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ABSTRACT

Current tariff designs do not incentivize efficient or equitable responses by active customers adopting renewable self-generation or providing flex-
ibility in a future fully decarbonized electricity system. This chapter revises current practices in Europe and, based on the revisited principles of effi-
ciency and equity, proposes a first benchmark for tariff design. Forward-looking peak-coincident network charges that reflect network incremental

costs and fixed charges that collect residual network costs and policy costs are recommended. No one-size-fits-all model exists, in practice. These

are guidelines for regulators when dealing with the trade-offs between the tariff legacy and the new requirements imposed by this energy transition.
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1. INTRODUCTION

Traditionally, electricity tariffs have evolved in parallel with the or-
ganization and regulation of electricity systems. From integral tariffs
based on bundled services and costs under vertically integrated utilities,
regulated as monopolies, to unbundled energy prices freely negotiated
in electricity markets and regulated network and other policy charges
(Pérez-Arriaga, 2013).

Nowadays, electricity systems are entering a new transition period,
caused by three major drivers, in the following referred to as the 3-D’s:
digitalization, decarbonization, and decentralization.

Decentralization and digitalization are putting consumers at the centre
of the energy transition. New technologies are available to the end-us-
ers, which allow them to change the way they consume, self-produce,
or store electricity. These technologies include: 1) thermostatically con-
trolled loads, including heat pumps, 2) distributed renewable genera-
tion, 3) energy storage, 4) electric vehicles (EVs), and 5) smart meters
and other information and communication technologies (ICT). Cur-
rent electricity tariff designs are not suited to cope with these changes,
provoking distorting effects in the efficiency of the system. The indi-
vidual benefits obtained by consumers responding to actual tariffs are
not always bringing associated system benefits, and in addition, may
provoke distributional and non-equitable effects for some customer
categories.

On the other hand, electricity systems are required to be fully decar-
bonized over the next few decades. To achieve this, market conditions
need to attract investments in renewable energy and in flexibility re-

sources like energy storage, that can compensate for variable electricity
production. Tariffs and market prices must also provide the right in-
centives for consumers to become active market participants, providing
flexibility and contributing to stabilizing the electricity system.

Due to these changes, we need to rethink electricity system regulation,
and specifically traditional electricity tariffs. Nevertheless, promoting
the technical and economic efficiency of the electricity system should
remain the principle aim of electricity tariffs, in order to achieve a fair
and equitable allocation of costs and charges to network users. This
objective must be fulfilled acknowledging the capability of network
users to respond to economic signals, their investments in distributed
energy resources (DER). The future tariff should consider that network
users may be producers, consumers, or active customers, with control-
lable loads, self-generation or storage technologies, which act as either
consumers, producers or both.

Electricity prices and tariffs will therefore become a relevant instrument
to guide an efficient and equitable transition towards a more decarbon-
ized energy system.

The way tariffs fulfil this role in different electricity markets and coun-
tries differs significantly depending on which costs are recovered and
which charges are used to recover them.

As an initial distinction, total costs can be divided into energy costs
— determined by market mechanisms — transmission and distribution
network costs, and policy costs, such as support for renewable energy
sources (RES). All of these costs are recovered via the electricity bill
along with applicable taxes.
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In Europe, wholesale and retail electricity markets are used to settle en-
ergy transactions between producers and consumers — or their market
representatives, retailers and aggregators. Therefore, the allocation of
energy costs to consumer bills is based on those electricity market pric-
es. However, for the majority of small consumers, flat electricity prices
do not reflect the variability of market prices, because they are based on
the aggregated price over the month or year.

A question that arises is whether the actual market design is appropri-
ate for a future 100% renewable electricity system, with an increasing
share of solar and wind technologies, with high variability and intermit-
tency of generation, and near zero marginal costs. The need to ensure
supply adequacy and security under these circumstances is a challenge
that should be addressed with regulatory instruments which incentivize
investment in flexible technologies, such as storage systems, and in firm
capacity resources (Gerres et al., 2019a). However, the main focus of
this chapter is not on electricity market design changes to enable a high
penetration of renewable generation, but rather the subsequent chal-
lenges of such a system transformation on network tariff design and the
allocation of other regulated policy costs.

In Europe, regarding transmission and distribution costs allocated
through regulated network charges, unbundled transmission system
operators (TSOs) and distribution system operators (DSOs) are re-
sponsible for the operation, maintenance and investment of network
infrastructures. TSOs and DSOs charge regulated tariffs to network
users in order to recover the amount of network revenues allowed by
National Regulatory Authorities (NRAs). NRAs oversee, and in most
cases, decide on tariff setting. The emphasis of this chapter is mainly
on distribution tariffs, but many of the discussed principles for tariff
design may apply also to transmission tariffs.

NRAs design or approve tariff structures periodically in order to ensure
there is a right balance between competing tariff principles, manage
complex trade-offs between different tariff options and consider asso-
ciated impacts on network users. While many leading tariff principles
that were relevant in the past will remain so in the future, the balance
between principles might shift in the context of a changing electricity
system (CEER, 2020).
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This chapter aims to explore the role of tariff design on the efficient
development of the electricity system, putting special emphasis on the
response of active customers in relation to investing in and managing
DERs. Section 2 provides a general description of current tariff designs
across Europe and, in some cases, new proposals and trends. Section
3 develops a theoretical framework on which electricity tariff design
should be grounded, following the regulatory principles, while Section
4 elaborates on the impact of the 3-D’s on current electricity tariffs. Sec-
tions 5 and 6 present an efficient and equitable approach to designing
network and policy charges, respectively. To conclude, Section 7 pro-
vides examples of the benefits of employing efficient charges compared
to commonly used charges with increasing penetration of DERs.

2. NETWORK TARIFFS IN EUROPE:
CURRENT PRACTICES

Before analysing the current practices on tariff design in selected Eu-
ropean countries, we introduce a common terminology to understand
the involved concepts. That will facilitate the comparison between the
different tariff alternatives and options.

Regulated costs can be allocated to network users through different
types of charges. The most common type of charge is a volumetric or
energy charge (€ per kWh). The second type of charge is a capacity
charge (€ per kW), which can be differentiated between a maximum/
peak demand charge or a contracted capacity charge. While maximum
demand charges are based on the individual measured peak consump-
tion, contracted capacity charges are based on an agreed value that sets
the maximum power that can be withdrawn by the user from the net-
work. In some countries, modification of the contracted capacity can
be requested by network users, with such requests being reviewed by
DSOs and accepted under certain circumstances. Finally, a third type
of charge is a fixed amount allocated to each network user (€ per cus-
tomer). Typically, these charges are billed to customers periodically, for
instance every month or bimonthly.

TABLE 1. TYPES OF CHARGES ACCORDING TO TIME
BLOCKS AND PRICE SETTING PERIODICITY

Price setting periodicity

Annually Daily or shorter
Year Flat NA
. Blocks of . Variable Peak Price
Time Blocks several hours Static ToU or Peak Time Rebates
Hourly or NA Real Time Pricing or
shorter Critical Peak Pricing

Note. Summarizes the different types of charges depending on time-blocks and price setting perio-
dicity. Static tariffs updated every year correspond to flat or ToU charges, while dynamic tariffs, by

design, require shorter time blocks, even hourly.
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TABLE 2. OVERVIEW OF NATIONAL REGULATION ON NETWORK TARIFFS

Type of tariff charge Granularity
Currently | Planned e T
injplacel| Bretoni Fixed| Energy [ Capacity [Locational U el
energy | capacity
Household and e 2 time-
. small businesses blocks
Belgium, Flanders -
(EU—Um;grzsgi project, Large network users X X ﬁltolénkz—
X Househol_ds and X X
small businesses
Households X X X
Do LV, MV industry X X X
customers
JHYV, industry customers | X X X
2 time-
LV customers <36kVA X X blocks
2 seasons
2 time- .
France LV customers >36kVA X X blocks 2 | 2 periods
2 seasons
(CEER, 2020) seasons
2 time-
blocks 2 periods
MV, HV customers X X 2 seasons |2 seasons
+ 1 time- [+ 1 period
block
Customers at any
voltage level without X X
Germany metering of load profiles
(EU-Universal project,
2020) Customers at any
voltage level with X X X
metering of load profiles
Ttaly LV customers X X X 2 periods
(CEER,
(Regalin X LV customers with EV X X X 2 periods | 2 periods
LV customers<100kW X X X)
Norway LV customers>100kW, X X X
(CEER, 2020) and MV, HV customers
X LV customers <100kW X X X) X X)
1,20r3
LV customers X X time-
blocks
Portugal
(EDP Distribuigao, 4 time-
2020); (ERSE, 2018) MV, HV customers X X blocks
2 seasons
Pilot MV, HV, EHV X X 4 time- 2 periods
customers blocks 3 seasons
3 time- .
X LV customers X X blocks 2 periods
3 time- .
X MYV, HV customers X X blocks 3 periods
4 seasons | 4 seasons
Domestic and X X tll’mz e?r 3
The United Kingdom small businesses blocks
(CEER, 2020)
(Ofgem, 2018) L . 3 time-
arge businesses Plocks
X LV, MV, HV customers X X

Note. Source: EU-Universal project (2020). Shows an overview of current and planned distribution tariffs in some European countries.
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Energy and/or capacity charges can differ for each time block — the
period when energy or maximum demand are measured and charge
—during the billing period. This time block differentiation is known
as time-of-use (ToU) charges, and typically it differentiates, at least,
between peak and off-peak hours.

Additionally, tariffs differ by customer categories established by nation-
al regulation. For example, in Spain or France, charges vary depending
on the voltage level at the connection point (CNMC, 2019). Other
countries, like Belgium or the UK, differentiate among residential,
business, and industrial customers.

Finally, tariffs can be characterized by the interval at which energy, ca-
pacity or fixed charges are adjusted. In broad terms, a differentiation is
made between static tariffs, which are updated, for instance, annually,
or dynamic tariffs that can be updated daily, or even at shorter notice.

The most advanced type of dynamic tariffs is real-time pricing (RTP),
in which the charge would vary hourly or even by minutes, reflecting
network utilization levels — similar to wholesale electricity market pric-
es. In the case of critical peak pricing (CPP), the customer pays a higher
price at specific times during the day, or on days during the year when
network usage is very high or the grid is exceptionally constrained.
Peak time rebates (PTR) reward the customer for reducing the load
(Bhagwat and Hadush, 2020). Another kind of dynamic tariff is the
Variable Peak Price (VPP), where consumers know peak time blocks in
advance, but tariffs charged during those peak hours are indicated only
a few hours before peak events.

While reducing the cost uncertainty for customers, flat tariffs do not
provide incentives to customers to adjust their consumption to enable
the most efficient network operation. With the energy transition and
subsequent electrification (e.g. of heating and transport), such non-op-
timal behaviour can jeopardize efficient network operation, and ulti-
mately result in additional network investment. Replacing flat charges
by ToU charges is one option to incentivize efficient customer respons-
es, by translating system peak-hours into high price time-blocks.
Thanks to smart meter deployments in recent years, these trends have
been observed in some of the selected countries that are described be-
low (Abdelmotteleb et al., 2018; Passey et al., 2017; Pérez-Arriaga,
2016).

As shown, there is no one-size-fits-all model regarding network tar-
iff design in Europe. Historical reasons and different policy objectives
that NRAs aimed to achieve through tariff schemes mainly justify the
observed alternatives. Network tariffs range from simple flat energy
charges to more sophisticated structures with cost reflective capacity
charges. Many countries are moving towards higher temporal gran-
ularity by introducing time-of-use charges. Some countries, such as
Portugal, are also proposing locational charges among customers, and
some other countries such as Germany and the UK are already apply-
ing locational differentiation because tariffs are not national and differ
by DSO. Additionally, the deployment of smart meters in many Euro-
pean countries is creating new opportunities to design more granular
network tariffs that would increase cost-reflectiveness for potentially
price responsive active customers.
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3. REGULATORY PRINCIPLES
FOR TARIFF DESIGN

Traditionally, most regulators have preferred to design simple charges to
allocate power system costs to electricity customers. This approach may
become inadequate with increasing penetration of active customers
with DERs and flexible demand. Such simple methods exhibit limited
(if any) temporal or spatial granularity and result in tariffs that typically
bundle costs of all the value that customers receive. So, tariffs could be
over or undercompensating active customers for the system value they
provide. As a result, customers may opt for investing in DERs, which
maximize their own profit but are highly inefficient from the system’s
point of view. Moreover, innovative opportunities to provide addition-
al services for operating the system are being left untapped by inade-
quate compensation as a consequence of traditional tariff designs. This
reduces the overall efficiency of the system, since tariffs are unable to
reveal and appropriately compensate the value that DERs and price-re-
sponsive demand can provide to the system (Pérez-Arriaga, 2016). This
section sets the principles for electricity network tariff design, putting
the emphasis on the relevant role that active customers would play in
the energy transition.

Cost-recovery is the main principle guiding any tariff design. However,
the aim of tariff design is not only to ensure cost-recovery but also to
enhance the system’s technical and economic efficiency, both in the
short and in the long-term, by promoting the customers’ efficient us-
age of the electricity system. In addition, charges should be fair and
equitable among customer categories and non-discriminatory between
customers that use the service in the same way. A general consensus ex-
ists in the literature that electricity tariffs should follow both economic
efficiency and equity principles (Burger et al., 2019; OECD, 2011;
Rodriguez Ortega et al., 2008).

3.1. ECONOMIC EFFICIENCY

Economic efficiency is based on the ideal principle that goods or services
should be consumed by whoever benefits most from them (Pérez-Arria-
ga, 2013). The main objective of this principle is social welfare maximi-
zation, or in our case, total system cost minimization. Not only short-
term but also long-term system costs should be minimized. One way to
incentivize system cost minimization, in terms of network costs, is by
sending efficient economic signals to network users that encourage them
to make efficient use of the network (Batlle, 2011).

Several tariff design objectives can be derived based on the principle of
economic efficiency (Morell Dameto et al., 2020):

e Cost-reflectivity: network users pay the full costs of the electricity
service, recognizing that electricity costs may vary by time, loca-
tion, and supplied quality (Pollitt, 2018).

Additional objectives related to the economic efficiency and in some
way elements of cost-reflectivity are:

o Cost-additivity: tariffs are formed aggregating different cost
categories or items to reflect the total system costs.
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o Symmetry: costs that depend on consumption and injection
of energy or power are charged/rewarded equally at the same
location and time.

o Robustness against customer aggregation: costs that do not
change depending on whether consumption is aggregated or
individualized per customer should not be charged differently
to the aggregated customers than to the individual customers.

* Predictability: in the short term, customers should be able to
precisely estimate ex-ante the level of their network charges. In the
long term, predictability of tariffs and their methods of calculation
provides regulatory certainty to network users.

* Technology neutral: tariffs should be unbiased concerning the par-
ticular use case of different network users or the technology used to
withdraw or inject energy into the grid (Pérez-Arriaga, 2013).

* Minimization of cross-subsidies: one consumer’s actions should
not negatively impact other customers” charges.

Efficient economic signals should try to capture and reflect the mar-
ginal or incremental utilization cost of electricity services. Such signals
serve as the key indicator to coordinate planning and operational de-
cisions made by market participants, including customers, to achieve
efficient outcomes.

The treatment of any costs, which are not affected by changes in electric-
ity consumption or production, is equally important. The methodology
used to recover these so-called residual costs must be carefully designed,
avoiding any distortion of the economic efficiency aimed by cost-reflec-
tive charges (Pérez-Arriaga, 2016), and at the same time, allocating those
costs following equity principles, introduced in the next section.

3.2. EQUITY

The term “equity” has many different definitions. For example, some may
consider as equitable those tariffs which ensure that all customers within a
service territory pay the same charge per-kilowatt-hour (kWh) regardless
of when or where they consume. Many scholars have noted that such a
tariff design benefits some customers at the expense of others, i.e. some
customers pay less than the costs they create, while others pay more. As
a consequence, the application of the equity principle may come at a
significant societal cost. Making informed tariff design decisions requires
a profound understanding of these trade-offs (Burger et al., 2019).

Equity considerations in relation to electricity tariff design can be split
into specific sub-principles, namely allocative equity, distributional eq-
uity and transitional equity.

e Allocative equity: Identical network usage should be charged
equally. Identical network usage refers to comparable location and
consumption patterns, regardless of payer nature, energy final us-
age, or appliances behind the meter (Burger et al., 2019; Pérez-Ar-
riaga, 2013).

Although allocative equity is a consideration of the equity prin-
ciple, its implications are completely aligned with the aforemen-
tioned economic efficiency principle. For example, one of the
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main implications of allocative equity is that marginal consump-
tion/production should be charged/paid according to marginal
costs/values it creates (Burger et al., 2019). This can be consid-
ered as cost-reflectivity and symmetry as previously explained, and
therefore would lead to a more efficient system. Another important
implication is that residual costs should be allocated according to
customer characteristics that are not impacted by their consump-
tion or production decisions in the short term. This definition
of equity provides regulators with a certain degree of freedom to
group customers in different categories. For instance, regulators
could use wealth or other customer characteristics to classify them
and then allocate the system’s residual cost among those different
customer categories. Section 5.2 dives into this issue in more detail.

* Distributional equity: Charges should be proportional to the
economic capability of each user. This is in conflict with economic
efficiency principles, e.g. cost reflectivity. It is possible that efficient
tariffs could have undesirable distributional outcomes for some
vulnerable customers. When designing residual costs allocation,
regulators often use tariffs as a means to achieve distributional out-
comes (Burger et al., 2019; Strielkowski et al., 2017).

¢ Transitional equity: A transition from an old tariff scheme to a new
one should be gradually implemented. The aim of a tariff change
is to improve net welfare and in the long-term reduce the cost for
network users. However, these changes could also entail that certain
customers or customer groups have to pay more. Regulators and
policy makers should address these concerns, since customers can-
not reasonably account for future unexpected tariff changes in their
investment decisions. One of the key methods to alleviate transi-
tional equity challenges is by implementing changes gradually.

While the main objective of economic efficiency is to send the right
price signals to achieve the optimal development of the electricity sys-
tem, the main objective of the equity principle is to allocate mainly
residual costs, taking into account allocative, distributional and transi-
tional effects among different customer categories and without distort-
ing efficient signals.

4. REVISITING TARIFFS UNDER
DECENTRALIZATION, DIGITALIZATION
AND DECARBONIZATION

The 3-D’s transformation imposes the need for revisiting how the princi-
g

ples for tariff design, explained in section 3, are addressed by traditional

tariffs, and how tariffs should otherwise be adapted to the new situation.

4.1. DIGITALIZATION AND COST-
REFLECTIVE GRANULAR TARIFFS

Digitalization offers new opportunities for efficient customer respons-
es, and the tariff design should take this into account (Pérez-Arriaga,
2016). Digitalization does not only imply the large-scale deployment
of metering systems, but also encompasses home and building auto-
mation. In addition, digitalization creates new business models for
aggregators that cluster the response of thousands of consumers and,
as such, could provide system services, i.e. through flexibility markets.
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Consequently, this would allow small consumers to provide flexibility
services to transmission and distribution system operators (Glachant
and Rossetto, 2018; Prettico et al., 2019).

Digital data collection, computing power, and data transfer have im-
proved tremendously in recent years. This creates an opportunity to
define more cost-reflective granular tariffs with higher locational and
temporal discrimination. The resulting tariff structure would be more
complex and subdivided into multiple parts. In retail markets, never-
theless, retailers are responsible for recovering regulated tariffs together
with electricity market prices and retail margins via the final customer
bills. Retailers would find value in offering residential or small con-
sumers the option to hedge against price volatility by creating simpli-
fied bills that can be easily understood, particularly for consumers with
little capability to become active customers. In addition, retailers and
aggregators could opt for offering more sophisticated price and tariff
structures to those customers that are reactive to flexibility incentives.

In addition, digitalization has the potential to increase the traceabili-
ty and transparency of information. This allows detailed signalling of
where the different charges come from, given that transparent meth-
odologies for cost allocation are in place. For instance, by using apps
that display market prices and signal system operation conditions, active
customers, directly or through aggregators, could respond by modifying
their consumption patterns creating higher system efficiency.

A deeper knowledge of customer consumption patterns — provided by
smart meter data — and their relationship with customer metrics about
wealth or income, would enable better customer segmentation and
granularity, allowing the design of more efficient and equitable tariffs
(Morell Dameto et al., 2020).

4.2. DECARBONIZATION POLICIES
AND FAIR COST ALLOCATION

Some studies foresee that ambitious decarbonization policies impos-
ing high penetration targets for renewable generation in the electricity
system will need some sort of support mechanism, additional to the
market price, to ensure investment recovery for RES investors (Gerres
etal., 2019b). Depending on the market designs, the extra cost of RES
support mechanisms can be allocated to final customers as a regulated
cost to be recovered through the tariff.

Increasing the burden of supporting renewables or other environmen-
tal policies via the tariff, especially when flat volumetric energy and/
or net-metering charges are applied to recover those costs, could have
consequences on distributional effects between passive and active cus-
tomers (Mastropietro, 2019).

The decarbonization of the energy system also requires the electrifica-
tion of other end energy uses, like heating and cooling and transpor-
tation through electric vehicles (Barrera, 2019). Electricity tariffs may
also support, or at least should not be an obstacle to these objectives.
Tariff design, for example, can provide for a reduction of energy and
capacity charges at night, always preserving the main principles of eco-
nomic efficiency and equity.

Given ambitious RES targets and much more distributed RES gen-
eration, a higher locational granularity applied to network charges is
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needed to provide cost-reflectivity and efficiency for the use of existing
network infrastructure.

4.3. DECENTRALIZATION AND CUSTOMER
RESPONSE BEHIND THE METER

Electricity tariff design is affected by those environmental and energy
policies that may involve additional costs which would need to be al-
located, among others, to electricity customers. As of today, renewable
subsidies in many EU countries account for a major share of the policy
costs reflected in the electricity bill, as can be observed in Figure 1
(ACER, 2020).

Net-metering tariffs — those accounting for the net exchanged energy
with the grid, i.e. subtracting self-generation from consumption within
predetermined billing periods — incentivize customers to install distrib-
uted renewable generation behind the meter, mainly solar photovoltaics
(PVs). As a consequence, active customers — customers installing PVs
— partially avoid paying regulated costs, while the rest of customers
cross-subsidize them by bearing these costs (Strielkowski et al., 2017).

The same effect, but to a lesser extent, is observed when flat volumet-
ric energy charges are applied to recover network costs. Those charges
over-incentivize customers to install self-generation to reduce their net
energy consumption obtained from the grid. This effect reduces the total
network payments by active customers, yet total network system costs
are not equally reduced. Thus, regulators would have to increase those
energy charges to fully recover network costs for the next tariff settlement
period. The users who did not install self-generation would face higher
rates for the same electricity consumption, so they would be further en-
couraged to invest in self-generation. According to several authors, the
redesign of tariff structures is needed to counteract these effects (Brown
and Sappington, 2018; Pérez-Arriaga, 2016; Siano, 2014).

This side effect caused by providing hidden incentives through tariff
design to decentralized technology solutions might complicate system
cost recovery. As a consequence, tariffs would have to rise, thereby neg-
atively affecting the principles of stability and predictability (Nijhuis
etal., 2017).

Furthermore, a level playing field should be built for both centralized
and decentralized energy resources. In other words, tariffs should send
efficient economic signals to invest in the most beneficial technology
for the system, regardless of size or use (Barrera, 2019).

Research projects and literature refer to active customers — with PV,
demand response, batteries, and/or EV — as flexibility providers to the
grid, improving grid efficiency (Abdelmotteleb et al., 2018; Bergaent-
zlé et al., 2019; Pérez-Arriaga, 2016). At the same time, distributed
generation could improve system reliability since system failures can
be mitigated with local resources. As a consequence, the procurement
of flexibility services by network operators is becoming more and more
relevant, for instance, with the creation of local flexibility markets (Ab-
delmotteleb et al., 2018). In this context, the tariff design should not
become an obstacle for active customers to provide these flexibility ser-
vices, for instance, ensuring that active customers with energy storage
facilities are not subject to double charging, including network charg-
es, when providing flexibility services to network operators (Directive

(EU) 2019/944, 2019).
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FIGURE 1. COMPOSITION OF ELECTRICITY BILL FOR HOUSEHOLDS IN CAPITAL CITIES.

SOURCE: ACER (2020).

An extreme case of system decentralization occurs when a customer de-
cides to completely disconnect from the grid and self-provides energy
needs through alternative sources. This effect is known as grid defec-
tion. In this case, the electricity system or the rest of customers should
not bear the part of the residual costs that still remain in the system and
were covered by the defected customer. This issue opens a discussion
about the potential application of exit fees or alternative tariff designs
to recover these residual costs when defections occur (Burger et al.,
2019; Haapaniemi et al., 2019).

5. NETWORK COSTS AND CHARGES

As has been described, the 3-D’s transformation poses new challenges
for electricity tariffs and uncovered issues related to efficiency and eq-
uity for tariff design. In this section, the allocation of network costs is
re-evaluated by following the aforementioned principles and account-

ing for the effect of the 3-D’.

The electricity network is a capital-intensive business. Network costs
mainly consist of capital expenditures (CAPEX) associated with net-
work infrastructure investment with long depreciation periods, and
operation and maintenance costs related to this infrastructure (OPEX).
Additionally, energy losses within the network and the low quality of
service costs are also considered.

The cost minimization objective imposed by regulators to the monop-
olistic network operator is mainly targeting the minimization of long-
term network expansion costs, while specific incentives are included for
energy loss reduction and improvement of quality of service indicators.
From the point of view of network tariff design, some authors conclude
that the main signal to be transmitted to network users should aim at

minimizing the long-term incremental network costs. In underutilized
systems, this signal is not enough to recover the required network rev-
enues. In this case, the remaining part to full cost recovery is defined
as network residual costs (Pérez-Arriaga, 2016). Long-term incremen-
tal costs are associated with the network reinforcements needed in
the future, and additional investments if the network usage contin-
ues to grow during the maximum demand periods (Bonbright, 1961).
Therefore, as will be discussed in section 5.1, long-term network costs
should be recovered through peak-coincident charges. Residual costs,
as commented, are the proportion of the total network costs that are
not recovered through the previously defined peak-coincident charges.
It is important to note that long-term incremental costs and residual
costs are dependent on both the actual grid and the foreseen grid usage.

Some countries, like the UK, have already developed a network cost
allocation methodology, which differentiates between long-term incre-
mental network costs and residual costs (Ofgem, 2019a). The rest of
the analysed countries do not make this distinction, and they apply the
same allocation methodology to the sum of all network costs. It needs
to be highlighted, though, that in some countries, customers (usually
LV consumers) face a single charge for the generation, network, policy,
and commercialization costs, as explained in section 1.1. The latter is
neither efficient nor equitable.

In section 5.1, long-term incremental network costs are defined and
an efficient methodology for the allocation of these costs is proposed.
Section 5.2 deals with the issues related to the residual costs definition
and the principles that should guide their allocation among network
users. Section 5.3 deals with the compatibility between peak-coinci-
dent charges and connection charges. Finally, section 5.4 provides use-
ful insights on the complementarity of flexibility market mechanisms
and long-term incremental network charges.
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5.1. LONG-TERM INCREMENTAL
NETWORK COSTS AND CHARGES

Network operators should plan and develop network infrastructures
which cope with expected demand growth and future network con-
nections at minimum cost, while maintaining quality of service levels.
According to cost-reflectivity principles, network users should receive
the right economic signals to optimize these long-term network expan-
sion costs.

First, it is necessary to calculate the long-term incremental network
costs, and second, determine how these costs should be allocated to
network users. This could be done, for example, through charges with
different time-blocks (flat, time-blocks of several hours or houtly),
through different charging variables (energy or capacity), or through
charges with or without spatial differentiation. Long term incremental
costs are discussed in section 5.1.1, and section 5.1.2 addresses the
question of allocation.

5.1.1. LONG-TERM INCREMENTAL

COSTS CALCULATION AND DRIVERS

Long-term costs are those future costs that DSOs and TSOs will face to
maintain system integrity and quality of service given an increasing elec-
tricity demand. Therefore, long-term costs correspond to the expected
costs of the network expansion planning. Investments in network assets
are discrete and irreversible, and they are performed every few years —
note that the lifespan of these assets is 40 years and beyond.

At the same time, incremental demand changes also differ over time.
Therefore, in order to compute the long-term incremental costs, it is
necessary to bring future costs caused by incremental demands to pres-
ent value, to signal current customers their potential impact on the
future grid.

From a theoretical point of view, the main trigger for future network
investment is the maximum peak usage of each network element, i.e.
the maximum energy flow through the network element, which is due
to both the generation and demand contributing to that maximum
flow, as stated in (Abdelmotteleb et al., 2018). Although this is a fea-
sible approach, it would be very costly to monitor each one of the
network elements, and therefore this approach would not be practical.
A much less costly alternative would be to divide long-term network
costs according to regions, zones, or clusters of nodes. Thus, regula-
tors should evaluate pros and cons of applying long-term network costs
with a higher or lower locational granularity, while taking into account
that the theoretical main cost driver is the maximum network flow at
each network component.

5.1.2. LONG-TERM INCREMENTAL
COSTS ALLOCATION

Once long-term network costs have been calculated, it is necessary to
efficiently signal customers to guide them towards an optimal usage of
the electricity network. First, we discuss whether producers should also
face long-term incremental costs. According to the economic efficiency
principle and the cost-reflectivity and symmetry criteria, when allo-
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cating long-term incremental network costs, producers and consumers
should be treated equally. Furthermore, the existence of active custom-
ers emphasizes the need for this symmetry, as they consume from or
inject power into the grid during different time periods.

Since long-term incremental costs are driven by the maximum peak
usage of the network, those customers contributing to maximum peak
usage would be responsible for the required future network invest-
ments in each particular network component or network zone. Thus,
charges designed to signal long-term costs should be forward-looking
peak-coincident network charges, i.e. higher charges in those periods
with expected higher network usage.

Under a purely theoretical approach with perfect knowledge about the
future network characteristics, it would be possible to know the peak
hours of each network element. This means that customers could be
charged according to their contribution to the peak hours in each of
the network elements. However, in practice, and when smart meters
are deployed, a common methodology is to select those hours on which
the network is expected to be more used, defining those time blocks as
peak hours and the rest as off-peak hours.

Ideally, the more temporally differentiated a tariff signal is, the higher
the level of efficiency that can be achieved. Additionally, a shorter price
setting period may provide more dynamic responses from customers, as
explained in section 2. However, implementation costs of granular and
dynamic tariffs — not only due to the technical development of smart
meters and markets, but also customer awareness and engagement —
must be compared to the potential benefits in terms of long-term sys-
tem costs and efficiency.

Once system-peak periods have been identified, regulators should de-
cide whether peak charges should be signalled through energy or ca-
pacity charges. If a high time granularity is applied by establishing a
sufficient number of time blocks, energy charges could provide more
efficient and equitable outcomes than capacity charges. This is due to
the fact that customers who intensively use the grid during peak time-
blocks should be charged more than customers who have a punctual
demand peak during those peak-time blocks. According to this, if ca-
pacity charges are applied, a customer who experiences a significant
high consumption due to a largely unavoidable situation at the begin-
ning of a peak time-block, does not receive any incentive to efficiently
manage consumption for the rest of the hours within that peak time-
block. This randomness of sporadic short high consumption or injec-
tion situations can be entirely avoided through energy charges at the
peak-coincident time-blocks. Thus, energy pricing provides superior
incentives to optimize usage at all relevant times within the peak time
blocks (LeBel et al., 2020).

In essence, the best option for signalling long-term incremental net-
work costs would be to implement peak-coincident energy charges that
measure the contribution of network users to the peak network flows in
the time-blocks of maximum utilization. This economic signal would
incentivize user responses to reduce network peak flows and delay fu-
ture grid investments.

Finally, there is a discussion about the efficiency and equity issues of
applying a geographically differentiated network charge. On the one
hand, the principle of economic efficiency would lead us to design
peak-coincident network charges with a high level of locational gran-
ularity to incentivize efficient network user responses depending on
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the particular network components that are expected to be congested.
On the other hand, equity concerns would advocate for allocating the
same charges to a large proportion of customers under the same cat-
egories regardless of their location (Pérez-Arriaga, 2016; Schittekatte
and Meeus, 2018).

5.2. RESIDUAL NETWORK
COSTS AND CHARGES

After subtracting the part corresponding to the long-term incremen-
tal network costs, residual network costs are the remaining part of total
network costs to be collected. The amount of residual network cost is
independent of any customer response and therefore not driven by them.

For recovering residual network costs, it is recommended to allocate
them in a way that does not impact other efficient price signals, such as
peak-coincident charges or energy market prices. Network users should
not be able to avoid this payment by modifying their consumption/
injection patterns. In addition, these charges could allow equity issues
to be addressed, based on how charges are applied to the different cus-
tomer categories. The United Kingdom (UK) regulator is moving in
this direction. In the UK, there is a proposal to recover residual network
costs through a fixed charge for domestic customers, depending on the
aggregated net consumption of the customer category and equal charges
for customers under the same category (Ofgem, 2019b).

Another discussion related to the allocation of residual network costs is
whether or not producers should pay these costs. Assuming that there
is not cost-reflectivity and producers compete in the electricity market,
they would simply internalize these costs in their energy sales, with po-
tential distortion of competition and being finally paid by consumers.
Therefore, it is recommended that residual charges should be solely
allocated to consumers.

Residual network costs share the same allocation challenges as policy
costs, because both costs have no driver. Therefore, this issue will be
addressed in section 6.

5.3. COMPATIBILITY BETWEEN
PEAK-COINCIDENT AND
CONNECTION CHARGES

Peak-coincident and residual network charges are use-of-system charg-
es. They are charged periodically, monthly or bimonthly with the aim
of recovering network costs and collecting allowed revenues for net-
work operators. In addition to those use-of-system charges, connection
charges are used by network operators when a new user connection
is required in the system. A connection charge is a one-off payment
that new customers or those requesting a higher network connection
capacity must face due to needed network reinforcements. In general,
three types of connection charges can be distinguished: super-shallow,
shallow and deep connection charges. The degree to which connection
charges fully reflect the incremental cost of providing a user with a new
or upgraded connection to the network depends on the type of con-
nection charge. In the case of super-shallow connection agreements,
basically no costs are charged for the connection. Shallow charges only
consider the new extension from the existing grid to the connection
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point of the new user, while deep connection charges additionally in-
clude all the network reinforcements in the existing network required
to accommodate the power flows from the new connection (Schitteka-
tte and Meeus, 2018).

Introducing forward-looking peak-coincident network charges, as a
use-of-system charge, requires consideration of the potential overlaps
with the traditional connection charging concept, because both types
of charges attempt to reflect the network costs that individual network
users could cause.

Applying deep connection charges and forward-looking charges would
be conflicting, because the same network costs would be signalled
twice, through both mechanisms. On the other hand, super-shallow
connection agreements would be fully compatible with forward-look-
ing peak-coincident charges.

5.4. LOCAL FLEXIBILITY MECHANISMS

Traditionally, distribution system operators do not consider flexibility
services provided by third parties — for example, producers, consum-
ers, or active customers — when planning new network reinforcements
to reduce network incremental costs or, in the short-term, when they
have to deal with potential congestions or voltage problems. In the fu-
ture, these services would be procured through so-called local flexibility
mechanisms, such as long-term auctions, short-term markets, bilateral
contracts, and regulated payments.

In some way, those local flexibility mechanisms and cost-reflective
peak-coincident charges have the same objective, reducing future net-
work costs, and complement each other.

As we have commented, network tariffs are usually designed for large
systems. Local flexibility mechanisms, though, are designed ad-hoc
for dealing with congestion problems or system reinforcements that
mainly affect specific network components located within those larger
areas. In this way, both mechanisms are complementary in terms of
geographical scope.

Likewise, flexibility mechanisms can be implemented to introduce ge-
ographical discrimination in countries where legislation prevents doing
this via network tariffs. Local flexibility markets can be another option
to deal with potential grid congestion problems that are difficult to
manage under cost-reflective dynamic tariffs. Here, the suitability of
different options depends on how extensive the required customer reac-
tion should be. For instance, system-wide reactions, caused for example
by a heat wave, are better achieved by broadcasting high network tariffs
for the following day during peak-use hours, while local resources to
solve specific network congestion, occurring at different times and lo-
cations, can be better mobilized under local flexibility markets (Gémez
San Romin et al., 2020).

A key difference between dynamic tariffs and local flexibility mecha-
nisms is that the former rely on the uncertain reaction of potentially
responsive network users, whereas the latter force flexibility providers
to commit to providing the service in response to the grid operator’s
command. In fact, in some cases, this response may be automatic.
Hence, local flexibility markets enable network operators to rely on
flexibility for actively managing the network in daily grid operations,
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and to avoid grid reinforcements when planning the expansion of the
grid (Gémez San Romdn et al., 2020).

We can conclude that local flexibility mechanisms and forward-look-
ing peak-coincident charges are compatible and complementary. While
flexibility markets aim to mitigate critical congestion or avoid network
reinforcements in specific areas or components of the system, network
tariffs search for a wider system response to achieve an optimal grid
development. Furthermore, the response of network users with ad-hoc
flexibility mechanisms is more certain than with network tariffs.

6. POLICY COSTS AND TAXES

Policy costs include renewable subsidies and other costs that are not
related to the grid usage, mainly derived from energy, environmental
or social policies. Most of these policy costs do not have a clear driv-
er related to electricity consumption or injection in the system, and
can therefore actually be considered as residual costs. Among efficien-
cy or equity principles for their allocation, in general, equity criteria
are considered. In particular, it is recommended that their allocation
should not distort the efficient cost-reflective energy prices and net-
work charges previously discussed. Some academics take a more radical
stance, calling for an exclusion of some policy costs from the electricity
bill, and recovery of these costs through the national public budget
(Pérez-Arriaga, 2016).

6.1. WHICH COSTS SHOULD BE
INCLUDED IN ELECTRICITY TARIFFS?

There are several negative consequences of including residual network
and policy costs that are not directly affected by changes in electricity
consumption in electricity tariffs. There is a very clear risk of efficien-
cy loss, in the case that they distort cost-reflective prices and network
charges. On the other hand, meeting decarbonization targets, as it has
been explained, is related to electrification of final energy uses cur-
rently supplied by non-renewable fuels. Increasing electricity prices
with policy costs would discourage the use of electricity with respect to
competing alternative fuels. Finally, another potential consequence of
including policy and residual network costs in the tariff is grid defec-
tion. In most cases where the network is already in place, grid defection
results in a reduction of social welfare.

Every cost item which can be considered a policy cost should be subject
to scrutiny. In many jurisdictions, subsidies to promote low-carbon
technologies — renewable generation, in particular — are a significant
part of the policy costs in the electricity tariff. Certainly, electricity pro-
duction is an important contributor to greenhouse gas emissions, but
other sectors of the economy contribute as well. Since the electricity
system appears to be easier and faster to decarbonize than other sec-
tors, support policies with economic incentives were concentrated on
renewable generation technologies, mainly solar and wind. Therefore,
it seems justifiable to share the burden of electricity decarbonization —
i.e., the corresponding policy costs — among customers of other energy
sectors as well, and, in this way, decrease the costs on the electricity bill
(Batlle, 2011). For example, in the United States a substantial fraction
of the cost of renewable support schemes is born by federal, state, or
local taxes (Pérez-Arriaga, 2016).
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A more radical proposition is to question whether the residual compo-
nent of electricity network costs, both transmission and distribution,
could be allocated to taxpayers instead of electricity customers. This
topic would become more relevant if the cost reductions for distribut-
ed generation and storage units turn grid defection into a widespread,
economically attractive alternative within the power system.

6.2. RESIDUAL COSTS ALLOCATION

Recovering residual network and most policy costs with a flat energy
rate per kWh consumed, regardless of the time or the location of this
consumption, can result in a significant distortion. This approach in-
vites network users to net out their demand for electricity by installing
system-wide inefficient self-generation behind the meter. By cancelling
electricity demand with embedded generation, those customers would
avoid paying residual costs, which would have to be reallocated to other
customers. Moreover, since the rest of customers face higher flat energy
rates, they are more incentivized to adopt self-generation, thus exacer-
bating the utility ‘death spiral’ effect (Simshauser, 2016).

A different approach would be to recover policy costs via a fixed charge
which would be determined annually by the regulator for each cus-
tomer and then charged, for instance, in equal monthly instalments.
In principle, this annual charge would not distort short-term and
long-term efficiency signals. However, there are obvious equity im-
plications: Should all network users pay the same charge, irrespective
of their energy consumption or their peak or contracted power? Resi-
dential customers that consume more energy are likely to be wealthier
than customers that consume less energy. An equal fixed charge for
all customers would disproportionately affect low-income customers,
which would be socially unacceptable. This discussion can be extended
to commercial or industrial customers. Although an annual charge not
directly linked to electricity consumption is an efficient instrument,
further considerations on how to allocate this sum to customers is re-
quired.

As a qualitative assessment, we can compare how three different types
of charges, mainly for residential customers, perform considering the
aforementioned equity principles.

1. Fixed charge based on the income level or the real estate tax

The allocation of residual costs according to the income level of resi-
dential customers allows progressive charges with respect to consumers’
income. The real estate tax could also be a proxy for the income level of
the owner. This fixed progressive charge would meet equity criteria, as
well as being independent of the level of consumption.

This fixed charge would be independent from the consumption or
contracted power of the consumer, or whether the consumer decides
to install self-generation or storage units. The collected amount would
also not change if several consumers are aggregated as a cluster with a
single connection point to the system, forming, for instance, a citizen
energy community. Finally, this charge would easily be applicable to
new consumers requesting connection to the grid.

On the other hand, the practical implementation of this type of charge
would be complex due to access to the information, which is not rel-
evant for the operation of the electricity system, but required for its
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implementation. Both income data and real estate taxes are traditionally
not available to utilities. In addition, substantial regulatory changes for
their implementation would be needed with respect to current practices.

2. Contracted or installed capacity charge

A less radical approach compared to the current situation is to use the
contracted capacity or the installed capacity, i.e. the maximum allowed
capacity for a consumer installation based on technical standards, to al-
locate residual costs. This approach is currently used for the allocation of
other regulated costs in some jurisdictions. However, any charge related
to the size of the customer connection can introduce barriers to electri-
fication. To avoid this, the application of this charge could be exempted
in off-peak periods. The charge would be fixed for the whole year, pro-
portional to the maximum capacity contracted for peak time-blocks, as
is expected to be applied in Spain in 2021, or in line with the proposal
of the Iralian energy regulator shown in section 2.2. In this way, no
extra costs would be added to consumption or generation during off-
peak hours, and therefore no barriers would be created, for instance, to
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electric vehicle recharging during periods of low network utilization.

Contracted capacity and installed capacity can be modified by the cus-
tomer, but only to a certain extent, because a customer must contract
or install capacity which corresponds to his maximum consumption. In
addition, these charges are basically not avoidable for customers with
photovoltaic self-generation installations, since they are not controlla-
ble, and thereby not able to reduce their contracted capacity.

This proposal, however, is not robust against cross-subsidies that could
arise, for example due to the installation of storage systems which would
allow contracted or installed capacity to be reduced, or due to supply
point aggregation which would enable all consumers to reduce contract-
ed or installed capacity, since the aggregated maximum capacity would
be less than the sum of the individual maximum capacities. Contracted
or installed capacity, as charging variables, are directly applicable to new
consumers requesting connection to the grid. Finally, this allocation
method is also easily applicable to commercial or industrial consumers.

TABLE 3. QUALITATIVE COMPARISON OF RESIDUAL COST ALLOCATION METHODS

Fixed charge

Criteria

Non-modifiable by consumer’s actions

based on
income level

Contracted or
installed capacity
charge

Fixed charge
based on
historical

consumption

Easy transition

Robust against self-generation

Robust against storage

Distributional equity

Robust against customer aggregation

Easy applicable to new customers

OO OODO
@DHDO

DODO®

Note. Summarizes the different alternatives discussed to design residual charges with associated implications.
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3. Fixed charge based on historical consumption

The central idea of this last alternative is to seck the "historical" respon-
sibility of each customer for the stranded residual costs. For example,
historical energy consumption could be considered a reasonable indi-
cator of the costs associated with past policy costs, i.e. historical costs
of support mechanisms for renewable energy. The calculation by which
the fixed charge to each consumer is determined takes its annual histor-
ical consumption as a reference.

The relationship between historical consumption and income level is
not so clear. It is presumed that consumers with higher incomes have
more household appliances and therefore higher consumption. But,
low income consumers have less efficient appliances or poorly thermal-
ly insulated homes. By defining a fixed charge on historical consump-
tion that would not be updated, consumers could not change their
payments by changing their actual consumption patterns.

The transition from current tariff designs to this alternative would not
be difficult because utilities already know the required data. The as-
sociated fixed charges could not be avoidable by customers installing
self-generation and storage technologies. Despite this, it presents some
problems of applicability to new consumer connections where histor-
ical consumption data would not be available. To resolve this, default
charges could be set taking as a reference consumers with similar char-
acteristics (Batlle et al., 2020).

As we mentioned, there is no one-size-fits-all solution, and the applica-
tion of one method or another will be up to national regulators, based
on the applicable laws, data accessibility, network technical develop-
ment, and customer engagement.

7. EFFECT OF ELECTRICITY
TARIFF DESIGN ON DEPLOYMENT
OF NEW TECHNOLOGIES

Electricity tariffs, along with smart meters and new energy technology
deployment, are critical in order to make the energy transition more
efficient and environmentally sustainable. Long-term incremental
network charges are responsible for the efficient allocation of network
costs. Nevertheless, residual costs should not distort economic signals
provided by long-term incremental charges or energy prices. An impact
assessment of described tariff designs is required to find out their effects
on the customer adoption of these new technologies and implications
for system efficiency.

In an ideal world, electricity tariffs should provide economic signals to
customers to invest in the most economically efficient technology from
a system perspective, while maintaining a level playing field between
technology options. It is necessary to note that depending on the ap-
plied tariff structure, the most economically efficient actions taken by
customers for their own benefit would not always improve efficiency
from a system perspective. This analysis is therefore based on a com-
parison between system and individual benefits for various technolo-
gy alternatives for customers under three different tariff structures: a
peak-coincident energy charge plus a fixed charge according to what was
presented in sections 5 and 6, a maximum individual demand or con-

tracted capacity charge (€/kW) and, finally an energy charge (€/kWh).
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Under the new paradigm, customers can choose between adopting sev-
eral technologies or actions to respond to electricity prices and tariffs.
These actions can be simplified into three groups: i) to invest in non-con-
trollable and intermittent self-generation, such as solar PV panels; ii) to
invest in controllable flexible loads, such as storage, electric vehicles or
heat pumps; and iii) to engage with other customers, forming a cluster or
aggregation with a single connection point to the grid. Electricity tariff
design is a key element that affects the future of the electricity system,
acting as a driver for customers’ investment decisions.

7.1. NON-CONTROLLABLE
AND INTERMITTENT
RENEWABLE GENERATIONS

One of the main characteristics of renewable self-generation technol-
ogies is their uncontrollability and their intermittency. These aspects
make it difficult to align generation with peak demand, either local
or upstream, which is the main trigger for network investments. RES
generation alone would contribute to neither delaying network re-
inforcements nor lowering future network costs. Therefore, network
tariffs should not over incentivize non-controllable and intermittent
RES generation. In those cases when RES self-generation contributes
to lowering peak demand, their installation would be reasonably re-
warded if peak-coincident charges are applied.

In the case of applying maximum individual demand or contracted ca-
pacity charges, tariffs would fail to account for situations when RES
self-generation is aligned with the networks peak demand. In this
case, affected customers installing RES self-generation would not be
rewarded, since the estimated system benefit would be greater than the
individual benefit. On the other hand, as it has been explained in sec-
tion 6.2, flat energy charges would increase the individual benefits for
those customers adopting RES self-generation, further incentivizing its
adoption, and eventually jeopardizing the total network costs recovery.
Although this problem could be mitigated through time-block differ-
entiated energy charges, it does not address the issue that an important
part of the network costs are residual costs and not related to energy
consumption. Consequently, recovering these residual costs through
energy charges will lead to losses in system economic efficiency.

7.2. CONTROLLABLE FLEXIBLE LOADS

Controllable flexible loads are an efficient alternative for customers to
respond to electricity prices and charges. They include storage, electric
vehicle, and heat pump technologies, and also other types of loads that
can be curtailed or shifted from high to low price hours. With the de-
velopment of smart meters, and increasingly dynamic tariffs, customers
would be able to benefit from flexible load control. From this perspec-
tive, peak-coincident network charges and fixed residual charges pro-
vide optimal incentives to invest in efficient amounts of controllable
loads, taking into account the benefits from a system perspective, and
at the same time ensuring total cost recovery through residual charges.

If maximum individual demand or contracted capacity charges were
applied, controllable loads would tend to flatten the customer con-
sumption profile by minimizing the individual maximum demand or
contracted capacity. Under this tariff design, individual benefits could
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be higher than system benefits. Network peak events would not be
precisely identified, and flattening individual load profiles could not be
justified at times when the network is not stressed.

On the other hand, flat energy charges would not create any incentive
to efficiently manage consumption by controllable flexible loads. How-
ever, if time-block differentiation is applied, controllable loads would
shift the maximum available amount of energy from high price to low
price time-blocks.

In both cases, energy and capacity charges can be temporally differen-
tiated with the aim of signalling the system peak. However, there are
two main concerns to be considered: i) how time blocks are defined to
correctly identify peak periods, and ii) how much of the total network
and policy costs are allocated through ToU capacity or ToU energy
charges. In the case of not separating residual costs from the allocation
of the total costs, incentives for a customer response may be higher
than optimal, eventually causing inefficiencies.

It is important to take into account that in the case of controllable
loads, customers’ actions are dependent on the signals received from
both the electricity market prices and the network tariffs, which can be
aligned, or not, in time and locations.

7.3. CUSTOMER AGGREGATION IN
A SINGLE CONNECTION POINTS

The aggregation of customers in a single connection point is clearly
beneficial for customers who face contracted capacity charges or indi-
vidual maximum demand charges. By this tariff design, through aggre-
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gation, customers are able to avoid a large portion of network charges.
On the other hand, in the case of energy charges, there are no apparent
benefits from customer aggregation. The same amount would be recov-
ered from the aggregated customer charge as from the sum of individual
charges. Therefore, while energy charges are robust against customer
aggregation, capacity charges fail to fulfil this objective.

Peak-coincident charges and fixed charges would be robust against cus-
tomer aggregation depending on the residual cost allocation method,
as has been explained in section 6.2 and Table 3.

7.4. SUMMARY

Table 4 summarizes the effects analysed in this section. As has been
previously commented, incentives to customer response must also
provide benefits to the system and the rest of customers. One of the
main objectives of electricity tariff design must be to provide adequate
incentives to foster optimal customer response, although not all cariff
structures achieve this objective, as previously discussed. Energy charg-
es provide over incentives to non-controllable and intermittent RES
self-generation, while underestimating network services that could be
provided by controllable flexible loads. Contracted capacity charges
provide over incentives to controllable flexible loads at the same time
that self-generation is not adequately remunerated, and customers are
incentivized to inefficiently aggregate themselves under one single con-
nection point. If accurately designed, the mix of peak-coincident and
fixed charges could be able to send the right economic signals for en-
couraging active customer responses, while preserving global system
efficiency and benefitting the rest of customers.

TABLE 4. EFFECT OF ELECTRICITY NETWORK TARIFFS ON NEW
TECHNOLOGY DEPLOYMENT AND CUSTOMER AGGREGATION

Peak-coincident

charges (€/kWh)

+ Fixed charges
(€/customer)

Non controllable
and intermittent RES
self-generation

Maximum individual

Energy charges
(€/kWh)

demand or
contracted capacity

charges (€/kW)

Controllable flexible
loads (Storage, EV,
Heat Pumps)

Customer
aggregation with a
single connection
point

Note. SB refers to the system benefit derived from a customer’s response. IB refers to the individual benefit that the respondent customer
obtains. SB>IB means that individual benefits of respondent customers are lower than system benefits, SB=IB means that individual benefits
are the same as system benefits, and SB<IB means that respondent customers receive a higher benefit from their action than they produce in

the system.
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Finally, a combination of previous technologies could take the form of
a microgrid or an energy community. In these situations, customer’s
responses would face a combination of the individual effects analysed
in this section.

8. CONCLUSIONS

All over the world, electricity systems are facing a deep transformation
that requires a rethink of electricity tariff structures. The 3-D’s drivers,
with the deployment of smart meters and other digital technologies, the
electrification of transport and buildings, and the large penetration of
renewable and DER technologies adopted by active customers, require
us to rethink electricity system costs allocation methods.

In Europe, active customers, including small residential consumers,
may respond to electricity prices and regulated tariffs with higher tem-
poral and spatial granularity. If those economic signals are cost-reflec-
tive, they would maximize the efficiency both for customers and for
the whole system.

In this context, European countries are moving toward new tariff de-
signs: from flat to time-block differentiated charges, identifying system
peak-hours with higher price periods.

The basic principles on which tariff design should be based, economic
efficiency and equity, should be reformulated under this green transition.

Following efficiency criteria, network costs should be segregated into
incremental and residual costs. Once costs are disaggregated, charg-
es reflecting those costs must be decomposed into forward looking
peak-coincident charges and fixed charges. Peak-coincident charges
should be designed to reflect the long-term incremental costs of the
network usage and encourage efficient customer responses to reduce
future network reinforcements. On the other hand, fixed charges
should be designed to recover all the remaining system costs (residual
costs), once peak-coincident charges have been levied. Residual fixed
charges would not distort efficient customer responses to cost-reflective
peak-coincident charges and energy prices.

Additionally, policy costs, including renewable subsidies and other costs
mainly derived from energy, environmental or social policies, do not
have a clear driver related to electricity consumption or injection in the
system. Therefore, they can actually be considered as residual costs.

Peak-coincident network charges with high locational and time gran-
ularity would be best for incentivizing efficient price responses, but in
many jurisdictions there are legal impediments for the implementation
of locational tariffs. A trade-off analysis regarding socialization of costs
and tariff granularity must be performed when adopting new tariff de-
signs. On the other hand, following equity principles for the imple-
mentation of residual charges, several options are discussed, with fixed
charges discriminating users by size, wealth, or other similar proxies
being the preferred ones.

Finally, applying traditional tariffs versus best practice designs may
have important consequences on the decisions adopted by active cus-
tomers installing renewable self-generation, controllable loads or aggre-
gating their individual installations in a single connection point to the
grid. It is demonstrated that traditional tariffs do not align individual

61

customer benefits with system benefits, creating system inefficiencies
and cross-subsidies among customer categories.

It is important to note that no one-size-fits-all tariff model would be
the solution for electricity systems in transition. In practice, historical
and legal restrictions are predominant when adopting new tariff mod-
els. Rather, this chapter should serve as a guide for dealing with the
important challenges associated with the energy transition and being
aware of the trade-offs involved when designing new tariff structures.
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11. ANNEX

This Annex describes current and planned distribution tariffs in some
European countries.

11.1. UNITED KINGDOM

In the UK, there are two approaches to setting network tariffs, de-
pending on the voltage level at which the network user is connected:
extra-high voltage (EHV — above 33 kV) or medium voltage (MV —
below 33 kV).

EHV users pay a time-independent contracted capacity charge and
a seasonally fluctuating energy charge. Tariff calculation is based on
a nodal load flow model, which has the advantage of being able to
calculate individual and cost-reflective charges that take into account
network spare capacity.

At the MV level, tariff calculation is simpler and can be characterized as
a combination of agreed capacity and time-of-use charges, which vary,
depending on the customer category. Domestic consumers face ToU
energy charges and fixed charges.
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In all cases, network tariffs are different across the 14 DSO regions, and
in some cases, the time blocks also differ between regions, reflecting
the underlying cost drivers. However, given that many households do
not have smart meters, or do not have ToU charges, the benefits of cost
reflective charges are dampened (CEER, 2020).

Ofgem, the UK regulator, is currently reviewing the tariff design in
order to make tariffs more cost reflective. Some of the issues under re-
view are improving locational accuracy of distribution charges, analys-
ing other design options for distribution and transmission charges, and
linking electricity network tariffs with the procurement of flexibility
services from customers to DSOs (Ofgem, 2018).

11.2. ITALY

In Italy, a gradual tariff reform took place between 2015 and 2017.
Network tariffs were modified from progressive volumetric energy
charges, i.e. the charge per kWh of consumed electricity increased with
the growing amount of total electricity consumed during the billing
period, to a three-component structure tariff (fixed charge + contracted
capacity charge + non-progressive energy charge).

More recently, the regulator has proposed introducing a special tariff
for customers who recharge their electric vehicle (EV) at home, in or-
der to accommodate domestic EV charging within the existing electric-
ity contracts. This is possible due to the high penetration and advanced
functionality of smart meters in Italy. Around 90% of household con-
tracts for electricity supply are based on a contracted capacity of 3 kW.
If a customer needs additional capacity, increasing contracted capaci-
ty requires a one-time payment of around 60 €/kW as a connection
charge, and an increase in the yearly network capacity charge of around
25 €/kW. The proposal of the regulator to facilitate EV home-charging
would increase the maximum allowed capacity during off-peak hours,
i.e. night hours (from 23:00 to 7:00), and Sundays and holidays. The
new allowed off-peak capacity would not require customers to change
their contracted capacity, and the tariff paid by the customer would
therefore remain unchanged. The proposal, which received mainly pos-
itive feedback from stakeholders, would increase the general contracted
capacity, known as “technically available capacity” to 6.0 kW (instead
of 3 kW), and therefore allow for a full battery recharge, of around 40
kWh, during the 8-hour night period (CEER, 2020; Regalini, 2019).

11.3. BELGIUM

In Belgium, small consumers and businesses currently face ToU energy
charges to recover network costs. A planned reform aims to add a ca-
pacity charge in the network tariff for these types of consumers. Large
consumers already face capacity and energy charges (EU-Universal
project, 2020).

11.4. FRANCE

In France, time-of-use energy charges and variable-peak charges have
been implemented for network users connected at different voltage lev-
els. Their purpose is to incentivize daily peak and seasonal peak shav-
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ings. Coupled with controlled water heating, these tariffs have shifted
about 10 GW of consumption from morning peak hours to night off-
peak hours. It has to be noted that these benefits were observed many
years after their implementation, illustrating the need to anticipate tar-
iff design reforms with a long-term view.

For medium voltage network users, network charges are differentiated
in five time-blocks: annual peak, high season peak, high season off-
peak, low season peak, low season off-peak. Annual peak time-block
hours may be fixed, or variable, depending on the option selected by
the user:

e Fixed time-block hours are defined on ex-ante estimated peak
hours: 2 hours during morning peak, 2 hours during evening
peak, Sunday excluded, from December to February; and

* Variable time-block hours which correspond to the critical hours
of the national capacity mechanism: 10 hours during the 10 to 15

days of peak demand triggered on a day-ahead basis by the TSO.

For low voltage network users, new network tariffs were introduced
in 2014, with five time-block energy charges, with one of the time
periods, the annual peak period, being defined by the DSO. The main
goal was to signal peak demand periods at the local level, while contin-
uing the daily peak shaving through ToU energy charges. The network
company is responsible for fixing the 16 daily peak hours at the local
level; and the high season which lasts five months, also at the local level

(CEER, 2020).

11.5. GERMANY

In Germany, current low voltage (LV) tariffs consist of two compo-
nents: a capacity charge, either fixed or based on maximum demand,
and an energy charge. While customers with no load profile meter-
ing, i.e. with traditional meters, are subject to fixed charges, those cus-
tomers with load profile metering are subject to maximum demand
charges. Network charges are set by each DSO, based on their costs
structure and under NRA supervision, so tariffs can differ from one
DSO to another. Since LV household smart meters are not deployed,
any temporal granularity on electricity tariffs cannot be implemented
yet (EU-Universal project, 2020).

11.6. NORWAY

In Norway, tariffs for customers with less than 100 kW power con-
sumption are predominantly volumetric energy charges. For a typical
household, two thirds of the network tariff consists of an energy charge,
while one third is a fixed charge. In February 2020, the national regu-
lator proposed a shift to a tariff model which is primarily based on an
energy charge, equal to the cost of marginal losses, when the available
network capacity is sufficient to transport the expected energy flows. At
instances when network capacity is expected to be constrained, DSOs
may implement ToU energy charges to incentivize reduction of con-
sumption in those time blocks. This means that consumers would face
higher charges when the network is stressed. The remaining network
residual costs will be covered through a contracted capacity charge.
This charge will, in practice, be fixed in the short-to-medium term but
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can be affected by lasting customer responses, either increasing con-
tracted capacity through adoption of EV or heat pumps (HP), or de-
creasing contracted capacity through load shifting or investing in stor-
age technologies. Thus, consumers also have an incentive to optimize
the long-term use of the grid in accordance with their actual willingness
to pay for the network service. Contracted capacity could also be time
differentiated, to ensure that consumers utilizing the network in con-
strained hours pay a higher share of the network costs (CEER, 2020).

11.7. SPAIN

In Spain, for small customers with a maximum 15 kW of contracted ca-
pacity, network costs are mostly recovered through a contracted capacity
charge (€/kW month) and a ToU energy- charge with 3 time-blocks
in the year. Network costs are allocated to the different time blocks ac-
cording to the proportion of peak hours in each time block. In 2021,
a new methodology will be adopted for these small customers, with a
higher time granularity. It consists of 2 differentiated time blocks for the
contracted capacity charge and 3 time-blocks for the energy charge. In
Spain, the system wide smart meter deployment has already been com-
pleted even for residential customers (CNMC, 2020).

11.8. DENMARK

In Denmark, network costs are recovered through an energy charge
and a fixed charge. Cost allocation depends on each DSO, as long as
requirements imposed by the Danish Electricity Act are met. The NRA
only sets the total allowed revenue for each DSO, but does not decide
how tariffs are structured.

The tariff regime for DSOs in Denmark has not changed much in recent
years. The overall principles for DSO tariffs have remained the same.
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However, in June 2020 the Danish government published recommen-
dations for a future tariff design for DSOs in the electricity sector. The
purpose of the work was to identify potential for a more cost-reflective
tariff structure and give recommendations for changes in the law to
support this. The recommendations are mostly overarching principles
and guidelines for a future tariff design and not concrete laws or regu-
lations for a new tariff regime.

The Danish TSO/Energinet is also in the process of developing a sug-
gestion for a future tariff design in Denmark for the Danish electricity
DSOs and TSO. The Danish Energy Association has announced a new
model for tariffs (Tarifmodel 3.0), which is currently being reviewed
and proceeded by the Danish Utility Regulator.

The Danish Utility Regulator must approve the new tariff methods.

11.9. PORTUGAL

In Portugal, small customers with less than 20.7 kVA of maximum net-
work capacity face a single contracted capacity charge and ToU energy
charge, with one to three time-blocks, depending on the consumer’s
choice. A pilot project developed by the NRA (ERSE) and Energias de
Portugal Distribui¢ao (EDPD) aims to test an innovative network tariff
scheme for customers at MV, HV, and EHV levels. This pilot will test a
tariff with five different time blocks: super-peak, peak, medium, valley
and super-valley. Additionally, the same day cannot contain more than
four time-blocks, avoiding the coincidence of super-peak and peak
time blocks on the same day. This tariff scheme presents a regional
differentiation of the time blocks according to the 6 different network
areas. In terms of seasonality, the time-blocks are defined, throughout
the year, separated into three seasons, covering different months, de-
pending on the network areas (EDP Distribugao, 2020; ERSE, 2018).





