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Abstract—The installed power of photovoltaics (PV) increases rapidly, as well as electric vehicles (EV). Most of the
EV charging will occur at home, and there is a possibility
to shift the charging in time to minimize the electricity cost.
The reasons are for example to maximize the self-consumption
of the produced electricity, and to charge the EV when the
electricity price is at the lowest rate, since the electricity price
is set by hourly rates one day in advance in northern Europe.
To maximize the self-consumption of the generated PV power,
battery storage systems (BSS) are common in Germany, but
not as common in Sweden. Simulations and optimizations show
that installation of PV systems significantly cuts the electricity
costs for the households. Optimizing the time when to charge
the EV decreases the yearly electricity cost by about 5% in
Sweden, which is a good contribution since the investment of
such system is small. Installing a BSS saves only about 3%,
and is therefore not profitable due to the high investment. In
Germany the difference between selling and buying electricity
is significant, and therefore the electricity bill savings are about
1500SEK/year (6%) by installing a 5kWh BSS. Considering the
investment cost, this is not yet profitable, but only a relatively
small change in the market conditions will make the BSS
profitable in Germany.

I. I NTRODUCTION
The electricity generation on international level needs to
include more renewable energy sources to decrease the green
house emissions. Sweden is one of the leading nations regarding the share of renewable energies. The current nuclear
power plants are however old and needs to be replaced within
the coming decades. The change from liquid fuels in the
automotive sector to electromobility increases the need for
new renewable electricity generation. One rapidly increasing
power production is photovoltaics (PV) in households. The
share of the total energy production is still small, but
the growth in installed PV power is significant, and the
authorities subsidies investments in PV.
In Sweden it not common to install a stationary battery
storage system (BSS). The reason is that when the PV
produces more power than what is consumed, the energy
is sold, and that there is a compensation for the energy tax
and grid fee from the government resulting in that there is a
small change in electricity price between selling and buying
electricity. The produced energy is stored in the rest of the
electricity system, primarily in the hydro power.
In Germany the installations in PV are more common
compared to Sweden. This is due to several reasons, for
example large subsidies and high electricity price. It is also
more common to install BSS in combination with the PV
system in order to be use more self-generated electricity.
Most of the electric vehicle (EV) charging will take place
at home. Most of the charging will occur after work in

the evening if not a smart control scheme is introduced.
This is the time of the day when the load in the electric
system peaks in many places. The peak power within the
household is increased using this charging strategy, since
this is the time most of the power consuming activities occur
during weekdays. Therefore a smart charging strategy for EV
charging is needed if the share of EVs increases significantly,
as is expected by many. The complexity increases further
more when PV and BSS are included in the system.
and battery home storage systems (BSS) has become
common in e.g. Germany. These new components can be
separately controlled, but the potential of the components
is even higher if a scheme optimizing the EV charging and
BSS at once is used, while considering the PV generation.
Here, the savings using an optimal control scheme based on
dynamic programming is evaluated, as well as introducing a
BSS. Three different locations in Sweden are considered, as
well as Munich in Germany. The differences between these
locations mainly affect the PV generation and the differences
in electricity price between the countries. In Germany the
electricity price is at high and at flat rate, while the electric
price varies at hourly in Sweden and is cheaper.
A. Problem formulation
The aim of this paper is to investigate the electricity cost
savings by installing PV and BSS systems within private
houses including EV charging. The benefits of optimizing
the usage of these systems in a combined optimal control
problem is investigated. The pricing strategies for electricity
is very different in Sweden, where the prices varies at an
hourly rate, and Germany where a flat rate is used. The
differences between installing PV and BSS in these two
countries are compared to understand if there is reason for
why BSS are more common in Germany.
II. M ODEL AND INPUT DATA
The models for the vehicle charging, BSS, and PV models
used in the optimizations are briefly described in this section.
Furthermore, available data for the household electric appliance consumption and the data required for the calculation
of solar output power is presented.
A. PV model
No data of the electric production from PV-panels from the
Swedish sites considered in this paper is available. However,
the solar radiation and outdoor temperature are available
from the Swedish Meteorological and Hydrological Institute
(SMHI) at an hourly sample rate since 1983. The solar
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Fig. 1: Standard equivalent one diode circuit diagram of a
PV cell

irradiation is separated into diffuse radiation, Gd , direct
radiation, Gb , and global radiation, Gh . In addition to the
possibility to model the output from the PV system based
on the geographic location, it is also possible to investigate
the impact of different inclination angles and positions of
the panels.
Several different models for PV are presented in the
literature. Here, the single diode model with both series
and parallel resistors is used, as in Figure 1. This model is
deemed as good balance between model accuracy and model
complexity [1], [2]. The photo current, Iph is computed by a
reference current Iph,ref , that is obtained by a short-circuit
test at standard test conditions (STC), the cell temperature,
T , the cell temperature at STC, TST C = 298K, the irradiance, G, the irradiance at STC, GST C = 1000W/m2 , and
the temperature coefficient of short circuit current as
Iph =

G
(Iph,ref + µsc ∗ (T − TST C ))
GST C

(1)

The cell temperature is computed by a static expression
based on G and the nominal cell operating temperature
(NOCT) as [3]
N OCT − 20
·G
(2)
800
The diode current, ID , in the model is computed by the
reverse saturation or leakage current of the diode I0 , on the
diode imposed voltage, VD , the cell current output, I, and
the thermal voltage, a.
h V +I·Rs
i
ID = I0 e( a ) − 1
(3)
Tcell (C ◦ ) = Tamb +

where a is computed by the number of in series connected
cells, Ns , the ideality factor, A, which is 1.2 and 1.3 for
Si-mono and Si-poly respectively, the Boltzmann constant,
k, the actual cell temperature, TC , the electron charge, q,
and the thermal voltage, VT .
a=

Ns · A · k · TC
= Ns · A · VT
q

(4)

The current leak, IP , depends on the output voltage V ,
output current I, the internal series resistance, Rs , and the
shunt resistance Rp as
I = Iph − I0 [exp(

V + I · Rs
V + Rs · I
) − 1] −
a
Rp

(5)

I = Iph − I0 [exp(

V + I · Rs
V + Rs · I
) − 1] −
Ns · A · VT
Rp

(7)

Some parameters like the temperature coefficient of the
short-circuit current µsc , the short-circuit current ISC under
STC or the number of in series connected cells are provided
by the manufacturer, whereas some parameters like the
resistance have to be assumed or calculated.
It is common that radiation data is available for a horizontal surface. However, the global radiation G in (1) is
the irradiation on the tilted surface. Therefore, G is to be
computed based on the direct radiation on the horizontal
surface, Gb , the diffuse radiation on the horizontal surface,
Gd , the global radiation on the horizontal surface, Gh ,
inclination angle of surface against horizontal plane, β,
incidence angle on inclined surface, θ, crown angle of the
sun, θz , and a reflection coefficient, ρ. The global irradiance
on the inclined surface is computed according to [4].
G = Gb ·

1 − cos β
1 + cos β
cos θ
+ Gh · ρ ·
(8)
+ Gd ·
cos θZ
2
2

1) Validation: The PV model is validated using measurement data from the PV installation at Technical University
Munich (TUM). The installed peak power is 14kW, and the
output power is measured every second. The solar radiation
and outdoor temperature are provided by the Meteorological Institute Munich of the Ludwig-Maximilians-University
Munich at a minutely rate. Based on data from year 2016 the
hourly average for these signals are computed, to match the
sample time in the optimization presented in Section III. The
PV and measuring station are on the roof in approximately
the same height without any shading coefficient. Both are
located in the same area with a distance of 500 meters.
The model is primarily parametrized using data sheets for
the PV panels. However, comparing the simulation results
using these parameters with the measurements of the output
power from the panels results in a significant difference in
the peak power produced during the year. Therefore, the
parameters used in the model are tuned based on the measurement data to achieve a better fit. A comparison between
the measured electric output and the simulated output is
presented in Figure 2 for one week at winter and one day at
summer. As can be seen the model accurately describes the
physical PV system. The yearly production and peak power
is computed for the model and the measurements, and is
presented in Table I. See [5] for details.
TABLE I: Measured and simulated electricity generation of
14kWp PV system in Munich. The installed PV model is
First Solar FS-265
Yearly electricity generation [MWh]
Maximum electricity generation [kWh/h]

Measurement
12.458
10.998

Simulation
12.457
11.096

El. output [kWh/h]
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Comparison of measured and simulated electricity generation
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Fig. 2: Measured and simulated generated electricity of the
14 kWp PV system located in Munich for two weeks in 2016
using PWX 500 PV module (49 W)

III. O PTIMIZATION METHOD

B. Battery storage system
The battery model is a low complexity model. The state of
charge of the battery, xSoC,BSS is computed by the power
to the battery, PBSS , the storage capacity QBSS , and an
efficiency, ηBSS
PBSS
dxSoC,BSS
= ηBSS
,
dt
QBSS

xSoC,BSS ∈ {0, 1}

(9)

C. Electric vehicle charging
The vehicle is assumed to be used every day and the
battery is discharged during the driving. Exactly how the
driving mission is performed is not of interest in this
investigation, since it is the household electricity usage that
is of interest. Therefore, it is needed to model when the
vehicle is connected to the grid and when the vehicle is
out of home. No charging outside of home is assumed.
Furthermore, the time for when the vehicle is to be fully
charged is also to be modeled.
During the charging the battery state of charge, xSoC,EV ,
is modeled as in (9)
dxSoC,EV
PEV
= ηEV
,
dt
QEV

Fig. 3: Overview of implemented model and the components
to be optimized.

xSoC,EV ∈ {0, 1}

(10)

D. Available data
In the analysis data for the household appliance consumption is required. Data from 27 households is available. These
houses are heated with district heating, and therefore it is
assumed that no electricity is used for heating of the house.
The data is sampled at an hourly rate. The yearly electric
consumption for the households varies from 1.0MWh to
9.9MWh, and one household using 5.2MWh per year is
selected to be used in the analysis.
As stated in above, the solar radiation and outdoor temperature is required to compute the generated power from
the PV panels. The Swedish Meteorological and Hydrological Institute (SMHI) records the temperature, the solar
irradiance, divided into the global radiation on a horizontal
surface, Gh , diffuse radiation, Gd , and direct radiation, Gb .
These data signals are sampled at an hourly basis and are
provided for the investigated locations Kiruna, Visby, and
Norrköping. As comparison, the solar radiation in Munich,
provided by the Meteorological Institute Munich of the
Ludwig-Maximilians-University Munich, is analyzed. All
the used meteorological data is from year 2016.

Exploiting the full potential of a electricity cost reduction,
a smart energy management system (EMS) is necessary to
optimize the interaction between PV generation, household
appliance consumption, EV charging and battery storage
system. Figure 3 shows the structure of the components
included in the EMS. The method used to find the optimal
solution of the smart energy management system is dynamic
programming. The basic idea using this approach will be
described in this section. The optimization objective is to
minimize the energy cost for a single household, and the
objective function used in the optimization to achieve this is
described.

A. Dynamic programming
One key advantage using dynamic programming is that
the global optimal solution is found, while there is a risk
finding local minimums using numerical based algorithms.
The drawback, in general, is computational complexity and
that the system description needs to be in discrete forum.
Finding the optimal solution for the control of EV charging
and the BSS is manageable from computational complexity,
but the continuous model description needs to be dicretized.
The states in the optimal control problem X ∈ Rm×n are
xSoC,EV and xSoC,BSS , where m and n are the number of
discrete values each state can take in the optimization. The
control signals U ∈ Ro×p are PEV and PBSS , and o and
p the number of discretization points in the control signal
respectively. The initial values of the states are denoted
xSoC,EV,0 and xSoC,BSS,0 .
The approach is illustrated using Figure 4 considering
one state, xSoC,EV . The figure presents a matrix including
information about the cost to reach the end time point, tN ,
from any time tk and state xSoC,EV,k . This matrix is denoted
cost-to-go, g. Adding an additional state, e.g. xSoC,BSS ,
results in a three dimensional cost-to-go matrix, but the
idea of the algorithm is the same. The first step in dynamic
programming is to find a minimal cost to go values from
each point in the grid of time points and states and store
this value in the matrix. The algorithm starts at the end time
point and the final cost, JN , is assigned to avoid ending up
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Fig. 4: Simplified description of the state grid and optimal
cost-to-go trajectory for a certain time and state selection.

in a too low state value. Here

∞, ∀xiSoC,EV,N < xSoC,EV,0 , i ∈ {1, m}
JN =
0, ∀xiSoC,EV,N ≥ xSoC,EV,0 , i ∈ {1, m}
(11)
to avoid ending up with a lower charging level in the battery
in the end of the optimization period.
B. Minimization criteria
The objective using the optimal control is to minimize the
electricity cost for a time period T . As mentioned above,
PEV and PBSS are the control signals to be found, and
the household appliance power, Phouse , is included as an
uncontrollable disturbance. The power from the grid, or
delivered to the grid, is expressed by
Pgrid = Phouse + PEV + PBSS − PP V

(12)

The electricity price varies hourly in Sweden, but also differs
when buying or selling electricity. The cost for buying and
selling one kWh electricity is denoted Cb,k and Cs,k , where
k is the time index. The energy consumption per time step
is found by multiplying the power with the time step ∆k .
The optimization criteria is
min

∀t ∈ Tavail

Ch
PEV,k

The state of charge of the battery is limited as

Pch, k1

N
X

Ch
PEV,k
≤ P̃EV

max {Pgrid,k , 0} · Cb,k + min {Pgrid,k , 0} · Cs,k

k=1

(13)
where N corresponds to the time index at time T .
There are constraint in the electric system that are described below.
1) Maximum power: The magnitude of Pgrid is limited
to a maximum power P̃grid to avoid blowing the fuse
of the household, as
|PGrid,k | ≤ P̃Grid

(14)

2) Electric vehicle: The electric vehicle is only connected
to the grid at parts of the time. The assumed usage patterns of the vehicle are described in IV. The time the
vehicle is connected to the grid is denoted TEV,avail .
Power can only flow from the grid to the vehicle
battery, and not vice verse. The maximum charging
power is denoted P̃EV , and the constraint is formulated

(17)

Before the EV is used, the battery has to be fully
charged on every day at time TEV f ull .
xSOC,EV (t) = 1

∀t ∈ TEV f ull

(18)

3) Battery storage system: The BSS can be charged and
discharged at any time, and the power is limited to the
maximum power P̃BSS
|PBSS,k | ≤ P̃BSS

(19)

The limit xSoC,BSS is
0 ≤ xSoC,BSS (t) ≤ 1

(20)

IV. R ESULTS
In this section the impact of different technical configurations on the total energy cost is investigated, as well as
different control schemes of how these systems are are used.
The optimal solution depends for example on the electricity
price.
The daily driving distance is randomized. Based on real
driving investigations in Sweden and Germany [6], [7], [8],
realistic mean driving distances are found. The mean driving
distance is set to 40km at weekdays and 35km at weekends,
resulting in a yearly driving distance of 14300km. According
to [9] the Nissan Leaf was the most new-released electric
vehicle in Sweden during the first half of 2016 and 2017.
The energy consumption from The New European Driving
Cycle (NEDC) is measured to 15.0 KWh/100km [10]. It
is common that the energy consumption is higher at real
driving compared to the certification cycle. Furthermore,
climate control of the compartment significantly affects the
energy consumption of the vehicle. Due to the cold climate in
Sweden, it is therefore assumed that the energy consumption
is between 17-22 kWh/100 km during the summer season and
29-34 kWh/100 km during the winter season. The time, when
the EV is available for charging, is estimated with values of
the normal distribution with a mean of 5pm for weekdays
and 3pm during the weekend. The standard deviation is in
both cases 1 hour. The charging process for each day over
the night has to be finished between 6 and 9 am during the
weeks and between 8-10 am on the weekends. In the case
of xSoC,EV < 0.5 when the vehicle is plugged in after the
driving mission, the vehicle is immediately charged to 50%.
The charging efficiency ηEV is set to 85% [11].
The yield from a PV installation is about 1MWh per
installed kW peak power. To match the household appliance
consumption, a PV installation of 5KWp is assumed in the
analysis. A common configuration of the size of the BSS
is 1kWh per MWh yearly energy production from the PV,
see for example [12]. Therefore, in this study the nominal
value for the BSS size is 5kWh. The efficiency ηBSS is set
to 95%.

The cost for buying electricity, Cb , is computed based
on energy price, grid fees, and taxes. The spot price, or the
energy price, is denoted Cspot , the cost to the energy supplier
Ces , the fee to the grid owner, Cgrid , the energy tax Ctax ,
and VAT, γV AT
(21)

where the values for these parameters are found in Table II,
except for Cspot that is time dependent.
The value of one sold kWh energy, Cs is computed by a
tax reduction, Ctax,red , electric certificate, Ccert , and grid
compensation from the grid company, Cgrid,comp as
Cs = Cspot + Ctax,red + Ccert + Cgrid,comp

TABLE II: Parameters used in the computation of the
electricity cost.
Value [SEK/kWH]
0.035
0.196
0.33
0.60
0.07
0.035
25%

End consumer price
Scenario Future
Scenario Now
Scenario Munich

4.5
4
3.5
3
2.5
2
1.5
1
0.5
Jul

Time

Aug Sep Oct Nov Dec
2016

(a) End consumer price]

(22)

Values for these parameters are also found in Table II.
The payment for the certificates varies in time, but is here
assumed as a constant.

Parameter
Ces
Cgrid
Ctax
Ctax,red
Ccert
Cgrid,comp
γV AT

5

0
Jan Feb Mar Apr May Jun

Electricity Spot Price [SEK/kWh]

Cb = (Cspot + Ces + Cgrid + Ctax ) · (1 + γV AT )

Electricity Spot Price [SEK/kWh]

2nd E-Mobility Power System Integration Symposium | Stockholm, Sweden | 15 October 2018

5

Feed-in tariff
Scenario Future
Scenario Now
Scenario Munich

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
Jan Feb Mar Apr May Jun

Jul

Time

Aug Sep Oct Nov Dec
2016

(b) End consumer feed-in tariff

Fig. 5: Different tariffs for the three scenarios.
There are three different pricing scenarios that are compared:
• Current scenario: The values for Cspot is the costs from
2016.
• Future scenario: The fluctuations in the electric prices
are expected to increase in the future. Furthermore, the
incentives for renewable micro production are expected
to decrease. To investigate the optimal solution a future
scenario is investigated, based on the spot market data
from 2016, but the magnitude of the deviations from the
mean electricity price are increased by 50%. The incentives are assumed to be removed and implemented by
Ctax,red = 0SEK/kW h and Ccert = 0SEK/kW h.
• Flat rate: In Germany the electric price is constant over
the year. How this pricing strategy affects the solution is
investigated using costs from Munich. The feed-in tariff
is significantly lower compared to the end consumer
price, but the pricing for both consumption and feed-in
are still on a higher price level compared to the Swedish
electricity price.
The end consumer prices and feed-in tariffs are are presented
in Figure 5.
A. Current scenario
The energy cost using the current scenario is found
without any optimal control, denoted energy management
system (EMS), PV, and BSS. When no EMS is available the
EV is fully charged when the vehicle is plugged in. The
total electric cost for household appliance electricity and
EV charging is 9780 SEK. The cost reduction due to PV
installation depends on the site, and the cost reduction is
presented in Table III.

TABLE III: Yearly electricity costs when PV generation is
installed, when an optimal energy management system is
included, and when a BSS is added to the system. The
pricing scenario is current scenario.
Yearly electricity costs (reference): 9780 SEK
cost PV [SEK]
cost PV &
EMS [SEK]
Norrköping
4961 (49.3%)
4466 (54.3%)
Kiruna
6132 (37.3%)
5637 (42.4%)
Visby
4496 (54.0%)
4003 (59.1%)
Munich
4718 (51.8%)
4227 (56.8%)

cost PV, EMS &
BSS [SEK]
4149 (57.6%)
5326 (45.5%)
3684 (62.3%)
3904 (60.1%)

The table shows the yearly electricity costs for different
setups. The most simple one is the usage of only a PV system
and a heuristic control algorithm for EV charging (“PV”), a
setup using a PV system but optimal control of EV charging
(“PV & EMS”), and the most complex system including the
installation of a PV system in combination with an intelligent
EMS and a BSS (”PV & EMS & BSS”). The relative savings
to the reference cost are presented in the parenthesis in the
table. For all sites the PV panels are south orientated and
tilted 44◦ . In the table it can be seen that cost reduction due
to PV installation is similar to all sites except Kiruna in the
northern part of Sweden. Adding an EMS cuts the energy
costs additionally 5%, while installation of a BSS slightly
less.
The electricity cost varies with the orientation and angle of
the roof of the PV installation. In Figure 6 the total electricity
cost is presented when the 5kW PV installation is oriented in
different directions. The directions are east, south, and west,
and the roof inclination angles investigated are 22◦ and 44◦ .
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Fig. 6: Electricity costs for the heuristic, uncontrolled charging, the optimized EV charging and the optimized EV and
BSS operation for Norrköping, current scenario.
TABLE IV: Reference and yearly electricity costs and reduction due to PV generation, EMS and BSS for south oriented
PV systems, tilted by 44 ◦ , future scenario.
Yearly electricity costs (reference): 10815SEK
cost PV [SEK]
cost PV &
EMS [SEK]
Norrköping
8066 (25.4%)
7059 (34.7%)
Kiruna
8729 (19.2%)
7708 (28.7%)
Visby
7883 (27.1%)
6902 (36.2%)
Munich
7746 (28.4%)
6838 (36.8%)

EV
PV+EV
PV+EV EMS
PV+EV+BSS EMS

-5

cost PV, EMS &
BSS [SEK]
5650 (47.8%)
6471 (40.2%)
5481 (49.3%)
5375 (50.3%)

The decrease in the cost due to EMS and BSS is similar due
to orientation of PV, but there is slightly higher potential for
installation of EMS and BSS in the south oriented roof.
The influence on total power consumed, or feed-in, to the
grid using different configurations are presented in Figure 7.
The example shows the power flows from the evening of
April 4 till the morning April 6 in a south oriented roof, 44◦
angle, in Norrköping. The blue solid line shows the case
where no optimal control, household appliance electricity,
and EV charging are considered. The vehicle arrives at home
at 5pm April 5, and is fully charged within one hour. When
adding the PV system, power is feed-in to the grid at daytime, see the yellow solid line. When adding an EMS, the EV
charging is changed in time till the night when the electricity
price is at the lowest rate. The vehicle is still fully charged till
the morning. Adding a BSS increases the maximum power
consumed when the electric price is at minimum, but also
increases the feed-in power when the electricity price is at
the highest rate for the day. The differences in price are for
this day large enough for being optimal to use the battery,
even though there are losses in the battery. Note that no cost
for depletion of the battery is included in the optimal control
in this case.
B. Future scenario
The assumptions in the future scenario results in a lower
feed-in tariff, which results in lower profitability in PV, but
also a greater profitability in investing in an EMS and BSS,
as can be seen in Table IV. The reasons are that it is more
important to use the self-produced electricity in this scenario,
but also that the hourly price fluctuations increases.
C. Flat rate
The Munich price rate is used on all sites, and the results
are presented in Table V. The electricity cost is significantly

Electricity price [SEK/kWh]

Electricity costs [SEK]

6000

Apr 04, 20:00

Apr 05, 06:00

Apr 04, 20:00

Apr 05, 06:00

Apr 05, 16:00

Apr 06, 02:00
2016

Apr 05, 16:00

Apr 06, 02:00
2016

1.2
1.1
1
0.9

time

Fig. 7: The total power for the household appliance load
and additional systems as presented in Table III, current
scenario.
TABLE V: Yearly electricity costs and reduction due to PV
generation, EMS and BSS for south oriented PV systems,
tilted by 44 ◦ , flat rate.
Yearly electricity costs (reference): 23366 SEK
cost PV [SEK]
cost PV &
EMS [SEK]
Norrköping
16034 (31.4)
15473 (33.7)
Kiruna
17586 (24.7)
17132 (26.7)
Visby
15362 (34.3)
14816 (36.6)
Munich
15541 (33.5)
15187 (35.0)

cost PV, EMS &
BSS [SEK]
13998 (40.1)
16015 (31.5)
13353 (42.9)
13587 (41.9)

higher using this pricing strategy. The cost for household
appliance electricity and EV charging is 23366 SEK. The
cost reduction is higher installing PV compared to the
current scenario, but the relative cost savings are smaller.
The benefit of using an EMS is small due to the flat rate,
but there is a small potential of charging the EV when
the PVs produce power, and thereby maximizing the selfusage of the produced power. The potential of installing a
BSS is significantly higher compared to the Swedish pricing
strategies. The reason is that the difference between buying
and selling electricity is higher in Germany, and therefore
the benefit of installing a BSS is higher to be able to store
produced power from the day till the night.
D. Profitability analysis
In Tables III to V the electricity cost reduction installing
for example BSS is investigated using different pricing
scenarios. Battery aging can be divided into calendar aging
and cyclic aging. To consider the aging of the battery due
to usage of the battery a cost is added for using the battery.
This cost is difficult to find, since the aging of the battery
depends on many parameters, for example temperature, humidity, power, and depth of discharge. An optimistic cost for
storing one kWh energy in the battery is 1.7SEK, resulting
in 0.7SEK/kWh considering the current subsidy from the
Swedish government. Including this cost in the optimization
results in that the BSS is used very little, only 70kWh are
stored during the entire year using the current price scenario.
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Similar result is achieved using the future scenario, and the
reason is the high feed-in tariffs in the Swedish system.
Considering the flat rate scenario on the current Munich
pricing level, a cost for using the BSS of 1.3SEK/kWh
is profitable. Comparing this with the stated 1.7SEK/kWh
above results in that further cost reduction alternatively
increased spread between feed-in tariffs and buying tariffs
results in that the BSS may be profitable.
V. C ONCLUSION
Simulations shows that the annual electricity generation
from a PV installation within a household is similar in
southern parts of Sweden and southern parts of Germany.
The cost reduction of installing PVs is however larger in
Munich compared to Sweden due to the differences in the
electricity pricing tariffs.
The benefits of installing a smart energy management
system optimizing the charging of an electric vehicle given
the household appliance consumption, PV generation, and
electric price, are larger in Sweden compared to Germany.
This is due to the hourly varying electricity price. The
benefits of such a system in Germany is to maximize the
self-consumption of the generated solar power.
Benefits due to installation of BSS turns out small. The
optimizations show that energy cost savings can be achieved,
but no profitability can be expected for all three scenarios.
The current electricity pricing structure and price level in
Sweden does not support the investment in a BSS. However,
using the current German pricing tariff it is close to reach
break even installing a BSS considering the investment cost.
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