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Abstract

The aim of this paper is to present the transformation of the network tariff system in Slove-
nia using a comprehensive assessment methodology for the techno-economic evaluation of
electricity costs for households. The novelty of the proposed approach lies in the combined
assessment of the previous and new network tariff systems, explicitly accounting for power-
based network tariff components, time-block-dependent charges, and different support
schemes for household photovoltaic systems, including net metering and credit note-based
schemes. The results show that the transition from an energy-based to a more power-based
network tariff system, introduced primarily to mitigate congestion in distribution networks,
is not inherently disadvantageous for consumers and prosumers. When tariff structures
are appropriately designed, the new framework can support efficient grid utilization and
maintain favorable conditions for prosumers, particularly those integrating battery storage
systems. Overall, the proposed methodology provides a transparent and robust framework
for evaluating the economic impacts of network tariff reforms on residential consumers
and prosumers, offering relevant insights for tariff design and the development of future
low-carbon household energy systems.

Keywords: network tariff system; electricity consumption; photovoltaic system; battery
storage system; net-metering; credit note

1. Introduction

Over the past decade, European distribution and transmission networks have under-
gone continuous upgrades to enable the integration of an increasing amount of renewable
generation, thereby maintaining overall system resilience. While transmission systems
play a key role in providing high-capacity power transfer within a country and across
cross-border corridors, distribution networks are primarily responsible for integrating
renewable energy sources (RES) at the local level, where installed capacities are typically
lower. Since distribution networks were historically not designed for bidirectional power
flows but primarily for delivering electricity from large, centralized power plants to con-
sumers, ongoing annual upgrades, investments, and the adoption of innovative approaches
aim to address these limitations. However, to keep pace with the growing energy flows
and the rapidly increasing number of renewable-energy generation units, it is essential
to secure sufficient funding. This financing is provided through network charges paid by
system users within the network tariff system.
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Given that past investments in distribution and transmission systems were relatively
limited and focused mainly on routine maintenance and minor upgrades, network tariff
systems were traditionally rigid, inexpensive, and based mainly on flat-rate principles
derived from monthly electricity consumption. In many countries, charges were determined
according to the amount of energy consumed rather than the actual power levels, which, in
today’s context, have proven to be a more accurate indicator due to the increasing variability
of demand, higher peak loads, and the growing share of decentralized renewable generation
that introduces significant local fluctuations in power flows.

According to data from the European Union Agency for the Cooperation of Energy
Regulators (ACER) [1], Slovenia is among the countries with more than 95% of installed
smart electricity meters, which enable the measurement and recording of electrical parame-
ters at 15 min intervals. Other countries with the same or a higher share include Denmark,
Finland, Italy, and Luxembourg. These meters provide the foundation for upgrading the
network tariff system towards shorter time intervals, allowing a fairer and more precise
calculation of network charges. Based on the data presented in the ACER Annual Report
2025 [1], it is evident that ENTSO-E member states apply specific types of network tariff
systems. Western European countries predominantly use tariff models that rely more on
power-based calculation principles, focusing on instantaneous power rather than total
energy consumed. By contrast, many Eastern European countries, where the integration of
renewable-generation units has progressed more slowly, continue to apply tariff systems
that are primarily energy-based.

This shift in tariff design has become increasingly relevant as prosumers equipped
with photovoltaic (PV) systems, battery storage systems (BSSs), and electric vehicles (EVs)
actively reshape electricity consumption patterns. Several papers demonstrate that energy-
based tariffs combined with net-metering arrangements lead to inequitable cost allocation,
where households without access to PV systems effectively subsidize those that can offset
their consumption. Alahmed et al. [2] and Ansarin et al. [3] show that conventional tariff
structures may significantly distort system costs, while Cambini et al. [4], Hoarau et al. [5],
and Eid et al. [6] confirm that current net-metering regimes reduce network-cost recovery
and create cross-subsidies. Additional analyses from Australia and Europe further support
the notion that the rise in distributed generation and household storage exacerbates revenue
erosion for distribution system operators [7,8].

Growing attention is, therefore, placed on how tariff structures influence prosumer be-
havior. Avau et al. [9] show that tariffs based solely on energy consumption can incentivize
individual economic optimization at the expense of increased system costs. In contrast,
papers comparing energy and power-based tariffs [10-16] highlight that pricing structures
reflecting actual power peaks better align prosumer incentives with network requirements.
Morell et al. [11] demonstrate, in the case of Slovenia, that hybrid tariffs combining en-
ergy and peak-power charges ensure a more equitable cost distribution. Stute et al. [14]
reveal that power-based tariffs can reduce reinforcement needs by up to 37%. Similar re-
sults are obtained in comparative network-tariff assessments for European households [7],
confirming the inadequacy of purely energy tariffs in highly electrified environments.

Electric mobility adds a further layer of complexity. Empirical evidence from the
Netherlands [17] shows that dynamic network tariffs can reduce transformer overloading
by 21%, while Chen et al. [18], Daneshzand et al. [19], and Khan et al. [20] demonstrate
that appropriately designed tariffs shift EV charging to periods of lower network stress
or higher renewable generation output. Studies from Germany [21] and Ireland [22]
indicate that dynamic network tariffs not only reduce charging costs but also disperse
consumption peaks, although their economic benefits depend on the presence of home
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energy management systems [23]. These findings confirm that pricing signals are crucial
for integrating EVs into distribution networks without compromising technical stability.

Tariff structures equally affect the deployment and operation of a BSS, energy commu-
nities, and power-to-heat technologies. Danish and German case studies [24-28] demon-
strate that energy-only tariffs fail to utilize available flexibility resources, whereas power-
based and dynamic network tariffs foster more efficient charging and discharging strategies,
improve heat pump scheduling, and reduce network losses by up to 20%. Household-level
analyses [29] and system-level investigations [8] further demonstrate that the choice of tariff
determines the economic viability of residential BSS and the extent to which distributed
storage mitigates peak loads.

At the regulatory level, tariff reform is shaped by national contexts. China’s energy-
based transmission-and-distribution charging model [30,31] highlights the risks of tariff
structures that are disconnected from investment needs, while tariff reforms in Africa [32]
stress that cost-reflective pricing without social safeguards may exacerbate energy poverty.
Research from Portugal [33] and Denmark [34] emphasizes that the acceptance of new tariffs
depends on predictability, transparency, and perceived fairness, whereas global approaches
that rely on wholesale price signals [35] and dynamic price communication [36] confirm that
even simple mechanisms can steer consumer behavior if appropriately regulated. System
dynamics studies [37] also reveal that two-part tariffs influence investment decisions in
generation capacity, underscoring the broader economic implications of tariff design.

Taken together, the reviewed literature indicates that future network tariff systems
must evolve beyond traditional energy-based structures and adopt multifaceted pricing
mechanisms that reflect actual network usage, integrate flexibility resources, and ensure
cost recovery. Whether through coincident-peak pricing, hybrid power-energy models,
or dynamic network tariffs, the evidence provided by the presented research and studies
consistently confirms that tariff design is no longer a passive billing tool but a central
mechanism for managing prosumer integration, accommodating electric mobility, fostering
energy communities, and enabling a financially sustainable energy transition.

Therefore, to achieve the objectives set for the transmission and distribution network
operator, Slovenia revised its network tariff system on 1 January 2024. This reform repre-
sents a fundamental shift from traditional flat-rate structures towards a more cost-reflective
approach, in which network charges are calculated based on 15 min measurement intervals
and differentiated according to seasonal variations and five-time blocks. The introduction
of agreed and excess contracted power charges marks a departure from purely energy-
based billing and establishes a pricing structure that more accurately reflects network usage.
The underlying aim is to encourage consumers and prosumers to adjust their electricity
consumption patterns in a way that mitigates peak loads, reduces network reinforcement
needs, and supports the secure and efficient operation of the network system.

The new network tariff system applies to all network users, including households
and commercial customers, and requires a higher level of consumer engagement when
planning and managing electricity use. Although consumption behavior can be modified
through informed decision-making and the manual adjustment of electrical loads, further
improvements can be achieved through smart energy management systems that coordinate
consumption, storage, and generation units without requiring any modifications to the
existing electrical infrastructure. Such systems enable the automated scheduling of devices,
allowing electricity consumption to be shifted to periods with lower tariff levels, which
results in measurable reductions in network charges and total electricity costs.

In this context, Slovenia’s tariff reform provides a regulatory foundation for a more
flexible, data-driven energy system that can accommodate the growing share of distributed
renewable generation and electrified end-use technologies. By combining real-time mea-
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surement capabilities with a tariff structure that differentiates between consumption pat-
terns and peak contributions, the new system not only aligns with European trends in
tariff design but also contributes to a more transparent, economically sustainable, and
technologically adaptable electricity market. Given the regulatory changes, the evolution
of tariff structures, and the growing presence of distributed RES units, the central question
that arises is as follows: To what extent does the newly adopted Slovenian network tariff
system financially affect a household consumer, and how do the integration of a PV system
and a BSS influence the resulting network tariff costs under different support schemes?

To address this research question, this paper employs a comprehensive assessment
methodology for the techno-economic evaluation of electricity costs for households under
both the previous and newly adapted network tariff systems in Slovenia. The methodology
explicitly accounts for power-based network tariff components, time-block-dependent
charges and different support schemes for household PV systems, including net-metering
and credit-note-based schemes. The assessment is conducted for three scenarios: a house-
hold with baseline electricity consumption, a household with electricity production from a
PV system, and a household equipped with both a PV system and a BSS. High-resolution
15 min electricity consumption data are used to reflect the actual calculation logic of the
Slovenian network tariff system and to quantify the resulting network tariff costs for each
configuration. By evaluating both the previous and the revised network tariff systems
within a unified framework, the methodology allows a consistent comparison of electricity
cost structures and investment outcomes. In this way, the paper provides a transparent
basis for assessing how the shift from an energy-based to a more power-based network
tariff system affects household consumers and prosumers and under which conditions the
new tariff framework supports efficient grid utilization and the integration of a BSS.

This paper is organized into five sections. Section 2 presents the network tariff system
in Slovenia and introduces the assessment methodology used to calculate network-tariff
costs for a household consumer under different configurations. Section 3 provides the
technical and economic results for all analyzed scenarios, including the baseline household,
the household with a PV system, and the household equipped with both a PV system and
a BSS. Section 4 discusses the findings, and Section 5 concludes the paper.

2. Materials and Methods

Our paper encompasses more than 37 scientific papers published between 2005 and
2025, in which various authors examine network tariff systems across different countries
and analyze how tariff structures affect cost allocation, consumer behavior, prosumer inte-
gration, and the deployment of technologies such as PV systems, EV, BSS, and heat pump
units. Building upon these insights, this section provides a comprehensive description
of the network tariff framework in Slovenia and presents the assessment methodology
used to evaluate network-tariff costs for consumers and prosumers under different support
schemes for RES generation units.

2.1. Network Tariff System in Slovenia

Network charges constitute the portion of the electricity bill that users pay for access
to and use of the power system. In Slovenia, the Energy Agency sets four network tariff
components that together cover the costs of operating, maintaining, and developing the
transmission and distribution networks, as well as ensuring stable system conditions.

The transmission network charge covers the costs of the transmission system operator
(ELES), including system operation, grid development, and services required to maintain
power balance, voltage regulation, and black-start capability. The distribution network
charge finances the operation, maintenance, and expansion of the distribution network,
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including measures to address local congestion and system services at the distribution
level. The connection capacity charge reflects the costs associated with providing and
maintaining the contracted capacity at the user’s connection point. The excess reactive
energy charge covers the costs of maintaining appropriate voltage conditions in the grid
and encourages users to reduce unnecessary reactive power consumption, for example, by
using compensation devices.

Following the adoption of the “Act on the Methodology for Calculating Network
Charges” [38], preparations commenced for the introduction of a new network tariff
system, initially scheduled for 1 January 2024. Due to its higher complexity compared to
the existing framework, the implementation was postponed several times, most recently to
1 October 2024.

Under the new system, the previous 14 consumer groups are replaced by five groups
defined solely by the voltage level and the point of connection. The existing single capacity
charge is replaced by five time-dependent contracted-power tariffs, applied across five
predefined time blocks, with the highest price in block one and the lowest in block 5. A
surcharge for excess power is introduced when the contracted power is exceeded. Energy-
based charges (formerly peak tariff, off-peak tariff, and uniform tariff) are also replaced by
five-time block-specific tariffs. The assignment of time blocks depends on whether the day
is a working day or a holiday, the hour of the day, and the season. Each day includes up to
three different time blocks.

The network tariff system framework defines how contracted power and active energy
are determined for the purpose of calculating network charges. The contracted power
consists of two elements: the agreed contracted power, set in advance by the system
operator, and the excess power, measured when the user exceeds the agreed level. For users
with a connection capacity exceeding 43 kW, the agreed contracted power is determined
for each time block based on the highest 15 min power values recorded over the previous
12 months. For users with a connection capacity of 43 kW or less, the agreed contracted
power is defined as the average of the three highest 15 min peaks in each time block during
the previous high-load season. Minimum contracted-power thresholds also apply.

In cases of new connection approvals or changes in supply point, the system operator
sets the contracted power according to predefined rules, depending on the user’s connection
capacity and the availability of 15 min measurement data. Users may adjust their contracted
power once per year and may also request changes during the year, provided the adjustment
applies to full calendar months.

Excess power is charged whenever the achieved 15 min power exceeds the agreed
contracted level in each time block. Achieved power is expressed in kW and derived from
the 15 min energy measurements.

Active energy for network-charge calculation is defined as the metered energy with-
drawn from the grid in each time block. If the sum of time-block energy differs from the
meter reading, adjustments are made in the lowest-load block of a non-working day.

For users without 15 min measurements (typically low-voltage users with a capacity
below 43 kW), the contracted power is determined as a predefined percentage of the
connection capacity, depending on whether the connection is single-phase or three-phase. If
15 min metering becomes available, the contracted power is recalculated using the achieved
15 min values for the following year(s). Active energy for these users is accounted according
to their metering type: two-tariff (peak and off-peak tariff) or single-tariff measurement.

The distribution system operator charges the user a monthly distribution network charge
for contracted power (NCdC) for each calendar month, calculated according to (1) to (4):

NCdS = NCAS® + NCAS™ (1)
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where NCA© denotes the distribution network charge for contracted power [EUR], NCd;,©
the distribution network charge for contracted power in time block b [EUR], N CdpCC the
distribution network charge in time block b based on the agreed contracted power [EUR],
NCd,Ce* the distribution network charge in time block b based on excess power [EUR], Ccy,
the agreed contracted power in time block b [kW], Cmy}, the achieved 15 min measured
power k in time block b [kW], Cexy, the excess power in time block b [kW], Tcilbc the network
tariff component for contracted power for user group i in time block b [EUR/kW], Fex
the weighting factor for excess power (0.9 in 2024-2025, 1.05 in 2026-2027, 1.2 from 2028
onwards), # the number of 15 min intervals in which the achieved power exceeds the agreed
contracted power within time block b during the billing month. The monthly distribution
network charge for energy NCdF is calculated according to (5) and (6):

NCdy = Td},-cep 6)
NCd® =Y NCdy, 6)
b

where NCd® denotes the distribution network charge for energy [EUR], NCdy,F the distribu-
tion network charge for energy in time block b [EUR], Td; ,F the network tariff component
for energy for user group i in time block b [EUR/kWh], and ce}, the energy withdrawn from
the system in time block b [kWh].

For users in Group 0, who have 15 min measurements of withdrawn energy not
recorded and whose contracted power is determined according to the applicable procedure,
the monthly network charges for power and energy are calculated using the same approach.
In this case, the withdrawn energy is accounted for according to the metering periods, peak,
off-peak, or uniform tariff.

The impact of the network tariff system on different categories of end-users depends
primarily on their electricity consumption profile. The framework places significantly
greater weight on contracted power than on energy. A key factor, therefore, is the deter-
mination of the user’s contracted power. Under the revised methodology, the contracted
power consists of an agreed contracted power, set in advance, and an excess power, repre-
senting the measured power above the agreed level.

The system operator determines the agreed contracted power based on 15 min peak
values measured in the previous 12 months, or as the average of the three highest peaks
during the most recent high-load season, depending on whether the user’s connection
capacity is above or below 43 kW. Minimum contracted-power thresholds must also be met.
For time block 1, these minimum values range from a defined percentage of the connection
capacity for single-phase and three-phase users up to 43 kW, to 25% of the connection
capacity for users above 43 kW.

Excess power occurs when the achieved 15 min value exceeds the agreed contracted level.
In such cases, excess-power charges apply for each 15 min exceedance, provided that the sum
of agreed and excess contracted power does not exceed the user’s connection capacity.

In practice, determining the contracted power based on the average of the highest
peaks in the high-load season is the most sensible approach, as this period has the most sig-

https://doi.org/10.3390/en19020567


https://doi.org/10.3390/en19020567

Energies 2026, 19, 567 7 of 24

nificant influence on total network charges. An inappropriately selected contracted power
can lead to higher costs, either due to excessive values or due to repeated exceedances.
Figure 1 illustrates this effect for (a) undersized, (b) oversized, and (c) optimally selected
contracted power for a typical household consumer.
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Figure 1. Impact of contracted power selection for a typical household consumer: (a) undersized;
(b) oversized; and (c) optimal agreed contracted power.

2.2. Assessment Methodology for Network Tariff Costs

The assessment methodology is structured into two parts: technical and economic.
It includes the calculation of network tariff costs for three household configurations: a
household with baseline electricity consumption, a household equipped with a PV system,
and a household equipped with both a PV system and a BSS.

The technical part begins with estimating electricity production from the household
PV system. The procedure starts with determining the installation site, roof inclination, and
roof orientation. Using geometric relations between the sun and the earth, the declination
angle, hour angle, solar altitude angle, and the angle of incidence on the module plane are
calculated. Subsequently, global and diffuse irradiance data on a horizontal surface are
obtained from the nearest meteorological station, and the corresponding solar irradiation
on the household roof is derived. Based on the 15 min household electricity consumption
profile and the computed solar irradiation, the optimal PV system size is determined,
allowing for an installed capacity up to 20% higher. The complete workflow for estimating
PV system electricity production is illustrated in Figure 2.

As previously noted, the technical part of the assessment methodology involves cal-
culating household electricity consumption for three configurations. A key prerequisite
is the availability of 15 min electricity consumption data, which can be obtained from the
transmission and distribution system operators via smart meters. In the first scenario,
representing a household with baseline electricity consumption, the optimal agreed con-
tracted power is determined according to the Slovenian network tariff system framework
presented in Section 2.1, followed by an analysis of the household’s consumption profile.
In the second scenario, the methodology incorporates a PV system, with its electricity
production calculated according to the workflow illustrated in Figure 2. The third scenario
extends the analysis by including both a PV system and a BSS sized for self-consumption.
The operating logic prioritizes covering the household’s instantaneous demand, then charg-
ing the BSS, and only after these conditions are met, exporting excess electricity to the
grid; the reverse applies during battery discharge. The complete technical workflow of the
assessment methodology is shown in Figure 3.
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CALCULATION OF ELECTRICAL ENERGY PRODUCTION FROM

THE PHOTOVOLTAIC SYSTEM

START

Annual electricity

consumption analysis of the
consumer

Reduction in the number of
PV modules

Selection of the householder’s
roof location

Measurements of the
inclination and orientation of
the householder’s roof

Calculation of geometrical relations:

declination angle
hour angle
solar altitude angle

angle of incidence of solar radiation

Calculation of tilt factors:
direct solar irradiance
diffuse solar irradiance
reflected solar irradiance

Measurements of solar
irradiance for the global and
diffuse component

Calculation of solar irradiation
on the consumer’s roof under
analysis

Calculation of the nominal
power of the PV system

Is Eprod. greater
than Ewn by
20 %?

Increase in the number of PV
modules

Figure 2. Calculation of electricity production from a photovoltaic system.

As for the economic part of the assessment methodology, the first step requires extract-

ing the relevant information from the household electricity bill, including the electricity

price, connection capacity, market-operation charges, RES contributions, energy-efficiency

contributions, excise duty, value-added tax (VAT), and the network tariff components for

power and energy across all five-time blocks. The calculated electricity consumption values

for all three scenarios serve as the basis for the subsequent economic evaluation.

A crucial consideration in the economic analysis of households equipped with a PV

system is the need to account for two distinct support schemes implemented in Slovenia

over the past decade. The first is the annual netting scheme, also known as net-metering,

which was available to PV system owners who entered the scheme between 2015 and the
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TECHNICAL PART

ASSESSMENT METHODOLOGY

end of 2023. Under net-metering, electricity production and consumption were balanced
over the entire year, meaning that only the annual net consumption was billed, while annual
surpluses had no monetary value but offset the final bill to zero. This incentivized sizing the
PV system so that its annual production closely matched the household’s annual demand.

START

Measurements of electricity
consumption

Integration of
the PV system

Location of the object, roof
area, inclination and
orientation of the object

Measurements of solar
irradiance — ARSO stations

Calculation of electricity
production from PV system

Integration
of the battery
storage
system Selection of the optimal size of
the battery storage system

Calculation of the SOC of the
battery storage system

Calculation of electricity costs
Calculation of electricity costs for scenario 3: A household
for scenario 2: A household equipped with a PV system
equipped with a PV system and battery storage system

Calculation of electricity costs
for scenario 1: A household
with baseline electricity
consumption

Figure 3. Technical part of the assessment methodology.

From 2024 onwards, a new support scheme has been introduced, which, from a
technical and regulatory perspective, encourages the integration of a BSS and applies
monthly balancing of electricity production and consumption. In this scheme, only the
imported electricity is subject to network charges, while excess electricity that is exported to
the grid is compensated through a credit note at a predefined rate. This makes the economic
performance of PV systems more dependent on self-consumption, and the inclusion of
a BSS becomes increasingly essential for reducing electricity taken from the grid and

https://doi.org/10.3390/en19020567


https://doi.org/10.3390/en19020567

Energies 2026, 19, 567

10 of 24

for improving the overall financial outcome. The complete economic workflow of the

assessment methodology is shown in Figure 4.

Calculation of
electricity costs
according to the

new network tariff
system - CREDIT
NOTE

Calculation of
electricity costs
according to the

previous and the new
network tariff system
—~NET METERING

START

Input data from the
technical part and
data from the
electricity bill

Calculation of
electricity costs for
scenario 1

Calculation of
electricity costs for
scenario 2

Calculation of
electricity costs
according to the
previous and the
new network tariff
system

Installation of
the PV system
after the end

Calculation of
electricity costs
according to the

new network tariff
system — CREDIT
NOTE

of 2023?

ASSESSMENT METHODOLOGY: ECONOMIC PART

Calculation of
electricity costs
according to the

previous and the new
network tariff system
- NET METERING

Installation of
the PV system
and the battery

Calculation of
electricity costs for

storage system scenario 3
after the end of

Figure 4. Economical part of the assessment methodology.

3. Results

Based on the assessment methodology presented in Chapter 2, this chapter provides
the technical and economic results for a household under the network tariff system frame-
work for three scenarios: a household with baseline electricity consumption, a household
equipped with a PV system, and a household equipped with both a PV system and a BSS.

3.1. Household Baseline Electricity Consumption

The selected household represents a typical four-person detached dwelling with a
net floor area of 135 m?, located in the north-eastern part of Slovenia. Domestic hot water
preparation and space heating are provided by an air-to-water heat pump. The household
connection is defined by a connection capacity of 7 kW and protection with 3 x 20 A fuses.
The proposed household represents a typical low-carbon consumer whose energy supply
is entirely electricity-based. Figure 5 presents the baseline electricity consumption profile
for a household.

https://doi.org/10.3390/en19020567


https://doi.org/10.3390/en19020567

Energies 2026, 19, 567

11 of 24

Costs [EUR]

200 4

150 4

100 4

50

ES
g
8

A

&
8
==
a.
g
5
-
8
)

jan feb mar apr may jun jul aug sep oct nov dec

I
M [ e W ey e .....a._l.._.!l....

50 100 150 200 250 300 350
Day of the year

Figure 5. Baseline electricity consumption profile for a household.

Figure 5 shows an almost evenly distributed household electricity consumption pro-
file with an average power demand of 779.6 W. The highest recorded peak load reaches
6504 W, while the annual electricity consumption amounts to 6828 kWh. Overall consump-
tion remains relatively stable throughout the year without clearly distinguishable seasonal
patterns, suggesting that the dominant household loads are distributed evenly over the
year. Based on the presented electricity consumption and the network tariff components
listed in Appendix A, Figure 6 shows the structure of electricity costs under (a) the previous
and (b) the new network tariff system.

200 - [ vAT
AT R Energy
[ Energy [ Contributions + excise tax
[ Contributions + excise tax 150 4 [0 Network fee - agreed power
[ Network fee [ Network fee - excess power

I Network fee - energy
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Figure 6. The structure of electricity costs under (a) the previous and (b) the new network tariff

system for a household with baseline electricity consumption.

Figure 6a shows that the annual electricity costs under the previous network tariff
system amount to 1340.3 EUR. Under the new tariff framework (Figure 6b), the annual
costs are reduced by 124.7 EUR (a reduction of 9.3%), resulting in a total of 1215.6 EUR.
During the high-season months (winter), monthly electricity costs are higher than under
the previous system, primarily due to the relatively high tariff rate of the agreed contracted
power component in time block 1. In contrast, the tariff rates for the agreed contracted
power in the low-season months are significantly lower, which results in lower monthly
costs compared to the previous tariff system.

A comparison of the cost structures between the two systems reveals that the primary
change introduced by the new network tariff system is a shift in cost contribution: a larger
share of the final electricity price now originates from power-based components, whereas
under the previous system, the dominant share was attributable to energy-based charges.

3.2. Household Electricity Consumption with a Photovoltaic System

The second scenario represents a household equipped with a PV system. The installed
PV capacity is 5400 W, consisting of twelve monocrystalline modules. The system is
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mounted at a 35° inclination, corresponding to the roof slope, and oriented towards the

south with an azimuth angle of 0°. Figure 7 shows the electricity consumption profile of
the household with the integrated PV system.
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Figure 7. Electricity consumption profile of the household with the integrated PV system.

Figure 7 shows that the average PV system output is 914.4 W, with a maximum
recorded power of 5783.6 W and an annual electricity production of 8010.6 kWh. With the
integration of the PV system, 55.48% of the produced electricity (5.979 MWh) is exported
to the grid, while 44.52% (4.798 MWh) is imported from the grid to cover the household’s
electricity demand on 15 min intervals. Based on the presented electricity consumption
and production, Figure 8 shows the structure of electricity costs under (a) the previous and
(b) the new network tariff system for a household with the integrated PV system under the
net-metering scheme.
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Figure 8. The structure of electricity costs under (a) the previous and (b) the new network tariff
system for a household with the integrated PV system under the net-metering scheme.

Figure 8a shows that under the previous network tariff system, the electricity costs for
households with an integrated PV system operating under the net-metering scheme remain
constant throughout the year, amounting to 157.30 EUR annually. In contrast, Figure 8b
indicates that under the new network tariff system, the electricity costs for the households
operating under the net-metering scheme are unevenly distributed across the months. This

https://doi.org/10.3390/en19020567


https://doi.org/10.3390/en19020567

Energies 2026, 19, 567

13 of 24

is primarily due to the highest tariff rate for contracted power occurring in time block 1,
which corresponds to the high-load season (January, February, November, and December).
As a result, the annual electricity costs under the new network tariff system decrease to
115.30 EUR, representing a 26.7% decrease compared to the electricity costs calculated
under the previous tariff system. Figure 9 shows the payback period of the investment
under (a) the previous and (b) the new network tariff system for a household with the
integrated PV system under the net-metering scheme.

= 10.000 - = 10.000 1
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Figure 9. The payback period of the investment under (a) the previous and (b) the new network tariff
system for a household with the integrated PV system under the net-metering scheme.

Figure 9a shows that, assuming an investment cost of 5940 EUR, constant annual
savings, and an unchanged electricity consumption and production profile, the investment
in a PV system under the previous network tariff system and the net-metering scheme
is recovered within 5.02 years. Under the new network tariff system combined with the
net-metering scheme (Figure 9b), the payback period increases to 5.4 years. Figure 10 shows
the structure of electricity costs (a) and the payback period of the investment (b) under
the new network tariff system for a household with the integrated PV system under the
credit-note scheme.
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Figure 10. The structure of electricity costs (a), and the payback period of the investment (b) under
the new network tariff system for a household with the integrated PV system under the credit-
note scheme.

Figure 10a shows that under the new network tariff system, the electricity costs for
households with an integrated PV system operating under the credit-note scheme are
unevenly distributed across the months, amounting to 533.52 EUR per year. Figure 10b
indicates that, assuming an investment cost of 5940 EUR, constant annual savings, and
an unchanged electricity consumption and production profile, the investment in the PV
system under the new network tariff system and the credit-note scheme is recovered within

8.7 years. This represents a 62% increase in the payback period compared to the net-
metering scheme.
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3.3. Household Electricity Consumption with a Photovoltaic System and a Battery Storage System

The third scenario represents a household equipped with both a PV system and a BSS.
The BSS has a capacity of 9.2 kWh, a maximum charging and discharging power of 5000 W,
and an investment cost of 6600 EUR. Figure 11 shows the electricity consumption profile of
the household with the integrated PV system and BSS.
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Figure 11. Electricity consumption profile of the household with the integrated PV system and BSS.

Figure 11 shows that, with the use of the BSS, only 10.26 kWh of electricity is imported
from the grid, which represents a 99.79% reduction compared to the case where the house-
hold is equipped only with a PV system (4798 kWh). Additionally, the amount of electricity
exported to the grid decreases from 5979 kWh to 3799 kWh, representing a 36.5% reduction.
By integrating a sufficiently sized BSS, nearly all surplus electricity generated by the PV
system is stored throughout the year, resulting in minimal electricity imports from the grid.

The temporal evolution of the BSS state of charge indicates that the selected battery
capacity is appropriately sized relative to the installed PV system capacity (1.7 kWh/kWy).
Despite the lower electricity production from the PV system during the winter months
compared to summer, the BSS is still capable of reaching a full state of charge, confirming
that the system is neither undersized nor excessively oversized. The suitability of BSS
capacity is therefore not evaluated solely based on the SOC trajectory, but also in relation to
electricity imports from and exports to the grid. The combination of high self-consumption,
limited grid exports, and negligible electricity imports confirms that the selected BSS
capacity is well balanced with respect to the PV system size and the household load profile.
Figure 12 shows the structure of electricity costs under (a) the previous and (b) the new
network tariff system for a household with the integrated PV system and a BSS under the
net-metering scheme.

https://doi.org/10.3390/en19020567


https://doi.org/10.3390/en19020567

Energies 2026, 19, 567 15 of 24

Figure 12a shows that under the previous network tariff system, the electricity costs
for households with an integrated PV system and BSS operating under the net-metering
scheme remain constant throughout the year, amounting to 157.30 EUR annually. In
contrast, Figure 12b indicates that under the new network tariff system, the electricity costs
for the households operating under the net-metering scheme are unevenly distributed
across the months. This is primarily due to the highest tariff rate for agreed contracted
power occurring in time block 1, which is associated with season one (January, February,
November, and December). As a result, the annual electricity costs under the new network
tariff system decrease to 103.38 EUR, representing a 34.4% decrease compared to the
electricity costs calculated under the previous tariff system. The results indicate that the
electricity costs for a household equipped with both a PV system and a BSS under the
net-metering scheme are identical to those of a household with a PV system only. Owing
to the inherent characteristics of net-metering, the electricity grid effectively functions as
a virtual battery. As a result, integrating a BSS under the net-metering scheme does not
provide an economic benefit. Figure 13 shows the payback period of the investment under
(a) the previous and (b) the new network tariff system for a household with the integrated
PV system and BSS under the net-metering scheme.
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Figure 12. The structure of electricity costs under (a) the previous and (b) the new network tariff
system for a household with the integrated PV system and BSS under the net-metering scheme.
—  5.000 4 —  5.000 A
2 z
@ o+~ - - ———— @ 1 e
E3 E3
é -5.000 1 :‘3 -5.000 A
G G
€ ~10.000 - 2 _10.000 -
G 6! 0.000
-15.000 LIS B m m e e e e S e s e e e S| -15.000 T T T T T T T T T T T T T T
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Year Year
(a) (b)

Figure 13. The payback period of the investment under (a) the previous and (b) the new network
tariff system for a household with the integrated PV system and BSS under the net-metering scheme.

Figure 13a shows that, assuming an investment cost of 12,540 EUR, constant annual
savings, and an unchanged electricity consumption and production profile, the investment
in a PV system and BSS under the previous network tariff system and the net-metering
scheme is recovered within 10.60 years. Under the new network tariff system combined
with the net-metering scheme (Figure 13b), the payback period increases to 11.27 years.
Figure 14 shows the structure of electricity costs (a) and the payback period of the invest-
ment (b) under the new network tariff system for a household with the integrated PV
system and BSS under the credit-note scheme.
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Figure 14a shows that under the new network tariff system, the electricity costs for
households with an integrated PV system and a BSS operating under the credit-note
scheme are unevenly distributed across the months, amounting to —85.06 EUR per annum.
Figure 14b indicates that, assuming an investment cost of 12,540 EUR, constant annual
savings, and an unchanged electricity consumption and production profile, the investment
in the PV system and BSS under the new network tariff system and the credit-note scheme
is recovered within 9.64 years. This represents a 14.5% reduction in the payback period
compared to the case where the household is equipped only with a PV system operating
under the credit-note scheme.
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Figure 14. The structure of electricity costs (a), and the payback period of the investment (b) under
the new network tariff system for a household with the integrated PV system and BSS under the
credit-note scheme.

By selecting a sufficiently sized BSS, electricity costs, energy-related network charges,
and all energy-based contributions are effectively eliminated. Furthermore, since the
installed generation capacity exceeds the contracted connection capacity, the household is
also exempt from contributions related to RES and CHP.

4. Discussion

This paper evaluated the economic impacts of Slovenia’s transition from a predomi-
nantly energy-based network tariff system to a more power-based system with five-time
blocks, seasonal differentiation, and explicit charges for agreed and excess contracted
power. The results confirm that the economic output of tariff reforms is determined by
the household consumption profile and the applied support schemes for PV and BSS
integration. Overall, the results indicate that power-oriented tariff systems increase cost
reflectiveness and encourage flexibility, although they also lead to a redistribution of costs
across time periods and RES technologies.

For the first scenario, the new network tariff system reduced annual electricity costs
from 1340.3 EUR to 1215.6 EUR, corresponding to a 9.3% decrease. Although monthly costs
increased during the high season due to the higher tariff rate for agreed contracted power
in time block 1, the low-season months became cheaper because the agreed contracted
power tariff rates are significantly lower. This shift confirms the fundamental structural
change in the new network tariff system, namely that power-based components contribute
a larger share to the final electricity bill than energy-based components. This observation
is consistent with the broader European trend identified in the literature, where power-
based or hybrid tariffs are introduced to better reflect network usage under increasing load
variability and decentralized electricity production. In comparative analyses of energy- and
power-based network tariff systems, peak-demand-related pricing is associated with better
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alignment between consumer behavior and network constraints and with lower network
reinforcement requirements, assuming clearly defined time blocks.

The second scenario demonstrates how significantly the support scheme influences
economic output. Under net-metering, the annual electricity costs were low under both
network tariff systems, and the transition to the new tariff system resulted in a reduction
in annual costs from 157.30 EUR to 115.30 EUR. The monthly cost distribution becomes
uneven in the new network tariff system because the agreed contracted power charge in
time block 1 dominates during the high-load season. Nevertheless, the overall annual
reduction suggests that the combined effect of reduced energy-related charges and the tariff
structure for power components remains favorable. This observation is consistent with
previous studies reporting that net-metering significantly reduces energy-based billing and
weakens network cost recovery. Several studies associate this effect with cross-subsidization
from non-prosumers to prosumers. The Slovenian tariff reform partly mitigates this issue
by increasing the role of power-based components, which remain applicable even when
net electricity consumption is low.

When the credit-note scheme is applied, the economic output changes substantially.
For the second scenario, annual electricity costs under the new network tariff system
increase to 533.52 EUR, and the payback period rises to 8.7 years, which is 62% longer
than under net-metering. This result is consistent with the conceptual difference between
annual netting and support schemes based on short intervals and monetary compensation
of exports. In such schemes, the economic value of electricity production from PV systems
depends primarily on self-consumption, while exported electricity receives only a limited
financial return. Similar outcomes are reported in the literature, where the removal of
annual netting and the introduction of more granular settlement increase the incentive to
shift consumption towards PV production hours or to use BSS.

The BSS becomes relevant primarily under the credit-note scheme and within a
network tariff system where electricity imports drive network charges. From a techni-
cal perspective, integrating a BSS reduces annual electricity imports from 4798 kWh to
10.26 kWh and decreases electricity exports from 5979 kWh to 3799 kWh, indicating a
substantial increase in on-site utilization of electricity produced by the PV system. The
reduction in exported electricity is consistent with the role of BSS as a flexibility resource,
whereby surplus electricity production from the PV system is stored and subsequently
used to meet household demand, thereby reducing bidirectional power exchanges with
the grid. From an economic perspective, the household equipped with a PV system and
a BSS operating under the credit-note scheme achieves a net annual electricity revenue
of 85.06 EUR. At the same time, the investment payback period is reduced to 9.64 years
compared to the corresponding configuration without storage under the same settlement
scheme. In contrast, under the net-metering scheme, the integration of a BSS does not result
in additional economic benefits. Electricity costs for households with a PV system remain
effectively unchanged when a BSS is added, as the annual settlement mechanism enables
the grid to function as a virtual storage medium for electricity produced by the PV system.

To improve the extrapolation of the results, the same type of analysis was performed
for multiple consumers, with all tariff parameters kept constant and only the contracted
power levels varying between consumers. In addition to the representative household
presented in the main analysis, two further consumers were included to illustrate the
variability of outcomes across different consumption and power configurations. Results
are shown in Table 1.

Several limitations should be acknowledged. The analysis is based on fixed assump-
tions for investment costs, electricity prices, and network tariff components, while the
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results depend on the chosen agreed contracted power levels and the specific PV system

and BSS size.

To partially illustrate the impact of suboptimal agreed contracted power selection,

a sensitivity analysis was performed for three representative cases, all based on the first

scenario (baseline household consumption). The results show that selecting an excessively

high agreed contracted power leads to an increase in total costs (1249.70 EUR compared

to 1215.56 EUR for the original contracted power level), primarily due to higher fixed

contracted power charges. However, this increase remains relatively modest compared to

the case of insufficient agreed contracted power, which results in substantially higher total

costs (2077.95 EUR), mainly driven by the increased contribution of the excess contracted

power cost component. The corresponding cost structure as a function of the selected

agreed contracted power levels is shown in Figure 15.

Table 1. Comparison of annual electricity costs under the previous and new network tariff systems

for additional household and agricultural consumers across different scenarios (baseline, PV, and

PV + BSS) and support schemes (net-metering, credit note).

Scenario Baseline PV PV + BSS
S:EE;? / Net-Metering (;Z(tieit Net-Metering (l:\rlf)feiet
Tariff  Previous New Diff.  Previous New Diff. New Previous  New Diff. New

System  [EUR] [EUR] [%] [EUR] [EUR] [%] [EUR] [EUR] [EUR] [%] [EUR]
Consumer 2-Household consumers-single-family house

2401.94  2373.86 -2 225.05 381.54 +70 1255.73  225.05 381.54 +70 38.76
Consumer 3-Agricultural consumers

4683.04  4298.17 -9 225.05 394.21 +75 1750.82  225.05 394.21 +75 —70.02
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Figure 15. Structure of electricity costs under the new network tariff system for a household with

baseline electricity consumption at different agreed contracted power levels.
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The assessment also assumes stable annual profiles and does not account for behav-
ioral changes, demand response, or smart energy management strategies that could further
reduce agreed contracted power costs by actively limiting peaks during time block 1. Addi-
tionally, network tariff components may evolve over time, including changes in the excess
contracted power weighting factor (Fex), which can impact long-term outcomes. Although
a constant value of this factor was assumed in calculating investment payback periods, its
impact on total costs was nevertheless evaluated through an additional sensitivity analysis.

The effect of future changes in the excess contracted power weighting factor was
examined following the planned regulatory progression from 0.9 to 1.05 and subsequently
to 1.2. Two representative cases were analyzed, both based on the baseline household
consumption scenario. In the case with ACP Optimal values, total annual costs increased
only marginally from 1215.56 EUR at Fex = 0.9 to 1218.20 EUR at Fex = 1.05 and 1220.80 EUR
at Fex = 1.2 as the excess power component remained relatively small. In contrast, in the
case with ACP Values set MIN, the impact of increasing F.x was substantial, with total
costs rising from 2077.95 EUR at Fex = 0.9 to 2232.60 EUR at Fex = 1.05 and further to
2387.30 EUR at Fex = 1.2, reflecting the dominant contribution of excess contracted power
charges. The corresponding cost structures as a function of the Fx factor are illustrated in
Figure 16a for ACP Optimal values and in Figure 16b for ACP Values set MIN.
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Figure 16. Structure of electricity costs under the new network tariff system for a household with

baseline electricity consumption at different Fex factors for (a) ACP Optimal values and (b) ACP
values set MIN.

These results highlight the strong interaction between contracted power selection and
excess power penalties, underscoring the importance of appropriately sizing contracted
power. Future research should therefore extend the assessment to a larger set of households
with diverse load profiles and electrification levels, including EV charging and different
heat pump operating regimes.

5. Conclusions

This paper presents a comprehensive assessment methodology for evaluating the
techno-economic impacts of transforming the network tariff system in Slovenia for house-
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hold electricity consumers and prosumers. The methodology integrates regulatory provi-
sions, high-resolution electricity consumption and production data, and the operational
behavior of PV systems and BSS under different support schemes. The main contributions
and findings of this paper can be summarized as follows:

e A transparent and replicable methodology was developed to assess electricity costs
under the previous and the newly adopted Slovenian network tariff system, explicitly
accounting for power-based network tariff components, time-block-dependent charges,
and support schemes.

e  The results confirm that the transition from an energy-based to a more power-based
network tariff system fundamentally changes the structure of electricity costs, increas-
ing the relative importance of contracted and excess power components compared to
energy-based charges.

e  For households without electricity production, the new tariff system results in a
redistribution of costs across seasons and time blocks, with higher charges during
high-load periods and lower costs during low-load periods, thereby more accurately
reflecting actual network usage.

e  For households equipped with PV systems, the economic output depends strongly
on the applied support scheme. Under net-metering, electricity costs remain low,
and the integration of BSS does not provide additional economic benefits, as the grid
effectively functions as a virtual storage system.

e  Under the credit-note support scheme, BSS contributes to improved economic output
by reducing electricity imports, limiting electricity exports, and lowering energy-
related network charges, which results in shorter investment payback periods com-
pared to households equipped only with PV systems under the same support scheme.

Opverall, the results indicate that the newly adopted Slovenian network tariff system is
not inherently disadvantageous for household consumers and prosumers. When supported
by suitable tariff design and support schemes, the new network tariff system can encourage
more efficient grid utilization, reduce peak loads, and promote investments in flexibility
technologies. The proposed assessment methodology provides a robust analytical tool
and can be readily extended to include additional technologies, such as EVs, advanced
demand-side management strategies, and community-based energy systems.
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Abbreviations

The following abbreviations and symbols are used in this manuscript:

Abbreviations
ACER
ACP
ARSO
BSS

CHP
ELES
ENTSO-E
EV

PV

RES

SOC

VAT
Symbols
C Cp

cep

Cexy,
Crmg
NCdS
Fex

n

NCdg©

NCdSe™
NCdE
NCd©
NCdE
TCSb

Tdf,

European Union Agency for the Cooperation of Energy Regulators
Agreed contracted power

Slovenian Environment Agency

Battery storage system

Combined heat and power

Slovenian Transmission System Operator

European Network of Transmission System Operators for Electricity
Electric vehicle

Photovoltaic

Renewable energy sources

State of charge

Value-added tax

Agreed contracted power in time block b [kW]

Energy withdrawn from the system in time block b [kWh]

Excess power in time block b [kW]

Achieved 15 min measured power k in time block b [kW]

Distribution network charge for contracted power in time block b [EUR]
Weighting factor for excess power

Number of 15 min intervals in which the achieved power exceeds the agreed
contracted power within time block b during the billing month [/]
Distribution network charge in time block b based on the agreed contracted
power [EUR]

Distribution network charge in time block b based on excess power [EUR]
Distribution network charge for energy in time block b [EUR]

Distribution network charge for contracted power [EUR]

Distribution network charge for energy [EUR]

Network tariff component for contracted power for user group i in time block
b 255 [EUR/kW]

Network tariff component for energy for user group i in time block b [EUR/kWh]

Appendix A. Network Tariff Components

Table A1. Network tariff components considered in the calculation of electricity costs for a household
with and without a PV system and a BSS.

Parameter Value
Electricity price *: Flat-rate tariff 0.10 EUR/kWh
Contracted capacity *: 7 kW

Market operator service fee *:

RES and CHP contribution *:

Energy efficiency contribution *:

Excise duty *:

Value-added tax (VAT) *:

Network charge for contracted power **:

Network charge for energy withdrawn during high tariff (HT) **:
Network charge for energy withdrawn during low tariff (LT) **:

0.00013 EUR/kWh of total consumption
0.73896 EUR/kW of contracted capacity
0.0008 EUR/kWh of total consumption
0.00305 EUR/kWh of total consumption
22% of the sum of all charges
0.79600 EUR /KW of contracted power
0.04308 EUR/kWh
0.03311 EUR/kWh
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Table Al. Cont.

Parameter Value
Network charge for energy withdrawn in time block 1 (TB1) ***: 0.01958 EUR/kWh
Network charge for energy withdrawn in time block 2 (TB2) ***: 0.01844 EUR/kWh
Network charge for energy withdrawn in time block 3 (TB3) ***: 0.01837 EUR/kWh
Network charge for energy withdrawn in time block 4 (TB4) ***: 0.01838 EUR/kWh
Network charge for energy withdrawn in time block 5 (TB5) ***: 0.01847 EUR/kWh
Network charge for agreed contracted power in time block 1 (TB1) ***: 3.61324 EUR/kW
Network charge for agreed contracted power in time block 2 (TB2) ***: 0.88240 EUR/kW
Network charge for agreed contracted power in time block 3 (TB3) ***: 0.19137 EUR/kW
Network charge for agreed contracted power in time block 4 (TB4) ***: 0.01316 EUR/kW
Network charge for agreed contracted power in time block 5 (TB5) ***: 0.00000 EUR/kW
Agreed contracted power in time block 1 (TB1) ***: 4.0 kW
Agreed contracted power in time block 2 (TB2) ***: 45 kW
Agreed contracted power in time block 3 (TB3) ***: 4.5 kW
Agreed contracted power in time block 4 (TB4) ***: 45kW
Agreed contracted power in time block 5 (TB5) ***: 45kW
Excess contracted power weighting factor ***: 0.9
ACP Values set MIN (TB1) ***: 2.0 kW
ACP Values set MIN (TB2) ***: 2.5 kW
ACP Values set MIN (TB3) ***: 2.5 kW
ACP Values set MIN (TB4) ***: 2.5 kW
ACP Values set MIN (TB5) ***: 25 kW
ACP Original values (TB1) ***: 4.0 kW
ACP Original values (TB2) ***: 4.5 kW
ACP Original values (TB3) ***: 4.5 kW
ACP Original values (TB4) ***: 4.5 kW
ACP Original values (TB5) ***: 4.5 kW
ACP Values set MAX (TB1) ***: 6.0 kW
ACP Values set MAX (TB2) ***: 6.5 kW
ACP Values set MAX (TB3) ***: 6.5 kW
ACP Values set MAX (TB4) ***: 6.5 kW
ACP Values set MAX (TB5) ***: 6.5 kW

* Considered under both network tariff systems. ** Considered only under the previous network tariff system.
*** Considered only under the new network tariff system.
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