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a b s t r a c t

Distributed energy resources allow for new business models that have the potential to substantially
change today’s power system functioning paradigm. In particular, these changes pose challenges for
distribution system operators (DSOs) and their regulation alike. This article sheds light on missing as-
pects in current regulation, recognizing DSOs as regulated monopolies, but also as key players along the
supply chain. We provide insights on how regulation should be adjusted so that DSOs are incentivized to
facilitate the market entry of welfare-enhancing technologies in a timely fashion, and to manage the
distribution system efficiently in the presence of distributed energy resources.
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1. Introduction

Technological advances are reshaping today’s power systems, in
particular at the distribution-network level. More mature tech-
nologies for local renewable generation have decreased the related
investment costs, and national support schemes have led to a sig-
nificant market penetration of distributed generation (DG) in many
EU countries. For instance, in Germany, “in many places, the DG
output of distribution networks already exceeds local load e

sometimes by multiple times” (Eurelectric, 2013) (p. 3). In addition,
distributed storage might soon become viable at all voltage levels
and in large amounts, becoming a critical component of “the grid of
the future” (see Beaudin et al., 2010; Ruester et al., 2013). Likewise,
the use of electric vehicles charging from the grid, and possibly also
injecting power back into it and delivering so-called vehicle-to-grid
services, is projected to grow (e.g., Kampman et al., 2011; Loisel
et al., 2013).

In addition, recent innovations in metering and communication
devices enable active demand response and enhanced distribution
automation, thereby facilitating and allowing for a wider deploy-
ment of distributed generation, local storage and electric vehicles.
Whereas at the beginning of the liberalization process demand
response was considered only interesting for large, typically
s of liberalization of the Eu-

).
industrial, customers, technological advances (for example, intel-
ligent metering and control systems that can optimize individual
consumption patterns, thereby reducing risks and efforts related to
reacting to price signals) also make this concept interesting for the
smaller-scale commercial and residential sectors. According to a
positive costebenefit analysis, at least 80 percent of European
households should be equipped with intelligent metering systems
by 2020 (European Commission (EC), 2009).

This newly emerging broad range of distributed energy re-
sources (DER) e be it distributed generation, local storage, electric
vehicles or demand responsee has the potential to drive significant
changes in the planning and operation of power systems. These
changes bring challenges for electricity distribution system oper-
ators (DSOs) and their regulation alike, ranging from increasing
uncertainty in distribution grid flows and increasing volatility of
net demand to the efficient integration of DER business models into
retail markets. In the current state, some challenges are only pos-
sibilities that might arise once technologies mature and are more
widely deployed. Other challenges, foremost related to DG, are
established facts, and concern DSOs already today.

However, the same technologies that are causing substantial
challenges can ewith the right regulation and market design e be
exploited to establish a more efficient, and also cleaner, electricity
system than our current one. All DER technologies have the po-
tential to provide downward or upward adjustment to the system;
thus, employing and aggregating DER services offers a powerful
and flexible tool for power trade, and guaranteeing balanced power
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networks. These local resources can provide a diversity of services
with economic value, and may successfully compete with central-
ized generation in offering new tools for system control. A more
active distribution system management can help to decrease the
total cost of DSOs compared to the traditional “fit-and-forget
approach” of merely connecting the new devices to the network
(see Pérez-Arriaga, 2013).

Current distribution system structures differ widely among EU
Member States, and today’s DSO landscape resembles a patchwork
with diverse national implementations of relevant pieces of EU
legislation. Substantial differences arise regarding operated voltage
levels, the scope of activities, the size and number of DSOs in a
country, the level of unbundling, and applied regulatory formulas
(see CEER, 2013; European Commission (EC), 2012a; Eurelectric,
2010a). Even though full eligibility of customers is mandatory,
and the choice of suppliers and tariffs has increased in many retail
markets, the degree of retail market liberalization and competition
still varies significantly across the EU. Insufficient unbundling poses
one of the most serious obstacles to competition in many distri-
bution markets. This heterogeneity in regulation and market
structures and distribution systems aggravates the problem of
finding a unanimous approach to appropriate DSO regulation.

In this article, we investigate how regulation and market design
can foster an effective integration of distributed energy resources
into both retail markets and distribution grid management, with
the focal point of the analysis being on European distribution
companies.We ask how the regulation of European electricity DSOs
should be adjusted so thatewith the least friction between the two
goals e DSOs are incentivized, first to create a level playing field for
the market entry of DER technologies, and second to make use
(directly or indirectly) of these local resources to manage the dis-
tribution system efficiently.

The article is organized as follows: Section 2 demonstrates how
DER technologies boost new business models for local means of
electricity trade, and illustrates the resulting challenges for key
areas of DSO regulation. Section 3 presents an analysis of the
identified key areas of regulation, and highlights what improve-
ments are needed in each area in order to integrate DER into power
markets and distribution system operation. After having identified
required regulatory adjustments, in Section 4 we discuss whether
they should be best pursued at EU or Member State level. Section 5
concludes.

2. Emerging business models challenge DSO regulation

The large-scale introduction of distributed energy resources will
be made possiblee and also reinforcede by new evolving business
models. Successful business models can substantially alter the
structure and organization of power systems. To this end, this
section first highlights the potential for new business models,
before showing how DER challenges the existing regulation of
DSOs, and which areas of DSO regulation have to be reviewed in
particular.

2.1. Business models arising from DER

Most business models associated with distributed energy re-
sources involve some sort of aggregation, such as the aggregation of
different DER technologies at the household level (for example, a
combination of active demand response, rooftop solar PV, heat or
electricity storage, and the family EV), the aggregation of several
DER units of one kind (for example, a fleet of EVs), or the aggre-
gation of several resources connected to a number of agents in
different locations (such as a portfolio of loads of several types, a
fleet of EVs and some local storage).
Key for the competitiveness of DER is the fact that, once
aggregated, local management and control can make better use of
the existing local synergies, and use resources closer to the existing
generation, consumption and network constraints. The magnitude
of these potential competitive advantages vis-à-vis power coming
fromupstream sources still remains to be proven. It is outside of the
scope of this paper to present an in-depth elaboration on possible
resulting new business models; nonetheless, we find several rea-
sons to suggest that aggregation and hierarchical control might
have sizeable advantages over the centralization of sources at the
bulk level, and will thus inevitably leave margins for new busi-
nesses related to DER. At least three reasons speak in favor of
aggregating local energy resources:

1. Aggregation can reduce the risk for each individual DER of not
meeting its market commitments. For instance, where network
tariffs for end consumers include a capacity component linked
to a maximum instantaneous consumption limit, it can be
profitable to aggregate a group of consumers to take advantage
of the fact that not all of them will demand their maximum at
the same time.

2. Aggregation can decrease potential costs arising from not
meeting market commitments, especially when balancing
markets lack liquidity. If markets were perfectly competitive, it
would always be possible to buy or sell the commodity at the
competitive market price. But in case of low market liquidity,
individual DER units risk having to buy costly services from
dominant actors in the market, in order to correct for imbal-
ances. In such a setting, holding, for instance, a portfolio of a
storage facility and an intermittent generation unit could
decrease imbalance costs.

3. Furthermore, aggregating otherwise relatively inflexible DER
units into one DER product bundle increases the possibility of
taking part in the markets for system services. Aggregated DER
can offer more complete and flexible products to system oper-
ators, who often demand system services (such as for voltage or
frequency adjustments, or for congestion management) with
particular technical features. Aggregated DER are also easier to
manage by system operators, compared to a multitude of agents
offering a variety of services.

Ultimately, whether business models for (aggregated) local re-
sources might e or might not e cause a paradigm shift from the
traditional centralized topedown system towards decentralized
local sub-systems depends on the total costs of energy provision
from DER compared to upstream sources, including the network
costs. As mentioned earlier, the substantially increased market
penetration of DER has mostly been due to many low-carbon en-
ergy policies at EU and Member State level. Hence, the degree to
which these local resources will further change today’s power
systems not only depends on the competitiveness of DER relative to
upstream sources, but also on whether policies for low-carbon
power generation and consumption will continue to attract high
investments in DER.

2.2. Distributed energy resources challenge existing DSO regulation

The more DER and resulting business models penetrate elec-
tricity markets, themore challenging it becomes for DSOs to pursue
all tasks that they are assigned to by regulation. As DSOs are
regulated entities, these challenges hold equally for regulators
when designing proper incentive structures and assigned tasks for
DSOs.

First, challenges relate to incentive structures for already existing
tasks, mainly concerning the DSO as a regulated network manager: A
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high penetration of DER results in an increasing volatility of flows in
local grids, and in an increasing uncertainty about net demand in
distribution systems. Less demand is met by upstream generation,
and more demand is satisfied by (often intermittent) local energy
sources. Local supply exceeding local demand can even lead to
reverse flows from the distribution system into higher network
layers. As a consequence of uncertain power flows, plus potentially
higher energy losses with a high penetration of DER, DSOs face
increasing costs in developing and balancing their networks. At the
same time, DSOs can also profit from employing local energy re-
sources in their daily tasks of ensuring system functioning, for
instance by using certain DER units to level out imbalances other
DER units might cause. Finally, all distribution costs have to be
remunerated via network fees. Therefore, changing cost structures
also urge DSOs and regulators to rethink the design of network
charges.

Second, challenges pertain to properly aligning new tasks that
arise with the integration of DER business models: According to EU
legislation in Directive 2009/72/EC, DSOs shall provide a fair
network- (and thus market-) entry for all grid users. Challenges in
this respect arise mostly in adjusting a level playing-field for all
resources, those connected to the distribution grid, and those
providing energy from upstream transmission grids. In particular,
in order to enable DER to compete with resources connected to
the transmission grid, DSOs have to provide adequate conditions
for network access and usage of new business models. In the
future, DSOs might have to provide not only infrastructure for
energy, but also, to a greater extent, related infrastructures (such
as information communication technology (ICT) or EV solutions),
in order to guarantee fair access for all potential grid users. In
addition, as the set of tasks for DSOs expands, the border to
transmission system operators has to be re-examined as well.
Power flows managed at the distribution level should not conflict
with the overall system planning at the transmission layer, and
therefore the new DSO activities have to be aligned with existing
TSO procedures.

Consequently, and as depicted in Fig.1, existing regulation needs
to be reviewed with respect to two key areas. On one hand, the
incentives of DSOs for performing their traditional tasks as network
operators have to be reviewed. In detail, this concerns their regu-
lated remuneration as well as the tariff structures with which the
costs of DSOs are compensated. On the other hand, the set of tasks
for DSOs as key players along the supply chain has to be examined;
more specifically, this relates to the DSOs’ role when becoming
active system managers.
Fig. 1. Relevant areas of regulation.
Source: Own depiction.
3. Existing regulation of DSOs needs to be reviewed in its full
spectrum

As pointed out in Section 2, existing regulation needs to be
reviewed in its full spectrum by considering electricity DSOs as
regulated network operators, but also as key players along the
supply chain, who interact with the transmission system operator,
and with commercial market players. In the following, we use this
distinction to propose the required adjustments to DSO regulation,
prior to, in Section 4, discussing the implementation possibilities of
different measures at the EU and Member State levels.

3.1. The DSO as a regulated network operator

The fact that the regulation of electricity DSOs has to be
reviewed is widely recognized (e.g., de Joode et al., 2009;
Benedettini and Pontoni, 2012; Agrell et al., 2013). Adjustments in
incentive structures for DSOs to engage in their traditional task of
operating local electricity grids concern the regulated allowed
remuneration of DSOs. Adjustments in incentive structures for grid
users concern distribution network tariff design.

3.1.1. Allowed remuneration of DSOs
For high amounts of DER connected to distribution systems, the

total costs of business-as-usual management of distribution net-
works (that is, a continued “fit-and-forget” grid management) is
likely to increase in most systems. Substantial future investments
are required to properly connect all DER units to the distribution
networks in order to allow the system to deal with increased
volatility of net-demand and peak-demand fluctuations, as well as
to set up ICT infrastructure that empowers DSOs to employ DER for
their daily grid operations. However, at the same time, DER, offer a
new set of instruments for grid operation, and thereby a tool for
DSOs to perform their tasks of ensuring reliable, secure, and effi-
cient electricity distribution. DER allow for active distribution sys-
temmanagement, and have the potential to decrease the total costs
of DSOs, compared to not relying on DER in local system
management.

In terms of operating and capital expenditures (OPEX and
CAPEX), the use of DER in distribution grid management can
decrease OPEX compared to business-as-usual; for instance, when
contracting system services from competing DER, instead of relying
on more expensive, traditional solutions for voltage control and
loss compensation. In contrast, how the use of DER will impact
CAPEX is not obvious. Using DER for grid operation can decrease
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CAPEX in the long run if grid investments can be deferred. For
instance, using local resources to solve local congestion can post-
pone e and might even avoid e investments in new lines (CAPEX
hence being substituted by OPEX).1 On the other hand, in the short
run, significant expenditures for investments into grids and ICT
infrastructures that support grid monitoring and automation are
needed. New types of assets as part of the smart grid infrastructure
will, therefore, also reflect on new types of CAPEX.

The fact that employing DER can lead to overall cost savings for
DSOs compared to the traditional “copper and iron strategy”
(Merkel, 2013) has also been confirmed by Yap (2012), as well as
Cossent et al. (2010),2 who estimated non-negligible cost savings
from using an active system management approach for rural, sub-
urban and urban areas in the Netherlands, Germany and Spain,
especially for increasing DG shares. In a similar vein Mateo and
Frías (2011) and Pieltain Fernandez et al. (2011) argued that un-
less DSOs control electric vehicle charging within an active system
management approach, huge investments into low- and medium-
voltage lines would be required to compensate for local peak de-
mand resulting from EVs. This example from EVs clearly demon-
strates the trade-off between CAPEX and OPEX, and the resulting
potential to avoid unnecessary costs for DSOs.

To sum up, there are two regulatory mandates. First, regulation
has to account for the increasing total cost of distribution, consid-
ering not only grid reinforcement but also possibly increasing los-
ses and investments into related infrastructures. Second, regulation
has to concurrently incentivize an active system management in
order to cushion these costs.3 Thus, sound regulation has to account
for (a) changing OPEX and CAPEX structures, including also new
types of assets and respective CAPEX categories, (b) the optimal
choice among the latter; that is, how DSOs can be incentivized to
find the optimal trade-off between using DER and upgrading (or
building new) lines, and (c) how to incentivize DSOs to deploy
innovative solutions and operating procedures.

If negotiating and benchmarking CAPEX and OPEX becomes too
complex due to new types of costs (ICT infrastructure, new plat-
forms to procure system services, etc.), regulatory authorities have
to increasingly rely on engineering estimates of expected costs.
Traditional models are no longer suitable, and new types of engi-
neering models are needed. However, they require a significant
amount of effort to be built as they incorporate the essential
technical features of distribution networks and DER connection. For
1 Quantitative evidence already exists for the integration of distributed genera-
tion. Power injection from DG changes flow patterns, which modifies energy losses.
This effect can be either positive or negative, depending on a number of parameters
such as the DG penetration level, concentration and location of DG units within the
system, or specific DG technologies deployed (see, e.g., Yap, 2012; González-
Longatt, 2007; DG GRID, 2006). In turn, the need for grid reinforcements will
strongly depend on the system management approach. DG GRID (2006) illustrated
substantial benefits from active network management for different levels of DG
penetration and concentration. For the UK distribution system, for instance, up to
50 percent (15e40 percent) of the cost of upgrading the system could be saved for
an installed capacity of 5 GW (10 GW respectively).

2 Even though the cost reductions from active system-management might not be
significant for all systems (especially in those where peak demand remains un-
changed, or even increases with a higher penetration of EVs, and thus the DSO
cannot avoid building new lines).

3 Various forms of cooperation among DSOs and ICT companies could be
considered. In a joint-venture model recently implemented by a Dutch DSO, the
communication infrastructure for smart grids could become part of the smart grid
infrastructure; that is, falling into the regulated domain. ICT companies provide
their expertise in building and operating this new infrastructure; that is, generating
revenue outside the regulated domain. However, merging distribution and data-
infrastructure business models opens new regulatory concerns that cannot be
elaborated in this paper.
example, such “reference network models” are applied in Spain
(Mateo et al., 2011; Gómez et al., 2013).

Regardless of which regulatory mechanism is chosen, there are
general improvements that can incentivize required future in-
vestments within each regulatory framework. These include a
prolongation of regulatory periods, a higher focus on measurable
output definitions and on corresponding DSO performance in-
dicators, through which DSOs are compensated for a higher DER
penetration in their grids, and for the implementation of innovative
projects.4 The focus of regulation has to shift from achieving
operating efficiency gains towards facilitating the achievement of
environmental and supply security objectives (see also Eurelectric,
2010a).
3.1.2. Distribution network tariff design
The allowed remuneration discussed above materializes in the

form and level of distribution network tariffs. Rodríguez-Ortega
et al. (2008) have already pointed out that “a higher degree of ef-
ficiency will be reached not only by introducing competition in
generation and retailing activities, but also by designing [.] dis-
tribution tariffs that send sound economic signals.” A satisfactory
tariff design is essential to both promote optimal short-term system
usage of the grid, and guide efficient long-term development.

The present design of network tariffs does not provide a level-
playing field among all agents that use the distribution network.
With an increasing penetration of DER, ill-designed distribution
network charges, such as volumetric tariffs combined with net-
metering, will become even more problematic. Business models
exploiting inefficient arbitrage possibilities caused by differentiated
treatments of different DER technologies, or of certain types of
producers and consumers, might flourish in the absence of sound
tarification procedures. Moreover, grid users are becoming com-
plex, sophisticated agents, which can have very diverse consump-
tion and production patterns, being able (and willing) to react to
price signals.

These facts demand an immediate overhaul of the current
paradigm of network tariff design. The current paradigm, which
was exclusively designed for pure consuming agents, and where
distributed generationwas considered aminor exception, no longer
holds. The power system of the future (and, in fact, of the present in
many countries) will be much more complex, and the tariff design
paradigm has to be changed immediately before much efficiency
distortion is created, and many agents acquire rights to ill-designed
subsidies. A continuation of traditional tariff design methodologies
applying widely uniform charges over the whole distribution sys-
tem, and, thus, socializing network cost among all “consumers,”
would imply increasing cross-subsidization. This practice clearly
goes against the principles of cost-causality and economic effi-
ciency, and would create all sorts of perverse incentives within the
tariff system.

Instead, grid tariffs, on top of guaranteeing full cost recovery,
should be able to convey efficient economic signals to the entire
diversity of agents that may connect to the distribution grid. Any
hidden subsidies should be removed and replaced by sufficient, but
direct, subsidies that do not turn into inefficient signals. Tariffs
4 CEER (2011) discussed a number of (technology-neutral) indicators that can
help to quantify the effects/benefits of grid “smartness.” For instance, indicators of
adequate grid capacity include the hosting capacity for DER in distribution grids
(used in Italy as a revenue driver; minimum requirements in the UK and Norway),
or the energy not withdrawn from RES due to congestion or security risks (used for
monitoring in different member states). For instance, indicators of enhanced effi-
ciency and better service may include grid-user satisfaction, the level of losses, the
actual availability of network capacity with respect to its standard value, or the time
to connect a new user.
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should reflect the true costs (or benefits) of different types of load
and generation for the system.

We shall assume an availability of detailed online information
about the net demand minus generation profile of the agents, as
provided by an advanced meter (if this is not the case, reasonable
assumptions and simplifications will have to be made until uni-
versal hourly meters in the EU become a reality). Three cost drivers,
depending on the geographic location in the distribution system, as
well as on the profile of injection/withdrawal from the connection
point, can be identified:

1. The existence of the agent (as well as of all other agents, which
jointly require a minimum basic network to be connected to the
grid) in a specific geographical location, and the grid user’s
subscribed capacity;

2. The grid user’s contribution to the local distribution peaks, which
have an impact on the design of the distribution network at all
voltage levels. (Two kinds of peaks have to be considered, since a
feeder can either be in import or export mode. A grid user can
then either help the system at coincidental peak times e for
example by injecting power when there is excess demand e or,
in contrast, may worsen the situation e such as by injecting
power when there is excess supply, or having net consumption
when there is excess demand. Hence, the respective tariff
component can be either positive or negative. This cost driver is
expected to have the strongest impact on cost allocation, and it
is the one that will vary drastically with the nature and behavior
of the agents connected to the grid.);

3. The grid user’s aggregated contribution to losses based on their
(yearly) profile. Optimal reduction of total network losses with
appropriate network reinforcements also has an impact on
network design.

A network reference model (as briefly described above) and
presented in depth by Gómez et al. (2013) can be very useful to
evaluate these three components of distribution network charges,
and how the costs to be allocated to the agents depend on the
characteristics of the driving factors; that is, location and profile.

Signals need to be efficient and predictable. This implies that a
sound methodology should be implemented that respects, as far as
possible, the principle of cost-causality. Since agents connected to
the distribution grid can change their usage pattern in the mid-
term (imagine, for instance, a prosumer, who consumes most of
their electricity during morning and evening peak hours, and in-
jects power from rooftop solar PV during off-peak midday hours,
and decides to invest in energy storage capacity), the charges
associated with a grid user’s contribution to the local peaks need to
be adapted closer to real-time (for example, monthly). In contrast,
charges reflecting a grid user’s aggregated contribution to losses
could be computed and charged over a longer-term horizon, since it
is the aggregated value of losses over a long period of time that has
an impact on network design. Therefore, this charge can depend on
the yearly net-consumption profile.

Admittedly, the proposed reference framework for the design of
electricity distribution grid tariffs involves many complexities, and
the calculation of individual tariffs for each grid user would not
only involve extremely high computation efforts, but would also
result in tariffs perceived as difficult to understand and implement.
Applied to real-world settings, therefore, a transparent, sufficiently
simple and implementable methodology could consider a number
of zones within the distribution system (those predominantly
importing power, exporting power or neutral), and a number of
types of agents connected to it, which correspond to some sort of
classification of types of profiles. When distribution costs are
allocated to thosewho cause theme admittedly not a simple taske
distribution tariffs will induce a more efficient behavior of grid
users.

This general approach has to be made compatible with some
practical and legal matters, and also has to be put into the
perspective of overall market design. For instance, considerations
might include how to make compatible the political choice of a
“single socialized tariff” for residential consumers in many Euro-
pean countries with the multiplicity of tariffs that will be needed to
deal with the diversity of profiles of the agents; or which treatment
to apply to any agent, or group of agents, that decide to function in
partial or total independence from the grid (such as using auton-
omous micro-grids), but who were responsible for the network
development to supply them in the past.

The proposed reference framework has not addressed the res-
olution of network constraints that may require the curtailment of
generation or demand at the distribution level. This is a short-term
issue that must be dealt with separately from the design of tariffs to
recover the costs of the distribution network. Situations of critical
network congestion should be addressed by demand and local
generation response programs (that offer remuneration for a
certain demand reduction or extra production in a certain period of
time and at a specific location), or by emergency curtailments.

3.2. The DSO as a key player along the supply chain

The more DER can compete with upstream sources, the more
important DSOs become as key players along the supply chain;
accordingly, the set of DSO tasks in this supply chain has to be
reviewed. New tasks may be assigned to DSOs, of which some
concern DSO interaction with market players, and others DSO
interaction with their respective transmission system operator.

3.2.1. DSO activities vis-à-vis the TSO
Today, DSOs mainly ensure system reliability along three major

lines of tasks: network investments, maintenance and reinforce-
ment, voltage control, and load/generation curtailment. While the
first implies the provision of a grid infrastructure, both latter tasks
concern the operation of the grid. Voltage control helps to keep
adequate levels of quality of supply. Via load curtailment in the case
of local congestion, DSOs can handle emergency situations. Hence,
to date, DSO network management has been mainly based on
acting directly on the networks, for example by changing the load
flows, or trying to deviate the potential surcharges through alter-
native circuits. It has not included managing loads, except in cases
of emergency events, inwhich DSOs guide their operation decisions
by security protocols that in principle are agreedwith the regulator,
or at least are subject to ex-post supervision. Instead, TSOs pursue
tasks that, besides long-term grid planning, are more directly
related to balancing the network, and hence relate to short-run
supply security.

When moving from “passive distribution networks” towards an
“active distribution system management,” DSOs increasingly
become active system operators, and the existing hosting capacity
of the distribution network can be used more efficiently if an
optimal use of distributed energy resources is considered. Thus,
DSOs become agents that manage local markets for network ser-
vices, or directly purchase services with commercial value. Subse-
quently, their role and organization acquires an important impact
on market functioning. Thereby, the general responsibilities of
network operators with respect to gridmanagement do not change,
but the set of tools available to perform their tasks is enriched by
DER. DER can offer a range of products by which to manage short-
term problems in the grid, to optimize the cost of maintaining the
desired quality of service, to reduce grid losses, and to reduce or
postpone future grid investment needs.
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Some of the products DER can offer are clearly relevant for either
the transmission or the distribution system operator, whereas
other types of services might be of interest for both. Hence, a clear
hierarchy of functions between TSOs and DSOs has to be estab-
lished. Coordination, from the planning stage to operation, as well
as information exchange, will play a particular role as the amount of
DER increases. The TSO is the party that is responsible for system
balancing. This notion implies that DSOs, after having undertaken
their DER-related activities, submit their protocols to the TSO, who
is the final responsible system operator regarding the transmission
level. Clear protocols have to be defined regarding which resource
has sold products already, to whom, and for what timeframe, as
well as priorities in case of conflict.

Furthermore, products that DSOs and TSOs use to ensure reli-
able grids (and often procure for this reason) should be clearly
defined. Besides technical differentiations, products with economic
value to system operators can be differentiated by region (products
can be location-specific or system-wide), as well as by their time of
delivery. Wherever DSOs and TSOs can procure the same service in
principle, the more coordination among them is needed, and the
more this product relates to real-time trading. In turn, the more
products become used in real-time, the more they have system
security character, and subsequently have to be procured and used
by the entity that is eventually responsible for maintaining short-
run supply security.

In general, there is no need to modify the TSO balancing market.
However, an efficient market functioning is key and any barriers
(for certain groups of agents, such as DER, or aggregators thereof) to
participate in these markets should be removed. With respect to
the use of DER for local feed-in and curtailment management, for
example, rules are either completely missing (as in Austria), are
only determined at the TSO level (as in Spain or Italy), or are
defined at both the TSO and DSO level (as in Germany) (see
Eurelectric, 2012 for more details). The regulatory aim should be to
allowDER to compete on equal termswith the agents that currently
provide system services.

In this vein, the Energy Efficiency Directive (Directive 2012/27/
EC), which demands that system operators, in meeting re-
quirements for balancing and ancillary services, shall “treat de-
mand response providers, including aggregators in a non-
discriminatory manner, on the basis of their technical capabil-
ities”, goes in the right direction. Moreover, as discussed in-depth
elsewhere, it is necessary to improve market price signals and
adjust regulatory incentives to better reflect e that is, recognize
and remuneratee the value that flexibility resources can provide to
the system.5

Nonetheless, even if products for system services are well
defined, as discussed above, some resources could offer their ser-
vices to both DSO and TSO. Batlle and Rivier (2012) discussed ex-
amples of such operations. The DSO could either procure services to
solely satisfy its own needs, or procure services on behalf of the TSO
as well; alternatively, there could be a situation in which both
system operators engage in simultaneous procurement. Note that,
especially for the first two options, the procurement procedures
differ. If, as the authors discuss, the DSO only procures according to
its own needs, say capacity to limit demand in one of its several
5 Ruester et al. (2012) also argued that balancing market rules should be modi-
fied, such that they relax minimum bidding requirements and rules requiring
symmetric up- and downward bids in order to avoid impeding market access for
small, decentralized agents. This will allow DER to value services they can techni-
cally provide, and thus will probably also have a positive impact on market
liquidity. For the provision of ancillary services, replacing bilateral contracts with
competitive tendering, wherever possible, could help to reveal and quantify the
value of alternative flexibility means.
distribution areas, the procurement procedure would only invite
bids from that distribution area. However, if the DSO would also
procure additional resources for the TSO, the DSO could accept bids
from several, or all, of its distribution areas. In this way, the DSO can
find the cheapest resources within a larger geographical area, and,
if resources are not needed, pass on to the TSO (without acting
commercially; that is, without changing the terms of the initial bid
submitted by the DER or aggregator). This example already sug-
gests that, even with the efficient design of services, an enhanced
coordination among DSOs and TSOs will be needed.

Eventually, coordination needs differ among systems. Differ-
ences arise in terms of whether a distribution system contains only
an insignificant amount of local resources, whether, in contrast,
there is a large penetration of distributed generation with installed
capacities that considerably exceed peak demand, or whether it
even contains a whole portfolio of DER, including non-negligible
volumes of local storage that demand response potential. More-
over, coordination efforts will also depend on which voltage levels
are part of the distribution activity, and will probably have to in-
crease when DSOs also operate MV (or even HV) grids.

3.2.2. DSO activities vis-à-vis the market
There are a number of areas in the newly emerging market

environment where there is no consensus about whether the
respective tasks should be under the responsibility of the DSO or
not. For example, these tasks include the ownership and manage-
ment of advanced metering equipment or data handling. In theory,
these tasksmay be fulfilled by regulated agents (which could be the
DSO, or also a third regulated entity) or may be opened for
competition. Thus, the regulatory challenge is to clearly define the
roles, boundaries and responsibilities of DSOs, so that there is a
level playing field for all potential and valuable business models.

Different proposed (and partly also already implemented)
regulated, as well as liberalized, models for the ownership and
management of metering equipment (Batlle and Rodilla, 2009;
Schächtele and Uhlenbrock, 2011), data handling (European
Commission (EC), 2013), or electric vehicle charging infrastruc-
ture (Eurelectric, 2010b) all have their advantages and disadvan-
tages. For instance, there will be doubts about non-discriminatory,
neutral market facilitation in case of insufficiently unbundled grid
operators. On the other hand, the possibility to socialize costs can
help to roll out a new infrastructure. Competitive pressure is
conducive to achieving efficient solutions and innovation dy-
namics. In addition, certain models may benefit from scale/scope
economies, or, in contrast, may suffer from difficulties related to
their implementation and high regulatory efforts.

As a consequence, new tasks may or may not be offered at the
lowest cost (due to sufficient synergies with grid operation), or, in a
more qualitative way, by the DSOs, as compared to third regulated
entities or commercial actors. The suitability of a certain model will
depend on system-specific conditions, such as scale- and scope-
economy potentials, the degree of uncertainty regarding the best
technological solutions, or concerns with respect to possible
market-entry barriers. However, if a full roll out of a new infra-
structure, such as advanced meters, must be provided in a timely
fashion, advantages lie in the domain of the DSO. As long as market
structures are still evolving, commercial actors might shy away
from investing. In contrast, cost recovery via the socialization of
costs among grid users can jump-start new markets. However,
regulators have to take care not to foreclose market structures
through DSOs becoming incumbents once new technologies are
deployed at scale, and commercial actors want to enter the market.

For all new infrastructure services, it holds that when regulators
opt to implement these new tasks via DSOs, possible repercussions
on energy and power markets cannot be ruled out. Retail market
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competition and, in particular, the current levels of unbundling, are
not fully satisfactory.6 However, insufficient unbundling is a major
barrier to retail competition, given that DSOs shall act as “entry
gates to retail markets [.] making them an important influence on
the level of competition as well” (CEER, 2013) (p. 8). Network access
is essential for firms competing in downstream markets. European
policy makers have opted for legal unbundling of distribution
system operators that is, a compromise between allowing vertical
integration, and requiring full ownership-unbundling. Not all
Member States have fully implemented the 3rd Package, and not all
countries have transposed the formulated requirements in the EU
Directives to the same extent within national laws. For instance,
rebranding7 is not required to comply with the 3rd Package in all
countries.

Negative effects of insufficient unbundling are also widely
recognized in the literature. For instance, Nikogosian and Veith
(2011) found significantly lower prices in markets with fully
separated firms, compared to markets with vertically integrated or
legally unbundled operators. For the UK distribution system, Davies
and Waddams (2007) found “clear evidence that those incumbent
electricity suppliers which remained vertically integrated [.] have
retained a higher market share than those where these functions
have been undertaken by separately owned companies.”

Ownership unbundling e that is, the vertical disintegration of
distribution grids from generation and retail e is, to date, only
required by law in two countries (New Zealand and the
Netherlands, implemented in 1998 and 2011, respectively).8 On a
voluntary basis it is also present in the UK, where some ownership
separation between distribution grids and retail activities has taken
place over the last decade. In theory, perfect legal unbundling could
also achieve the full separation of interests. However, as discussed
in-depth in Nikogosian and Veith (2011) and Höffler and Kranz
(2011), due to information asymmetries between regulatory
agency and regulated firms, non-tariff discrimination remains an
issue even if access prices are regulated for the upstreammonopoly.

Harmful practices that can prevent the retail market from suc-
cessfully developing are manifold. Such practices might include: an
asymmetry in access to commercial information or grid access
discrimination, giving the retailer belonging to the same group as
the distributor an advantage; that is, the (illegal) use of references
to the distributor’s services in the retailer’s commercial advertising;
a lack of adequate procedures to switch supplier, and undue delays;
and discriminatory practices, including excessive rates, in relation
with the rental, installation and maintenance of metering equip-
ment, if this is the responsibility of the distribution company.

With an increasing penetration of DER, and the accompanying
advent of new market actors and business relations, the negative
effects of limited unbundling become aggravated. When
6 Switching rates are still quite low. Estimates indicate that small-scale con-
sumers EU-wide could save up to V13bn per year if they switched to the cheapest
electricity tariff available (European Commission (EC), 2012b). However, it has to be
noted that low levels of supplier switching are not necessarily an indicator of
ineffective competition. In a mature market, prices will have converged already.
Moreover, a lack of switching can also be explained by factors that are not price-
related, such as customer satisfaction, trust in the incumbent supplier, or a lack
of information.

7 Rebranding: DSOs will be required to create their own image; that is, change
their communications and branding in such a way that they can clearly be distin-
guished from their supply branch.

8 However, Nillesen and Pollitt (2011), in investigating the impact of policy
change in New Zealand, argued that ownership unbundling did not achieve its
objectives of facilitating greater retail competition. In this case, one form of vertical
integration (retail distribution) was swapped for another (retail generation). The
authors found evidence that pure stand-alone retail companies are unlikely to
survive in competitive electricity markets, given the volatility of wholesale markets.
Thus, structural remedies may have unforeseen and irreversible consequences.
mandatory ownership unbundling is politically not enforceable, or
is economically counterproductive for the customers’ choice
(through a drastic reduction of suppliers on the market) or for the
customers’ bill (through the duplication of costs in separated en-
tities, the loss of synergy with other local utility functions, or the
double marginalization in case of imperfectly regulated successive
monopolies), stricter implementation of unbundling requirements,
and market transparency measures, should be mandated as more
responsibilities are given to DSOs. At the same time, it has to be
noted that, before investigating new forms of “Chinese walls,” the
implementation of, and compliance with, existing unbundling re-
quirements have to be reinforced.

Hence, the existing unbundling rules place minimum re-
quirements on DSOs, on top of which additional requirements,
supervision and monitoring can gradually be added as the role of
respective DSOs changeswith an increasing penetration of DER into
their system. These additional requirements could mostly focus on
the use of customer data and transparency in the procurement of
services for DSO system operation. For instance, switching pro-
cedures should include clear mechanisms for accessing commercial
information. An appropriate data management procedure should
guarantee the availability of information for all interested market
players (including retailers, but also aggregators, etc.), to the extent
allowed under data protection legislation. With regard to the pro-
curement of DSO services, market transparency could be facilitated
by obliging DSOs to publish ex-post, procurement-related data.
Strict supervision by regulatory agencies is necessary to prevent
potential irregular practices, and to provide advice on the appro-
priate package of measures to be finally adopted.

We should also discuss whether small DSOs that want to engage
in additional tasks, as introduced above, but which are currently
exempted from unbundling requirements (according to Art. 26 of
Directive 2009/72/EC), should also be exempted from additional
“Chinese walls” that come with these new tasks. On this level, EU
and national regulation will have a very high impact on local
governance and municipal structures, in which a part of the profits
from distribution activities are often also used for municipal social
activities. Nonetheless, all problems arising from unbundling that
are extensively discussed above likewise apply to small DSOs. If
general exemptions from unbundling for small DSOs prevail, other
regulatory means gain in importance. Therefore, especially for
small, exempted DSOs, new ICT or EV infrastructure needs to be
sufficiently standardized, such that third party market entry is
facilitated as far as possible, despite the lack of unbundling.
Furthermore, market data relevant to accessing this ICT infra-
structure, and ultimately relevant for trading and retailing, has to
be made available so that barriers to market entry are further
reduced. Hence, the minimum requirements for data handling
introduced above apply to small DSOs as well.

A further interesting regulatory option is to incentivize groups
of small DSOs to jointly invest in ICT or EV infrastructure. Such joint
ventures solve two problems. First, joint investments exploit syn-
ergies and reduce each DSO’s contribution to the cost of setting up
such new (and costly) infrastructure. Second, given that each DSO
belongs to different companies with several respective affiliated
retailing incumbents, negative effects from limited unbundling can
be mitigated.
4. A role for the EU to encourage good regulatory practice

Due to the patchwork of many different distribution systems
that exists throughout Member States, the role and possibilities of
the EU in fostering a unique approach to future DSO regulation is
also limited. With lesser amounts of distributed energy resources,
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DSO cost structures are, to a lesser extent, subject to change;
accordingly, the need to adjust the tariff design is decreased.

Furthermore, it will make a difference whether the respective
DSO is subject to (voluntary) ownership unbundling, as it is the case
in the Netherlands, or whether, in contrast, it is a small, integrated
operator that is exempted from any unbundling provisions. This is
the often case, for instance, for small German (Stadtwerke) or
Spanish (Cooperativas) utilities, which also engage in non-energy-
related social activities. Such activities are difficult to measure in
terms of the benefits they bring to customers of DSOs, and hence
are difficult to subsume within any regulatory framework.

For these reasons, a strong common European approach to
future DSO regulation is not sustainable. European regulatory
intervention has to be kept at a minimum level, thereby respecting
the principle of subsidiarity. We see neither justification for, nor
even potential convenience in, an EU-wide harmonization of DSO
regulation, although we recommend setting clear minimum re-
quirements in a few key regulatory aspects, as well as the publi-
cation of EU guidelines to spread, encourage and monitor good
regulatory practices in some of the critical areas that have been
identified in this paper.

- National regulators would benefit from sharing experiences on
good and bad practices; for instance, for smart grid projects and
their cost-benefit-analyses. EU guidelines for the sound regu-
lation and adequate remuneration of DSOs should be formu-
lated, and account for the increasing total cost of distribution,
while incentivizing an active system management in order to
cushion these costs. Regular monitoring and benchmarking will
help to reveal shortcomings in national regulatory approaches.
Similarly, although distribution grid tarification is e and should
remain e a national issue, again, there is an urgent need for
research to be conducted in order to develop a set of EU
guidelines to be published and monitored.

- The performance of new business models, and the functioning
of retail market competition, rely on comprehensive consumer
data. The EU should provide a minimum level of support in this
respect, and mandate that consumer data is made available to
registered agents without any discrimination e provided that
individual consumers give their authorization for the use of
their personal profiles. Definition of the specific format of data
provision (that is, one of the three data models proposed in
(European Commission (EC), 2013), or a combination thereof)
can then be left to the Member States.

- Depending on system complexity, and the number of tasks to be
accomplished by DSOs, stricter unbundling requirements
should be mandated. As system complexity increases, an
insufficiently unbundled DSO could either stay with a restricted
set of tasks, or the DSO could expand its portfolio of activities,
while being accompanied with an increasing level of unbun-
dling and supervision. The EU should provide guidelines for
measures to reinforce “Chinese walls” between any DSO and the
DER-related businesses that may exist under the same holding.
If general exemptions from unbundling for small DSOs prevail,
additional regulatory means, such as sufficient standardization
of new ICT or EV infrastructures, will gain in importance.

- Finally, procedures and principles of coordination between
DSOs and TSOs should also be defined at the European level, in
order to avoid distortions in competition and barriers to market
entry due to the existence of different rules and market designs
in different Member States. The possible set of distribution
company functions needs to be extended. The currently devel-
oped EU network codes should take into account the need for
coordination and rules among system operators that rely on DER
services.
5. Conclusion

The newly emerging broad range of distributed energy re-
sources, be it distributed generation, local storage, electric vehicles
or demand response, are driving changes in power systems. These
changes pose challenges for DSOs and their regulation alike. This
paper argues that, as a consequence, DSO regulation has to be
reviewed in the full spectrum of DSO activities, and, more specif-
ically, regarding both the traditional DSO tasks as a network oper-
ator, and the potentially new tasks of DSOs to integrate DER into
retail markets, as well as distribution grid management.

First, remuneration schemes for DSOs need to be reconsidered. On
the one hand, increasing amounts of DER require substantial in-
vestments: to properly connect all DER, to enable the system to deal
with the increased volatility of net-demand and peak-demand fluc-
tuations, and to set up ICT infrastructure that empowers DSOs to
employ DER for their daily grid operations. On the other hand, DER
offer a new set of instruments for grid operation, and have the po-
tential to decrease the total costs of DSOs compared to the traditional
fit-and-forget approach. Soundregulation thatefficiently incentivizes
DSOs to engage in active system management has to account for
changing OPEX and CAPEX structures, to enable the optimal choice
among both, and to incentivize DSOs to deploy innovative solutions.

Second, the network charges that allow DSOs to recover their
costs are also subject to change. With an increasing penetration of
DER and the likely creation of new business models at the distri-
bution level, ill-designed distribution network charges will become
even more problematic, resulting in increasing cross-subsidization
and inefficient incentives. Therefore, tariffs should reflect the true
costs (or benefits) of different types of load and generation for the
distribution system, which will depend on the agent’s geographic
location in the system, as well as on the profile of injection/with-
drawal from the connection point.

Third, there are a number of areas in the newly emergingmarket
environment where there is no consensus about whether the
respective tasks should be under the responsibility of the DSO or
not. The regulatory challenge is to clearly define the roles, bound-
aries and responsibilities of DSOs. This depends on system
complexity and the number of tasks to be accomplished by DSOs e
stricter unbundling requirements should be mandated. Accord-
ingly, as system complexity increases, an insufficiently unbundled
DSO could either staywith a restricted set of tasks, or the DSO could
expand its portfolio of activities, while being accompanied with an
increasing level of unbundling. Increasing levels of unbundling
could be implemented via higher “Chinese walls” between DSOs
and their subsidiary retailers.

Fourth, the increasing amount of distributed energy resources
and more active DSOs also establish a need for a clearly defined
differentiation and cooperation of tasks between distribution and
transmission system operators, via defining products that DSOs and
TSOs use to ensure reliable grids in terms of geography and timing.

In the European context, regulation has to be kept at a minimum
level, and respect the principle of subsidiarity. Accordingly, there is
neither a need, nor a solid justification, for an EU-wide compre-
hensive harmonization of the regulation of DSOs. Instead, the EU
should set certain minimum requirements in a few key regulatory
aspects, and publish guidelines to encourage good regulatory
practice. The decision on whether to include new tasks that foster
DER integration into the DSOs’ portfolios should be left to national
authorities.
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