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Summary — The new Croatian Electricity Market Act (in force 
since October 22, 2021 [1]) stipulates that the distribution system 
operator is encouraged to use flexibility, including participation in 
congestion management in distribution network in coordination with 
transmission system operator, to increase efficiency, develop the dis-
tribution system and promote energy efficiency measures. DSO can 
access flexibility in one or more of the following ways: market-ba-
sed procurement of flexibility services, distribution network tariffs, 
flexible (non-firm) connection agreements, rules based (regulated) 
approach, in combination or separately. The categories are not ne-
cessarily mutually exclusive and the inherent regulatory incentives 
and implemented measures may overlap. Member States and nati-
onal regulatory authorities should, therefore, carefully evaluate the 
interactions when implementing new forms of access to flexibilities 
or when enhancing existing ones. The paper reviews the mentioned 
possibilities of using flexibility in the distribution network.

Keywords — flexibility, distribution networks, network tariffs, acti-
ve system management, efficient network development

I. IntroductIon

An increase in the share of renewables has created and will 
continue to create challenges for the energy system. These 
challenges include frequency variation, insufficient capa-

city in the networks, excessive voltage swells/drops, overloading 
of network equipment, outages and inefficient resource handling. 
Increasing and promoting flexibility in the grid could be a cost-
effective way to minimize the challenges that come with renewa-
ble energy production and new forms of consumption.

The main aim of distribution system operators (DSO) and re-
gulatory authorities (RA) is to maximize the efficiency of the dis-
tribution network, by utilizing the existing and future infrastructure 
to its full capacity. The use of flexibility to maximize the efficiency 
of the grid could provide socio-economic benefits by utilizing exi-
sting resources that could decrease or defer the need for new inves-
tments in grid infrastructure.

On an individual level flexibility is the modification of genera-
tion injection and/or consumption patterns in reaction to an exter-
nal signal (price signal or activation) to provide a service within 
the energy system. The parameters used to characterize flexibility 
include the amount of power modulation, the duration, the rate of 
change, the response time, the location etc. 

Flexibility is of particular importance to the DSOs because 
most of the distributed generation and new loads are connected 
directly at the distribution level. In essence, if the DSO use of flexi-
bility would make the current grid last longer by requiring less 
infrastructure upgrades or reinforcements, while at the same time 
achieving better voltage quality and continuity of supply, there is 
the potential to better utilize and efficiently develop the distribution 
system. The utilization of flexibility in the distribution system can 
fulfil several purposes, such as:

• Reduce or defer required network reinforcements;

• Active congestion management, allowing alternatives to 
curtailment;

• Reduce or shift demand or generation profiles to smoothen 
the load shape;

• Better management of power quality issues, such as those 
relating to voltage swells/drops, harmonics, flicker, and 
asymmetry.

The flexibility can be acquired from the planning stage, and 
later be used during the system operation. As given in 2020 CEER 
Paper on ‘DSO Procedures of Procurement of Flexibility” [2], 
management of the distribution network constraints/limits can be 
divided into the following categories:

• Grid capacity management;

• Congestion management;

• Voltage control.

Grid capacity management involves planning and realization 
of network investments according to predefined criteria and the 
respective regulatory framework. Capacity constraints can result 
in incidental or frequent temporary overload or congestion, but in 
contradistinction to congestion management (which usually pro-
vides temporary solutions), it should in the future be considered 
business as usual. DSOs may use the explicit, or even some forms 
of implicit, demand-side flexibility to increase their operational 
efficiency without any impact on the freedom of dispatch, trade 
and connections (copper plate principle). 
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Flexibility mechanisms are divided into (Figure 1):

• Implicit, where actors respond to fixed price signal, e.g. spot 
price in wholesale market or tariff set by DSO;

• Explicit, where the actors themselves bid in their price and 
actively contribute to the price formation.

Fig. 1. Types of flexibility
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limited to) grid areas where n-1 obligations apply), optimization of 
operational performance of assets (e.g. extending the lifetime of the 
component) and reducing grid losses by influencing the peak load.

Congestion management refers to avoiding the overload of 
system components by reducing peak loads to avoid failure situa-
tions or outages. This process addresses, contrary to grid capacity 
management, the overload situations that have not been anticipa-
ted during the long-term grid planning process, or situations where 
grid reinforcements cannot cope with the load/ generation increa-
se. Such measures provide a temporary solution, where the long-
term solution (in general) is grid reinforcement. In the future, to 
fully harness the potential of flexibility, grid capacity management 
should be considered as business as usual for the DSO, contrary 
to congestion management. Both services, when designed as an 
explicit, market-oriented mechanism, could have different tailored 
products (short term – energy products or long term – capacity pro-
ducts that may be combined with energy products), but are aimed 
at solving or preventing active power overloads.

Voltage control (mostly depending on active power in lower 
voltage levels) addresses problems with power quality, e.g. occu-
rring when production (mostly generated by distributed renewable 
energy sources (RES)) significantly exceeds the demand in the ob-
served time interval with the result of an increased voltage level in 
the (local) grid. Using demand-side flexibility to impact the load/
generation can avoid exceeding any voltage limits and consequ-
ently reduce the need for grid investment (such as automatic tap 
changers) or prevent generation curtailment.

Article 32 of the Directive (2019/944) [3] on common rules 

for the internal market of electricity sets new requirements on the 
use of flexibility in distribution networks. For the procurement of 
flexibility services, the way that the DSOs describe their needs and 
how this is signaled to relevant market parties and other actors are 
of particular importance because this has a significant influence on 
the market outcome. The specifications of network needs might 
differ substantially depending on grid topology, customer basis and 
locational cause of congestions. The different needs in the grid co-
uld require different solutions and various types of access to and 
use of flexibility.

Several technologies can provide flexibility, including centra-
lized or de-centralized generation, demand side participation and 
energy storage. However, only very large customers, e.g. industrial 
customers, find it easy to sell their flexibility on an individual basis 
and participate in the flexibility market today. Smaller residenti-
al and commercial customers may face high barriers in accessing 
these markets. Transaction costs of such participation are too high 
if managed at individual level. Aggregation is a commercial func-
tion of pooling de-centralized generation and/or consumption to 
provide energy and services to actors within the system. It offers 
the opportunity for smaller residential and commercial customers 
to exploit their flexibility potential. Aggregators can be retailers 
or third parties. They may act as an intermediary between custo-
mers who provide flexibility (both demand and generation) and 
procurers of this flexibility. They would identify and gather custo-
mer flexibilities and intermediate their joint market participation. 
This could be done via flexibility products or simply by selling 
and buying aggregated energy (kilowatt-hours) at optimal points 
in time.

The provision of ancillary services including services for con-
gestion management by grid users connected to the distribution 
system has been the core of numerous research and development 
projects as well as recent regulatory developments in some Europe-
an Member States. There has been a significant number of research 
initiatives over the past years. In late 2021 Joint Research Centre 
(European Commission) – JRC, has published report “Smart Grids 
and Beyond: An EU research and innovation perspective” [5] in 
which an analysis of investments in (realized or ongoing) smart 
grid R&I projects has been made. Projects relevant to flexibility are 
categorized as “smart network management” and “demand side 
management”. They focus on increasing the operational flexibility 
of the electricity grid through enhanced grid monitoring and con-
trol capabilities and on facilitation of demand flexibility (demand 
response) respectively, and which, according to [5], gather 40% of 
the total funding. As observed in [4], local flexibility markets and 
flexibility in general are not so far from the infancy stage in the 
real-life. On the other hand, both academia and R&D oriented de-
partments in the commercial sector are active in exploring various 
high-RES penetration models, flexibility provision, TSO-DSO co-
ordination schemes and distribution level market models. Among 
surveyed papers, we single out the following works that provide 
overview of the most advanced and promising projects and plat-
forms: [4, 5, 7, 8]. Even though the literature provides insights on 
current state, what lacks is the pilot project and research on applica-
bility in different markets around Europe. Local and national pilot 
projects are good steps forward as they allow testing of different 
strategies within a fast-evolving framework.

II. the croatIan Law on eLectrIcIty Market 
(2021) – FLexIbILIty and ancILLary ServIceS at the 

dIStrIbutIon SySteM

The market-based approach, meaning DSO procurement of 
explicit flexibility, is a relatively new field despite regulations in 
many EU countries neither disincentivizing nor explicitly for-
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bidding such access. Recently adopted Croatian Law on Electri-
city Market [1] stipulates that the regulatory agency should provide 
incentives to DSO to procure flexibility services, including conge-
stion management in coordination with the transmission system 
operator (TSO), in order to improve efficiencies in the operation 
and development of the distribution system, and to promote the 
uptake of energy efficiency measures (Article 75, paragraph 1).

The Law prescribes that in the Distribution network code DSO 
shall prescribe the technical criteria for the provision of ancillary 
and flexibility services (Article 75, paragraph 3).

In line with the CEER Conclusions Paper “Flexibility Use at 
Distribution Level” [9], the Croatian Law recognizes four different 
mechanisms for DSO’s access to flexibility (Figure 2): Rule based 
approach, Connection agreements, Network tariffs, and Market 
based procurement.

Fig. 2. Different ways of accessing flexibility for DSO - the Croatian 
Law on Electricity Market, Article 75

Constraint management consists of several methods to handle 
challenging grid situations (Figure 2). As a starting point, DSOs 
can manage constraint issues with the activation of their own flexi-
ble grid assets. Such actions are a default option and applied before 
or at the same time as considering market-based management. If 
a DSO cannot solve a problem with its own assets (e.g. topology 
changes, tap changers, voltage boosters, etc.) it may need to invest 
in new assets (grid reinforcement); the procurement and use of 
flexibility for constraint management could be the better solution 
economically.

The regulatory framework ensures that DSO can procure ser-
vices from providers where such services cost-effectively alleviate 
the need to upgrade or replace assets in the grid and support the 
efficient and secure operation of the distribution system (Figure 
3). DSO shall procure such services in accordance with transpa-
rent, non-discriminatory and market-based procedures unless the 
regulatory authorities have established that the procurement of 
such services is not economically efficient or that such procure-
ment would lead to severe market distortions or to higher conge-
stion. In other words, the EU Electricity Directive states with an 
“argumentum e contrario” that the flexibility procurement must be 
economically efficient and must not lead to severe market distorti-
ons or to higher congestion. Consequently, this inverse conclusion 
shows that market-based flexibility procurement presents the base-
case to be implemented, but also must not come at any price, e.g. 
if congestions are increased as a result. Thus, there may be cases 
where it is decided at national level to not implement the market-
based approach. In this regard, the Croatian Law (Article 75, para-
graph 4) obliges DSO to perform the cost/benefit analysis based on 
which the regulatory agency shall decide on the exemption from 
the market-based procedures.

Fig. 3. The Croatian Law on Electricity Market (EL) – 
DSO access to flexibility

By September 30 each year DSO shall submit for approval to 
the regulatory authority the reasoned request to access flexibility 
and non-frequency ancillary services that cannot be procured in 
the market-based procedures, including an assessment of the future 
prospect (preconditions) to access a particular product and service 
on a market-based principles.

The Law (Article 75, paragraph 8) states that every year the 
DSO shall draw up and publish a transparent network development 
plan (10G plan) and shall submit it to the regulatory authority which 
may request amendments. The 10G shall provide transparency on 
the medium and long-term flexibility services needed and shall set 
out the planned investments for the next ten years, with particular 
emphasis on the main distribution infrastructure which is required 
in order to connect new generation capacity and new loads, includ-
ing recharging points for electric vehicles. The network develop-
ment plan shall also include the use of demand response, energy 
efficiency, energy storage facilities or other resources that the DSO 
is to use as an alternative to system expansion.

The Law (Article 52, paragraphs 22-26) also prescribes that the 
DSO shall procure the non-frequency ancillary services needed for 
its system in accordance with transparent, non-discriminatory and 
market-based procedures, unless the regulatory authority has as-
sessed that the market-based provision of non-frequency ancillary 
services is economically not efficient and has granted a derogation. 
Subject to the regulatory approval, by the end of the October 2022 
DSO should have adopted rules on non-frequency ancillary ser-
vices for distribution system in which at least the following shall be 
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provided: products and services, prequalification process, contract-
ing, procurement of ancillary services and pricing.

The Law (Article 52, paragraphs 31-35) prescribes that the 
DSO shall engage in flexibility services, including congestion 
management. The DSO congestion management rules shall pre-
scribe at least the following: products and services, congestion 
management procedures including flexibility, obligations of DSO, 
network users and market participants in congestion management, 
pricing and payment, re-dispatching by altering the generation and/
or load pattern and storage of energy in order to change physical 
flows in the system, relieve a physical congestion and to ensure an 
adequate level of security of supply, including renumeration and 
settlement for re-dispatching.

III. IMpLIcIt FLexIbILIty through network tarIFFS

Network tariffs typically have three main components, used 
either alone or in combination: fixed (€/point of delivery); capacity 
(€/kW); and volume (€/kWh). Common charging bases include 
flat rate and non-linear rates varying with volume or time of use. 
The advantages and disadvantages of each tariff component and 
each charging basis are discussed in [10] and are summarized in 
Table I.

tabLe I. tarIFF coMponentS and chargIng baSeS [10]

Tariff 
component Fixed

Capacity
Volume

ex ante ex post

Advantage

•	 Simple

•	 Stable

•	 Predictable

•	 Signals	
that ca-
pacity has 
a price

•	 Signals	that	
capacity has a 
price

•	 Cost-reflective

•	 Acceptable	to	
consumers

Disadvan-
tage

•	 Does	not	
signal long 
term costs 
and so 
does little to 
encourage 
energy 
efficiency 
and system 
flexibility

•	 Reflect	
capacity 
costs to 
a limited 
extent

•	 Requires	
smart 
metering 

•	 Complex

•	 Less	
predictable

•	 Less	ac-
ceptable	to	
consumers

•	 Does	not	reflect	
capacity costs

•	 Can	raise	revenue	
uncertainty for 
DSOs

Tariff charg-
ing	basis	
for capacity 
and volume 
components

Flat rate Non-linear

Time-of-Use

static dynamic

Advantage

•	 Simple

•	 Accept-
able	to	
consumers

•	 Can	be	
designed 
to	balance	
multiple 
objectives	
of afford-
ability,	
conser-
vation,	
efficiency 
and cost 
recovery

•	 Mitigates	
congestion

•	 Reflects	
capacity costs

•	 Signals	the	
value of 
flexibility	

•	 Ben-
efits engaged 
consumers 
financially

•	 Mitigates	
congestion

•	 Reflects	capacity	
costs

•	 Signals	the	value	
of	flexibility	

•	 Benefits	engaged	
consumers 
financially

•	 Can	target	specific	
system events on 
short notice

Disadvan-
tage

•	 Less	cost-
reflective

•	 Can	over-
incentivize 
self-gen-
eration 
which does 
not always 
synchronize 
with system 
peaks

•	 Complex

•	 Potential	
adverse 
conse-
quences	
due to 
poor 
design or 
consumer 
under-
standing

•	 Predicted	
peak times 
may not 
coincide with 
actual system 
peak

•	 Does	not	allow	
for	variability	
when peak 
conditions 
occur

•	 Requires	ad-
vanced metering

•	 The	risk	of	all	con-
sumers respond-
ing simultaneously 
to a single price 
signal

•	 Traditional	
consumers who 
cannot change 
consumption 
pattern may face 
higher prices

Power consumption is not the only determinant of the level of 
network costs. As the network requires enough capacity for peak 
consumption, the time-of-use is also important to consider. Time-
differentiated “static” tariffs (TOU, Figure 4) are characterized 
by offering different price signals for energy and power, based on 
discrete time periods (or “time-bands”) that are fixed in advance, 
possibly differing between relevant locations on the network. Gen-
erally, with time-differentiated static tariffs the time periods and 
the price signals themselves do not change for several years. Time-
differentiated static tariffs offer a reasonable balance between ef-
ficiency and complexity, but lack the most desirable advantage of 
dynamic ToU tariffs, i.e. short-term changes in prices, reflecting 
the actual network conditions. This is especially true when actual 
critical peak hours are highly volatile.

Time-of-use, whether energy, power or any mixture are gener-
ally considered to be more cost-reflective than time independent 
tariffs, as they are aligned to predicted peak times. However, static 
time-of-use differentiated tariffs could also pose a challenge if they 
lead to large loads being shifted in and out of the network simul-
taneously (e.g. at the change of hours). For example, such shifts 
could happen when the price variation in the energy charge is high 
between two hours and an increasing degree of home automation 
results in a large number of users responding at once. Tariffs giving 
such signals could lead to new network peaks. The aforementioned 
situation could be solved by using automation and gradual con-
sumption management.

A dynamic ToU tariff means that the price signal is defined 
at shorter notice, possibly close to real-time. This contrasts with 
static ToU tariffs, where the price signals are associated with prede-
termined time periods. Dynamic ToU network tariffs are one way 
that DSOs could (implicitly) make use of flexibility to avoid or de-
fer reinforcement. The objective of a dynamic ToU network tariff 
is to promote more efficient network use under a scenario where 
network use has become more uncertain (e.g. due to intermittent 
production or new consumption patterns) and where new tech-
nological solutions are enabling demand response (smart meters, 
automation, storage). Being dynamic, the price signals can be sent 
closer to real time, increasing the cost-reflectiveness of the network 
tariff, which should result with a more cost-efficient system, ben-
efitting all network users.

A first step for a more dynamic ToU network tariff is providing 
price signals that reflect the critical periods that need to have sig-
nificantly higher prices. Critical peak pricing (CPP, Figure 5) is a 
dynamic form of a time-varying tariff, where the peak price would 
be significantly higher on a limited number of days (typically 10 
to 15) or hours per year, when the capacity of the system is most 
likely to be constrained (i.e. critical events), and lower for the rest 
of the year. The dynamic nature of a CPP rate allows the utility to 
respond with short notice of an upcoming “critical peak period”, 
during which tariffs will be significantly above normal. Peak time 
rebates (PTR, Figure 6) are in some ways the mirror image of a 
CPP rate.

Studies [11] have shown that CPP tariffs provide incentives 
for customers to change their consumption pattern. Results from 
France, Great Britain, Slovenia and Japan show that customers 
react on CPP pricing, which means that the peak load can be re-
duced. Plans to introduce or actual implementation of CPP tariffs 
can be found in countries including Slovenia, China, USA, Japan 
and France. For example, in France, time-of-use and variable-peak 
signals have been used for 50 years.

A PTR provides consumers with a payment for reductions in 
consumption below a predetermined customer level baseline dur-
ing peak events. PTR is popular since it is a “no-lose” tariff for cus-
tomers (in the short-term at least). However, accurately forecasting 
customer baseline usage is not trivial.
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Real-time pricing (RTP, Figure 7) provides consumers with an 
hourly or sub-hourly price. While RTP is typically used to capture 
hourly variation in wholesale energy prices, theoretically, real time 
pricing of the network (under which the tariff is dynamically set) 
may be possible, although it has not been implemented anywhere 
on the distribution network. As the amount of intermittent genera-
tion capacity from wind and solar generating sources increases, 
distribution system capacity constraints may become less pre-
dictable and hence rate designs that can respond to actual system 
conditions (such as RTP or CPP) rather than reflect stable patterns 
(such as TOU) may become more valuable.

Fig. 4. Illustrations of alternative time–varying rates – Time-of-Use 
(TOU)

Fig. 5. Illustrations of alternative time–varying rates – Critical Peak 
Pricing (CPP)

Fig. 6. Illustrations of alternative time–varying rates – Peak-time Rebate 
(PTR)

Fig. 7. Illustrations of alternative time–varying rates – Real-time Pricing 
(RTP)

The introduction of dynamic ToU network tariffs shares the 
same pre-requisites as (envisaged by the Electricity Directive 
[3]) dynamic retail prices, namely:

• Introduction of smart meters in order to measure consumption 
in short time intervals, according to the time unit, as deter-
mined by the imbalance settlement period. This is on track 
across Europe with the widescale roll-out of smart meters. For 
the status of the rollout of electricity smart meters at the end of 
2021 see the ACER/CEER report [12] and for the progress on 
national smart meter roll-outs see article published in January, 
2022 [13];

• Feedback about metering data to enable a user to control their 
energy use (e.g. through an app or a technical device). This is 
the stated intention of the Clean Energy Package [14];

• Technological solutions for flexible use and power reduction 
within property, housing and industry (e.g. automation and 
storage);

• A detailed forecasting model, which would be used by the 
DSOs to determine the critical periods by network area/point. 
Notably, DSOs need to become increasingly engaged in ac-
tive grid management, and this includes modelling of future 
congestions;

• IT infrastructure to send price signals to network users, pos-
sibly differentiated by network area/point, in order to ensure 
users are able to predict charges and respond to them;

• Robust estimates about long-term avoided costs.

In general, dynamic ToU network tariffs would be far more 
complex in comparison to static ToU network tariffs. In [11] 
CEER emphasizes that principles such as simplicity and predicta-
bility are especially important for small customers, while other 
principles have more weight for larger customers at the DSO 
level. Besides, the introduction of dynamic ToU network tariffs 
raises numerous regulatory questions. These issues include how 
customers should be informed of tariffs, how regulators should 
regulate tariff setting, and how they should be integrated into the 
system of tariff or revenue cap incentive regulation (when appli-
ed). Finally, through the resulting tariffs it should be ensured that a 
reasonable distribution of costs among all network users is achie-
ved, especially between customers with and without automation. 
If a high degree of cost recovery is done through the dynamic 
tariff signal, costumers who are unable to respond through tech-
nology are likely to pay higher network costs. This depends on a 
number of aspects, e.g. on whether the dynamics ToU network 
tariffs are voluntary for customers and how the costs would be 
distributed between dynamic and static tariff users.

12 

A PTR provides consumers with a payment for reductions in consumption 
below a predetermined customer level baseline during peak events. PTR is popular 
since it is a “no-lose” tariff for customers (in the short-term at least). However, 
accurately forecasting customer baseline usage is not trivial. 

Real-time pricing (RTP, Figure 7) provides consumers with an hourly or sub-
hourly price. While RTP is typically used to capture hourly variation in wholesale 
energy prices, theoretically, real time pricing of the network (under which the tariff 
is dynamically set) may be possible, although it has not been implemented 
anywhere on the distribution network. As the amount of intermittent generation 
capacity from wind and solar generating sources increases, distribution system 
capacity constraints may become less predictable and hence rate designs that can 
respond to actual system conditions (such as RTP or CPP) rather than reflect stable 
patterns (such as TOU) may become more valuable. 

 

 
Figure 4. Illustrations of alternative time‐ varying rates – Time-of-Use (TOU) 

 

13 

 
Figure 5. Illustrations of alternative time‐ varying rates – Critical Peak 

Pricing (CPP) 
 

 
Figure 6. Illustrations of alternative time‐ varying rates – Peak-time Rebate 

(PTR) 
 

13 

 
Figure 5. Illustrations of alternative time‐ varying rates – Critical Peak 

Pricing (CPP) 
 

 
Figure 6. Illustrations of alternative time‐ varying rates – Peak-time Rebate 

(PTR) 
 

Minea Skok, Lahorko Wagmann, Tomislav Baričević, Use of Flexibility in Distribution Networks: an Overview of EU and Croatian Legal Framework and Trends, 
Journal of Energy, vol. 71 Number 1 (2022), 3–17 
https://doi.org/10.37798/2022711343 

14 

 
Figure 7. Illustrations of alternative time‐ varying rates – Real-time Pricing 

(RTP) 
 
The introduction of dynamic ToU network tariffs shares the same pre-

requisites as (envisaged by the Electricity Directive [3]) dynamic retail prices, 
namely: 

 Introduction of smart meters in order to measure consumption in short time 
intervals, according to the time unit, as determined by the imbalance 
settlement period. This is on track across Europe with the widescale roll-out 
of smart meters. For the status of the rollout of electricity smart meters at 
the end of 2021 see the ACER/CEER report [12] and for the progress on 
national smart meter roll-outs see article published in January, 2022 [13]; 

 Feedback about metering data to enable a user to control their energy use 
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For the beneficial network behavior of network users im-
portant is the interaction between both static and dynamic ToU 
network tariffs and the procurement of flexibility. Combined 
with static ToU network tariffs, the impact of flexibility pro-
curement should be easy to identify. Provided the procured 
flexibility is contracted for a sufficient period of time, the pro-
curing network operator will be able to avoid network expan-
sion. This leads to an overall reduction of the DSO’s costs in 
most cases in the long run. Thus, network users will be charged 
lower tariffs than would have been the case without the procu-
red flexibility. Where tariff static time signals do not prompt 
the desired demand response, the procurement of flexibility 
forms a beneficial instrument for avoiding costs. This creates 
the potential to use flexibility, while allowing network tariffs 
to fulfil the tariff principles of simplicity, predictability and 
non-discrimination. 

More complex is when flexibility procurement is consi-
dered alongside dynamic ToU network tariffs. Dynamic ToU 
network tariffs and flexibility procurement differ in that under 
the procurement of flexibility, the DSO explicitly contracts for 
it with the customer or their intermediary, while with dynamic 
ToU network tariffs, the flexibility provided by customers is 
implicit. Thus, the effectiveness of the latter firstly depends 
on the actual existence of customer flexibility and, secondly, 
on the interaction between the network tariff signals and other 
behavior-influencing factors.

CEER [11] emphasizes that worldwide there is limited 
experience of full dynamic ToU network tariffs at the distribu-
tion level. Nonetheless, there are a couple of observations that 
can be made, when they are compared with the procurement 
of flexibility. First of all, the effectiveness of both instruments 
might currently be limited at the DSO level, as it depends on 
the potential for flexible behavior. For small customers, such 
as private households and small businesses that are mostly 
connected to the low voltage level, it might be questionable 
whether there are currently available sufficient (technological) 
possibilities for providing flexibility. The complexity of dyna-
mic ToU network tariff calculation is also an important factor 
when discussing the potential effects of dynamic tariffs and 
flexibility procurement being applied simultaneously. Reali-
zing the benefits of dynamic ToU network tariffs is even more 
complex when explicit flexibility is applied, because the in-
teraction between both instruments makes the effects of any 
behavior change in response to tariffs harder to predict. Under 
a system of continuously changing tariffs and network load 
situations, it will be very difficult to effectively allocate and 
(subsequently) apply explicit flexibility. This again might lead 
to problems regarding location decisions, e.g. for new storage 
facilities.

As observed by CEER [11], for now a combination of pro-
curement of flexibility and maintaining static time-of-use ta-
riffs where needed would be more suitable, at least until the 
level of automation for customers at lower voltage levels has 
reached sufficient maturity.

Iv. congeStIon ManageMent

According to the definition [15], congestion management 
is activating a remedial action to respect operational security 
limits. Congestion is a condition (forecasted or realized) where 
one or more constraints (thermal limits, voltage limits, stability 
limits) restrict the physical power flow through the network. 
Network congestion occurs because the hosting capacity of a 
given grid is limited by the inherent characteristics of physical 
assets (i.e. lines, cables, transformers). Congestion in the dis-

tribution network is caused by voltages exceeding the allowed 
limits or overloading of the network components. Thus, con-
gestion management is mitigated by voltage control or by load/
generation control. In the context of DSO congestion manage-
ment, the focus of this paper is on physical congestions. These 
are defined by EU Directive [15] as “any network situation 
where the forecasted or realized power flows violate the ther-
mal limits of the elements of the grid and voltage stability or 
the angle stability limits of the power system”.

Furthermore, there is a distinction between two types of 
physical congestion:

• Structural congestion, which is defined as congestion in the 
distribution or transmission system that can be unambiguous-
ly defined, is predictable, is geographically stable over time 
and is frequently reoccurring under normal power system 
conditions; and

• Sporadic congestion, which can be defined as an unpredict-
able congestion that is not stable over time and can occur un-
der any system condition.

Higher utilization of the distribution grid increases the risk 
of more frequent congestion and leads to an overall system 
operation with lower capacity margins. This constitutes an 
increased need for local system services to handle constraints 
at specific locations in both meshed and radial networks. Key 
prerequisites are sufficient observability (meaning the DSO’s 
information regarding the known and forecasted state of its 
own grid) and controllability (to assure correct activation of 
flexibility from network users).

In short, the term observability describes DSOs’ abilities 
to determine the current and coming state of their networks 
through models comprised by static data on components and 
topology, planned changes, prognostics and real-time measure-
ments. With a sufficient level of observability, DSOs can detect 
where congestions might occur in short or longer terms, based 
on calculations and observations. Hence, determining within a 
variable time frame where they need to reinforce the grid and/
or how to procure flexibility.

Controllability refers to DSOs’ ability to control their own 
and other assets remotely or manually, either individually or 
in combination with the actions of network users and system 
operators at their interface. This activation can be performed 
directly or through indirect (intermediary) measures. DSOs 
usually coordinate the operation of their networks from a con-
trol center.

Congestion management measures in the distribution 
network can be divided into preventive ones – non-costly mea-
sures and remedial (curative) - costly measures. Using calcula-
tion tools and data collected by SCADA, DSO can predict con-
gestion (thermal and voltage) in network components in diffe-
rent time frames, year, month, week or day in advance. Such 
predictions are more reliable with the availability of informa-
tion, such as weather forecast and measured values (loads and 
voltages). As a starting point DSO will try to prevent expected 
congestion by network reconfiguration and voltage regulation 
on transformers. If a DSO cannot solve a problem with its own 
assets it will rely on the curative/remedial measure of congesti-
on management: the use of flexibility and re-dispatching.

The vital part in real-time operation, after forecasting the 
capacity margin and setting the expected congestion size on 
particular nodes, is the actual activation of a given resource 
while ensuring that the delivery is sufficient to handle the 
congestion. It is important that the controllability of flexible 
resources is thoroughly tested going through an agreed pro-
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duct prequalification process. Control centers can thereby gain 
sufficient experience before wide-spread deployment. To ease 
the transition towards more active system management, DSOs 
might, as a starting point, prefer the possibility to access and 
activate flexible resources directly from their control centers 
instead of being dependent on intermediaries. A more advan-
ced (and necessary) step would be activation through interme-
diaries, for instance flexibility market platforms and aggrega-
tors, which is for some DSOs already business as usual and 
state of the art in TSO grids.

v. energy Storage FacILItIeS

A significant penetration of energy storage will be one of 
the crucial factors for integrating more renewable energy into 
the power system, because it enables a combination of inter-
mittent RES with rather inelastic demand, while meeting the 
technical requirement that power supply matches demand at 
all times.

Regulation (EU) 2019/943 [16] establishes that “network 
charges shall not discriminate either positively or negatively 
against energy storage”. Since a storage facility may withdraw 
energy from or inject energy into the distribution network, it 
can be regarded as both a consumer and a producer located 
at the same network connection point. As such, non-discrimi-
nation would suggest that energy storage should be subject to 
distribution tariffs applicable to both energy withdrawals and, 
where applicable, energy injections. Notwithstanding this, the 
cumulative charges for withdrawal and injection must reflect 
the value of storage to the system. A storage facility operated 
with the purpose of improving network utilization can decrea-
se the need for future network investment, while a storage unit 
operated inefficiently from a network perspective can increase 
future distribution costs. The distribution tariff design should 
be able to reflect the positive or negative impact that storage 
facilities might have.

In practice, there will not only be standalone storage facili-
ties, but also storage that could be combined with withdrawal 
or injection (or both) behind a single point of connection. In 
the short run, behind-the-meter storage will probably increase 
more than network-scale storage solutions. Also, energy stora-
ge is likely to develop further where there are explicit instru-
ments of flexibility procurement for them. 

Regulatory authorities should review whether their current 
tariff design, with special attention to volumetric charges, is 
providing adequate incentives for storage equipment or equi-
valent network utilization, such as self-consumption or energy 
communities. CEER recommended [11] that net metering for 
self-generators and storage facilities should be avoided.

vI. ownerShIp oF Storage For DSO
By the Croatian Law on Electricity Market (Article 79, pa-

ragraph 1) [1], DSO shall not own, develop, manage or operate 
energy storage facilities.

This prohibition, however, comes with a double derogation 
possibility; DSO may own, develop, manage or operate energy 
storage facilities:

• where they are fully integrated network components and the 
regulatory authority has granted its approval or,

• where a series of (cumulative) conditions is fulfilled including 
a tendering procedure as well as ex-ante review and approval 

by the regulatory authority. Decisions to grant a derogation 
also must be notified to ACER and the EC.

Fully integrated network components can include energy sto-
rage facilities such as capacitors or flywheels which provide im-
portant services for network security and reliability of the transmi-
ssion or distribution system, and not for balancing or congestion 
management.

The conditions for the second derogation are threefold: 

• other parties, following a tendering procedure (subject to re-
view and approval by the regulatory authority) have not been 
awarded with a right to own, develop, control, manage or 
operate such facilities or could not deliver these services at a 
reasonable cost and in a timely manner;

• such facilities are necessary for the DSO to fulfil their obliga-
tions under the Croatian Law on Electricity Market for the ef-
ficient, reliable and secure operation of the distribution system 
and they are not used to buy or sell electricity in the electricity 
markets; and

• the regulatory authority has assessed the necessity of such 
derogation, has carried out an ex-ante review of the applica-
bility of a tendering procedure, including the conditions of the 
tendering procedure, and granted its approval.

Figure 8 outlines authors view of the approval process of 
DSO request to own, develop, manage or operate energy stora-
ge facilities in Croatia. 

Here is worth to add that the drafting of new EU network 
code on demand side flexibility is in the process which will 
aim at enabling market access for demand response, including 
load, storage and distributed generation (aggregated or not), as 
well at facilitating the market-based procurement of services by 
distribution and transmission system operators. In this regard 
in the ACER draft framework guidelines on demand response 
[17] the novelty is explicit possibility of shared ownership with 
a third party (i.e. the storage facility may be owned and opera-
ted partly by system operator, partly by a third party). Besides 
storage facilities owned and operated by a third party, shared 
ownership is to be defined as a mandatory option for system 
operator to consider, as part of the tendering process.

The Croatian Law on Electricity Market also includes an 
obligation for regulatory authority to perform at regular inter-
vals (at least every five years) a public consultation to assess 
for existing storage facilities the potential availability and in-
terest of market parties to invest in such facilities, in view of 
a phase-out of DSO energy storage activities (in which case 
the regulatory authority also must ensure phase-out within 18 
months). Hence the Law entails several new duties for regula-
tory authority, including approval (Figure 8), assessment and 
phase-out tasks.

Based on JRC survey [18], eight out of thirty-nine (20 %) 
EU DSOs have mentioned about the ownership of a storage 
system. In terms of size of these systems, apart from some 
systems which have been installed during pilot projects in 
which the DSO was involved (500kW, 2MW, 2,5MW), DSOs 
which have a storage system in place indicate a capacity size 
below 100kWh and usually are distributed through substations 
for powering transformers equipment during outages or for cu-
stomer powering during critical situation, which is in line with 
the provisions specified in the EU Directive 2019/944.
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In most cases (81%) no specific connection and access rules are 
in place for energy storage systems. Based on connection charg-
ing methodology adopted in August 2022 [19], energy storage 
facilities (ESF) in Croatia are subject to specific shallow policy; 
i.e. applicant ESF is not charged for reinforcements to the existing 
system but only for the immediate connection assets. Also, ESF in 
Croatia is subject only to withdrawal charge [21], which is the ap-
proach applied in 50% of EU jurisdictions (in 30% of EU jurisdic-
tions ESF are subject to both injection and withdrawal charges and 
in 20% are fully exempted from network charges).

vII. FLexIbLe connectIon agreeMentS

Connection agreements that DSOs need to offer to system 
users across the EU have generally concerned agreements with 
firm capacity rights. This implies that system users should be able 
to access their contracted capacity for the full 100% all of the 
time. The gap between available network capacity and connection 
requests has recently widened significantly and is expected to grow 
on a larger and larger scale. As a result, in more and more instan-
ces, third-party access to the transmission or distribution network 
cannot be granted (be it for demand or generation or a mixture the-
reof) because of a lack of network capacity (calculated at present 
grid standards and based on present grid connection rules). 

Flexible connection agreements can generally be thought of 
as a deviation of this firm capacity right on different dimensions: 
they may vary from firm capacity rights that are valid part of the 
time (i.e. time-specific) to non-firm capacity rights all of the time. 
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Fig. 8. DSO request to own, develop, manage or operate energy storage facilities approval process – derogation from Article 79, paragraph 1 of the 
Croatian Law on Electricity Market [1]
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Until recently, flexible connections, non-firm access or interrupti-
ble capacity contracts - all of these terms referring to a connection 
capacity agreement where the rights granted are in some aspect 
(time or capacity or other) limited - were rather an experimental, 
exceptional solution to this problem and could not be considered 
the norm. Flexible connection agreements are a possible way to fit 
new users into a network where there is not full capacity available 
at all times. They might be applied either as an interim solution to 
defer grid reinforcement or under certain specific conditions as a 
long term remedy.

The first approach increases grid use efficiency until grid de-
velopment. In order to solve the capacity problem, grid operators 
have to reinforce their grids. Network reinforcements generally 
take quite some time causing long waiting times for parties that 
are seeking access to the grid. Until the grid is reinforced, it is de-
sirable that the existing grid capacity is used as efficiently as po-
ssible. For example, grid capacity is often still available outside 
peak times. However, this requires a certain degree of flexibility 
from system users, and might not be an interesting or viable option 
for all system users as their supply and/or demand is inflexible; 
e.g. Ofgem (UK) did not consider flexible connections suitable for 
small, domestic households.

What makes flexible connection agreement increasingly po-
pular is that as opposed to the extremity of having or not having 
a firm capacity agreement, it introduces a scale in between. Each 
grid user can therefore decide, whether it prefers a quicker or chea-
per connection with certain limitations, or pays and waits for a firm 
connection.

EU Directive 2019/944 (Article 42) [3], with regard to the 
decision-making powers regarding the connection of new gene-
rating installations and energy storage facilities to the transmission 
system, stipulates that the TSO shall not be entitled to refuse the 
connection on the grounds of possible future limitations to avai-
lable network capacities, such as congestion in distant parts of the 
transmission system.

The Croatian Law on Electricity Market [1] the aforementio-
ned obligation stipulates not only to TSO (Article 12), but also to 
DSO (Article 72). This shall be without prejudice to the possibility 
for DSO to limit the guaranteed connection capacity or to offer 
connections subject to operational limitations, in order to ensu-
re economic efficiency regarding new generating installations or 
energy storage facilities, provided that such limitations have been 
approved by the regulatory authority. 

The newly adopted Rules on general conditions for network 
use and electricity supply [20] (in force since October 2022) allow 
that the use of network agreement may comprise provisions re-
gulating operational limitations as an interim solution, with a cle-
arly defined duration and the mutual rights and obligations of the 
system operator and network user. The conditions of the operati-
onal limitations shall be determined in the process of connecting 
and shall be comprised in distribution connection agreement. New 
Rules on connection to the distribution network shall prescribe de-
termining the conditions for operational limitations.

In addition to the Rules on connection to the distribution 
network, the new Rules on congestion management in the distri-
bution system (should have been adopted by the end of October 
2022) shall provide implementation details, while ensuring that 
any limitations in guaranteed connection capacity or operational 
limitations are introduced on the basis of transparent and non-dis-
criminatory procedures.

vIII. IncentIveS For the uSe oF FLexIbILIty In 
dIStrIbutIon networkS

As observed by CEER [2], when planning, expanding and ma-
naging their networks DSO may either opt for the use of greater 
network expansion with less need of flexibility or less network 
expansion with a greater need of flexibility. The level of security of 
supply and other criteria (e.g. unrestrained interconnection of RES) 
must be guaranteed according to national obligations. The details 
of the regulation and the lawmakers’ provision to necessary grid 
expansions, including potential degrees of freedom for the DSO 
on network dimensioning, determine the direction of the system 
operator’s approach.

If a DSO decides to design the network with scarce capacity, 
meaning lower capacity margins, there is a greater need to carry 
out congestion management procedures. In this case, the DSO in-
curs the cost of payments to third parties for their contribution to 
relieving congestion. Congestion management costs are classified 
as operational expenditures (OPEX), whereas network expansion 
costs are classified as capital expenditures (CAPEX), Figure 9.

Of relevance here is how these costs are treated and remunera-
ted in the regulatory scheme comprising the total cost of expendi-
tures (TOTEX), Figure 10. In Croatia, the recognized costs method 
is currently applied with a regulation period of one year. A high 
weighted average cost of capital (WACC) will encourage DSO to 
increase investments since it will be reflected in justified expendi-
tures in the form of a higher return on equity (refund). On the other 
hand, in the case of a multi-year regulatory period, the increased 
OPEX (due to the expenditures for services) will occur in the reve-
nue allowance with a certain lag.

In addition to traditional grid reinforcements, regulatory aut-
hority should acknowledge that there are alternative solutions to 
efficient provision of network services, for which more tailored 
remuneration schemes are needed. Through a risk incentive, the 
regulatory authority should recognize that there could be different 
levels of risk for DSO to opt for a service like flexibility rather 
than traditional grid reinforcement, which is a safer option. Indeed, 
traditional grid reinforcement has well-known outcomes such as 
lower losses, greater reliability, ability to quickly connect new 
loads, provision of rapid increase in capacity, higher short circu-
it levels and greater voltage regulation. The regulatory authority 
should consider the transfer from a solution with known expense 
(CAPEX) to one comprising both capital and operational expendi-
ture with a highly variable expense (flexibility as OPEX) and that 
penalties for non-delivery of contracted flexibility may not fully 
cover the incurred costs in case the provision of flexibility fails.

Fig. 9. Treatment of congestion management expenditures in regulatory 
scheme
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connect new loads, provision of rapid increase in capacity, higher short circuit levels 
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capital and operational expenditure with a highly variable expense (flexibility as 
OPEX) and that penalties for non-delivery of contracted flexibility may not fully 
cover the incurred costs in case the provision of flexibility fails. 
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Due to the complexity of the use of flexibility or any other 
innovation projects, Eurelectric recommends [22] to adopt the 
following approach in the implementation of the Clean Energy 
Package [14]:

• Member States may start testing market-based flexibility pro-
curement with pilot projects. These pilot projects should test 
real use cases and consider different forms of procurement;

• If not already included in the regulation, regulators should 
allow regulatory sandboxes outside the current regulation 
framework to test those pilot projects. Given that it entails 
high technical and regulatory risks for the DSOs, the incurred 
costs stemming from these pilot activities for the DSOs shall 
be publicly disclosed, acknowledged and fully recoverable;

• In the event of already mature, economically and technically 
feasible solutions, to go straight to the deployment and imple-
mentation phase.

At the current stage of flexibility market development, market-
based flexibility procurement might not provide the same systemic 
benefits in the long term as grid reinforcements do. Ideally, all sta-
keholders should strive towards market-based flexibility procure-
ment mechanisms that provide at least comparable systemic and 
societal benefits as grid reinforcement.

Ix.dSo network deveLopMent pLanS

Network development plans (10G plan) are an important tool 
to inform potentially interested parties where a demand of flexibil-
ity is or will be needed. In 10G plans the scenarios are fundamental 
to the result. They should at least cover a broad range of assump-
tions, including a scenario with the highest degree of probability, 
based on available information.

In the development plan, it is challenging to define the scope 
and breadth of how the DSOs should signal their medium- and 
long-term flexibility needs. In CEER’s view [2], while providing 
information on foreseeable capacity issues and estimates of how 
much flexible capacity they might need in order to avoid grid ex-
pansion, DSO signaling could be very broad; i.e. covering char-
acteristic grids, if not the entire distribution network. As a result, 
within the 10G plan the DSO would need and expect a certain 
number of MW of flexible assets within the ten-year horizon to be 
a viable solution within the defined area. If there are not enough 
flexible assets available currently or in the future, the DSO may 
need to make an investment decision at a given date upfront or po-
tentially rely on other measures such as curtailment. Signaling the 
need goes beyond network development plans but this will be one 
way of doing it. The most important part is that network users and 
flexibility service providers (FSPs) know that the need is there in 
order for them to anticipate providing the flexibility, hence, seeing 
the opportunity for business and potential profits in the long run.

A significant component of how flexibility needs are signaled 
are the definitions of congested points or congested areas. A grow-
ing number of jurisdictions are taking an active role to require 
that operators make some amount of information about the grid 
available to developers or to the public. Information about avail-
able hosting capacity can be critical to evaluating the viability of a 
particular project. Figure 11 shows practice of the Netbeheer Ned-
erland - the Dutch association of national and regional network 
operators. Starting from the December 2021, the Netbeheer Ned-
erland provides congestion map (see [23]) for the high-voltage and 
medium-voltage grid, which shows which areas in the Netherlands 
are seeing increasing constraints for connection of demand and 
generation respectively.

Demand

Generation

Fig. 11. Congestion map of the Netherlands [24] – state on December 22, 
2022

When there is no scarcity in the observed area (transparent), 
new request for connection receives a quote with a limited validity 
period which cannot be extended (due to high interest to connect, 
operator wants to know whether and when new installation will 
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actually be built).

When capacity of the grid in the observed area is limited 
(yellow), and the total requested capacity of requests exceeds the 
available hosting capacity in the observed area, adapted quotation 
process applies. Quotations are then valid for one month, instead of 
three months. For applications with a capacity equal to or smaller 
than 1750 kVA, the normal quotation process applies and also the 
existing agreements with current projects continue as usual.

When there is almost no (minimum) capacity available in the 
grid (orange), this is reported to the regulatory authority (ACM). 
The possibilities of congestion management are being analyzed. As 
long as the assessment is ongoing, operator does not know whether 
it can connect new request. Therefore, the connection request re-
ceives a provisional rejection. If the assessment shows that there is 
capacity for connection to the grid, operator issues a quote.

If the connection request exceeds the hosting capacity of the 
grid (red), even with the use of congestion management, then the 
quote will not be issued, and the request is placed on a waiting 
list. Even though there is no hosting capacity in the grid, request 
for quotation should be submitted because this way the operators 
know what the interest to connect is and also the investors will be 
informed as soon as there is free capacity in the grid. Have inve-
stor not paid the quotation 45 days after signing, the order and the 
connection capacity claim will lapse. All applications that are “re-
jected” (quote is not issued) are reported to the regulatory authority.

The Croatian Law on Electricity Market (Article 12, paragraph 
7) obliges transmission and distribution system operators to review 
and make publicly available the information on the hosting capa-
city of the existing grid to safely and reliably integrate additional 
network users. Accordingly, on their website Croatian transmissi-
on system operator (HOPS) has recently published data which re-
flect the situation in 2022 (see [25]).

x. dSO FLexIbILIty procureMent coMponentS and 
MethodS

DSOs should be able to identify relevant locations in their grids 
to engage in congestion management. Summarized, this includes 
determining where congestions are expected to occur, their cau-
se, size, duration and time frame. Depending on the granularity, 
this information could be very sensitive and if made completely 
public could be to the detriment of the market functioning. The 
DSOs should consider the relative sensitivity, and thereby only to 
a limited extent publish their needs for flexibility, signaling it in as 
broad a way as possible, whilst still providing enough information 
to support the market.

When a potential congestion has been identified, and the 
expected size and duration are forecasted, important assessments 
include selecting one or several resources to relieve the congestion, 
the method of activation and how the activation should be valida-
ted. Accordingly, an appropriate procurement procedure needs to 
take place. Within this frame of considerations there are various 
approaches to flexibility mechanisms that could reach an efficient 
outcome.

A vital part of DSOs signaling their needs, is establishing 
the product specification. In the Electricity Balancing Guideline 
(EBGL) [26] a list has been set up containing parameters that could 
be necessary to define a product, Figure 12. A description of all the 
attributes in such products and how they might look like in practice 
could be very comprehensive. 

As observed by CEER [2], it is not a goal to parameterize 
everything, but in the long run, product specifications should pri-
marily be set with reference to these key parameters. In the starting 

phase, through demonstrations and piloting, it might be a good idea 
to study and utilize the different characteristic of flexible resources, 
rather than defining specific products. As there is a vast variety of 
flexibility service providers characteristics, and in theory also DSO 
needs, it is important to be technology-neutral when setting up the 
specifications. In other words, defining them in an agnostic way to 
ensure a level playing field.

Fig. 12. Standard product characteristics for balancing capacity for 
frequency restoration reserves and replacement reserves, all TSOs’ 
proposal (ENTSO-E) [27]

As an alternative to referring to the comprehensive list in the 
EBGL, CEER [2] proposes another way of addressing the designs 
of products; i.e. they mainly need to balance three considerations:

1. 1As specific as necessary to solve the congestion;
2. As broad as possible to facilitate liquidity; and
3. Standardized (on a national or regional level), e.g. it could 

be a similar approach as for balancing products.

Going back to the EBGL list, most of the parameters are related 
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to time, availability and bid size. DSOs and FSPs should aim to 
experiment with the different attributes to see which of the consi-
derations are most relevant in their specific use cases.

As a step further, the April 2019 TSO-DSO report [28] intro-
duced the concept of a flexibility resource register. A flexibility 
resources register will allow system operators (TSO and DSO) to 
have visibility of which flexibility resources are connected to their 
grid and to their connected grids, so they know what resources they 
potentially have available when solving congestion. The objecti-
ve of the flexibility resources register is to gather and share rele-
vant information on potential sources of flexibility. The qualified 
connections would be registered in the flexibility resources register 
by the connecting system operator. This connection is visible to all 
relevant system operators. In this way, if a DSO or TSO has a con-
gestion, they have visibility of all potential flexibility resources at all 
voltage levels. Several H2020 projects and national initiatives are 
now planning to look more into and develop some of the concepts 
of such a register. These outcomes should be taken into account in 
further design of the framework if they are deemed to be viable 
solutions to address or potentially implement at the national level.

The EU has put emphasis on active role of DSO and distri-
bution grid and efficient TSO-DSO coordination to successfully 
accommodate high penetration of RES and achieve EU climate 
goals [3]. Cooperation and coordination between system operators 
in network planning phase in already business as usual (see [29]).

Flexibility can only be used efficiently if the right coordination 
mechanisms are put in place and the appropriate data and informa-
tion are exchanged between DSOs, TSOs, customers and market 
players. As electricity flows are set to change significantly, without 
proper coordination mechanism, fixing a problem on the distribu-
tion level may cause additional problems on a transmission level 
and vice-versa. As observed in [4], all the TSO-DSO coordination 
mechanisms share similar prequalification, activation and settle-
ment of flexibility resources, and in all mechanisms it is noticeable 
the evolution of the DSO role as it becomes more and more active 
participant. The review article [4] provides short overview of diffe-
rent TSO-DSO coordination mechanisms for procuring ancillary 
services in Europe.

Baselines are also a crucial aspect of flexibility procurement. In 
short, the offered flexibility for congestion management equals the 
deviation from a given baseline, Figure 13. Baseline methodologi-
es are in most cases based on individual load profiles and historical 
data, although these are not legally binding at this point. In the esta-
blishment of baselines, it is important that all relevant actors are 
involved, preferably with regulatory overview, when categorizing 
and agreeing on the different terms of such a framework.

Fig. 13. Baseline - approach to measure the amount of flexibility 
delivered to the network operators

Article 32 of the Electricity Directive (2019/944) [3] clearly 
states that the preferred option for DSO procurement of servi-
ce should be market-based. Based on a former consultation, in 
conclusion paper [9] CEER agreed with many respondents that 
market-based procurement is the preferred option because the pro-
curement of flexibility on a competitive basis would be efficient 
as long as markets are liquid, overall costs are lower than in alter-
native solutions, DSOs comply with unbundling rules and market 
distortion/misuse potential is acceptable. In a market-based setting, 
the DSO could negotiate bilaterally or participate in an organized 
marketplace with network users offering their flexibility (produ-
cers, demand response, active customers), or interact with service 
providers acting on their behalf (aggregators). Essential parts of a 
well-functioning market with free competition are:

• Full information;

• Rational actors;

• Standardized products;

• Liquidity;

• Low entry and exit costs; and

• Low transaction costs.

However, it should be noted that Article 32 provides also for 
a situation where the market is restricted under certain conditions, 
stating that flexibility procurement has to be economically efficient 
and must not lead to severe market distortions or to higher conge-
stion. Therefore, DSOs and regulatory authorities should carefully 
assess which model (see Figure 2) is appropriate in which con-
text and what the impact of the combination of several categories 
can be. In other words, when evaluating the categories, the type of 
congestion to solve shall be considered, taking into account that a 
combination of the categories could be beneficial.

The DSO’s access to market-based procurement of flexibility 
is a new phenomenon, thus there is a lack of empirical data and 
experiences in this context (see Eurelectric [22] recommendation 
in paragraph 8). At this point, there are numerous pilots and de-
monstration projects being undertaken to get deeper insights into 
the subject and to explore the benefits of this access: [4,7,8,30]. 
These are mostly still in the starting phase and the scope of the 
projects seems to vary significantly. However, on the other end of 
the spectrum is the UK, where all DSOs are tendering for flexibi-
lity as business as usual, inviting bids according to a (predefined) 
specification of needs (see [31]).

xI. advanced MeterIng InFraStructure

Advanced Metering Infrastructure (AMI) is the collective term 
to describe the whole infrastructure from smart meter to two way-
communication network to control center equipment and all the 
applications that enable the gathering and transfer of energy usage 
information in near real-time. AMI makes two-way communicati-
ons with customers possible and is the backbone of smart grid. The 
objectives of AMI can be remote meter reading for data, network 
problem identification, load profiling, energy audit and partial load 
curtailment in place of load shedding. Smart grids and advanced 
metering systems are key enablers of flexibility. The advent and 
wider adoption of smart home technology and smart metering 
systems will further the possibilities regarding demand response; 
this in turn will help consumers to be more price-responsive and 
will increase the value of implicit flexibility.
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RES and achieve EU climate goals [3]. Cooperation and coordination between 
system operators in network planning phase in already business as usual (see [29]). 

Flexibility can only be used efficiently if the right coordination mechanisms 
are put in place and the appropriate data and information are exchanged between 
DSOs, TSOs, customers and market players. As electricity flows are set to change 
significantly, without proper coordination mechanism, fixing a problem on the 
distribution level may cause additional problems on a transmission level and vice-
versa. As observed in [4], all the TSO-DSO coordination mechanisms share similar 
prequalification, activation and settlement of flexibility resources, and in all 
mechanisms it is noticeable the evolution of the DSO role as it becomes more and 
more active participant. The review article [4] provides short overview of different 
TSO-DSO coordination mechanisms for procuring ancillary services in Europe. 

Baselines are also a crucial aspect of flexibility procurement. In short, the 
offered flexibility for congestion management equals the deviation from a given 
baseline, Figure 13. Baseline methodologies are in most cases based on individual 
load profiles and historical data, although these are not legally binding at this 
point. In the establishment of baselines, it is important that all relevant actors are 
involved, preferably with regulatory overview, when categorizing and agreeing on 
the different terms of such a framework. 

 

 
Figure 13. Baseline - approach to measure the amount of flexibility delivered to the 

network operators 
 
Article 32 of the Electricity Directive (2019/944) [3] clearly states that the 

preferred option for DSO procurement of service should be market-based. Based on 
a former consultation, in conclusion paper [9] CEER agreed with many respondents 
that market-based procurement is the preferred option because the procurement of 
flexibility on a competitive basis would be efficient as long as markets are liquid, 
overall costs are lower than in alternative solutions, DSOs comply with unbundling 
rules and market distortion/misuse potential is acceptable. In a market-based 
setting, the DSO could negotiate bilaterally or participate in an organized 
marketplace with network users offering their flexibility (producers, demand 
response, active customers), or interact with service providers acting on their behalf 
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According to the Croatian Law on Electricity Market [1], the 
minister responsible for energy is obliged to make decision on the 
introduction of an AMI in the Republic of Croatia based on an 
economic assessment of all long-term costs and benefits of such 
a system prepared by the regulatory authority (HERA). The input 
data for the economic assessment, including main features of the 
proposed AMI and the time frame for its introduction shall be pro-
vided by the DSO.

Regardless that the minister has not made an official decision 
on national plan for smart meters roll-out, there is certain action 
concerning smart metering installation taking place in Croatia.

Around 50% of total low voltage (LV) commercial customers 
metering points (Figure 14) and 13% of total households metering 
points (Figure 14) have been equipped with smart meters. More 
precisely, all connection points of medium voltage (MV) and LV 
commercial customers >22 kW have been equipped with smart 
meters and remote reading. 36% of LV single tariff and 44% of 
LV dual tariff commercial customers already have smart meters, as 
well as 45% of public lighting connection points. Summarized, at 
the end of 2021 17% penetration rate of smart meters was achieved 
in Croatia.

Fig. 14. Types of electricity meters at LV customers - Croatia, end of 
2021 [32]

For flexibility to be traded and responsibility for imbalances to 
be accounted for, we need means for verifying that the flexibility 
took place, and a its volume. Two elements of measurement are 
necessary for the other regulatory aspects to work:

a) A ‘baseline’ of consumption for a flexible resource had 
flexibility not been delivered. That is, a mathematical model or an 
estimate of how much energy the resource would have used in the 
absence of an action (see section 10);

b) A measurement of real-time usage of the flexible re-
source, as distinct from the rest of a customer’s load.

Flexibility delivered is therefore simply the difference between 

the baseline and the metered real usage of the flexible resource.

To distinguishing the real-time usage of the flexible resource 
there are two options:

a) Sub-metered model: two (or more) separate metered data 
variables, one for the customer’s normal consumption and one for 
the new flexible unit(s),

b) Single-meter model: use one data variable for the whole 
customer’s consumption, and then use a mathematical model to 
split this data between load and flexibility delivered. This is what 
we have today in practice, where there is only one consumption 
input submitted by the DSO-owned smart-meter.

Flexibility service providers have the option to use either flex-
ibility asset sub-meters or metering data from the connection me-
ters of network operators [33].

The consumption of flexible resource in most instances is me-
tered by the service provider (aggregator). If a service provider 
wants the ability to control (or just observe) the consumption of the 
flexibility resource or check that the consumer is doing what they 
said, then the consumption on the flexible resource needs to be me-
tered. What this means in practice is that the sub-meters required 
for offering and metering the consumption of a specific flexible 
unit should be installed and paid by the service provider.

xII. concLuSIon

The main aim of DSOs and regulatory authorities is to maxi-
mize the efficiency of the distribution network, by utilizing the exi-
sting and future infrastructure to its full capacity. Constraint ma-
nagement consists of several methods to handle challenging grid 
situations. As a starting point, DSOs can manage constraint issues 
with the activation of their own flexible grid assets. Such actions 
are a default option and applied before or at the same time as consi-
dering other options. If a DSO cannot solve a problem with its own 
assets (e.g. topology changes, tap changers, voltage boosters, etc.) 
it may need to invest in new assets (grid reinforcement); the procu-
rement and use of flexibility for constraint management could be 
the better solution economically. The use of flexibility to maximize 
the efficiency of the grid could provide socio-economic benefits by 
utilizing existing resources that could decrease or defer the need 
for new investments in grid infrastructure.

With regard to the procurement of flexibility services DSOs 
should be able to identify relevant locations in their grids to engage 
in congestion management. This includes determining where con-
gestions are expected to occur, their cause, size, duration and time 
frame. Flexibility mechanisms are divided into implicit (actors res-
pond to fixed price signal) and explicit (actors themselves bid in 
their price and actively contribute to the price formation). The Cro-
atian Law [1] recognizes the four different mechanisms for DSO’s 
access to flexibility: Rule based approach, Connection agreements, 
Network tariffs, and Market based procurement.

Network tariffs can be designed to provide incentives to system 
users to change their behavior in such a way that it benefits effi-
cient distribution system operations by the DSO. However, the 
actual impact of a particular tariff structure on actual behavior of 
system users inherently has a degree of uncertainty regarding its 
actual impact because system users may show different behavior 
than expected or may not be able to shift or reduce their demand. 
Dynamic network tariffs and flexibility procurement differ in that 
under the procurement of flexibility, the DSO explicitly contracts 
for it with the customer or their intermediary, while with dynamic 
tariffs, the flexibility provided by customers is implicit. Thus, the 
effectiveness of the latter firstly depends on the actual existence 
of customer flexibility and, secondly, on the interaction between 
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Regardless that the minister has not made an official decision on national 
plan for smart meters roll-out, there is certain action concerning smart metering 
installation taking place in Croatia. 

Around 50% of total low voltage (LV) commercial customers metering points 
(Figure 14) and 13% of total households metering points (Figure 14) have been 
equipped with smart meters. More precisely, all connection points of medium 
voltage (MV) and LV commercial customers >22 kW have been equipped with smart 
meters and remote reading. 36% of LV single tariff and 44% of LV dual tariff 
commercial customers already have smart meters, as well as 45% of public lighting 
connection points. Summarized, at the end of 2021 17% penetration rate of smart 
meters was achieved in Croatia. 

 

 

 
Figure 14. Types of electricity meters at LV customers - Croatia, end of 2021 [32] 
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a) A ‘baseline’ of consumption for a flexible resource had flexibility not been 
delivered. That is, a mathematical model or an estimate of how much 
energy the resource would have used in the absence of an action (see 
section 10); 
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the network tariff signals and other behavior-influencing factors. 
Realizing the benefits of dynamic network tariffs is more complex 
when explicit flexibility is applied, because the interaction betwe-
en both instruments makes the effects of any behavior change in 
response to tariffs harder to predict. Under a system of continuo-
usly changing tariffs and network load situations, it will be very 
difficult to effectively allocate and (subsequently) apply explicit 
flexibility. Therefore, the combination of static network tariffs and 
procured explicit flexibility might be the most reliable way to re-
duce network costs.

When planning, expanding and managing their networks DSO 
may either opt for the use of greater network expansion (CAPEX) 
with less need of flexibility or less network expansion with a gre-
ater need of flexibility (OPEX). The details of the regulation and 
the lawmakers’ provision to necessary grid expansions, including 
potential degrees of freedom for the DSO on network dimensio-
ning, determine the direction of the system operator’s approach. 
If a DSO decides to design the network with scarce capacity, me-
aning lower capacity margins, there is a greater need to carry out 
congestion management procedures. 

Due to the complexity of the use of flexibility or any other 
innovation projects, pilot projects should test real use cases and 
consider different forms of flexibility procurement. Regulatory 
authority should allow regulatory sandboxes outside the current re-
gulation framework to test those pilot projects. Given that it entails 
high technical and regulatory risks for the DSOs, the incurred costs 
stemming from these pilot activities for the DSOs shall be publicly 
disclosed, acknowledged and fully recoverable.

Network development plans (10G plan) are an important tool to 
inform potentially interested parties where a demand of flexibility 
is or will be needed. In 10G plans the scenarios are fundamental to 
the result. They should at least cover a broad range of assumptions, 
including a scenario with the highest degree of probability, based 
on available information. As a result, within the 10G plan the DSO 
would need and expect a certain number of MW of flexible assets 
within the observed horizon to be a viable solution within the de-
fined area. Signaling the need goes beyond network development 
plans but this will be one way of doing it. The most important part 
is that network users and flexibility service providers know that the 
need is there in order for them to anticipate providing the flexibi-
lity, hence, seeing the opportunity for business and potential profits 
in the long run.

When a potential congestion has been identified, and the 
expected size and duration are forecasted, important assessments 
include selecting one or several resources to relieve the congestion, 
the method of activation and how the activation should be valida-
ted. Accordingly, an appropriate procurement procedure needs to 
take place. Within this frame of considerations there are various 
approaches to flexibility mechanisms that could reach an efficient 
outcome. A vital part of DSOs signaling their needs, is establishing 
the product specification. Crucial aspect of flexibility procurement 
is also baseline - approach to measure the amount of flexibility 
delivered. 

This paper proposes the process of DSO request to own, deve-
lop, manage or operate energy storage facilities, and DSO access 
to flexibility, in accordance with the Article 79 and Article 75 of the 
Croatian Law on Electricity Market [1] respectively.

It is worth considering the possible additional role of the Cro-
atian Power Exchange (CROPEX) as a local electricity flexibility 
market platform in Croatia.
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