessary. This mode operates with no responsiveness
to market signals or forecasts.

2. Rule-Based Control: Rule-based EMS employ heuristic “if-then” rules such
as: “If electricity price is low and battery is not full, charge from the grid.”
These strategies can reduce peak grid demand and improve self-consumption
without complex computations [4].

3. Predictive (Optimal) Control: Predictive control uses forecasts—of weather,
loads, and prices—to make optimized decisions over a future horizon. Model
Predictive Control (MPC), for example, may schedule charging to take ad-
vantage of low prices and solar availability while managing load shifts and
system constraints. Simulations using MATLAB/Simulink show that MPC-
based EMS can significantly outperform fixed schedules in terms of efficiency
and reliability [27].

In practice, Swedish EMS implementations often blend forecast-driven optimization
with user preferences, striking a balance between cost savings and comfort.

Real-World EMS Solutions in Sweden

Several Swedish companies have implemented practical Energy Management System
(EMS) solutions aligned with the concepts of smart control and virtual power plants
(VPP):

« Tibber (Homevolt): Tibber is a Nordic energy startup offering the Home-
volt battery with integrated EMS capabilities. In Sweden, Tibber’s “Grid
Rewards” program enables aggregated Homevolt batteries and EVs to act as a
VPP [28]. The system can automatically charge EVs or home batteries during
low-price hours on the Nord Pool electricity market, and export energy back
to the grid when prices peak. Users must connect an EV or set the system
to “optimized for revenue” mode. This setup allows homeowners to reduce
energy costs and participate in grid balancing markets [28].
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Figure 2.3: Categories of energy management controller. [4]

o CheckWatt: CheckWatt is a Swedish company specializing in Home Energy
Management Systems (HEMS) and VPP platform. Its platform enables real-
time monitoring, control, and optimization of distributed energy assets such
as solar PV battery storage, EV chargers, and heat pumps, and other control-
lable loads—coordinating them in real time via IT systems to function as a
single virtual power plant [29]. Through this setup, CheckWatt enables home-
owners to optimize their consumption and support grid stability, for instance
by discharging batteries or delaying EV charging during times of local grid
stress. [29].
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Methods

The energy output for 5 kW and 10 kW monocrystalline solar PV systems in
Gothenburg, Sweden, was simulated using the European Commission’s Photovoltaic
Geographical Information System (PVGIS) interactive tool [5], as shown in Ap-
pendix A.1 and Appendix A.2. Economic performance metrics—payback period,
return on investment (ROI), and net present value (NPV)—were calculated using
MATLAB code provided in Appendix A.3 and Appendix A.4.

3.1 Economic analysis

3.1.1 Initial Investments

According to the IEA PVPS 2023 survey [3], residential solar PV system prices in
Sweden range from 11 to 19 SEK/Wp. Costs vary based on retailer, location, and
system configuration. For this analysis, the pre-tax installation cost is estimated at
75,000 SEK for a 5 kW system and 150,000 SEK for a 10 kW system.

The Swedish “Gron teknik” tax credit offers a 20% deduction on eligible installation
and equipment costs [10], reducing the net cost to approximately 60,000 SEK and
120,000 SEK for the 5 kW and 10 kW systems, respectively.

Battery Energy Storage Systems (BESS) prices depend on technology and vendor.
A 10 kWh battery is estimated at 80,000 SEK before incentives. With the 50% tax
deduction for energy storage systems, the effective cost is 40,000 SEK [23].

These values constitute the initial investment inputs for the economic analysis.

3.1.2 Electricity Prices

Electricity pricing for Gothenburg is based on the SE3 price zone in the Nord Pool
electricity market. Monthly spot prices for 2024 (including VAT) in SEK/kWh are
listed below in Table 3.1:

3.1.3 Electricity Usage and Savings

The household energy consumption is set at 9,000 kWh annually (750 kWh/month),
including EV charging but excluding electric heating. Monthly savings are calculated
by comparing energy consumption costs with and without solar generation, based
on hourly spot pricing.
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Jan Feb Mar Apr
1.0037 0.6293 0.7434 0.7039
May Jun Jul Aug
0.2964 0.3408 0.2590 0.1068

Sep Oct Nov Dec
0.2055 0.2872 0.8369 0.7281

Table 3.1: Monthly average electricity prices in SE3 (Gothenburg) 2024, SEK/kWh
(incl. VAT) [6]

During summer, PV generation exceeds consumption, resulting in surplus electricity.
This excess is sold back to the grid under a feed-in tariff of 1.21 SEK/kWh [23], which
accounts for tax incentives and average utility compensation. These revenues are
included in the total annual savings.

Economic metrics are calculated as follows:

« Payback Period: Ratio of initial investment to annual savings.

« Net Present Value (NPV): Discounted cash flow over the system lifetime.

e Return on Investment (ROI): Percentage return on capital over the project’s
lifetime.

3.2 Method: Energy Management and Control
Strategies

3.2.1 System Configurations

Four configurations were modeled to assess the impact of battery integration and
control strategy effectiveness:

« 5 kW Solar PV (without battery)

e 5 kW Solar PV + 10 kWh Battery
« 10 kW Solar PV (without battery)
e 10 kW Solar PV + 10 kWh Battery

Each configuration was evaluated for annual energy production, household electricity
consumption, and monetary returns.

3.2.2 Load and Generation Data

Household electricity consumption was set to 750 kWh per month (totaling 9,000 kWh /year),
based on Energimyndigheten data for typical villas without direct electric heating
or EV charging.

14



3. Methods

Monthly solar generation estimates for 5 kW and 10 kW systems were obtained
from the PVGIS tool. The 10 kW output was calculated using the same tool which
essentially doubles the 5 kW system’s monthly values.

3.2.3 Electricity Pricing and Feed-In Tariff

Monthly electricity spot prices for the SE3 region (Gothenburg) were sourced from
Nord Pool’s 2024 data and include VAT (see Table 3.1). Surplus solar energy ex-
ported to the grid is compensated at a feed-in tariff of 1.21 SEK/kWh [23].

3.2.4 Control Strategies Simulated in MATLAB

Two energy management strategies were simulated using a custom MATLAB script
shown in A.4:

e Rule-Based Control: Charges the battery with up to 30% of available solar
production and discharges during high-load periods. Battery efficiency was set
at 90%, and capacity was capped at 10 kWh.

« Predictive (Optimal) Control: Uses monthly price signals to guide dis-
charge decisions. If spot prices exceed 0.6 SEK/kWh, the battery discharges
to reduce costly grid consumption. This simulates a dynamic, price-responsive
control approach.

Economic benefit is calculated from:
o Self-consumption savings: Avoided cost of grid electricity through on-site
solar usage.
o Feed-in revenue: Earnings from exported surplus energy.

3.2.5 MATLAB Implementation

The models was implemented in MATLAB, with production profiles (Eyyoq), monthly
prices (Celec), and investment costs ([iota1) as inputs. The simulation calculates:

e Annual revenue for each system configuration
o NPV, Payback Period, and ROI over a 30 year system lifetime
o Graphical comparison of financial metrics using bar plots

In the MATLAB codes (see A.3 &A.4), a control strategy (battery or no battery)
determines how much PV output is used directly, stored, or exported. With battery
integration, up to 30% of excess energy is assumed to be stored and used during
higher-priced hours to increase Fggs.

The code is structured to allow scenario analysis under varying assumptions, includ-
ing electricity price trends and system costs.

The MATLAB script loads the monthly input parameters and loops through each
month to simulate energy production, consumption, battery charging/discharging,
and control logic. Revenues are calculated and recorded for each scenario. Function
definitions appear at the end of the script in accordance with MATLAB scripting
practices.
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Results

4.1 Economic Evaluation

To assess the potential solar energy production for a standard Swedish single-family
home, simulations were conducted using the PVGIS tool developed by the European
Commission’s Joint Research Centre [5]. This tool provides location-specific solar
irradiation and photovoltaic (PV) output estimates based on historical climate data

and system parameters. All simulations assume modules operating under Standard
Test Conditions (STC).

4.1.1 System Configuration

A fixed, south-facing PV system was simulated using the parameters detailed in
Appendix A.1 and Appendix A.2. These represent typical installations for residential
buildings in Sweden, example for 5 kw configuration below.

PVGIS-5 estimates of solar electricity generation:

Provided inputs: Simulation outputs

Latitude/Longitude: 57.650,12.010 Slope angle: 42 (opt) ©
Horizon: Calculated Azimuth angle: 3 (opt) °©
Database used:  PVGIS-SARAH3 Yearly PV energy production: 4571.45 kWh
PV technology: Crystalline silicon Yearly in-plane irradiation: 1187.67 kKWhim?
PV installed: 5kWp Year-to-year variability: 171.88 kWh
System loss: 15% Changes in output due to:

Angle of incidence: -2.97 %

Spectral effects: 1.55 %

Temperature and low irradiance: -8.09 %

Total loss: -23.02 %

Figure 4.1: PVGIS-5 5kw Configuration
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4.1.2 Annual Energy Production

PVGIS estimates for monthly electricity production from a 5 kW system in Gothen-
burg are:

For the 5 kW system:

Monthly Production (kWh): = {110.0,209.3, 435.9, 585.6, 633.2, 625.8,

(4.1)
598.4,512.1,402.8,261.1,124.9,72.6}

Total Annual Production: 4571.7 kWh

Monthly energy output from fix-angle PV system
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Figure 4.2: Monthly solar energy production for a 5 kW system in Gothenburg
(kWh)
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For the 10 kW system:

Monthly Production (kWh):{220.0,418.5,871.7,1171.1,1266.4, 1251.5, (12)
1196.7,1024.3,805.5,522.1,249.7,145.3}

Total Annual Production: 9142.8 kWh

Monthly energy output from fix-angle PV system
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Figure 4.3: Monthly solar energy production for a 10 kW system in Gothenburg
(kWh)

4.1.3 Economic Analysis of System Configurations

The financial viability of four configurations was evaluated with the code in A.3:

1. 5 kW solar-only

2. 10 kW solar-only

3. 5 kW solar + 10 kWh battery

4. 10 kW solar 4+ 10 kWh battery
The analysis incorporates 2024 Nord Pool electricity prices, tax incentives (Gron
teknik), a typical household load of 9000 kWh/year, and a feed-in tariff of 1.21 SEK/kWh.
The financial assessment considers a 30-year horizon at a 3% discount rate.

19



4. Results

4.1.3.1 Annual Revenue Breakdown

Feed-in Revenue

Configuration Total (SEK) | Self-Use Savings
5 kW (solar-only) 1,904 1,904
10 kW (solar-only) 5,769 2,941
5 kW + Battery 7,262 1,904
10 KW + Battery 5,751 3,096

0
2,828
5,358
2,655

Table 4.1: Annual revenue breakdown for each configuration

4.1.3.2 Net Present Value (NPV)

Configuration NPV (SEK)
5 kW (solar-only) 22678
10 kW (solar-only) 6930
5 kW + Battery +42346
10 kW + Battery 47273

Table 4.2: Net Present Value over 30 years (3% discount rate)

Only the 5 kW + battery system has a positive NPV, making it financially viable

under current market assumptions.

4.1.3.3 Payback Period and ROI

Configuration Payback Period (Years) | ROI (%)
5 kW (solar-only) 99 -4.79%
10 kW (solar-only) 34 44.22%
5 kW + Battery 19 117.87%
10 kW + Battery 61 7.83%

Table 4.3: Estimated payback period and return on investment

The 5 kW + battery system offers the shortest payback time and highest return on
investment, making it the most economically attractive configuration under current

market conditions.
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4.2 Energy Management and Control Strategies

4.2.1 Summary of Annual Revenue

The total annual revenue for each system configuration was calculated by combin-
ing savings from self-consumption with income from surplus energy sold to the grid
at a feed-in tariff of 1.21 SEK/kWh. Control strategies evaluated include no bat-
tery (baseline), rule-based control, and predictive (price-responsive) control. The
MATLAB implementation of these strategies is provided in Appendix A.4.

Configuration Control Strategy | Revenue (SEK/year)
5 kW Solar Only No Battery 1,904.1
5 kW + Battery (10 kWh) | Rule-Based 1,843.7
5 kW + Battery (10 kWh) | Predictive 1,852.5
10 kW Solar Only No Battery 5,768.8
10 kW + Battery (10 kWh) | Rule-Based 5,649.2
10 kW + Battery (10 kWh) | Predictive 5,733.2

Table 4.4: Annual revenue by configuration and control strategy

4.2.1.1 Observations

 The highest revenue was achieved by the 10 kW solar-only system (5,768.8 SEK /year),
closely followed by the same system using predictive control (5,733.2 SEK /year).

o For the 5 kW system, adding a battery slightly reduced annual revenue, re-
gardless of the control strategy. This is likely due to limited surplus energy
and minimal benefit from load shifting in smaller systems.

e In both 5 kW and 10 kW systems, predictive control slightly outperformed
rule-based control, offering around 1.5% higher revenue in the 10 kW scenario.

o Battery control shows more potential in larger systems, where increased sur-
plus energy and electricity price variability provide better opportunities for
optimization.

These results suggest that, under 2024 Swedish market conditions, battery control
strategies yield modest financial gains. Unless combined with other goals (e.g., en-
ergy independence, backup functionality, or future participation in dynamic pricing
schemes), battery integration may not be economically justified purely from a rev-
enue standpoint.
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Discussion

5.1 Economic Viability of 5 kW vs 10 kW Systems

The economic analysis of the simulated systems reveals clear trends in financial
performance between the 5 kW and 10 kW solar PV installations, as well as the
impact of integrating battery storage. As presented in the results (see Figure 4.3),
the 10 kW PV-only system produces approximately twice the annual energy output
of the 5 kW system—around 9,143 kWh versus 4,572 kWh. This output scaling
translates to roughly double the annual savings in electricity costs under current
Swedish tariffs and compensation mechanisms.

The Results illustrate that although the 10 kW PV system achieves a higher NPV
and cumulative savings than the 5 kW system, the increase in NPV is not linear.
Due to greater excess generation, a larger proportion of energy from the 10 kW
system is sold to the grid at lower compensation rates rather than offsetting house-
hold consumption. Consequently, diminishing returns appear as system size exceeds
the household’s consumption needs. This outcome underscores the importance of
aligning PV system size with household demand to maximize cost-effectiveness. Al-

though the 10 kW system provides higher total profit over its lifetime, its longer
payback period, it shows the lower marginal value of exported electricity at least at
its current rate.

5.2 Impact of Battery Storage on Financial Per-
formance

Adding battery storage significantly alters financial metrics. Across all configura-
tions, the integration of a 10 kWh battery led to lower NPVs compared to PV-only
setups. In some cases, NPVs turned negative, and payback periods extended beyond
18 years. While batteries enhance self-consumption and reduce grid reliance, the
associated upfront costs and finite lifespan limit their financial return under current
Swedish market conditions.

5.3 Control Strategies: Rule-Based vs Predictive

Beyond economic performance, technical evaluation of energy management strate-
gies shows that battery control plays a key role in system efficiency. Three scenarios
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were evaluated: no control, rule-based, and predictive control.

Rule-based control-—charging the battery when surplus PV is available and dis-
charging during peak usage—significantly increases self-consumption. Predictive
control further enhances performance by using forecasts to optimize battery use. In
our results, predictive strategies marginally outperformed rule-based methods, with
slightly higher annual savings.

Predictive control also improves efficiency by minimizing unnecessary cycling and
reserving energy for high-value periods, the incremental gains over rule-based strate-
gies were relatively modest under flat tariffs (1.5% gain).

These results suggest that under current electricity pricing structures in Sweden,
and with relatively stable feed-in tariff rates, advanced battery control strategies
alone are unlikely to provide a strong economic justification for BESS deployment.
Their value may become more prominent in the future with more dynamic pricing
models or incentives for grid services participation.

5.4 Sensitivity to Key Parameters

The analysis was sensitive to several assumptions:

o Electricity Prices: As the cost of grid electricity rises or becomes more vari-
able, the value of self-consumption and optimized control strategies increases.

« Battery Cost and Incentives: The “Gron teknik” subsidy (50% rebate
for storage systems) played a major role in the feasibility of battery systems.
Without it, the economic case for batteries would weaken significantly.

» System Size and Load Matching: Smaller systems with high self-consumption
ratios (like 5 kW) benefit more from battery integration than larger systems,
which tend to overproduce relative to household demand.

5.5 Practical Recommendations for Swedish Home-
owners

5.5.1 System Size Should Match Household Consumption

o Homeowners are advised to size their PV systems according to their annual
electricity demand. For instance, a 5 kW PV system coupled with battery
storage aligns well with households consuming between 7,000 and 9,000 kWh
per year.

o Oversizing the system (e.g., a 10 kW system in a low-consumption home) can
lead to substantial excess generation. This surplus electricity is exported to the
grid and compensated at lower feed-in tariffs, thereby reducing the system’s
overall profitability.
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5.5.2 Batteries Increase Energy Independence but Delay Fi-
nancial Returns

 Battery energy storage systems (BESS) can increase household self-consumption
by 20-40%, decreasing dependence on grid imports. However, the additional
investment cost associated with batteries typically prolongs the system’s pay-
back period.

o Battery integration is most financially viable for households with high evening
loads, such as those with EV charging or heat pump heating, and for users
who value energy independence.

5.5.3 Economic Viability Depends on Policy Conditions

o Current tax incentives, including the 20% “Gron Teknik” deduction for PV
systems and 50% for batteries, play a crucial role in improving investment
viability. These subsidies are scheduled to be reduced or phased out by 2026.
Therefore, installing systems before policy changes take effect is essential to
maximize financial benefits.

5.5.4 Energy Management Strategies Can Improve Finan-
cial Outcomes

 Predictive energy management, which adjusts battery charge/discharge pat-
terns based on hourly electricity price signals, yields slightly higher annual
revenues compared to simple rule-based control.

« Although the increase in return on investment (ROI) is modest, predictive
strategies are better suited for households with dynamic electricity tariffs and
variable daily demand.

5.5.5 Geographic Location Influences System Performance

e Solar irradiance in Sweden varies by region. Cities such as Stockholm and
Gothenburg receive approximately 950-1000 kWh/m?/year, supporting high
PV output when panels are optimally tilted and south-facing.

« In contrast, locations in northern Sweden (e.g., Kiruna) may experience up to
20% lower annual yields due to reduced winter sunlight and lower irradiance.

5.6 Limitations and Future Work

While this study provides a useful snapshot of system economics under 2024 condi-
tions, several limitations are acknowledged:

o This study assumes that the European PVGIS database is reliable, although
its precision was not independently verified beyond minimal validation.
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o The simulations used average monthly values for load and production, which
may not fully capture the variability and peak dynamics of real-world opera-
tion.

o Control strategies were implemented with simplified logic. More advanced
techniques, such as real-time price forecasting or Al-based schedulers, may
yield improved performance.

e The study did not consider system degradation, maintenance costs, or inverter
replacement, which could impact long-term viability.

Future research could explore:
o Real-time data-driven EMS strategies.
« Scenarios under future electricity market reforms (e.g., time-of-use tariffs).

5.7 Sustainability and Ethical Considerations

This project supports Sweden’s energy transition by promoting residential solar PV
adoption, which contributes to emission reductions and improved grid efficiency.
It empowers homeowners to make informed, environmentally responsible decisions.
From an ethical perspective, it fosters energy autonomy and aligns with national
climate objectives.
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Conclusion

The findings indicate that rooftop PV systems in Sweden are economically viable
under current market and policy conditions, especially when system size is appropri-
ately matched to household electricity consumption. Even when integrated with bat-
tery storage, these systems can be financially attractive, although the profitability
of battery investments remains marginal unless supported by additional incentives
or value-added services.

Battery control strategies were found to influence system performance, with predic-
tive (optimal) control offering slight improvements in annual revenue compared to
rule-based. However, these gains were modest and did not significantly alter the
overall financial outcome. Notably, the transition from a baseline (no control) to
controlled battery operation resulted in a small decrease in annual revenue, primar-
ily because of the opportunity cost of storing surplus energy instead of exporting it
at favorable feed-in tariff rates. This suggests that while advanced control strate-
gies can improve energy autonomy and grid flexibility, their direct financial benefit
remains limited under current conditions.

Policy instruments such as the Gron Teknik tax deduction and the microproduction
feed-in credit play a critical role in the financial viability of residential PV and
storage systems. Planned reductions or removals of these incentives, such as the
phase-out of the 0.6 SEK/kWh feed-in tax credit by 2026 could substantially impact
investment attractiveness, particularly for battery-integrated systems. Continued
economic viability will likely depend on future adjustments to electricity pricing
structures, including dynamic tariffs or capacity-based grid fees.

A comparative scenario using 2022 spot prices revealed a higher revenue potential
in all configurations, highlighting the sensitivity of economic returns to fluctuations
in the electricity market. For households that prioritize energy independence or
resilience, this volatility may serve as a compelling argument in favor of investing in
battery storage, despite its limited current payback.
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Appendices

A.1 PVGIS Simulation Output for 5 kW System

PVGIS-5 estimates of solar electricity generation:

Provided inputs:
Latitude/Longitude: 57.650,12.010

Horizon: Calculated
Database used:  PVGIS-SARAH3
PV technology: Crystalline silicon
PV installed: 5kWp

System loss: 15 %

Simulation outputs

Slope angle:

Azimuth angle:

Yearly PV energy production:

Yearly in-plane irradiation:

Year-to-year variability:

Changes in output due to:
Angle of incidence:
Spectral effects:
Temperature and low irradiance:

Total loss:

42 (opt) ©

3 (opt) ©
4571.45 kWh
1187.67 kWh/m?
171.88 kWh

297 %
1.55%
-3.09 %
-23.02 %

Figure A.1: PVGIS output for 5 kW fixed-angle solar system in Gothenburg[5]
A.2 PVGIS Simulation Output for 10 kW System

PVGIS-5 estimates of solar electricity generation:

Provided inputs:
Latitude/Longitude: 57.650,12.010
Horizon: Calculated
Database used:  PVGIS-SARAH3
PV technology: Crystalline silicon
PV installed: 10 kWp

System loss: 15 %

Simulation outputs

Slope angle:

Azimuth angle:

Yearly PV energy production:

Yearly in-plane irradiation:

Year-to-year variability:

Changes in output due to:
Angle of incidence:
Spectral effects:
Temperature and low irradiance:

Total loss:

42 (opt) ©

3 (opt) ®
9142.91 kWh
1187.67 kWh/im?
343.76 kWh

297 %
155 %
-8.09%
-23.02 %

Figure A.2: PVGIS output for 10 kW fixed-angle solar system in Gothenburg[5]
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A.3 MATLAB Code for Economic Analysis

Listing A.3: MATLAB script for calculating payback period, ROI, and NPV

clc; clear;

%% INPUT DATA
monthly_load = 750; % Monthly electricity usage in kWh
annual_load = monthly_load * 12;

spot_price = [1.0037, 0.6293, 0.7434, 0.7039, 0.2964, 0.3408,

0.2590, 0.1068, 0.2055, 0.2872, 0.8369,
0.7281];

prod_5kW = [110.0, 209.3, 435.9, 585.6, 633.2, 625.8,
598.4, 512.1, 402.8, 261.1, 124.9, 72.61;
prod_10kW = [220.0, 418.5, 871.7, 1171.1, 1266.4, 1251.5,
1196.7,
1024.3, 805.5, 522.1, 249.7, 145.3];

cost_bBkW = 60000;
cost_10kW = 120000;
battery_cost = 40000;
feed_in_tariff = 1.21;
discount_rate = 0.03;
lifetime = 30;

%% CALCULATE REVENUES

[rev_5, save_5, feed_5] = calc_annual_revenue (prod_5kW,
spot_price, monthly_load, feed_in_tariff, false);

[rev_10, save_10, feed_10] = calc_annual_revenue (prod_10kW,
spot_price, monthly_load, feed_in_tariff, false);

[rev_5b, save_bb, feed_5b] = calc_annual_revenue (prod_5kW,
spot_price, monthly_load, feed_in_tariff, true);

[rev_10b, save_10b, feed_10b] = calc_annual_revenue (prod_10kW
, spot_price, monthly_load, feed_in_tariff, true);

%% NPV & PAYBACK CALCULATIONS
npv_5 = calc_npv(cost_bkW, rev_5, discount_rate, lifetime);
npv_10 = calc_npv(cost_10kW, rev_10, discount_rate, lifetime)
npv_5b = calc_npv(cost_bkW + battery_cost, rev_5b,
discount _rate, lifetime);
npv_10b = calc_npv(cost_10kW + battery_cost, rev_10b,
discount_rate, lifetime) ;

pb_5 = calc_payback(cost_bkW, rev_5, discount_rate);

IT
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pb_10 = calc_payback(cost_10kW, rev_10, discount_rate);

pb_5b = calc_payback(cost_bkW + battery_cost, rev_5b,
discount_rate);

pb_10b = calc_payback(cost_10kW + battery_cost, rev_10b,
discount_rate);

roi_5 = calc_roi(cost_bkW, rev_5, lifetime);

roi_10 = calc_roi(cost_10kW, rev_10, lifetime) ;

roi_bb = calc_roi(cost_bkW + battery_cost, rev_5b, lifetime);

roi_10b = calc_roi(cost_10kW + battery_cost, rev_10b,
lifetime) ;

%% DISPLAY RESULTS

fprintf (’\n---_Economic_ Results(SEK)_ ,---\n’);

fprintf (’5kW: Annual Rev,=_,%.2f,, Savings =,%.2f, Feed-in =
%.2f, NPV,=_,%.2f, ,Payback,=,%d,years , ROI =,%.2f%%\n"’,
rev_5, save_b, feed_5, npv_5, pb_5, roi_5);

fprintf (’10kW: Annual Revy=,%.2f,,Savings = %.2f, ,Feed-in =,
%.2f, NPV _,=.%.2f, Payback_ =, %d,years , ROI_ =_,%.2f%%\n"’,
rev_10, save_10, feed_10, npv_10, pb_10, roi_10);

fprintf (’5kW,+_ Battery: Annual Rev,=_%.2f, Savings =_%.2f,
Feed-in,=_%.2f, NPV ,=_,%.2f, ,Payback,,=,%d,years,  ROI =,%.2f
%%\n’, rev_5b, save_5b, feed_5b, npv_5b, pb_5b, roi_5b);

fprintf (’10kW_ + Battery: Annual Rev,=_%.2f, ,Savings = %.2f,
Feed-in,=_%.2f, NPV,=_,%.2f, ,Payback,,=,%d,years, ROI =,%.2f
%%h\n’, rev_10b, save_10b, feed_10b, npv_10b, pb_10b,
roi_10b);

%% PLOT NPV

figure;

bar ([npv_5, npv_5b, npv_10, npv_10b])

title(’Net Present Value of Solar Configurations’)
ylabel (’ NPV, (SEK) )

set (gca,’xticklabel’ ,{’5kW’,’5kW+B’>,’10kW’,’10kW+B’})
grid on

%% PLOT PAYBACK PERIOD

figure;

bar ([pb_5, pb_5b, pb_10, pb_10b])

title (’Payback Period of Solar Configurations’)
ylabel (’Years’)

set (gca,’xticklabel’ ,{’5kW’,’5kW+B’,’10kW’,’10kW+B’})
grid on

%% PLOT ROI

figure;

bar ([roi_5, roi_bb, roi_10, roi_10bl])

title (’Return on,Investment, 0f Solar ,Configurations’)
ylabel (’ROI (%) ?)

ITT
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73 | set (gca,’xticklabel’ ,{’5kW’,’5kW+B’,>10kW’,>10kW+B’})
74 | grid on

75
76 | %% FUNCTIONS
77
7s |function [total_revenue, self_savings, surplus_income] =
calc_annual_revenue (prod, spot_price, monthly_load,
feed in _tariff, use_batt)

79 total_revenue = 0;

80 self_savings = O;

81 surplus_income = O;

82 for i = 1:12

83 production = prod(i);

84 load = monthly_load;

85 if use_batt

86 shiftable = min(production - load, 0.3 x*

production) ;

87 load = load + shiftable;

88 production = production - shiftable;

89 end

90 self _use = min(production, load);

91 surplus = max (0, production - load);

92 self_savings = self_savings + self_use * spot_price(i
)

93 surplus_income = surplus_income + surplus *
feed_in_tariff;

94 end

95 total_revenue = self_savings + surplus_income;

96 | end

97

os |function npv = calc_npv(initial_cost, annual_revenue,

discount _rate, lifetime)

99 npv = -initial_cost;

100 for t = 1:1lifetime

101 npv = npv + annual_revenue / ((1 + discount_rate)”t);

102 end

103 | end

104

105 |[function payback = calc_payback(initial_cost, annual_revenue,

discount_rate)

106 cum_cashflow = 0;

107 for t = 1:100

108 cum_cashflow = cum_cashflow + annual revenue / ((1 +
discount_rate) "t);

109 if cum_cashflow >= initial_cost

110 payback = t;

111 return;

112 end

113 end

IV
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payback = NalN;
end

function roi = calc_roi(initial_cost, annual_revenue,
lifetime)
total_gain = annual_revenue * lifetime;
roi = ((total_gain - initial_cost) / initial_cost) * 100;
end

A.4 MATLAB Code: Revenue from Control Strate-

gies

Listing A.4: MATLAB script for estimating revenue under different control strate-
gies

clc; clear;

%% INPUT DATA
monthly_load = 750; 7% Monthly electricity usage in kWh
annual_load = monthly_load * 12;

%» Spot price for SE3 (2024) in SEK/kWh
spot_price = [1.0037, 0.6293, 0.7434, 0.7039, 0.2964, 0.3408,

0.2590, 0.1068, 0.2055, 0.2872, 0.8369,
0.7281];

% Monthly solar production (5kW system)
prod_bkW = [110.0, 209.3, 435.9, 585.6, 633.2, 625.8,
598.4, 512.1, 402.8, 261.1, 124.9, 72.6];
prod_10kw =[220.0, 418.5, 871.7, 1171.1, 1266.4, 1251.5,
1196.7,
1024.3, 805.5, 522.1, 249.7, 145.3];

feed_in_tariff = 1.21;
battery_capacity 10; % 10 kWh battery
batt_eff = 0.9;

%% SIMULATE ALL CONFIGURATIONS

% BkW, no battery

rev_5 = run_strategy(prod_bkW, false, ’’, spot_price,
monthly_load, feed_in_tariff, batt_eff, battery_capacity);

% BkW + battery

rev_5b_rule = run_strategy(prod_bkW, true, ’rule’, spot_price
, monthly_load, feed_in_tariff, batt_eff, battery_capacity

v
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)

rev_bb_pred = run_strategy(prod_5bkW, true, ’predict’,
spot_price, monthly_load, feed_in_tariff, batt_eff,
battery_capacity) ;

% 10kW, no battery
rev_10 = run_strategy(prod_10kW, false, ’’, spot_price,
monthly_load, feed_in_tariff, batt_eff, battery_capacity);

% 10kW + battery

rev_10b_rule = run_strategy(prod_10kW, true, ’rule’,
spot_price, monthly_load, feed_in_tariff, batt_eff,
battery_capacity) ;

rev_10b_pred = run_strategy(prod_10kW, true, ’predict’,
spot_price, monthly_load, feed_in_tariff, batt_eff,
battery_capacity) ;

%% DISPLAY RESULTS

fprintf (’\n---_ Revenue from ,Control Strategies (SEK/year)
===\\,? ) §

fprintf (’5kW no battery:,%.2f\n’, rev_5);

fprintf (°5kW,+_,Battery, (Rule): %.2f\n’, rev_5b_rule);

fprintf (’5kW, +, Battery(Predictive) : %.2f\n’, rev_bb_pred);

fprintf (’10kW_ no battery:,%.2f\n’, rev_10);

fprintf (’10kW, +,Battery, (Rule) : ,%.2f\n’, rev_10b_rule);

fprintf (’10kW, + Battery (Predictive) :,%.2f\n’, rev_10b_pred) ;

%% FUNCTION DEFINITIONS
function revenue = run_strategy(prod_kW, battery,
control_type, spot_price, monthly_load, feed_in_tariff,
batt_eff, batt_cap)
revenue = O0;
for i = 1:12
prod = prod_kW(i);
load = monthly_load;

if battery
if strcmp(control_type, ’rule’)
batt_charge = min(0.3 * prod, batt_cap);
batt_charge_eff = batt_charge * batt_eff;
prod = prod - batt_charge;
batt_discharge = min(batt_charge_eff, max (0,
load - prod));
load = load - batt_discharge;
elseif strcmp(control_type, ’predict’)
if spot_price(i) > 0.6
extra_demand = max(0, load - prod);
batt_help = min(batt_cap, extra_demand);
load = load - batt_help;

VI
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end

end

prod = prod - batt_help / batt_eff;

end
end
end
self_use = min(prod, load);
surplus = max(0, prod - load);
revenue = revenue + self_use * spot_price(i) +

surplus * feed_in_tariff;

VII
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