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Abstract

The Swedish power system is undergoing a significant transformation due to the energy transition, where increasing renewable
energy production as well as increasing electricity use in transports and industry places major challenges on the power system.
Thus, the need for grid capacity is increasing. Efficient grid utilization is a prerequisite for a cost-efficient energy transition.
Further, measures that increases the flexibility may postpone or even avoid some grid investments. Network tariff design is one
of several tools of the system operator (SO) to promote efficient grid utilization. In 2022, the national regulatory authority
(NRA) for energy in Sweden, the Swedish Energy Markets Inspectorate (Ei), issued a regulation on network tariff design. The
regulation is a result of thorough analyses and concludes that costs should be allocated to four cost components, of which one
shall be based on power usage. The power fee component aims to signal to customers what costs their grid use entails, to
incentivize them to adapt their consumption and thus reduce, or postpone, the need for grid investments. The regulation must
be applied by all SOs in Sweden no later than January 1%t 2027. This paper describes the analyses leading to the resulting

regulation.
1 Introduction

The Swedish power system is undergoing major changes
due to the energy transition. Increasing renewable energy
production and the growing electricity demand from
transport and industry are creating significant new
challenges. Consequently, the need for grid capacity is
increasing. Efficient utilization of the grid is essential for a
cost-effective energy transition, and measures that enhance
flexibility can postpone or even eliminate the need for
expensive grid investments.

Sweden has approximately 170 distribution system
operators (mostly local DSOs with a monopoly within an
area up to a given voltage level, while the rest are referred
to as regional DSOs) and one transmission system operator
(TSO). Since 2016, the Swedish revenue cap regulation
includes specific incentives for efficient grid utilization [1].
Also, Ei aims to strengthen the incentive for SO’s to
optimize total costs (TOTEX). From a SO perspective,
network tariff design is one of several tools to increase
efficient grid utilization [2][3]. Ei does not set the network
tariffs in Sweden, but the SOs do. Therefore, it is important
that Ei ensures that SOs are designing network tariffs in a
way that promotes efficient grid utilization. In 2022, Ei
issued aregulation on network tariff design for efficient grid
utilization, EIFS 2022:1 [4], which applies to all SOs from
January 1t 2027. The aim of the paper is to enhance
transparency and provide an overview on the Swedish
approach to network tariff design.

2 Ei approach on network tariff design to
promote efficient grid utilization

2.1 Identified improvements of network tariff design and
the need for regulation

Ei identified possible improvements of network tariff
design, which could be subject to regulation [3][5]. For
network tariffs to promote efficient grid utilization, they
need to contain information upon which customers may
respond. In practice, this is information on the cost for using
the grid, i.e. cost-reflective tariffs. The degree of
sophistication of the SOs tariffs varies between voltage
levels and may be more sophisticated in higher voltage
levels (transmission and regional distribution level), while
tariffs in lower voltage levels are more simplified. More
sophisticated tariffs may contain price information but are
not necessarily cost-reflective. More simplified tariffs are in
most cases less likely to be cost-reflective and to provide
enough price information for customers to make well-
informed decisions.

Non-cost-reflective network tariffs means that customers
are not facing price information reflecting the actual costs
of their use of the grid, while today e.g. the variable part of
the tariff, often energy-based, often is greater than the cost
that the usage entails. In most cases, tariffs do not consider
cost variations due to time-of-day and location. Customers
responding to non-cost-reflective price signals likely make
other decisions than on a correct price signal.
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In addition, Ei observed that tariff structures varied among
grid levels, which made it difficult to transfer costs between
them while still ensuring cost-reflectiveness. To promote
efficient grid utilization, it would be preferable for price
signalsto be transferred from higher to lower voltage levels.

By developing the regulation, Ei clarifies what is required
from atariff to promote efficient grid utilization. Further, it
improves customers’ opportunities to make decisions on
their grid use and use the grid more efficiently.

The new tariff regulation will affect grid users in different
ways, therefore SOs are urged to explain to their customers
in an educational way the purpose of the tariff and how it
works.

2.2 Regulation on network tariffs in EU and Sweden

Network tariffs shall reflect the SO's costs for a customer
category. The requirement on cost-reflective tariffs is
binding and follows from Article 18 of Regulation (EU)
2019/943 of the European Parliament and of the Council of
5 June 2019 on the internal market for electricity. Further,
the Swedish Electricity Act [6] provides general
requirements for network tariffs: objectivity, non-
discrimination and fairness. The Electricity Act also states
that SOs shall design network tariffs that are consistent with
efficient utilization of the grid and efficient electricity
production and use. Furthermore, Ei is authorized to issue
additional regulation on how tariffs are to be designed.

The Electricity Act also specifies that SOs separately shall
compensate electricity producers if the generated electricity
creates network benefit [7]. However, the compensation is
managed separately from network tariff design. The
compensation for the network benefit shall correspond to
the value of the reduction of network losses and the value
of the reduction in fees to connecting higher voltage grids.

2.3 Combining theory and regulation

Cost-reflective price signals ensure that customers face
prices reflecting their grid use. Accurate price signals are
crucial for well-informed decision making and efficient grid
utilization, and both short-term and long-term costs related
to the efficient network operation need to be considered.
This implies that the tariff may need several price
components, however, if too complex or not effectively
communicated, they will not influence customer behaviour
and increase the costs instead [5]. The Council of European
Energy Regulators (CEER) emphasizes balancing cost-
accuracy with simplicity, transparency and predictability

2.

Ei has evaluated various tariff models based on criteria such
as economic efficiency, non-discrimination, simplicity,
transparency, predictability and fairness, to promote
efficient grid utilization [8]. The models vary in degree of

complexity, provide different incentives and fulfil the
requirements on a functioning tariff structure to different
degrees.

3 Four tariff components provide a cost-
reflective and cost-covering tariff model

Ei’s analysis showed that four tariff components pricing
different characteristics provide a cost-reflective and cost-
covering tariff model promoting efficient grid utilization: a
tariff component for (i) variable costs, (ii) forward-looking
costs, (iii) customer-specific costs, and (iv) cost-recovery,
respectively. Ei has analysed various pricing alternatives of
the respective components as well as other network tariff
characteristics regarding cost allocation.

3.1 Tariff component for variable costs

According to economic theory, the price customers face
should reflect the cost incurred by the customer’s use. As
variable costs primarily are affected by network losses, the
fee should be based on the customers’ grid use. Ei evaluated
three alternatives: lump sum fee, fee based on energy use
(energy fee) and fee based on power use (power fee).

A lump sum fee is not suitable to reflect variable costs as it
is a fixed fee regardless of use. Therefore, it does not
provide accurate information to customers about the cost of
using the grid. Power fees can hardly be designed to contain
information on variable costs. Energy fees can be designed
to contain information on variable costs of the grid; thus,
they are cost-reflective. Energy fees are widely used and are
generally considered to be simple, easy to understand and
fair. Ei concluded that an energy fee should be used to price
variable costs.

Ei’s analysis [5][8] further concluded that there is no reason
to regulate whether the energy fee should be static, i.e. set
well in advance, or dynamic, i.e. a variable price set near
real time and based on the grid situation. Static energy fees
are simpler, while dynamic energy fees can provide greater
economic efficiency. Both options can promote more
efficient grid utilization depending on design. Each SO
should be able to choose the method best suited for their
specific conditions.

3.2 Tariff component for forward-looking costs

A forward-looking tariff component contains information to
customers on how their current behaviour affects future
investment needs in grid capacity. It aims to show
customers what their grid use entails and thereby incentivize
them to adjust their grid use and consequently influence grid
investment needs. Thus, a forward-looking tariff component
shall promote efficient grid utilization in the long term.

In general, the literature agrees that pricing with short-term
marginal cost is the theoretically correct alternative.
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However, due to difficulties in implementing marginal cost
pricing, it is reasonable and appropriate to use a forward-
looking cost component to provide a cost-reflective and
efficient price signal for grid users to respond to [9][10].

To charge for forward-looking costs, SOs need to identify
these costs, which are based on future network needs,
known as long-term marginal costs. Ei concluded [5] there
is currently no need to regulate a specific cost model for SOs
to use when calculating the size or design of the forward-
looking cost component. The key is for SOs to assess the
need and calculate the component’s size using an economic
model in a transparent manner.

The capacity requirement of a grid is determined by the
amount of power transmitted during dimensioning hours,
when the grid is most loaded, rather than the total energy
transmitted over time. Thus, the forward-looking tariff
component is appropriately paid with a power fee which can
be based on either subscripted (agreed) power or measured
power.

A fee based on subscripted power does not incentivize the
customer to decrease its power use below the subscripted
power. Consequently, when the grid load is critical, this
type of pricing will not provide correct price signals to grid
users. This method is not cost-reflective and not appropriate
as a pricing mechanism.

Instead, it is preferably a fee based on the customer’s power
use during peak load in the grid (critical peak pricing, CPP),
as it relates to grid capacity and provides a stronger
incentive for long-term efficient grid utilization. In theory,
this would be a fee per kW at the peak load hour (market
time unit), i.e. the hour that is dimensioning and decisive for
future grid investments. In practice, this approach is flawed
due to the assumption of economic theory that customers
have full information and respond to price signals to
maximize their benefit. Even SOs have difficulties to
foresee when the dimensioning peak load hour occurs.
Therefore, customers will not likely receive the information
in time to be able to respond to it, unless having equipment
enabling automatic control. Basing the fee on more than one
hour would not be as accurate, however, could be simpler
for customers to understand. Moreover, this approach
incentivizes customers to reduce power use even if they
used high power early in the billing period, e.g. month.

An alternative to peak hours, is using a model that estimates
when during the day the grid is typically more congested.
The Time-of-Use (ToU) method means that the price is
higher during the hours of the day that are usually more
heavily loaded. ToU thus provides an incentive to move the
power use from high-cost periods to low-cost periods. Also,
the price of the forward-looking component is determined

well in advance, is constant over a longer period and applies
to certain predetermined periods.

Compared to peak hours, ToU is more predictable and
easier to understand for customers and possibly easier for
SOs to implement. However, the price signals of ToU are
not as cost-reflective. Further, the ToU price is set well in
advance, which can make it difficult to provide correct
incentives to customers. ToU is likely to imply a lower price
in the actual peak load hour compared to a price based on
the actual critical peak hour, and thus provide too weak
incentives to lower consumption at peak load in the grid.

Pricing the forward-looking cost component based on
critical peak hours or with ToU is a trade-off between
economic efficiency and simplicity. Research indicates that
ToU is not as effective to decrease power use during critical
peak hours, see e.g. [11]. If customers have access to smart
technical solutions enabling them to automatically adjust
their power usage based on the network tariff, using actual
critical hours can be beneficial as it e.g. enables them to
respond to short-notice price signals. In addition, critical
peak pricing is the most beneficial if the SO has tariffs that
take location into consideration. Hence, SOs themselves
need to decide which method of pricing the forward-looking
tariff component is best suited for their grid and their
customers.

3.3 Tariff component for customer-specific costs

Customer-specific costs are caused by the customers but not
affected by their grid use; e.g. costs for connection to the
grid, and costs for measuring and collecting data. Each
customer should finance their own customer-specific costs.
The connection fee is financed through a one-off fee
(outside the scope of this regulatory work), while other
customer-specific costs are paid continuously through the
network tariff.

As the customer-specific costs are not affected by the
customer’s grid use, it is not appropriate for the fee to be
based on either energy or power. Instead, these costs are
conveniently priced though a fixed fee per customer. The
SO must calculate each grid user’s customer specific costs.
In many cases, customer-specific costs are similar for
similar customers, meaning in many cases similar
customers can be charged the same customer-specific fee.

3.4 Tariff component for cost-recovery

The cost-covering tariff component (residual costs) consists
of the difference between total costs of the network
operation and the sum of cost-reflective tariff components
(variable and forward-looking costs) and customer-specific
tariff components. The allocation of residual costs between
customers have been widely discussed in academia and
among energy market experts. Proposed models often seek
to balance various, often conflicting, goals and are seldom
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used, in favour of simpler solutions such as a volumetric fee,
see e.g. [12][13].

Residual costs are not driven by short-term energy or power
usage, meaning a tariff component incentivising a customer
to reduce their own costs without reducing the SO’s total
costs will increase costs for other customers. Preferably, the
tariff component for residual costs affects the customers’
grid use as little as possible.

Ei has analysed relevant pricing methods of the residual
costs tariff component and found that neither a uniform
fixed fee nor a fee based on customers’ price sensitivity is
practical due to their disadvantages [5]. Instead, it is
preferable to use a fee based on the customer’s grid use.
Specifically, a power fee based on subscripted power usage
rather than measured power. Where the subscribed power is
based on fuse size, the method is easy for customers to
understand, transparent and predictable. The method can
also be non-discriminatory and reasonable as it charges
similar customers the same fee. If subscribed power is not
based on fuse size, the customer’s contribution to residual
costs depends on agreed power usage or power injection,
sharing the advantages of the fuse size method. However,
the choice of interval sizes between subscription levels can
create threshold effects, impacting the number of customers
affected.

3.5 Equal treatment of customer categories

In general, all customer categories shall be treated equally.
The tariff components for variable costs and forward-
looking costs are designed to provide cost-reflective price
signals. In practice, the variable and forward-looking costs
for using the grid in a certain point remain consistent
regardless the type of customer, i.e. a certain category of
consumer. For the tariff component for residual costs, it may
be justified to differentiate the allocation of residual costs
between customer categories to not discriminate and for the
allocation to be reasonable. The arguments on differences
between types of producers are largely the same as for
consumers [5].

3.6 Cost allocation between network levels

The waterfall principle, which assumes energy flows from
higher to lower voltage levels, traditionally guides fee
allocation of fees to other grids. Also, customers pay for the
voltage level they are connected to and for parts of the levels
above. Increased production at lower voltage levels may
reverse the flow, suggesting the principle might need to be
replaced. However, the method for allocating these costs
should be harmonized nationally among SOs.

Ei has analysed three alternatives [5]: withdrawal and
injection fees to other grids are (1) added to the SO’s other
costs and are allocated based on the SO’s principles based
on other costs, (2) separated from SO’s other costs based on

withdrawal and injection subscriptions, respectively, or (3)
distributed directly to the end customer. The analysis shows
that alternative (2) provides a relatively simple alternative
for the SOs while incentivizing efficient grid utilization, as
end customers’ long-term and short-term decisions has a
larger impact on their costs.

3.7 Cost allocation between injection and withdrawal
subscriptions

Injection and withdrawal customers have different
characteristics, although both incur costs. It may be
reasonable to treat them differently and charge different
fees. Cost allocation between injection and withdrawal
customers can be divided into cost-reflective costs, which
are directly related to grid use, and residual costs. The party
causing the cost should pay for it, meaning injection
customers pay when they cause the cost, and withdrawal
customers pay when they cause the cost.

Allocation of residual costs is discussed in section 3.4. The
new aspect to consider is how differences between injection
and withdrawal customers affect the analysis and how
allocation of residual costs between them impacts societal
welfare. Ei concluded that it is not currently appropriate to
propose a single model for this cost allocation [5], meaning
the bill Proposition 2004/05:62 [14] stating that each
customer should pay approximately its costs will continue
to serve as a guide for SOs. However, for TSOs, EU
Regulation 838/2010 will continue to apply.

4  Resulting tariff model in regulation on
network tariff design

4.1 Costs forming the basis of network tariff design

The regulation states that the SO shall distribute costs as
follows: (a) short-term variable costs, i.e. costs for network
losses, other costs due to customers’ short-term grid use and
fees to other networks, (b) customer-specific costs, i.e. costs
for measurements, calculation, reporting, invoicing, related
administration and customer-specific fees to other
networks, (c) forward-looking costs, i.e. costs required in
the network operation to contribute to long-term efficient
grid utilization and power fees to other networks, and (d)
residual costs. These costs, (a)-(d), must be distributed
between injection and withdrawal customers reflecting the
SO’s costs for injection and withdrawal, respectively.

4.2 Designing tariffs for efficient grid utilization

The regulation [4] states that a network tariff shall consist
of an energy fee, a customer-specific fee, a power fee (i.e. a
forward-looking fee) and a fixed fee, each related to one of
the respective costs (a)-(d) above, see Table 1.
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Table 1 Pricing of network tariff cost components

Fee/cost Pricing Price
component dynamics
Energy fee Volume (SEK/kWh) Static/ToU
Customer- Fixed (SEK/customer) Static
specific fee

Power fee Power (SEK/KW) CPP/ToU
Fixed fee Fuse/subscribed power Static

The energy fee shall correspond to the short-term variable
costs and be charged at a rate per kilowatt hour (SEK/kKWh).
The fee may be time-differentiated. Time-differentiation
may be more or less sophisticated, with two or more
different prices at different times of the day or season,
depending on feasibility and potential benefit to the grid.
The size of the energy fee is determined by the SO’s short-
term and long-term costs as well as energy costs to
neighbouring grids.

The customer-specific fee shall be based on the customer-
specific costs and shall be charged as a fixed fee per
customer. The fee shall reflect the costs incurred by the SO
for the customer and the fee shall be distributed in equal
amounts to customers with corresponding costs, i.e.
customers within the same customer category. The
customer-specific fee shall not be time-differentiated or
contain locational signals.

The power fee shall be based on the forward-looking costs
and shall be charged based on the customer’s use of the grid
and the total load on the grid. The power fee shall be time-
differentiated. In other words, the power fee shall signal the
long-term costs entailed by a customer’s current grid use.
The SO may price the power fee based on the most critical
peak hours of the grid or use a Time-of-Use (ToU) profile
to differentiate the fee over time.

The fixed fee shall be based on the residual costs and shall
be allocated based on the customer’s subscribed power or
equivalent. The fee shall be allocated in intervals that
depend on the size of the subscription, or ancther
corresponding allocation method if it can be assumed to lead
to a more efficient use of the grid. The fixed fee shall not be
time-differentiated or contain locational signals. It should
not contain any incentives for the customer to respond to.

In addition, withdrawal fees to another grid must be charged
to withdrawal subscriptions and injection fees to another
grid must be charged to injection subscriptions.

5 Conclusion

The regulation applies to all SOs from January 1% 2027 due
to regulations regarding new functionalities of meters from
January 1%t 2025 [15]. To facilitate the implementation of

the regulation, Ei holds seminars, workshops and
participates in dialogues with the SOs, as well as publishes
guidelines on its website. Efficient grid utilization through
network tariff design also depends on the customers’
possibilities to respond to price signals. From January 1
2027, Ei will monitor the SOs network tariffs to verify that
the tariffs comply with the regulation.
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