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Abstract. This study uses simulation-based analysis to examine how a real-time pricing elec-
tricity tariff and time-of-use grid charges affect different residential households with photovol-
taic generator and battery energy storage system. The study aligns with other research in
terms of general trends. A novelty of this work is the completely reworked methodology re-
garding the level of detail in which the households are modeled. The findings confirm that
economic benefits are achievable through price-based control, especially when combining
real-time pricing electricity tariffs and time-of-use grid charges. With a standalone 5-kWh bat-
tery system and without a photovoltaic generator they save €153/year on electricity costs on
average when just using real-time pricing. If the nominal charging power of the battery inverter
is lifted from 2 kW to 3 kW the reference household saves €35/year, whilst the nominal dis-
charge power of 1 kW is sufficient enough to reach the maximum savings for this usable battery
capacity. Furthermore, if the time-of-use grid charges are incorporated as well the savings can
be increased to €233/year on average. However, in case that an additional 10-kW photovoltaic
generator is installed the savings are diminished to €64/year. Depending on the scenario, some
households would even pay more than before. Photovoltaic systems reduce the potential sav-
ings of real-time pricing electricity tariffs since their generation often aligns with low-price peri-
ods. Future research should further explore potential savings for other controllable devices like
heat pumps and electric vehicles.
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1. Introduction

Real-time pricing (RTP) or dynamic electricity tariffs and time-of-use (TOU) grid charges offer
homeowners a financial incentive to shift their consumption to off-peak times wherever possi-
ble. Transmission and distribution system operators (TSOs, DSOs) in particular see this as an
opportunity to avoid grid bottlenecks and thus the option to reduce costs for grid expansion
measures or redispatch, especially in the future with a high penetration of full electrified appli-
ances [1].

Several case studies as well as pilot projects by manufacturers of photovoltaic (PV) invert-
ers, battery energy storage systems (BESS), and energy management systems (EMS) have
already shown that residential customers can achieve economic benefits by switching to RTP
tariffs and TOU grid charges, e.g. [2], [3]. The focus lies particularly on controllable consump-
tion devices such as heat pumps and private charging points, but there are also repeated
considerations regarding BESS in combination with and without a PV generator [4].
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RTP tariffs based on wholesale prices are signals that reflect the overall system status of
the grid and market. If based on merit order, low prices usually correlate to high shares of
renewable generation and high prices indicate the opposite or in general a high residual load.
By making the option of RTP tariffs mandatory for electricity providers, customers’ load may
increase or decrease to a certain degree at different times. However, balancing the market in
this way on the highest system level might lead to conflicts with local grid requirements. For
example, low wholesale prices and thus low RTP prices can intensify grid shortages due to
avalanche effects as a result of synchronization. To counteract this problem, local price signals
are needed, which can be implemented in form of TOU grid charges [4].

German TSOs and DSOs are eligible by law to pass grid expansion and maintenance
costs onto customers in the form of grid charges, which are regulated by upper limits. Until
recently, this has generally been a fixed value for residential customers. Due to §14a of the
Energiewirtschaftsgesetz (EnWG) DSOs have direct access to newly built Steuerbare Ver-
brauchseinrichtungen or controllable consumption devices, e.g. heat pumps, charging points,
BESS, etc. In the case of a critical grid situation the DSO is entitled to reduce the maximum
power drawn from the grid by households by sending a control signal to their smart meter. As
a compensation mechanism, the customer is given a choice between the following options [5]:

Module 1 represents a flat reduction in grid fees. Depending on the local DSO, the amount
ranges between €110/year and €190/year as of 2023. The reduction is paid only once, even if
there are multiple controllable consumption devices at the same market location [6].

Module 2 offers a 60% reduction of the working price of the grid fees. This option requires
separate metering of the chosen controllable consumption devices. The base grid fee is just
paid once and not multiple times for each device.

Module 3 can only be chosen with Module 1, e.g. it is always a combination of Module 1
and Module 3. This option allows customers use TOU grid charges. Grid operators are obliged
to determine times with high and low grid charges for at least two quarters of the year. During
this time the working price of the grid charges may indicate grid utilization. Thus, encouraging
consumers to shift their electricity consumption of the controllable devices to more favorable
times from the local DSOs perspective. Therefore, the TOU grid charges can vary among the
DSOs to meet their anticipated grid relieving requirements.

On the one hand, Module 3 is designed to balance local generation and consumption
imbalances directly onsite. On the other hand, it is used to provide an incentive for off-peak
consumption. These measures give the grid operator not only an option to influence the power
consumption in emergencies to a certain extent but also market-based control, thereby theo-
retically reducing the need for grid expansion due to market-driven behavior of customers [7].

While numerous studies using simulation-based analysis have already examined the in-
fluence of the presented price signals on the distribution grid [1], [2], [3], there is a lack of
comprehensive results regarding the economic efficiency for various end-customer use cases.
Even when the financial viability for residential customers is examined, it is a fixed set of tech-
nical parameters and system sizing [4], [8], [9], [10], [12], [14]. Different conditions result in
individual scenarios, and the variability of key system parameters such as power consumption
and nominal BESS charging and discharging power increases the complexity of the analysis.

Research questions: This paper investigates the impact of an RTP electricity tariff and
TOU grid charges on 27 households through the simulation of one operational year for different
scenarios. The following central questions are addressed:

1. In which scenarios do the households benefit financially from switching to RTP elec-
tricity and TOU grid charges?
2. Which system parameters have the largest influence on the potential savings?
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2. Model Description and Input

This section describes the simulation model that was used to obtain the results and answer
the proposed research questions. Afterwards, the model input is presented and to some extent
analyzed. A simulation model for a residential PV-BESS called simbat is used [15]. So far, the
BESS in the model is controlled to optimize self-consumption. For this work, the model is ex-
tended to be able to control the BESS to incorporate price signals, such as RTP tariff and TOU
grid charges.

Conventional control strategies for PV-BESS follow a surplus-charging principle, where
the battery is charged immediately when PV generation exceeds electrical load. When there
is no solar surplus, the battery covers these loads within the limits of its discharge capacity and
its current state of charge (SOC). However, this control strategy does not take any price signals
into account, which is why the BESS is only charged by the electricity generated by the PV
itself, and the storage system does not prioritizes discharge times.

Therefore, the implemented model predictive control searches within a rolling-horizon
ideal forecast of the combined time series of RTP tariff and TOU grid charges for low-price
time frames. The controller uses the load consumed in the coming hours, the initial SOC at the
current time, and a perfect forecast of PV generation to check in advance whether grid charging
in the current time step offers an economic advantage. The price spread between the points
of charging and upcoming discharge period must reach a certain threshold to compensate the
conversion and storage losses. In this study a minimum of 19% is needed, due to the chosen
inverter efficiencies of 91.9% (Inverter - charging), 91.8% (Inverter - discharging), and 96%
(Battery). Within the discharge periods, the EMS prioritizes loads during times of high electricity
costs in order to minimize grid procurement costs.

To compare the financial gains of the different system configurations and scenarios, a key
performance index (KPI) is needed. In addition to common figures such as the share of self-
consumption or the degree of self-sufficiency, economic approaches are often used for the
evaluation [16]. The most obvious comparison is that of annual grid procurement costs
Cg2ac, Which are determined as follows:

Cozac = Xt Ecaac(t)  Dezac(t) = X Pooac(t) * Pozac(®) - At (1)

The variable Eg,ac describes the energy drawn from the grid and pg,ac the price of elec-
tricity at each moment. The energy sum is calculated with the power drawn from the grid Pg,ac-
Furthermore, the step size of the simulation At is needed to quantify the energy sums. A step
size of 15 min is chosen for the simulation as a compromise between the accuracy of the
results and the computing time of the simulation, which is quite important due to the many
parameter variations. As the focus of this study lies on price signals with a minimum time step
of 15 min, the chosen At is adequate, as smaller step sizes are mainly needed for efficiency
characterisations of BESS [17]. The savings on electricity costs Cyi¢ are calculated to quantify
the economic benefit from switching to the RTP electricity tariff from a fixed tariff:

Caifr = CGZAC,36ct - CGZAC,dyn (2)

Cc2ac36ct describes the grid procurement costs for a system with a fixed €0.36/kWh-tariff
without any grid charge reduction. In comparison, Cgzac,dyn describes the electricity costs for
the same household but with the RTP tariff. In the following the achievable cost savings of the
reference system or all households through the switch to the RTP tariff are just referred to as
savings. The usage of TOU grid charges is defined in certain scenarios, e.g. if a household is
using them in a scenario the variable Cg,acayn also includes them.
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The simulation model needs different inputs: Irradiation and temperature data from the German
Weather Service (DWD) of 2024 [18] is used to simulate the PV generation. German day-
ahead wholesale electricity prices for the same period [19] are the basis for the RTP electricity
tariff which is synthesized with average values of taxes, levies, etc. for German residential
households according to [20]. Furthermore, electrical load profiles of 27 real German house-
holds and TOU grid charges from 14 German DSOs are used. All simulation parameters and
a comprehensive description of the simulation model are available online [21].

Electrical load profiles are essential for simulating household consumption behavior. Since
peaks in electrical consumption often occur only in very short time windows, high-resolution
electrical profiles are essential for analyzing load fluctuations in households [22]. The data
basis for this study is provided by the publicly available data set of several residential load
profiles from multiple single-family households by Schlemminger et al. . Eleven households
are excluded from the analysis due to larger measurement gaps or system changes during the
measurement period, which is why only 27 households from the data set are used for the
investigation in this work. The operating year 2019 is selected because a full year is required
and the data of 2019 contains a larger number of plausible load profiles compared to 2020.
The households examined consumed between 1146 kWh/year and 5490 kWh/year in 2019
and showed peak loads between 5.2 kW and 11.6 kW. The median consumption was
2946 kWh/year.

Figure 1 (left) shows the average daily progression of the electrical profiles regarding their
share of the annual consumption. The daily consumption is strongly influenced by the presence
and usage behavior of the homeowners, e.g., work (office, home office, shifts). Typical load
profiles are often characterized by increased consumption in the evening hours and low con-
sumption during the night. The prediction interval and interquartile range (IQR) are shown to
demonstrate the variety of the 27 profiles. A reference profile is chosen which represents the
group best regarding consumption (3133 kWh/year), daily, weekly and seasonal progression.

Figure 1 (right) supplements the previous graph by showing the average seasonal pro-
gression. The median of all profiles clearly shows the trend of lower consumption in the sum-
mer months and higher consumption during winter [24]. However, the IQR range clearly shows
how the seasonal progression can vary depending on the electrical load profile. Seasonal dif-
ferences can often be explained by certain household equipment and length of use over the
course of the year. Small electrical heating units or saunas often increase consumption during
the heating season, whereas air conditioning leads to increased consumption in the summer
months. The data set used for this work lists electrical consumption for heating with heat pumps
in a separate data series, which is not included in this analysis. Accordingly, the higher con-
sumption in the winter months can be attributed to other consumers or adjusted user behavior.
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Figure 1. Daily (left) and seasonal (right) progression of the reference load profile, as well as all 27
load profiles and their median
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Next to the load profiles, the price signals in the form of RTP electricity tariffs and TOU
grid charges are additional inputs. Figure 2 (left) shows the day-ahead electricity wholesale
prices for 2024. They are the main component of the RTP tariff, levies stay consistent per kWh
and the taxes amplify the signal as they are calculated by percentage. A comparatively higher
wholesale price is particularly noticeable between 6:00 a.m. and 9:00 a.m. and between 5:00
p.m. and 9:00 p.m. The daily local maximum price is often around €0.20/kWh. Between late
morning and early afternoon, prices often fall below €0.10/kWh on many days. This diurnal
characteristic is not constant throughout the year, but adapts to the seasonally fluctuating times
with available PV energy. In January, February, November and December, this trend is less
noticeable compared to the rest of the year.

Furthermore, several days with comparatively higher electricity wholesale prices are seen
from November to December, resulting from cold temperatures in combination with low elec-
tricity generation from renewable sources such as PV and wind energy. When renewable
sources cannot generate sufficient energy, gas-fired power plants that can be activated very
quickly are increasingly started up. Due to the declining available capacity of nuclear and coal
power plants in Germany, gas turbines are increasingly stepping in [25]. This is one of the main
drivers of expensive wholesale electricity prices [2].

Compared to RTP tariffs, TOU grid charges after Module 3 §14a (EnWG) are clearly de-
fined each year. Figure 2 (right) illustrates the three grid charge levels for 14 German DSOs
indicated by the colors. The DSO names are listed in Table 1. For each DSO, there are three
levels, but to enable a better comparison between DSOs the absolute price of the grid charge
is indicated in the form of a color bar. 13 of the 14 DSOs offer a low charge during the night
and morning hours to encourage customers to use their controllable devices during these
times. The exception is the operator Netze BW (Nr. 11), who only offers low grid charges be-
tween 10:00 a.m. and 2:00 p.m. A possible reason might be the high levels of PV generation
in its grid, and the resulting oversupply of solar energy, especially at midday.

Table 1. Full names of the DSOs which TOU grid charges after Module 3 §14a have been analyzed

Nr. | Name of DSO Nr. | Name of DSO

1 Stadtwerke Greifswald 8 | SH Netz

2 Wesernetz 9 Stadtwerke Bayreuth

3 | Stadt- und Uberlandwerke Luckau-Liibbenau | 10 | Energienetze Offenbach
4 Gera Netz 11 | Netze BW

5 Stadtwerke Hameln 12 | Sachsen Netze

6 Bayernwerk Netze 13 | Stromnetz Berlin

7 EV Inselsberg 14 | Hamburger Energienetze
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Figure 2. Daily and seasonal trends in German wholesale electricity prices in 2024 (left) and TOU grid
charges after Module 3 §14a of the EnWG for 14 German distribution system operators (right)
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3. Results

In this section the simulation results are presented. Firstly, the price-based control strategy is
shown and exemplarily analyzed for one day. Secondly, the impact of certain system parame-
ters and scenarios on the achievable RTP savings is explored.

The operation of the implemented price-led control is illustrated and analyzed. Figure 4
(left) shows the ideal (lossless) system behavior for an exemplary day. The following findings
can be identified from the simulation results:

e The PV-BESS charges between 2:00 a.m. and 3:00 a.m., as a low price of €0.28/kWh
is identified by the EMS. The BESS charges enough energy from the grid to cover all
loads until the surplus of PV generation occurs.

e The storage unit then discharges to cover all household loads as the RTP cost rises.
This allows the system to avoid grid consumption during this time period which would
add up to about 0.55 kWh.

e Thanks to the morning grid charge, the system with price-based control can cover the
loads during evening and nighttime not only until 6:30 p.m. (which would be the case
with self-consumption control), but until 10:30 p.m. and thus saves €0.17 on this par-
ticular day.

When the battery is charged from the grid at low prices, the charging power might influence
the possible savings, low-priced time windows could be quite short. Figure 4 (right) illustrates
this dependency. It shows the achievable cost savings of the reference profile through the use
of the RTP tariff depending on the charging and discharge capacity of the 5-kWh-BESS. The
household can save between €20/year and €69/year, with savings change most significantly
up to charging powers of 3 kW. By increasing the charging power from 2 kW to 3 kW, the
reference household saves an additional €35/year. Higher charging power is not necessarily
required with this specific storage capacity, as the power of the inverter is sufficient to take
advantage of the short low-priced windows to fully charge the battery.

The influence of the discharge power of the battery storage is clearly noticeable up to just
under 1 kKW. The reference household often requires power outputs below 1 kW, so a higher
discharge power is not significant for the achievable cost savings. In general, the cost savings
in the parameter range studied are achieved with a nominal discharge power of just under 2.8
kW. Optimal system combinations in terms of cost savings are close to the isoline of 4 kW of
charging power per 1 kW of discharge power.
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The results above refer to households that only use the RTP tariff; the TOU grid charges
have so far been neglected and the combination of both is therefore analyzed in the subse-
quent section. Figure 4 (left) shows the cost savings achieved by the 27 households with a
10-kW-PV generator and 5-kWh-BESS through the combination of RTP tariff, flat grid charge
reductions after Module 1 and TOU usage after Module 3 for 14 exemplary German DSOs.

The savings range from €3/year for one of the households with Stadtwerke Greifswald to
just under €155/year for a household in the area of Stadtwerke Bayreuth. The small range of
cost savings for households using Netze BW is particularly interesting. The savings within the
households differ by just under €20/year. The reason for the comparatively low absolute values
is the low range between low and high grid charges after Module 3 of this individual DSO.
Furthermore, of the 14 DSOs examined, Netze BW is the only one that does not include a low-
price time window at night or in the morning, but the only one offering lower grid charges at
midday. Due to PV generators of the households, the low-priced periods can almost only be
utilized for storage during the winter, which is why the savings for all households are compar-
atively low. A possible reason for the DSOs choices is the low wind capacity in the grid area
as well as the energy-intense and in shifts around the clock working industry.

For the scenario analysis, the DSO Stromnetz Berlin is chosen, the system retains a
5-kWh-BESS and for certain scenarios a 10-kW-PV generator. Figure 4 (right) summarizes
the range of cost savings achieved by the 27 households examined for the use cases analyzed
in this chapter. Households with only a BESS benefit significantly more from the use of the
RTP electricity tariff than households with a combined PV generator. Households with BESS
that use the combination of RTP and grid charge reduction through Module 1 and Module 3
(Scenario 4) see the greatest financial advantage. On average, these households save
€233/year compared to the fixed tariff without a reduction in grid fees. If they just use the RTP
tariff without the grid fee reduction they save between €49/year and €324/year (Scenario 1),
averaging €152/year. In comparison, households with a PV-BESS only achieve a guaranteed
financial advantage when using Module 1 (Scenario 6) or Module 1 and Module 3 (Scenario 8).
On average, the savings for these two use cases are €48/year and €64/year.

By using Module 2, all systems with a PV-BESS (Scenario 7) incur higher grid procure-
ment costs, with the median additional cost being €114/year. If these households are not enti-
tled to compensation for grid fees and only use the RTP tariff (Scenario 5), some households
may achieve savings, while others will pay more. On average, however, the savings are neg-
ative at around €4/year. Even households with a standalone BESS that use RTP and Module
2 (Scenario 3) might have to pay more compared to the Status Quo, in the worst case €39/year.
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Figure 4. Savings for the 27 households when choosing Module 1 in combination with Module 3 for 14
DSOs (left) and range of savings through the use of the real-time pricing electricity tariff for the 27
households for different scenarios in terms of installed technologies and regulations (right)
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4. Summary and Discussion

The simulation-based analysis of residential households with PV-BESS that use RTP electric-
ity tariffs and TOU grid charges after §14a of the EnWG shows that many of the examined
households in different scenarios are able to achieve financial gains compared to the status
quo with a fixed electricity tariff. But there are a few system configurations and scenarios where
the choice to use the named price signals is a financial disadvantage for some or even most
households.

By using a 5-kWh BESS without PV, the households save on average €152/year com-
pared to the fixed electricity tariff. Conversion losses have a significant impact on the quality
of energy management and system control. The benefits of the RTP tariff decrease with the
installation of a PV generator, since it mainly generates electricity during periods when the
dynamic tariff is favorable. By varying the charging power and battery storage capacity, the
highest savings can be achieved with a ratio of storage capacity to nominal charging power of
1 kWh to 0.65 kW.

By using the RTP tariff and combining Module 1 and Module 3, the reference household
can achieve savings of €74/year. Depending on the DSO, the households examined can save
between €3/year and €155/year. The lowest reductions are achieved by a household supplied
by Stadtwerke Greifswald, while the highest savings are achieved by a system located in the
grid area of Stadtwerke Bayreuth. In general, households without a PV generator but with a
BESS benefit most from the use of the price signals: By combining RTP tariff, flat grid charge
reduction (Module 1) and TOU grid charges (Module 3) the maximum savings are above
€400/year.

A comparison of the results of this paper with the current research in this field reveals
some significant deviations, but generally the same trends [10], [13], [14]. Several studies fo-
cus on the effects of price signals for residential homes on the distribution grid, which are not
examined in this study [2], [3], [4], [26]. Furthermore, only a few identified studies include the
costs for the needed measurement hardware and necessary control boxes in their cost analy-
sis, which makes the savings achieved through the RTP tariff in other studies appear signifi-
cantly higher. Not all studies consider a full year in their simulation of use cases [26], [27]. This
means that seasonal effects on system behavior are ignored, which can lead to distorted re-
sults, especially in households with PV systems.

Nevertheless, a critical view of the methodological approach used in this paper is neces-
sary. In general, it should be noted that the generalizability of the results is minimized by the
small sample size of only 27 real household electrical load profiles. Also, reference must be
made to the performance of the energy management system implemented in this study. Since
it is difficult to calculate the maximum theoretical cost savings, the quality of the energy man-
agement system cannot be directly assessed. In general, the implemented price-based control
approach proves to be effective; however, even a small improvement can make the use of
RTP tariffs and TOU grid charges much more financially attractive for various applications.

The results of this study have raised new questions that should be analyzed in more detail
in future research:

e What are the benefits of RTP electricity tariffs and TOU grid charges for households
with other controllable consumption devices such as heat pumps and electric vehi-
cles?

e To what extent can the quality and efficiency of the energy management system be
improved by using state-of-the-art optimization methods?
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project “KLIMTEC” as an open-source simulation model.

Author contributions
Lucas Meissner: conceptualization, methodology, software, simulation, writing — original draft.

Joseph Bergner: conceptualization, methodology, writing — review & editing. Volker
Quaschning: conceptualization, supervision.

Competing interests

The authors declare that they have no competing interests.

Funding

The “KLIMTEC” project (project duration: September 2024 to January 2028) is funded by the
Berliner Programm fur Nachhaltige Entwicklung 2 (BENE 2) with funds from the European
Regional Development Fund and the State of Berlin (funding code 2159-B3-F).

L Kofinanziert von der

*

RE Europaischen Union

s, | BERLIN | 3

Klimaschutz und Umwelt

*

References

[1] J. Stute und M. Kiihnbach, ,Dynamic pricing and the flexible consumer — Investigating grid
and financial implications: A case study for Germany*, Energy Strategy Rev., Bd. 45, S.
100987, Jan. 2023, doi: 10.1016/j.esr.2022.100987.

[2] Agora Energiewende und Forschungsstelle fir Energiewirtschaft e. V., ,Haushaltsnahe
Flexibilitaten nutzen. Wie Elektrofahrzeuge, Warmepumpen und Co. die Stromkosten flir
alle senken kdnnen.“ 2023. Zugegriffen: 10. Februar 2025. [Online]. Verfugbar unter:
https://www.agora-energiewende.de/fileadmin/Projekte/2023/2023-14_DE_Flex_he-
ben/A-EW_315_Flex_heben_WEB.pdf

[3] J. Stute und M. Kuhnbach, ,Dynamische Stromtarife unter Berlcksichtigung des Nutzen-
denverhaltens: Auswirkungen auf das Verteilnetz", in 12. Internationale Energiewirt-
schaftstagung an der TU Wien (IEWT 2021), Wien, Osterreich, 2021, S. 21. Zugegriffen:
22. Februar 2025. [Online]. Verfugbar unter: https://publica-rest.fraunhofer.de/ser-
ver/api/core/bitstreams/be2409c6-eb92-4e32-b4be-81983bed8ec1/content

[4] A. Eicke, L. Hirth, und J. Mihlenpfordt, ,Mehrwert dezentraler Flexibilitadt Oder: Was kostet
die verschleppte Flexibilisierung von Warmepumpen, Elektroautos und Heimspeichern?*,
Neon Neue Energiedkonomie, Kurzstudie, Marz 2024. Zugegriffen: 16. Januar 2025. [On-
line]. Verfugbar unter: neon.energy/mehrwert-flex



Meissner et al. | Dynamic Electricity Tariffs and TOU Grid Charges with PV-BESS (2026) "PV-Symposium 2026”

[5] Ffe, ,Variable Netzentgelte als Option fiir steuerbare Verbrauchseinrichtungen nach §14a*,
FfE. Zugegriffen: 16. April 2025. [Online]. Verfligbar unter: https://www.ffe.de/veroeffent-
lichungen/variable-netzentgelte-als-option-fuer-steuerbare-verbrauchseinrichtungen-
nach-%c2%a714a/

[6] Bundesnetzagentur, ,Bundesnetzagentur - Aktuelles - BK6-22-300“. Zugegriffen: 31. Marz
2025. [Online]. Verfugbar unter: https://www.bundesnetzagentur.de/DE/Beschlusskam-
mern/1_GZ/BK6-GZ/2022/BK6-22-300/BK6-22-300_Beschluss.html?nn=801456

[7] J. Stute und M. Klobasa, ,How do dynamic electricity tariffs and different grid charge de-
signs interact? - Implications for residential consumers and grid reinforcement require-
ments*, Energy Policy, Bd. 189, S. 114062, Juni 2024, doi: 10.1016/j.enpol.2024.114062.

[8] M. Ali, J. Jokisalo, K. Siren, und M. Lehtonen, ,,Combining the Demand Response of direct
electric space heating and partial thermal storage using LP optimization®, Electr. Power
Syst. Res., Bd. 106, S. 160-167, Jan. 2014, doi: 10.1016/j.epsr.2013.08.017.

[9] A. Pena-Bello, P. Schuetz, M. Berger, J. Worlitschek, M. K. Patel, und D. Parra, ,Decar-
bonizing heat with PV-coupled heat pumps supported by electricity and heat storage:
Impacts and trade-offs for prosumers and the grid“, Energy Convers. Manag., Bd. 240,
S. 114220, Juli 2021, doi: 10.1016/j.enconman.2021.114220.

[10]M. J. Blaschke, ,Dynamic pricing of electricity: Enabling demand response in domestic
households®, Energy Policy, Bd. 164, S. 112878, Mai 2022, doi: 10.1016/j.en-
pol.2022.112878.

[11]M. Von Bonin, E. Dérre, H. Al-Khzouz, M. Braun, und X. Zhou, ,Impact of Dynamic Electri-
city Tariff and Home PV System Incentives on Electric Vehicle Charging Behavior: Study
on Potential Grid Implications and Economic Effects for Households®, Energies, Bd. 15,
Nr. 3, S. 1079, Feb. 2022, doi: 10.3390/en15031079.

[12]C. Lohr, A. Eicke, und L. Hirth, ,Finanzielle Einsparpotentiale und Strommarkt-Erlése durch
flexibles und bidirektionales Laden von Elektroautos“, Neon Neue Energiedkonomie,
Kurzstudie, Feb. 2025. Zugegriffen: 1. Marz 2025. [Online]. Verfugbar unter:
www.neon.energy/intelligentes-laden

[13]M. Mileti¢, M. Grzani¢, I. Pavi¢, H. Pandzi¢, und T. Capuder, , The effects of household
automation and dynamic electricity pricing on consumers and suppliers®, Sustain. Energy
Grids Netw., Bd. 32, S. 100931, Dez. 2022, doi: 10.1016/j.segan.2022.100931.

[14]J. Stute, S. Pelka, M. Kiihnbach, und M. Klobasa, ,,Assessing the conditions for economic
viability of dynamic electricity retail tariffs for households®, Adv. Appl. Energy, Bd. 14, S.
100174, Juli 2024, doi: 10.1016/j.adapen.2024.100174.

[15]J. Weniger und N. Orth, ,simbat: simple PV-battery system model“, Hochschule fiir Technik
und Wirtschaft HTW Berlin. [Online]. Verfligbar unter: https://solar.htw-berlin.de

[16]J. Weniger, ,Bewertung der Energieeffizienz von netzgekoppelten Photovoltaik-Batterie-
systemen in Wohngebauden®, Dissertation, Technische Universitat Berlin, Berlin, 2019.

[17]J. Weniger, ,Dimensionierung und Netzintegration von PV-Speichersystemen®, Masterar-
beit, Hochschule fiir Technik und Wirtschaft Berlin, Berlin, 2013.

[18]S. Wacker und K. Behrens, ,Basic measurements of radiation at station Lindenberg (1994-
10 et seq)”, 2022, PANGAEA. doi: 10.1594/PANGAEA.946382.

[19],SMARD | SMARD - Strommarktdaten, Stromhandel und Stromerzeugung in Deutsch-
land“.  Zugegriffen:  23. November 2022. [Online].  Verfugbar unter:
https://www.smard.de/home

[20]Bundesverband der Energie und Wasserwirtschaft, ,BDEW-Strompreisanalyse Dezember
2024 Haushalte und Industrie®, BDEW Bundesverband der Energie-und Wasserwirt-
schaft e.V., Berlin, Dez. 2024.



Meissner et al. | Dynamic Electricity Tariffs and TOU Grid Charges with PV-BESS (2026) "PV-Symposium 2026”

[21]L. Meissner, ,Einfluss dynamischer Stromtarife und Netzentgelte auf Haushalte mit Pho-
tovoltaikanlage und Batteriespeichersystem®, Masterthesis, Hochschule fur Technik und
Wirtschaft Berlin, Berlin, 2025.

[22]J. Weniger, T. Tjaden, und V. Quaschning, ,Solare Unabhangigkeitserklarung®, Photovol-
taik, Nr. 10, S. 50-54, 2012.

[23]M. Schlemminger, T. Ohrdes, E. Schneider, und M. Knoop, ,Dataset on electrical single-
family house and heat pump load profiles in Germany*, Sci. Data, Bd. 9, Nr. 1, S. 56, Feb.
2022, doi: 10.1038/s41597-022-01156-1.

[24]J. Weniger, J. Bergner, T. Tjaden, und V. Quaschning, Dezentrale Solarstromspeicher fiir
die Energiewende. Berlin: Berliner Wissenschafts-Verlag, 2015.

[25]Fraunhofer ISE, ,Installierte Leistung | Energy Charts®“. Zugegriffen: 5. Marz 2020. [Online].
Verfugbar unter: https://www.energy-charts.de/power_inst_de.htm?year=all&period=an-
nual&type=inc_dec

[26]D. Aguilar-Dominguez, A. Dunbar, und S. Brown, , The electricity demand of an EV provi-
ding power via vehicle-to-home and its potential impact on the grid with different electricity
price tariffs“, Energy Rep., Bd. 6, S. 132-141, Mai 2020, doi: 10.1016/j.egyr.2020.03.007.

[27]B. Mota, P. Faria, und Z. Vale, ,Residential load shifting in demand response events for
bill reduction using a genetic algorithm®, Energy, Bd. 260, S. 124978, Dez. 2022, doi:
10.1016/j.energy.2022.124978.



