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Climate change has already had major impacts on our planet. Loss of sea ice,
accelerated sea level rise and longer, more intense heat waves, are a few of these.
Many scientists believe that a continued climate change will have even more severe
impact on our planet. To tackle the climate change, a fast transition towards
renewable energy sources is necessary. One of the most promising sources of
renewable energy is solar energy. To achieve the goal of making the world more
reliable on solar energy, various actors try to improve the technology and the
financial basis regarding this way of extracting energy. In this transition,
calculations have to be as accurate as possible, in order to benefit from them when
installing solar panels. This bachelor thesis intends to create an investment model
for solar plants and an optimization of the plant’s size based on net present value.
The model is built in Microsoft Excel, and factors such as electricity prices,
electricity production/consumption and several others are taken into account.
Based on the comparison with a case study and the calculations made by the
model, the results suggest a reliable model. On behalf of Herrljunga Elektriska AB,
the model is created to help them generate reliable and fast investment
calculations, which will hopefully bring value to their business.
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Occurring  Terms  and  Abbreviations  
Azimuth:

Azimuth is the angle between the vertical plane through the
sun and the observer’s meridian. In solar cell installation
connexion, azimuth is the angle from south to the sun.

Controller:

A unit that limits the rate at which electric current is added
or drawn from electric batteries and prevents overcharging
and overvoltage.

DOD:

Depth of discharge. If depth of discharge is 100%, the whole
capacity of the battery can be used if needed.

Economic parameters:

Solely economic parameters such as tax reductions and
battery cost, to name a few.

EV:

Electric vehicle.

Heab:

A shortened version of Herrljunga Elektriska AB.

Inverter:

An electronic device that changes direct current to
alternating current.

kWp

Unit of the value that specifies the output power achieved by
a Solar module, or the whole plant, under full solar radiation.

Micro production:

To be considered a micro producer the fuse at the connection
point must not exceed 63 A.

Solar plant:

An installation of one or more solar panels.

Solgården:

A fictional name of the farm used as a case study. The name
ischanged due to secrecy.

Technical parameters:

Input values such as tilt, azimuth and size.

The investment model:

The Excel model produced for this bachelor thesis work.

Tilt:

The angle of the solar panel with respect to the ground,
which usually is the angle of the roof.
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1.  Introduction  
Climate change is a major issue with a great impact on human life and nature. Due to
rising temperatures around the world, the consequences of increasing levels of
greenhouse gases in the atmosphere are devastating to the environment and most
economic systems. The problem originates from the fact that over 80 % of the world’s
energy consumption 2014 came from fossil fuels (EIA, 2015). Therefore, a fast
transition to renewable energy sources is of great importance to be able to inhibit and
limit the amount of greenhouse gases, such as carbon dioxide, released from
conventional combustion (Acciona, [n.d.]). Solar panels can not supply the entire
energy demand in Sweden without batteries, due to the intermittent production.
This transition is taking a long time and one of the reasons is the extraction technology
of many renewable energy sources. For example, fossil-based rivals are less expensive
compared to solar energy, a relative expensive technology with a lower efficiency than
oil. To get around this issue the Swedish government has in the last couple of years
invested a generous amount of money in terms of financial aid to companies and
individuals working on a transition towards renewable energy. The ambition of the
Swedish government is to make Sweden fossil-free by the year 2040. However, these
financial aids do not seem to give solar cells the desired impact (Regeringskansliet,
2016). For a long time, the installers of solar panels have been focused on how to
optimize their installations to yield as much energy as possible. This seems at first sight
as a logical action, but might not be as optimal as one might think. If the long-term goal
is to make more people invest in solar panels, the optimization could be focusing on
maximizing the economic profit, rather than the electricity production, since the main
problem seems to be the financial obstacle of solar cells.

1.1   Aims  
The aim of this report is to produce an investment model for solar panels. Following the
aim, the purpose of the model is to help Heab give their customers offers to help
optimize the return on the investment. Lastly, the aim is also to construct an alternative
result based on a production directed east and west.

1.2   Research  question  
§   When is an east-west installation more profitable than a standard installation?
§   Is the investment model reliable and will the optimization generate the optimal
plant size based on NPV?
§   When and in what ways will a household battery be beneficial to a solar plant?

4

1.3   Limitations  and  scope  
The investment model was initially supposed to be a general worksheet with the goal to
deliver the optimal installation of the plant at any given location. However, since the
data of the production is geographically specified due to differences in weather, hours of
sunshine and the fact that it was very time- and memory consuming to produce, a
conscious choice was made to delimit the investment model to a region around
Herrljunga municipality. The investment model is however compatible for other places
in Sweden, although, the further away from Herrljunga, the more unreliable the results
will be.
When modelling future prices of electricity, data of four years from Nord Pool,
Europe’s leading power market, was used to find a typical hourly day pattern. This
pattern was then scaled up and down depending on which month of the year it
represents. The problem with this type of modeling is that all days of a specific month
has the same price pattern. It was therefore not considered that weekends could have a
different price pattern than weekdays, or the price at the beginning of the month might
be higher/lower than at the end of the month.
For grid costs divided into higher/lower load periods, the higher load period is estimated
to be all hours of the days for the months November - Mars including weekends. The
lower load period accounts for the time not included in the higher load period.

1.4   Report  outline  
This report will firstly describe some background information needed to understand
how the investment model works. The second part goes through the methodology in
which the theory and simulations are described. Thereafter, the investment model is
described detailed in parts. In part five a case is studied where a comparison has been
made with Heab’s investment calculation. Following the comparison is a sensitivity
analysis. Lastly the report ends with a discussion and a conclusion.
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2.  Background  
This section describes Heab, some background information about solar energy and
technical as well as economic factors, which are relevant when making the investment
model. The last part describes previous work regarding investment models for solar
energy.

2.1   Herrljunga  Elektriska  AB  
Heab is a municipally owned company with around 40 employees and a revenue of 90
MSEK. The company’s operation field stretches from heating systems to electricity
networks. Heab is also responsible for providing the municipality of Herrljunga water
and drainage services (Herrljunga elektriska, [n.d.]). One of their services is installation
and calculation of solar plants for private households and corporate customers. Heab has
installed more than 50 solar plants with power between 2 and 45 kWp and the company
also has test plants for solar cell modules and power inverters. Heab has installed more
than 50 solar plants with power between 2 and 175 kWp and the company also has test
plants for solar cell modules and power inverters.

2.2   Solar  energy  
The amount of energy the entire world population uses during one year is the same
amount of energy the earth absorbs from the sun in two hours. With the help of solar
cells, it is possible to transform solar energy to electric energy. Solar cells transform the
light from the sun directly to electric energy by using semiconductor material. When the
light of the sun hits the front of the cell, voltage arises between the front and the back of
the cell. A power cable can then be connected between the front and the back of the cell
to get a current. This process can only work as long as the sun light hits the cell and the
excess power can then be consumed or stored in a battery. It is also possible to connect
the solar plant to the power line where the producer of the electricity from solar energy
can sell excess electricity (Energimyndigheten, 2013).
Sweden has in recent times doubled the solar cell capacity every year, even though it is
still relatively low. Solar cells have been used in Sweden since the 1970’s and was in
the beginning limited since solar cells were not connected to the electricity grid. Solar
energy was primarily used for independent units such as lighthouses, boats and smaller
houses. Recently, the interest for solar energy has increased, which in turn has led to
progress in solar cell technology. The advancement has made the technology less
expensive and governmental support has become available as an incentive
(Energimyndigheten, 2015).

2.3   Technical  factors  
A common solar plant system consists of solar panels. Modern plants have an optimizer
which makes solar plants more effective. The optimizer is connected to a controller and
then via a battery, where electricity can be stored, to an inverter that changes the direct
current from the controller to alternating current, see Figure 1. The controller ensures
that the battery does not get overcharged, which can damage the battery. Using a
6

household battery is optional and makes it possible to store energy, thus become more
self-sufficient of energy.

Figure 1. Illustration of a simplified solar panel circuit with battery storage.
When installing solar panels, the consumer must decide which tilt and azimuth the
panels should be installed according to. Tilt is the angle of the panel relative to the
horizon and azimuth is the angle relative to south, illustrated in Figure 2. An azimuth of
-180° and 180° is directed towards North. In most cases, the panels are placed parallel
on rooftops and in those cases, tilt and azimuth of the roof are what determine the value
of tilt and azimuth of the panels (Dictionary, 2017). There are various manufacturers of
solar panels, power inverters and batteries. Usually the company selling solar panels
and the needed gadgets, provides packages including solar panels, power inverters and
in some cases batteries. The installation can be done either by the company or the
customer, and therefore the cost of installation differs a lot from case to case.

Figure 2: Illustration of the azimuth angle between south and the placement of the
panel. The panel is placed parallel to the roof.

2.4   Financial  factors  
The government of Sweden set aside money to support the production of solar cells,
while the Swedish Energy Agency distributes the money to the county administrations
of Sweden. The support is given to various actors, including companies and public
organizations as well as private citizens. Since the solar cell technology is relatively
7

new and the use of solar energy is comparatively low, the support and regulation
concerning solar energy change almost every year. However, there are some factors to
be considered when installing a solar plant based on today’s regulation and support
system (Energimyndigheten, 2016).
For excess electricity produced by wind, solar and water, there is a tax subvention
available if you choose to sell the excess electricity. In 2015 the tax reduction was set to
0.6 SEK/kWh, and can be used to a maximum of 18,000 SEK/year (Skatteverket, 2017).
There is a possibility to sell the excess electricity to various electric grids owners or
retailers. The price of excess electricity is controlled by the electric grid owner, which
usually is between 0.1 to 0.5 SEK/kWh. To sell electricity, the customer has to register
for value-added tax if the sales exceed 30,000 SEK during one tax year
(Energimyndigheten, 2016).
Another incentive when using solar energy is the electric certificate system, which
purpose is to increase the production of renewable energy. The principle of electricity
certificate system is to make it more profitable for renewable energy producers. A
producer of electricity from renewable energy can obtain an electricity certificate by the
government for every produced MWh (Energiföretagen, 2017).
Similar to the electricity certificate, there is a guarantee of origin that can be obtained
for every sold kWh. This guarantee of origin can later be sold to other electricity
producers if they want to enlarge their pool of renewable energy sources. Limited data
makes it difficult to find a value for guarantee of origin, partly because it is marginal,
but also since it is not included in similar investment calculations for solar energy
(Stridh and Larsson, 2017, p. 40)(Malinen, 2015).
There is also a compensation from electric grid owners for every sold kWh. When it
comes to costs concerning the impact on the electric grid there is money to save, as a
reduction of cost, if one decides to install solar panels. One of the costs is power fee,
which is paid monthly. The cost is calculated by taking the highest median power per
hour for the specific month, multiplied with the fixed cost. The fixed cost is divided into
a high load period cost, meaning the weekdays between 06-22 for the winter months
(November-Mars), as well as a low load period cost, which accounts for the rest of the
time. Another cost concerning the impact on the grid is called grid fee. This cost is also
divided into the high/low load period, but is paid for every consumed kWh that burdens
the grid (Sandviken Energi AB, 2016).
Since the technology of solar cells is always changing, the value of some of the
parameters will change. An example of this is the economic life expectancy which
varies from 20 to 30 years and even more in some reports.

2.5   Previous  work  
The installation companies of solar plants and the manufacturers of solar panels all have
various calculation models and programs for calculating the cost of an installation.
Vattenfall has a calculation program called Solcellsguiden on their website, where one
can type in an address to get a satellite photo of the house, which makes it possible to
draw lines on the roof on the map to approximate the size of the roof, then the azimuth
and tilt can be submitted. This will generate a calculation including the size of the plant,
installation cost, savings in SEK, produced kWh per year and installed power. However,
8

this rough calculation will only provide an approximate calculation in comparison to the
investment model. It does not show if the calculation includes tax reduction, battery cost
and other parameters included in the investment model (Vattenfall, [n.d.]).
Another more detailed calculation model has been made by Bengt Stridh on behalf of
Energimyndigheten and Mälardalen University. The project aim of Stridh’s report was
to develop a comprehensive analysis model for investment decisions for solar plants.
His model is based on an internationally established model for analysis of production
cost of energy which is adjusted to Swedish conditions. As mentioned, this model is
more detailed than Solcellsguiden by Vattenfall and most other programs made by
various companies. Bengt Stridh’s model has been a reference template for the
investment model (Stridh and Larsson, 2017).
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3.  Methodology  
This section will go through how the model has been built up. Firstly, the different
mathematical theories used will be presented and explained. Secondly, the optimization
method is described. Thereafter the simulations needed to obtain relevant data are
described.
The investment model is built in Microsoft Excel. To decide whether a solar plant is a
good investment, the incomes and expenses are summed up over a period of time. The
time span is one of the parameters of the investment model, so the user can insert how
long investment calculation the results will depend on. When calculating market-based
prices, the investment model will consider which prices the electricity is traded with.
This is to make the investment model as realistic and reliable as possible, and also to be
able to vary the subscriptions being used from both fixed-, variable- and mix
subscriptions.
It is also possible to add a household battery to the system. With a battery, the consumer
can level out consumption with electricity from solar panel production and reduce the
amount of electricity purchased from electricity companies. To make it more applicable,
the investment model also gives the user a result from an alternative setup. The
alternative setup is a calculation of a plant directed east-west, and the purpose of the
alternative setup is to see if there is a greater profit in NPV.
For sensitivity and reliability reasons when making an investment model, a case study is
presented in this report. It will include an investment calculation made by Heab for a
farm called Solgården, which is based on given parameter values from Solgården. The
result is then compared to the result of what the investment model generates.

3.1   Theory  
3.1.1   Net  present  value  
Net present value method is used to calculate if an investment is profitable. This method
calculates the present value (Equation 1) of an investment, given the interest rate and
the influx of money from the investment. The net present value (Equation 2) takes the
initial investment cost in consideration and indicates whether the investment should be
implemented. A positive net present value will indicate that the investment generates a
profit (Financial formulas, 2017).

𝑃𝑉 = 	
  
𝑁𝑃𝑉 = 	
  

%&
*
+,' '() &
%&
*
+,' '() &

(1)

− 𝐼𝐶

(2)

𝐶+ = cash flow
p = discount rate
𝐼𝐶= investment costs
PV = present value
NPV = net present value
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3.1.2   Generalized  reduced  gradient  algorithm    
To optimize the size of the plant, the add in-function Excel Solver was used. The
method the add in use for non-linear problems is Generalized reduced gradient
algorithm (GRG). GRG is an iterative method where the aim is to find the best possible
solution, minimum or maximum, for a given problem with a number of constraints. To
find the minimum/maximum value, the algorithm starts with a value within the
constraints and thereafter tries out, in an iterative manner, where the slope is zero, as
seen in Figure 3. A disadvantage of this method is if the problem has local optimums. In
that particular case, the method should be used more than once with different starting
values to ensure that optimum has been detected (Young, 2017).

Figure 3: Illustration of GRG algorithm for optimizing non-linear problems. The value
of y is optimized based on x.

3.2   Simulations  and  data  collection  
A great amount of data has been collected through simulations to complete this work.
The obtained data has been stored in the investment model. Data from real cases of solar
power facilities delivered by Heab, was used as comparison to validate if the investment
model was delivering proper results.
3.2.1   Electricity  prices  
Information about prevailing economic factors and governmental support in Sweden
regarding solar cells have been gathered from Bengt Stridh, Mälardalens University, a
leading researcher in the solar energy field and also from various governmental internet
sites. As of the spot prices of electricity, a mean price was calculated per hour for a
typical day in each month, using 4 years of data from Nord pool. The mean prices were
then stored in the investment model.

11

3.2.2   Yearly  production  
Data from solar cell production has been generated and obtained by a simulation
provided by Uppsala University. This simulation provided production data based on
azimuth, tilt and the production of one year, as shown in Figure 4. It also considers
factors such as losses and efficiencies associated with solar cell production. Productions
for each azimuth and tilt were calculated. All the generated data was then stored in
various sheets in Excel for the investment model.

Figure 4: Yearly production depending on azimuth and tilt.
3.2.3   Daily  distribution  of  production  
The daily distribution of electricity production is dependent on azimuth and tilt. To get
the distributions of production, a simulation was made. Azimuth and tilt varied with 15
units between each simulation and the production pattern data was stored in the
investment model.
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4.  The  investment  model  
In this section, the investment model will be described in detail. The first part is about
the parameters of the investment model. The second part describes optional parameters,
and the last part describes the alternative east west plant. For every figure, a following
explanation text will describe the different parameters.

Figure 5: Screenshot of the investment model made in Microsoft Excel. This shows the
“front page”, the sheet where the parameters are submitted.
13

4.1   Technical  parameters  

Figure 6: Example of some input parameters related to panel installation.
The first input is the number of panels in the plant. Plant size shows how big of an area
the panels will cover. Next input is panel effect. Panel size is in most cases set to 1.6
sqm, since most manufacturers make the panels in that particular size. Area available is
an optimization related input. Area available is then converted to the number of
corresponding panels.

Figure 7: Example of some input parameters related to fuse and system voltage.
The size of the fuse limits how much of the produced electricity the system can handle.
Excess electricity can neither be used for own consumption nor for sale. Sweden uses
400 Volt between phases and 230 Volt between phase and common. The size of the fuse
is also an indicator if the plant is larger or smaller than a micro production, which must
have a fuse smaller or equal to 63 A (Skatteverket, 2017a).

Figure 8: Consumption input.
The investment model has an input for the consumption by hour for one year in Watts.
The consumption is inserted in the right column in Figure 8. The consumption can in
many cases be obtained by the electricity company.

Figure 9: Example of some input parameters related to panel installation.
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Azimuth and tilt determine the magnitude of the yearly electricity production. Income
for year 2 and forward is based on how much the system degradation is. Unfortunately,
there is a lack of data for this parameter, therefore 0.8 % per year is an approximation
based on 80% power guarantee after 25 years, which is a regular guarantee on panels.
Little is known about system degradation in solar cell technology, however, the system
degradation is lower in colder climates. In the investment model, the system
degradation is set to 0.2 %, although it is possible to vary this parameter (Stridh and
Larsson, 2017, p. 24).

4.2   Economic  parameters  

Figure 10: Example of some input parameters related to the investment and costs.
In the economic parameters section of the investment model, the investment life span
input determines how many years the investment calculation will be based on. Most
solar panel manufacturers have an effect guarantee of 25(-30) years (Stridh and Larsson,
2017, p. 23). The real lifespan might be longer, but an input set within the timespan 2530 years is encouraged. An approximation in the investment model has been set to a
maximum lifespan of 50 years.  Cost of investment per kWp is inserted in investment
cost. Yearly expenses are the cost which is recurrent each year.

Figure 11: Example of some input parameters related to the inverters.
The inverter is a crucial part of the solar plant since it transforms direct current to
alternating current that can be fed to the commercial grid or used locally (off-grid).
Inputs concerning the inverter are inverter cost, which is the cost per kWp, and the
inverter life span. When the lifespan is over, a new inverter will be bought. The inverter
life span is currently set to 10 years, although this value may vary a lot depending on
the equipment.

Figure 12: Example of some input parameters related to electricity certificate.
As mentioned earlier, the electricity certificate can be obtained for produced electricity
the first 15 years, even though many micro producers only obtain certificate for the
electricity they sell. To be able to obtain an electricity certificate for all production the
consumer must have an electricity meter and pay a measuring subscription. For smaller
plants, this alternative is in many cases not profitable. An electricity certificate can
15

currently be sold at a price of 0.07 SEK/kWh in the investment model. However, the
price can change since the electricity certificate system is market-based. If the
electricity certificate is obtained both for sold and used electricity, there is a box in the
investment model for that option. An unchecked box means electricity certificates are
only obtained for sold electricity (Energimyndigheten, 2017).

Figure 13: Example of some input parameters related to economics.
The discount rate is necessary to be able to calculate future incomes and expenses and
the inputs must therefore take into account rates from bank and inflation. Discount rate
is often set between 1-10 % (Stridh and Larsson, 2017, p. 17). VAT received is currently
set to 25 % and VAT charged is set to 20 %. The reason why there is two VATs, is that
if a consumer is not liable to report VAT the VAT charged input can be set to 0.
(Skatteverket, 2017a). Energy tax is currently set to 0.295 SEK/kWh (Vattenfall,
2017a).

Figure 14: Example of some input parameters related to tax reduction.
Tax reduction is currently 0.6 SEK/ kWh, and only given to producers with a fuse
smaller or equal to 63 A. The yearly limit for tax reduction is set to 18,000 SEK. It is
not certain for how long the tax reduction will be available, so a variable input of how
many years there will be tax reduction is also included and is set to 15 years in the
investment model (Stridh and Larsson, 2017, p. 18)(Skatteverket, 2017b).

Figure 15: Example of some input parameters related to incomes.
The guarantee of origin is a parameter contributing to the income. These guarantees are
electronic documents to guarantee the origin of electricity and can be sold in an open
market for electricity producers and suppliers (Malinen, 2017). The price is set to 0.005
SEK/kWh in the investment model. When a consumer buys electricity from the grid, the
consumer must pay a grid fee. There are two inputs for the grid fee, one for the price in
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high load periods and one for the price in the remaining period. This leads to a reduction
in cost when the consumer uses their own produced electricity instead of electricity
from the grid.
Another income is the compensation from the grid owner per sold kWh of produced
electricity. Compensation depends on the electricity company. An average of 0.07
SEK/kWh is used in the investment model, although changes can be made. Power fee is
a reduction in cost and is, like grid fee, separated into two inputs. The specific value of
power fee depends on the grid owner (Stridh, 2014). In the investment model the power
fee is set according to Vattenfall’s prices (Vattenfall, 2017b).

Figure 16: Example of some input parameters related to the price of electricity.
Pricing at which electricity is bought and sold is inserted in the above cells. The
investment model is capable of calculations with various subscription types such as
fixed, variable and mix prices. Fixed price is checked in the box when prices are
predetermined and the inserted value plus energy tax is the final value in the calculation.
If the variable box is checked, the supplement charge is then added to average prices of
Nordpool throughout the day. The last alternative - mix, is based on 50% of Nordpool
spot price and 50 % of supplement charge.

4.3   Optional  parameters  
Two different options are possible in the optional parameters section: add a household
battery or the charging of an EV.

Figure 17: Example of some input parameters related to use of household battery.
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It is possible to calculate how the cash flow will change if a household battery is
installed in the investment model. The household battery’s function in the investment
model is to reduce consumption from the grid by charging the household battery with
excess electricity and discharge it when needed. To calculate this, there is an input for
the efficiency when charging and discharging. Battery life span is set to how long the
battery is expected to be functional. When the lifespan ends, another battery is bought.
The DOD in the investment model is 100 %, which means the whole capacity of the
battery can be used if needed, thus 100 % is a simplification and therefore not entirely
realistic.

Figure 18: Example of some input parameters related to EV.
By adding the charging of an EV, the consumption pattern will change. This however
may or may not have a great impact on the result. In the investment model, the user can
choose the EV battery capacity, as well as how often and when it should be charged.
Charging time in the investment model is fixed and set to 8 hours.

4.4   One  year  calculation  sheet  

Figure 19: Screenshot of the one-year calculation sheet.
The one year calculation is based on the described input parameters. It produces a
production vector for every hour of one year and shows an overview of the economy
hour by hour. When there is excess of electricity, the excess is used primarily to charge
the battery. If the battery is full, the excess is sold to the electric grid, as well as when
the production is greater than the consumption. When the battery is charged and the
production is less than consumption, the battery can provide electricity. In short, the
function of the battery is to reduce the bought electricity from the grid. Cash flow is
described in Figure 20 as the income minus the bought electricity.
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Figure 20: Illustration of the system used in the investment model to clarify how the
economic factors are used.

4.5   30-year  calculation  sheet  

Figure 21: Screenshot of 30-year calculation sheet.
The income and saving from year one are what decides how much the income will
result in from year 2 and forward. Income and saving are multiplied with system
degradation for every year. After the life span of electricity certificate and tax reduction,
the incomes from these two factors are excluded. The cost of inverters, batteries and
yearly expenses are what generates the expense vector. Expenses and incomes for each
year are added and a net present value is calculated with the inserted discount rate.
Lastly, the NPV is accumulated in the last vector.
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4.6   East-West  plant  
An east-west plan is an alternative set up. The investment model takes the number of
installed panels and calculates how the investment will appear if the panels are directed
towards east-west (azimuth 90/-90) along with a tilt of 30 degrees. When there is a fuse
limiting the amount of production, the alternative setup is relevant, see Figure 22. It
produces more hours of electricity, although with a lower peak which allows better use
of the panels. The alternative setup is not suited to be installed on tilted roofs due to the
fixed tilt and azimuth. A comparison between the two setups is therefore only relevant if
the installation is placed on flat roofs, on the ground or in specific settings.

Figure 22: Illustration of a situation where the production is limited by the fuse and an
alternative setting is more suitable.

4.7   Optimization  
The optimization of the case is executed in the investment model using a function in
Microsoft Excel called the Generalized Reduced Gradient method, as mentioned before.
When optimizing size, the objective cell is set to the NPV-cell and the decision variable
is set to number of panels. Constraints on the decision variable are crucial, therefore at
least two constraints must be inserted. One constraint - number of panels, must be
greater than zero. The other constraint limiting the number of panels to the cell is max
number of panels. As long as one cell is picked to be variable and the other cells are
fixed, an optimization is possible. Other optimizable parameters are azimuth, tilt and
battery capacity etc.
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5.  Case  study  –  Solgården  
In this section a case will be studied. The first part describes how the investment model
was calculated by Heab and the second part describes the calculation in the investment
model. In the last part, the two calculations are compared.

5.1   Calculation  by  Herrljunga  Elektriska  AB  
Solgården is a fictional name of a farm in the Herrljunga area Heab used as an example
to make an investment calculation. The farm includes various features, such as a large
barn roof with an approximate area of 840 sq m available. As of the basic technical
factors, there is an azimuth angle of 10 degrees from south to west and the tilt of the
roof is 25 degrees. In the calculations made by Hugo Westlin from
Hushållningssällskapet, the efficiency of the solar cell is estimated to 16.5 % and the
efficiency of the entire plant system is estimated to 85 %. Solgården’s consumption has
been set to 233.2 MWh per year by using available data from Vattenfall. The
calculations have been made using the presumptions shown in Table 1.
Table 1: Presumptions in calculation from Heab. (see Appendix A)
SEK/kWh
Price buying electricity

0.33

Spot Price

Price sold electricity

0.33

Contract with Vattenfall

Tax reduction

0.6

On sold electricity

Electricity certificate

0.07

On all electricity

Grid fee

0.472

November - Mars

Grid fee

0.128

April - October

SEK/kW
Power fee

36

November - Mars

Power fee

36

April - October

Heab has, with the help of data from Vattenfall, collected consumption data and
installation data of the plant and the production of solar electricity has been offset
against the consumption. Calculations using the collected data have been done hour by
hour, day time 05-19. The consumption of produced electricity for one year is set to
46.8 %, or corresponding 49.22 MWh.
In the economic calculation, the electricity grid subscription has been taken into account
since it is a so-called power subscription. Diagram 2 in Appendix A represents the
hourly average value for used power, as well as solar power for all months over the year
and the variation illustrated as proliferation. In the cases where the solar effect lower the
used power from the grid, the electricity grid cost decreases. This is presented as a
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separate post in the economic calculation. However, peaks occur in the power usage at
times of the day where the solar power is low. The payoff time of the solar plant with
these economic parameters is roughly 25 years. In the discussion section of Heab’s
economic calculation, they come to these conclusions: A crucial problem with this plant
is the size of the fuse, it is too large to obtain tax reduction because of the fuse size limit
of 100 A. If the tax reduction however was a possibility, Solgården could have yielded
33,600 SEK and a payoff time of 19 years. Another problem in this case is the
electricity consumption, which does not sync well enough with the production of solar
electricity. In this case, there are only occasional drops as an effect of the solar plant
where it cut peaks in the consumption, which will ultimately generate lower power
fares.
Without tax reduction:
§   Payback time is 25 years
§   Incomes plus savings for the first year is 47,570 SEK
With tax reduction:
§   Payback time is 19 years
§   Incomes plus savings for the first year is 81,170 SEK

5.2   Calculations  made  by  the  investment  model  
The received document (see Appendix A) from Heab including their calculation for a
solar plant for Solgården, has been used to describe Heab’s calculation above. It
includes all the information Heab perceived as necessary to make a calculation for a
solar plant. The information result Heab delivered were used to test the investment
model. When testing, the factors which Heab did not found necessary were set to zero.
The discount rate was hard to make accurate. The interest rate was set to 3 % by Heab
and the inflation was estimated to be 1,25 %, hence the discount rate was set to be 1,75
%. The other parameters were adjusted according to the specific site. The following
result was obtained:
Without tax reduction:
§   Payback time is 25 years
§   Incomes plus savings for the first year is 58,149 SEK
§   Net present value of investment after 30 years is 122,786 SEK
With tax reduction:
§   Payback time is 17 years
§   Incomes plus savings for the first year is 76,149 SEK
§   Net present value of investment after 30 years is 342,220 SEK

5.3   Case  comparison  and  optimization  
To determining whether the calculation of the investment model is correct, the
parameter values from Heab were submitted into the investment model. By looking at
what the income consists of in the different calculations from Figure 23, the intuition
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becomes evident. In Heab’s calculation, the consumed self-produced electricity is
greater than in the investment model, while the sold electricity is greater in the
investment model. The total of these two incomes is about the same for both the
investment model and Heab’s calculation.
When Heab made the calculation, an assumption was made: 46.8% of the produced
electricity would be consumed. In the investment model, the quantity of self-used and
sold electricity are obtained by the difference of the simulated production vector and
consumption vector, which is the same for both the investment model and Heab’s
calculation. In Heab’s model, there is unfortunately no limit for how much tax reduction
a producer can obtain. According to Skatteverket, a producer can only obtain tax
reduction for the initial 30,000 kWh per year, which sets a limit on 18,000 SEK per
year. The savings for lower grid fees are, as seen in Figure 23, greater for the
investment models calculation.

Figure 23: A bar diagram showing the calculation result by Heab and the investment
model.
To fully understand how the size of the plant would affect the net present value, Figure
24 was created to illustrate how the NPV change for a varying number of panels in the
interval 0-530 panels. When the investment model used its optimization tool the optimal
number of panels, based on the NPV, was 349. kWp is then 94,23 based on panels with
270W per panel. The results of the new optimal plant are as following:
Without tax reduction:
§   Payback time is 21 years
§   Incomes plus savings for the first year is 47,153 SEK
§   Net present value of investment after 30 years is 180,437 SEK

23

Figure 24: Optimization chart for case study. Optimal number of panels is 349.
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6.  Sensitivity  analysis  
In the first part, a sensitivity analysis on a few parameters is described. The later part
describes how the optional parameters affect the result. The result is presented as net
present value. The sensitivity analysis is based on the same input parameters as in the
case of Solgården. Important to notice are the differing results in the analysis
depending on how the investment model is setup.

6.1   Model  parameters  
A sensitivity analysis shows how sensitive the investment model can be when
alternating the parameters. Not all parameters have been altered for the sensitivity
analysis, only a few parameters have been adjusted in the investment model. One
parameter with a significant impact on the result is how much the investment cost per
square meter is set to. A change in the investment cost parameter of -60 % gives an
increase from a NPV of around 150,000 SEK to around 700,000 SEK, an increase by
almost 360 %. As mentioned before, another parameter with a significant impact on the
result is the fuse size. When changing fuse size by -60 %, the net present value
decreases from around 150,000 SEK to around -230,000 SEK. Parameters with a less
significant impact on the result, are discount rate and number of years with tax
reduction.

Figure 25: A diagram showing the NPV of the investment model with varying
parameters. Tax reduction is only available when the fuse < 100 A.
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6.2   Batteries  
An analysis of the optional choice of a household battery was made to figure out the
impact on the NPV of the investment for a bigger plant. The battery was set to 60 kWh,
the EV battery to 36 kWh and the cost of battery was set to 150 SEK multiplied with
Battery capacity so the cost changes in relation to the size of the battery. The EV battery
is charged every two days in this analysis and starts at 10 pm. NPV is 82,334 SEK.
Figure 26 presents the analysis.

Figure 26: A diagram showing the NPV of the investment model with varying battery
related parameters. The battery was set to 60 kWh and EV battery to 36 kWh.
When the household battery increases in capacity, the NPV decreases. The EV battery
charging does also affect the NPV negatively in this case, but not as much as the
household battery. The reasons for this impact will be discussed in the discussion.

26

7.  Discussion  
This section is divided into three parts. The first part will discuss the investment model
and potential sources of errors in it. In the second part there will be a discussion about
the case study and the comparison between the investment model’s calculation and
Heab’s calculation. Lastly, the third part will bring up how the results of the sensitivity
analysis affect the investment model.

7.1   The  investment  model  
When calculating a case using the investment model, many factors need to be
considered as explained before. With the help of Heab and Joakim Widén, we knew
which significant parameters to use in the investment model in order to make an
investment calculation. Since the solar cell technology changes from year to year and
regulations change, some parameters will change from what they are today, or maybe
even disappear. Generally, when making models with a prognose investments of 50
years into the future, numerous assumptions must be made. These assumptions include
system degradation, discount rate and electricity prices, which are sources of errors
when calculating investments.
The data obtained from simulations in Matlab concerning daily distribution of
electricity production do not cover every combination of azimuth and tilt degree. It is
discretized to every 15 degree which makes it a source of error.
The optimization is relatively fast, however with the drawback of the optimum being
local. Starting the solver with multi-starts and different starting values ensure global
optimum solutions. Furthermore, this investment model is aimed to help Heab, yet it
can be viewed as a tool for any solar cell company.
When optimizing the size of the plant, the various costs affected by the number of
panels are changing in a linear manner. Nevertheless, this is not realistic since costs
which depend on the size of the plant decrease as the plant gets bigger. Instead, the costs
could be modeled in a non-linear manner.

7.2   Case  study  
The result generated by the investment model will vary depending on how different
plants are constructed. To test the investment model, the most adequate approach is to
use a given solar plant calculation by Heab and submit the parameter values of that
particular case. Plenty solar plant installation companies offer an overall solution for
installing solar panels, from calculation to installation. This requires the company to use
a model like the investment model, where they can submit all the needed parameters in
order to obtain an investment calculation. Using a real-life example is crucial for the
investment model, when testing if the result is reliable.
Heab provided an example of their calculation of Solgården, which gave the opportunity
to test the investment model and see if the result matched Heab’s result. At first, when
the investment model was incomplete, the results were not reliable since it did not
include some necessary factors. These factors were mostly economic parameters, since
it already had most of the technical parameters. Eventually the case study could be
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tested in the investment model and the result was close to Heab’s result, which gave us
confidence to believe that the investment model was a reliable model to use when
installing solar plants. However, there were some differences between the different
results. The amount of sold electricity was estimated in Heab’s investment calculation
by only using a parameter value as a source, whereas the investment model calculates
the amount of sold electricity depending on the parameter inputs. This explains why the
proportions between used and sold electricity differ between the results. If adding the
incomes/savings from sold and self-consumed electricity for both calculations, the sum
is almost the same. This is because prices for sold and bought electricity is the same in
this particular case. If the prices would differ, which is more realistic, the result between
the different calculations would differ more.
Heab did not consider the limit controlled by legislation, meaning it is impossible to
obtain tax reduction when the production surpasses 30,000 kWh per year, which is the
reason why Heab’s calculation gets more income through tax reduction. Moreover, in
the investment model, the lower grid fees-staple was greater than in the calculation
made by Heab. A reason for this could be that Heab underestimated the impact of
savings through lower power fees. In the discussion part of their economic calculation
(Appendix A), Heab mentions their estimation that the production would cut the power
peaks in only a few months of the year. This estimation was made without having a
production vector. In the investment model, it was proven that the power peaks were cut
for every month in this specific case. Therefore, the greater amount of income in the
investment model could very well be more accurate.

7.3   Sensitivity  analysis  
Some parameters make a more considerable impact on the NPV than others. The
sensitivity analysis shows that parameters such as investment cost per square meter,
fuse size and price for buying electricity have a bigger impact on the model.
When increasing the price for buying electricity, the NPV increases. The explanation of
this result is due to the savings from not buying electricity is greater than if the producer
were to sell the production. The investment cost per kWp-parameter is more sensitive to
change than other parameters. When the investment per cost parameter decreases with
60 %, the NPV increases with around 300 %, and when the EV battery is introduced,
the resulting NPV does not change significantly. However, when the home battery is
introduced, the NPV decreases. This is due to all the missed income the producer would
obtain if the electricity was to be sold. The difference becomes larger if the producer has
access to tax reduction, which means that a household battery is more beneficial for
plants with a higher fuse than 100 A. If there is a home battery included in the model,
the amount of consumption of the self-produced electricity increases which commonly
is a desirable situation for the producer. As mentioned several times, the fuse size
affects how much of the produced electricity that can be used. When the fuse size drops
by 60 %, the income decreases significantly. The fuse size also limits the amount of
sold electricity as well. Furthermore, the consumption for Solgården is relatively high in
comparison with an average household. If the consumption was lower, the EV battery
would have a bigger impact on the investment model.

28

8.  Conclusion  
This dissertation has resulted in a model to help Heab in their investment calculations.
The investment model has been compared to other calculations made by established
actors. Although some differences have been detected, these could very well exist
because of missing inputs which the compared calculations have not considered. There
are many inputs in the model and all have to be considered, since the result may vary a
lot if any parameter is incorrectly inserted.
Numerous factors need to be considered when making an investment model, both
economic and technical. In some cases, when there is a limiting amount of how much
production that can be utilized, an alternative east west installation can be more
profitable. The alternative east west installation produces more hours of electricity,
although with a lower peak. As explained in the result, the amount produced electricity
is limited by the fuse size of the specific site.
The optimization of the investment model uses the method of generalized reduced
gradient. As discussed, this method generates a local optimum as result, which is a
drawback. Although the problem, in most cases, follows a convex curve without local
optimums it can be a good idea to be somewhat sceptical to the results. To ensure that a
global optimum has been obtained, optimization has to be started with different starting
values within the desired range. This is possible due to the short execution time of the
method.
By adding a battery, the potential advantages of home batteries depend on whether the
producer wants to reduce the amount of bought electricity, or maximize the income.
When the producer consumes their own electricity, savings through lowering grid
expenses such as power fee increases, however the producer misses out on incomes
such as tax reductions and certificates. With today's economic factors, a household
battery is in many cases a bad investment if the goal is to make/save money, according
to the investment model. A higher price of electricity makes it more profitable to install
a household battery, considering the increase of savings and the price of buying
electricity.
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Appendix  A  
Heabs investment calculation
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