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Executive summary

S| o v e aléctaoityssystem is undergoing a major structural transformation driven by decarbonisation,
electrification, and the rapid integration of renewable energy sources (RES). The national Flexibility Needs
Assessment (FNA) [33], a technical study prepared in accordance with Regulation (EU) 2019/943 [16] and
the ACER Flexibility Needs Assessment methodology, evaluates how the Slovenian power system can
maintain reliability, security, and operational efficiency under increasingly variable generation and
consumption conditions. The assessment covers the target years 2030 and 2035 and combines both
transmission system operator (TSO) and distribution system operator (DSO) perspectives into a
coordinated national framework.

The analysis is based on the Slovenian National Energy and Climate Plan (Nacionalni energetski in
podnebni n al rQVE scéhirid,Nvhich Bddumes accelerated deployment of photovoltaic (PV)
generation, increasing electrification of transport and heating, widespread deployment of battery storage,
and the gradual phase-out of coal-fired generation. Installed PV capacity is projected to grow from
approximately 1.6 GW in 2025 to 3.45 GW in 2030 and 5.7 GW in 2035. At the same time, the number of
heat pumps is expected to increase from approximately 119,000 in 2025 to more than 216,000 in 2035,
while battery electric vehicles (BEVs) could exceed 280,000 by 2035. These developments fundamentally
change the operation of both transmission and distribution networks and create a growing need for
operational flexibility across all voltage levels.

Key findings

The Slovenian assessment identified RES integration targets of 4,909 GWh for 2030 and 7,931 GWh for
2035. Across all analysed scenarios, the total curtailed energy is equal to the total uncovered RES
integration need.

RES integration targets are summarised in Table 1, while the identified RES integration needs are
presented in Table 2.

Tablel: Key findings RES integration targets

Target
Type Fl exi bil I ndicato Target [( of RE Target
gener a
System RES inte RES integra 4,909 100 2030
System RES inte RES integra 7,931 100 2035

The values presented in Table 1 refer to an analysis conducted at the TSO level. The values shown in
Table 1 are identical for all analysed Weather Scenarios (WS), as they all took into account the same level
of RES integration. The scenarios differ in terms of the time-dependent profiles, and not the underlying
annual values themselves.



Table2: Key findings RES integration needs

Tot al cu Tot al uncc
Type Fl exi bildi ener 1 RES integt WS Target

gy need [ GWt
System RES integ 3985 3985 Base 2030
System RES integ 6665 6665 WS 23 2030
System RES ntegr 86.83 86.83 WS 2 5 2030
System RES integ 6889 6889 WS 18 2030
System RES integ 7589 7589 WS 27 2030
System RES integ 7181 7181 WS 35 2030
System RES integ 5427 5427 Base 2035
System RES integ 712 712 Ws 23 2035
System RES integ 8264 8264 WS 25 2035
System RES integ 7325 7325 WS 18 2035
System RES integ 7537 7537 WS 27 2035
System RES integ 7224 7224 WS 35 2035

The identified uncovered RES integration needs vary considerably across the analysed Weather Scenarios,
reflecting differences in weather-dependent renewable generation and demand patterns.

For 2030, the uncovered RES integration need ranges from 396.25 GWh (Base) to 867.83 GWh (WS25).
For 2035, the corresponding range is from 542.47 GWh (Base) to 826.44 GWh (WS25). Among the
analysed Weather Scenarios, WS25 consistently exhibits the highest uncovered RES integration need,
whereas the Base scenario results in the lowest uncovered RES integration need in both target years.

Interpretation of key findings

The summary of ramping needs, short-term needs and network needs for both the DSO and TSO levels is
provided in Table 3 for target year 2030 and in Table 4 for target year 2035.

1 In the present assessment, total curtailed energy equals total uncovered RES integration need.
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Table3: Summary of ramping needs, shoetrm needs and network needsrarget year 2030

Fl exi bi . Average amo Uncoverec
Type need Indicato uncovered ne [MWh ] ws
Rampi n Downward r at 133.8 36,134
needs need
Shotréearn Downward un SR
112. 2 5,814
needs s hotretr m ne
Rampin Downward r at 148 7 45,489
needs need
Shotra D d ws23
otrér n ownwar un 113 1 5 940
needs s hotreer m ne
Rampin Downward r at 178 5 63,365
needs need
Shotrd D d A
otrér n ownwar un 118 2 6.996
Syste neesd s hotretr m ne
needs i
Rampi n Downward r at 157. 5 52 9009
needs need
Shotrd D d GRS
otrér n ownwar un 111. 7 6.803
needs s hotretr m ne
Rampin Downward r at 180. 6 60, 145
needs need
Shotréearn Downwandov ws 2
¢ © andove 107 6,089
needs s hotreer m ne
Rampin Downward r at 185 1 59,034
needs need
Shotrd D d WS35
otrér n ownwar un 112 6 5 237
needs s hotretr m ne
D D C
SO net ownward 133 53.182 N/ A
Net wo needs network fl e:
needs TSO net Downward T 02 0 Al l
needs network fl e WS
Table4: Summary of ramping needs, shtetm needs and network needsTarget year 2035
Fl exi bi . Average amo Uncoverec
T | w
ype need ndicato uncovaereed s | [ MWh ] S
Rampin Downward r at 166 54,1
needs need
Shotréarn Downward un Bas|
¢ 182 14,6
needs s hoetretr m ne
Syste Rampi n Downward r at 207 83. 9
needs needs need
Shotrd D d ws23
otrér n ownwar un 18 14 8
needs shotretr m neq
Rampin Downward r at 303 131, WS2¢

needs need

2No TSO network flexibility needs were identified under N conditions for any of the analysed weather scenarios (WS) for target year
2030.

11



Shotrédrn Downward un

201 22,8
needs s hoetreirm ne:
Rampin Downward r at 2907 103,
needs need
Shotre D d L
otrdr n ownwar un 184 18, 4
needs s hoetretr m ne
Rampi n Downward r at 26 7 115, .
needs need J
Shotra D d AR
otrdr n ownwar un 186 19,5
needs s hoetreter m ne
Rampin Downward r at 291 107, !
needs need
Shotre D d WS 33
otrér n ownwar un 187 15. 9
needs s hoetreirm ne:
DSO net Downward LC - MoyS| N/ A
Net wo needs network fl e:
needs TSO net Downward T 03 0 Al
needs network fl e WS

TSO interpretation of key findings

The results consistently show that the Slovenian power system is transitioning from a system primarily
concerned with generation adequacy towards one where operational flexibility becomes the dominant
challenge. This transition is driven by the substantial increase in PV generation foreseen in the national
energy scenario, resulting in more frequent periods of negative residual load and consequently increasing
uncovered RES integration needs. The identified system needs are therefore predominantly associated
with the capability to absorb renewable generation surplus.

The identified maximum uncovered RES integration need reaches approximately 1 GW in 2030 and
approximately 0.5 GW in 2035, while the corresponding annual uncovered RES integration energy remains
significant in both target years. Although its peak value decreases in 2035 following the assumed retirement
of conventional thermal generation, the increasing installed photovoltaic capacity increases the duration of
negative residual load conditions, maintaining substantial annual flexibility requirements.

To support the assessment required by Article 8(10) of the FNA Methodology, the benefit of additional
flexibility resources was evaluated using a technology-neutral approach. Additional flexibility resources
were characterised by installed power, energy-to-power ratio, availability and round-trip efficiency. The
analysis demonstrates that additional flexibility resources substantially reduce uncovered RES integration
needs, with most of the achievable benefit obtained for energy-to-power ratios of approximately eight hours.
Increasing storage duration beyond this point provides only limited additional reduction of uncovered RES
integration needs, indicating that future flexibility requirements are predominantly associated with intraday
balancing of renewable generation.

The assessment of uncovered ramping needs confirms that increasing renewable generation also results
in significantly larger changes in residual load between consecutive market time units (MTUs). While
upward ramping capability remains largely sufficient under the analysed scenarios, downward uncovered
ramping needs become the dominant operational constraint. These events occur primarily during periods
of rapidly increasing photovoltaic generation, when conventional generation cannot decrease its output
sufficiently fast because of technical operating limitations. Consequently, future flexibility resources will
need to provide not only sufficient energy capacity but also adequate dynamic capability to accommodate
increasingly steep residual load ramps.

3 No TSO network flexibility needs were identified under N conditions for any of the analysed weather scenarios (WS) for target year
2035.
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Short-term flexibility (STF) needs were assessed using a probabilistic Monte Carlo framework based on
historical residual load forecast errors and stochastic availability of generation and transmission assets.
The assessment indicates that downward uncovered short-term flexibility needs are consistently more
pronounced than upward needs, reflecting the dominant contribution of photovoltaic generation to residual
load forecast uncertainty. In addition to flexibility capacity, the analysis quantifies the expected annual
uncovered flexibility energy and the expected number of hours with uncovered short-term flexibility needs,
providing a comprehensive representation of operational flexibility requirements under uncertain system
conditions.

Transmission network flexibility needs were evaluated using detailed AC load-flow simulations based on
generation dispatch obtained from the economic dispatch simulations. The comparison of simulations
performed with and without transmission network constraints shows that transmission network constraints
do not materially affect the identified uncovered RES integration needs. The calculated uncovered RES
integration energy remains unchanged, indicating that the impact of transmission network constraints is
below the relevance threshold specified by the FNA Methodology. Consequently, the identified system
needs are primarily driven by the balance between renewable generation and electricity demand rather
than by limitations of the transmission network.

Overall, the assessment demonstrates that future flexibility requirements in Slovenia will be predominantly
associated with downward flexibility. The increasing penetration of photovoltaic generation simultaneously
increases uncovered RES integration needs, uncovered downward ramping needs and uncovered short-
term flexibility needs, while transmission network constraints do not materially alter the identified system
needs under the analysed scenarios. The performed analyses further demonstrate that appropriately
dimensioned additional flexibility resources can substantially reduce uncovered RES integration needs and
therefore represent an effective measure for supporting the integration of renewable electricity generation
into the Slovenian power system.

DSO interpretation of key findings

The identified flexibility needs differ by voltage level: Low-voltage (LV) needs are primarily driven by
electrification of heating and transport (MV/LV transformer loading), while medium-voltage (MV) needs are
mainly driven by distributed PV generation (voltage rise).

Where available explicit flexibility is insufficient, network reinforcement is required. The flexibility needs
remaining after considering the realistically implementable reinforcement measures are reported as
uncovered flexibility needs.

Expected explicit flexibility remains limited in both target years. For downward flexibility, the expected
contractual means is the application of Flexible Connection Agreements (FCAs) for PV generation.

Implicit flexibility, particularly EV charging shifted outside peak tariff periods, creates additional nighttime
demand peaks that should be considered in future distribution network planning.

Barriers to flexibility, regulatory recommendations and actions

Barriers to flexibility i summary assessment

The barriers to non-fossil flexibility were assessed in accordance with the ACER Recommendation on
NRAsO® report i ng -fassilflekiklity and enrthe basioof themational evidence available at the
time of preparation of the report. The table provides an indicative summary of the residual restrictive
effect of each assessed barrier.

1 Green indicates that no material residual barrier was identified or that a previously identified barrier
has been effectively removed. Minor implementation, monitoring or operational-development
issues may remain, but they are not expected to materially restrict market access, participation or
the deployment of non-fossil flexibility.
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1 Amber indicates a partial, moderate or actor-, product- or location-specific barrier. The barrier may
be partly mitigated, subject to an ongoing reform, or dependent on further implementation and
monitoring.

1 Red indicates a material barrier that has not yet been adequately mitigated and currently restricts,
or is reasonably expected to restrict, market access, competition, investment, activation or the
scalable use of non-fossil flexibility.

The classification reflects the practical implementation of the relevant framework and the status of mitigation
measures, rather than legal compliance alone. It is an indicative synthesis and does not replace the detailed

indicator-level assessment.

Main regulatory and market-design barriers

Barriers

Lack of proper legal
framework for
market access to
new entrants and
small actors

Lack of enablers and
incentives to provide
flexibility

Indicators

Main roles and
responsibilities of new
actors not defined

Market access
restricted due to lack
of legal eligibility

Unclear framework for
access to final
customer data

Ownership restrictions
for energy storage and
electro-mobility

Restrictions on trade
in day-ahead and
intraday markets
Lack of adequate
metering systems

Absence of price
signals

14

Traffic-light assessment and concise
justification

The principal rights, roles and responsibilities of
active customers, aggregators, independent
aggregators and energy communities are defined
in national legislation. Practical limitations of the
independent aggregation model are assessed
separately under market-access procedures.
No relevant actor or technology was identified as
legally ineligible to participate in wholesale
markets or system-operation services. Minimum
bid sizes may limit direct participation by small
resources, but participation through aggregation
is legally available.
The national framework for access to metering
and consumption data is implemented, and the
relevant national practices were reported to the
European Commission in July 2025. Planned
NRA validation represents a monitoring action
rather than a material market-access barrier.
Operational and flexibility-related interoperability
issues are assessed separately under the
additional barriers.
National legislation implements the relevant
ownership restrictions. No unresolved
derogations or discriminatory ownership
arrangements were identified.
Fifteen-minute products are available, the
minimum order quantity is 0.1 MW and the
imbalance settlement period is 15 minutes.
Smart-meter deployment and standard
functionalities are highly developed. Remaining
gaps concern detailed requirements for dedicated
measurement devices, access to near-real-time
data and the operational integration of metering
data for distribution-network observability and
flexibility activation.
Dynamic retail contracts and time-differentiated
network tariffs are available, but uptake of
dynamic and flexibility-oriented retail products
remains very low. Dominant legacy retail
products may weaken the effect of network-tariff
signals, while locational incentives are not yet
broadly applied.



Restrictive
requirements to
provide balancing
services

Restrictive
requirements to
provide congestion
management

Non-market-based
balancing products

Restrictions in the
prequalification of
reserve providing
groups

Large minimum
eligible capacity

Unregulated duration
or long prequalification
process

Large minimum bid
size

Long validity period of
balancing energy bids

Symmetric balancing
capacity products

Restrictions in the
price settlement rule
of balancing energy

Non-contracted
balancing energy bids
not allowed

Too short predefined
minimum duration
between consecutive
activations

Long procurement
lead time and long
duration of balancing
capacity contracts
Unjustified lack of
market-based TSO
congestion
management

Unjustified lack of
market-based DSO
congestion
management

15

Balancing capacity and balancing energy are
procured on a market basis. No non-market-
based balancing products were identified.

Reserve providing groups are permitted, and
combinations of generation, demand and storage
are not restricted. Separate prequalification
procedures apply to technically different
balancing products and are justified by product-
specific performance requirements. The
proportionality of the requirements is reviewed
through the NRA approval process.

The 1 MW threshold is aligned with the applicable
European framework but prevents small
distributed resources from participating
individually and makes aggregation necessary.
The barrier is therefore limited but relevant to
smaller DER.

The period for the final decision following
confirmation of a complete application is
regulated, but no maximum period is defined for
confirming completeness. This may reduce the
predictability of the total market-entry process.
The applicable 1 MW minimum bid size is aligned
with the European target model. Smaller
resources may participate through aggregation.
The applicable validity periods are aligned with
European standard products and the PICASSO
and MARI platform rules.

Upward and downward aFRR and mFRR
capacity are procured separately. The symmetric
FCR product reflects the relevant standard
product design and is not a national barrier.

The previous pay-as-bid limitation was removed
foll owing ELES® integra
and MARI platforms in July 2026. The applicable
settlement arrangements are aligned with the
European target model.

Non-contracted balancing energy bids are
allowed.

No restrictive predefined minimum duration
between consecutive activations was identified.
Activations follow the applicable European
platform rules.

No relevant derogations apply. Balancing
capacity is procured through daily and monthly
arrangements, and no contractual periods longer
than one month were reported.

ELES applies market-based, pay-as-bid
redispatching based on voluntary energy bids.
The procedure remains largely manual and is
being modernised through new terms and
conditions, but this does not constitute an
unjustified absence of market-based
redispatching.

The necessary legal basis exists, but operational
market-based procurement is used only to a
limited extent. Local markets remain immature,
while flexible connection agreements are



currently the more readily applicable instrument
for several location-specific constraints.

Local flexibility markets have not yet reached
sufficient maturity to provide stable competition
and predictable procurement opportunities.
Limited local liquidity, uncertain continuity of
procurement and incomplete operational
readiness may materially constrain participation
and investment.

Complex, lengthy Inefficient grid I Information and electronic application channels

Constraints in local
markets for TSO/DSO
congestion
management

and discriminatory connection are available, general administrative deadlines
administrative procedures apply, indicative connection capacity is published,
requirements and a simplified-notification procedure exists for
renewable self-supply. No material procedural
barrier was identified on the basis of the available
assessment.

The existing independent aggregation model has
significant limitations. Smaller market participants
face the same collateral, access-fee and
transaction-fee structures as larger actors and
bear proportionately high fixed onboarding,
contractual, technical and reporting costs.

Disproportionate
procedures and
requirements for
market access

Lack of regulatory Lack of incentives for The regulatory framework provides cost recovery
incentives to system | system operators to and includes performance-based smart-grid
operators to consider non-wire incentives, project-oriented incentives, R&I
consider non-wire alternatives arrangements and a benefit-sharing mechanism.
alternatives Further monitoring of effectiveness and the

transition from pilots to wider deployment remains
appropriate, but no lack of regulatory incentives
was identified.

The assessment identifies near-finished rollout of smart metering, low uptake of dynamic retail products,
product-specific pre-qualification, market-based TSO redispatching in development, and the continued
immaturity of local distribution markets.

Network-tariff aspects potentially restricting demand response

Network-tariff aspect Traffic-light assessment and concise justification
Network-tariff basis No material restrictive potential was identified. Time-of-use
capacity and energy charges are applied, and the tariff basis
is assessed as broadly aligned with cost-reflectivity and
demand-response objectives.

Differentiation between active No unjustified differentiation was identified. Double charging

and non-active customers is avoided, and the available assessment did not justify
additional differentiated treatment.

Exemptions, discounts and Blanket exemptions introduced by legislator in Energy Supply

other differentiated tariff Law for storage and certain legacy differentiated

treatments arrangements distort cost signals and the competitive position

of flexibility resources. NRA disagreed and requested
elimination or at least conditional redesign of these
exemptions, however, there is no will on the legislator side to
perform corrective measures.

Blanket storage exemptions are expressly identified in the detailed assessment as a distortion of the
flexibility market, while the mitigation measures remain uncertain.
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Additional barriers relevant to Slovenia

Additional barrier
Limited liquidity and
predictability of local flexibility
markets

Limited availability and use of
locational incentives for
distribution-network flexibility
Insufficient operational
observability and automated
activation of distributed
flexibility at MV/LV level

Insufficient integration and
interoperability of operational,
metering and flexibility-related
data systems

Multi-layered governance and
insufficiently integrated
coordination for distribution
flexibility

Traffic-light assessment and concise justification
The barrier is assessed as moderatei high and remains
insufficiently mitigated. The small number of suitable providers
within individual network areas and limited predictability of
procurement may prevent effective competition and scalable
participation.
Time-differentiated network tariffs and the regulatory basis for
local dynamic tariffs exist, but locational incentives and local
procurement remain limited, immature or pilot-based.
High smart-meter penetration has not yet translated into
sufficiently timely, spatially detailed and operationally integrated
observability and automated activation across distribution
areas. Relevant AMI, ADMS and DER-management upgrades
are ongoing or planned.
The legal data-access framework and several component
systems exist, but end-to-end data flows, harmonised
interfaces and common models for prequalification, activation,
verification and settlement are not yet fully integrated.
The national organizational structure is not a barrier in itself, but
integrated procedures for data exchange, constraint validation,
procurement and activation between ELES and the distribution
companies are not yet fully developed.

The detailed assessment classifies two of these additional barriers as moderatei high and three as
moderate, with most mitigation measures still under development, planned or only gradually implemented.

Digitalisation enabling factors 7 implementation status

Digitalisation is presented separately from the barrier traffic-light table. It is primarily an enabling factor
under Article 19e(2)(d), although incomplete Digitalisation also contributes to some of the identified

barriers.

Digitalisation aspect
Active system management

Advanced monitoring and
observability

Dynamic line and thermal
rating

Availability of near-real-time
metered data from network
users

Traffic-light assessment and concise justification
Partially deployed. Active system management is
established at transmission level but remains at an early
stage of effective operational deployment in the distribution
system. ADMS solutions are reported as largely deployed, but
their operational effects have not yet been demonstrated.
Developing. Transmission-level observability is relatively
mature. Distribution-level observability is progressively
improving, but further integration of sensors, smart-meter
data, state estimation and near-real-time information into
operational processes is required.

Uneven deployment. DLR and DTR are broadly used on
transmission assets. Distribution-level application remains
limited, although national deployment of DTR on selected
distribution transformers has been announced.

Project initiation. The initial AMI roll-out is complete, but the
targeted upgrade for central and selective access to near-
real-time measurements remains at the CBA and project-
initiation stage.

The digitalisation assessment confirms the contrast between relatively mature transmission-level solutions
and still-developing distribution-level active management, observability, DTR deployment and near-real-

time AMI access.
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On-going and planned regulatory actions to overcome barriers for flexibility

il

Local flexibility markets remain at an early stage of maturity. Therefore, development of common
criteria for assessing when market-based flexibility procurement is technically and economically
feasible; inclusion of forward-looking flexibility needs in NDPs; standardization of local procurement
processes and products; improvement of operational observability and aggregation; periodic
assessments of market liquidity and procurement outcomes are the key ongoing processes for
facilitating market development. Also, full alignment of the next version of the NDPs with ACER
FNA methodology further contributes to overcoming previously identified barriers. As local DSO
markets mature, the proportionality of baseline, metering, communication, testing and portfolio-
management requirements is planned to be assessed specifically for small and aggregated DER.
Also, periodic assessments of effectiveness of current regulatory incentives for use of market-
based flexibility procurement (output-based regulation using SG KPIs) are on-going.

The current (independent) aggregation model in Slovenia is an initial solution with significant
limitations. The market operator is enforced to introduce the new model according to CBA analysis
performed in 2024. We expect to have an upgraded aggregation model enforced in 2027. Also, in
order to alleviate market access to smaller participants, introduction of standardised contractual
templates and onboarding procedures; digital one-stop registration where feasible; avoiding
duplication of data submissions across market and system operators; application of proportionate
collateral, testing and reporting requirements; facilitation of portfolio-level compliance by
aggregators, is planned. Standardised service-specific contract templates; harmonised registration
steps; published data requirements; clear allocation of responsibilities; indicative approval timelines
are also going to be introduced in order to further contribute to overcoming previously identified
barriers.

Distribution companies are biased towards the use of of flexible connection agreements (FCAS) in
contrast of using market-based congestion management solutions for (non-wire) resolution of local
congestion in their networks. The root causes for the situation described are following:

o0 Network code on demand response has not been adopted yet: it hinders/delays the needed
developments (Flexibility Register etc.).

o0 DSO mindset stildl bi as emdupapdramdi.ibusi ness

0 Expected low liquidity requires intra-market integrations and consequently solutions of
bigger complexity (forwarding of non-activated bids to other markets).

Blanket and full-scale exemptions for network charges introduced by Slovenian Government for
storage are distorting the flexibility market. Further actions are needed to unleash the full potential
of the already implemented network charges reform:

o0 The elimination of the blanket exemption for storage or, alternative, the introduction of
conditional exemptions based on location and operational regime (based on CBA for
network).

0 When introducing the exemptions, assessment of the impact of RES levies exemptions
onto the distortion of the cost signals to network users or their diminishing impact.

Other short- and mid-term regulatory actions, to be implemented until the year 2030, to boost
flexibility

f
f

The progressive evolution of incentive output-based regulation based on selection of KPIs as well
as benefit-sharing incentive scheme based on impact monitoring.

Gradual introduction of publishing forward-looking information on expected flexibility needs by
location, direction and indicative period; standardization of local flexibility products and
procurement procedures; facilitation of aggregation of small resources; coordination of local
procurement with distribution NDPs; assessment whether multi-year or periodically repeated
procurement products could provide more predictable revenue opportunities.

High smart-meter penetration has not yet translated into sufficiently timely, spatially detailed and
operationally integrated observability and automated activation across distribution areas. Relevant
AMI, ADMS and DER-management upgrades are ongoing or planned.

Structural regulatory solutions to integrate more flexibility in the long term, beyond 2030

1

Further gradual evolution of incentive output-based regulation based on selection of KPIs as well
as benefit-sharing incentive scheme based on impact monitoring.
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In case of insufficient finatural o development of

framework aimed to assure i | eplagimg-f i el do f or flexibility
appropriate incentives for new entrants.

A new methodology for network charges based on long-term incremental costs and residual costs
is planned to be enforced on the long-term horizon because of the currently not achievable
computation and measurement infrastructure requirements. Although, the current methodology,
which is based on ToU capacity and ToU energy network charges, already provides strong
incentives for the flexible use of the system.
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1. Introduction

The increasing integration of variable renewable energy sources, the electrification of energy demand and
the growing role of distributed energy resources are changing the conditions under which electricity systems
are planned and operated. These developments increase variability in generation and consumption and
place greater demands on the ability of the electricity system and networks to respond to changing
operating conditions. Flexibility is therefore becoming an increasingly important element of a secure,
efficient and decarbonised electricity system.

This chapter sets out the purpose and scope of the national Flexibility Needs Assessment report, its legal
and regulatory basis, the governance arrangements for its preparation and adoption, and the key definitions
used throughout the report.

1.1. Purpose and scope of the national report

Article 19e of Regulation (EU) 2019/943 [16] establishes a common framework for the periodic assessment
of flexibility needs at national level over a period of at least the next five to ten years. The resulting national
report is intended to provide an evidence-based assessment of the flexibility required under the expected
future conditions of the electricity system. It must be consistent with the European resource adequacy
assessment and, where applicable, national resource adequacy assessments, and must be based
principally on the data and analyses provided by the relevant transmission and distribution system
operators in accordance with the common methodology adopted by ACER.

The report provides the basis for the Member State to define an indicative national objective for non-fossil
flexibility pursuant to Article 19f of Regulation (EU) 2019/943 [16], including the respective contributions of
demand response and energy storage. Its findings are also intended to inform electricity-system and
network planning and to contribute to the subsequent assessment of flexibility needs and barriers at Union
level. The report does not itself establish the national objective or prescribe particular flexibility
technologies, support measures or investment decisions.

In accordance with the ACER Flexibility Needs Assessment Methodology, the assessment covers system
flexibility needs and network flexibility needs. System flexibility needs comprise renewable energy source
integration needs, ramping needs and short-term flexibility needs and are quantified at bidding-zone level.
Network flexibility needs are assessed separately for the transmission and distribution networks and reflect
the flexibility required in relation to grid availability and operational constraints. The assessment also
considers the capability of different sources of flexibility to cover the identified needs, together with relevant
barriers to flexibility in the market and the contribution of electricity-network digitalisation.

This report applies that framework to the Slovenian electricity system and brings together the relevant
system-level and network-level analyses within a coordinated national assessment. The remainder of this
chapter explains the purpose and scope of the report, its legal and regulatory basis, the governance
arrangements for its preparation and adoption, and the principal definitions used throughout the report. The
scenarios and assumptions, analytical methodologies, results and their interpretation are presented in the
subsequent chapters.

1.2. Legal and regulatory context

The national flexibility needs assessment is grounded primarily in Regulation (EU) 2019/943 [16] on the
internal market for electricity, as amended by Regulation (EU) 2024/1747. Article 19e requires the
regulatory authority, or another authority or entity designated by the Member State, to adopt a national
report on estimated flexibility needs covering a period of at least the next five to ten years. The report is to
be based on data and analyses provided by transmission and distribution system operators, prepared in
accordance with the methodology adopted by ACER and consistent with the European resource adequacy
assessment and, where applicable, the national resource adequacy assessment. Article 19e also
establishes the principal requirements concerning preparation, stakeholder consultation, adoption, periodic
updating and submission of the report.
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The assessment is performed in accordance with the Flexibility Needs Assessment Methodology adopted
by ACER Decision No 05/2025 [12]. The methodology establishes the harmonised framework for preparing
national flexibility needs assessment reports, including the applicable data and scenario requirements, the
assessment of system and network flexibility needs, the distinction between covered and uncovered needs,
the treatment of limitations affecting the availability of flexibility resources, and the assessment of barriers
to flexibility and the contribution of electricity-network digitalisation.

The results of the assessment form the basis for the subsequent national process under Article 19f of
Regulation (EU) 2019/943 [16]. On the basis of the national flexibility needs assessment report, the Member
State is to define an indicative national objective for non-fossil flexibility, including specific contributions
from demand response and energy storage. Articles 19g and 19h establish the framework for possible non-
fossil flexibility support schemes where investment in flexibility is insufficient to achieve that objective.

At national level, the principal statutory framework is established by the Slovenian Electricity Supply Act
(Zakon o oskrbi z e | [84).tThei Abt gaverns thees partjicipgtion,of dén@EdEesponse,
aggregation and energy storage in electricity markets, the procurement and use of flexibility by system
operators, and the consideration of flexibility as an alternative to conventional network expansion. It also
provides the national legal basis for adopting the indicative objective for non-fossil flexibility following the
national flexibility needs assessment.

The relationship between flexibility needs and electricity-network planning is further specified in the Act on
the Methodol ogy for the Preparation of Electrici
za 1izdel avo r azv o jperatdnev).nkol distrilbution-sydtem kptarrniogy the Act requires
demand and generation forecasts to take account of an analysis of the flexibility potential within the relevant
distribution area. Distribution investment plans must include the use of demand response, an assessment
of medium- and long-term flexibility-service needs, energy storage and other resources used as alternatives
to system expansion. Measures improving the efficiency and utilisation of existing infrastructure are to be
prioritised where they constitute an equally or more cost-effective alternative to system expansion or
reinforcement. Investments concerning advanced system operation and the use of flexibility must also be
separately disclosed.

For transmission-system planning, the same Act requires the assessment of future reserve requirements
to include an analysis of flexibility potential. It also requires the transmission system operator to examine
deep electrification and sector integration, to consider measures improving the efficiency and utilisation of
existing infrastructure where these constitute cost-effective alternatives to reinforcement, and to disclose
investments relating to advanced system operation, flexibility, deep electrification and sector coupling.

The statutory and planning framework is complemented by national secondary legislation and operational
rules governing the practical market participation, activation and settlement of flexibility resources. The
Rules on the Operation of the Electricity Market adopted by the Slovenian market operator regulate, inter
alia, participation in the balance scheme, balance responsibility, the registration of market transactions and
imbalance settlement. These arrangements form part of the market environment within which suppliers,
aggregators and other flexibility providers operate.

At network level, the System Operating Instructions for the Transmission System and the System Operating
Instructions for the Distribution System [32] establish detailed technical and operational requirements
concerning system operation, connection, metering, data exchange and the provision of system or flexibility
services. The distribution-system instructions are particularly relevant to network flexibility because they
regulate the technical and operational conditions applicable to distributed resources and the provision and
use of flexibility services in the distribution system.

The national framework is further complemented by the Rules and Terms and Conditions for Balancing
Service Providers on the ELES Balancing Market. These rules govern the technical qualification, bidding,
activation and settlement of balancing service providers and implement the requirements of Commission
Regulation (EU) 2017/2195 [17] establishing a guideline on electricity balancing. The current rules,
approved by the Energy Agency on 30 June 2026,

balancing arrangements, including the platforms for automatic and manual frequency restoration reserves.

Taken together, these instruments perform different but complementary functions. Article 19e of Regulation
(EU) 2019/943 and the ACER methodology govern the preparation of the national flexibility needs
assessment. The ZOEE establishes the wider national statutory framework for flexibility and the subsequent
national objective. The development-plan methodology determines how flexibility potential and flexibility-
based alternatives are incorporated into transmission and distribution planning, while the market, system-
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operation and balancing rules determine the practical conditions under which flexibility resources may
participate, be qualified, activated and settled. These latter instruments are therefore particularly relevant
to the interpretation of resource availability, covered and uncovered flexibility needs, and barriers to the
effective deployment of flexibility.

1.3. Governance: designated bodies involved in the FNA report

The Energy Agency is the national regulatory authority responsible for preparing and adopting the
Slovenian Flexibility Needs Assessment report. In accordance with Article 19e of Regulation (EU)
2019/943, the report is based on data and analyses supplied by the transmission and distribution system
operators. Following its adoption, the Agency is also responsible for publishing the report and submitting it
to ACER and the European Commission.

The Agency prepares the national rbiading regortirig trechp@apeeThed e nt | y

technical study commissioned by ELES constitutes the principal analytical source for the report but is not
itself the national FNA report. The Agency reviews and validates the data, analyses and findings from the
study that are used in preparing the national report and, where necessary, requests updates, additional
information or methodological clarifications through ELES. This process may result in amendments or
supplements to the underlying analytical material but does not constitute formal approval or endorsement
of the ELES-commissioned study as a separate publication.

During this assessment cycle, ELES performed the functions of both the transmission system operator
(TSO) and the distribution system operator (DSO). Its contributions were nevertheless organised separately
for the transmission and distribution levels, in line with the respective requirements of the FNA
Methodology. As the combined system operator, ELES was responsible for coordinating and providing the
operator data and analyses required for the assessment and for ensuring the correctness and
completeness of the operator-level contribution. The FNA Methodology assigns each TSO and DSO
responsibility for providing the required data and analyses and for ensuring their correctness, completeness
and compliance with the applicable data requirements.

In its capacity as distribution system operator, ELES obtained the necessary distribution-network data from
the five distribution companies. These companies own the distribution networks and perform network
operation and related services for ELES under contractual arrangements governing the provision of the
distribution public service. For the FNA, they supplied the network models, measurements and other
technical information required for the distribution-level analysis. These operational arrangements did not
transfer responsibility for the consolidated distribution-level contribution from ELES in its capacity as
distribution system operator.

ELES commissioned a technical study covering the system, transmission-network and distribution-network
components of the assessment. The study was prepared by an external consortium comprising the Faculty
of Electrical Engineering of the University of Ljubljana and the Milan Vidmar Electric Power Research
Institute. The consortium performed the technical modelling and analysis but had no responsibility for
drafting, approving or adopting the national FNA report. The study itself identifies ELES as the contracting
entity, the two institutions as its authors and its status as a working report.

The respective roles in the preparation process are summarised below.

Body or Role in the FNA process

Energy A Prepares, amends and adopts the nation
content used in BHditepant; i néquesat §on
necessary; publishes the adopted repor

Commi ssi on.

ELES as Coordinates

a ovides the data and
system flexibi

r
y -nneet endosr ka nfd etxriabni sl mitsys
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The national implementation process was organised through a staged exchange of data and analyses. The
initial timetable envisaged the submission of distribution-level analyses by early March 2026, followed by
system and transmission-level analyses by early April, the fine-tuning and cross-cutting assessments by
mid-April, and final delivery in early May. The planned stages covered distribution-network needs, system
needs, renewable energy integration, ramping and short-term flexibility needs, transmission-network
needs, the fine-tuning process, market barriers, digitalisation and the capability of flexibility resources.
Delays in completing individual analytical components required the timetable to be adjusted, and the
Agency continued to receive updated data, analyses and supplementary information during July 2026.

The resulting data flow reflected the Slovenian institutional model. Distribution-network data were supplied
by the distribution companies to ELES in its capacity as distribution system operator and were used by
ELES and the external consortium for the distribution-level assessment. The TSO data and assumptions
were provided and coordinated by ELES in its transmission-system role. The resulting analytical
components and subsequent updates were submitted to the Agency, which assessed their suitability for
use in the national report and consolidated the relevant content into its own FNA report. This arrangement
reflects the requirement of Article 4 of the FNA Methodology that the system operators and the designated
authority agree on the scope of the data and analyses, their respective responsibilities, the target years
and the timetable for exchanging information.

No public consultation specifically dedicated to the preparation of this FNA report was carried out during
the assessment cycle. The documented preparation process involved technical collaboration between the
Energy Agency, ELES, the distribution companies and the external study consortium. No broader
stakeholder participation formed part of the process known to the Agency. This technical collaboration
should therefore be distinguished from a formal public consultation or wider stakeholder-engagement
procedure.

No disagreement requiring application of the procedure under Article 4(7) of the FNA Methodology arose
or was identified during the preparation process. Updates and methodological clarifications requested by
the Agency were addressed through the iterative exchange of information with ELES and the study
consortium. The editorial requirements for this sectiond including the identification of the bodies
responsible for data and analysis, drafting, amendment, approval and adoption, together with the
organisation of operator contributions, timelines, data flow, stakeholder engagement and potential
disagreementsd are thereby covered.

1.4. Key definitions

For the purposes of the FNA methodology, the definitions in Article 2 of the Electricity Directive, Article 2 of
the Electricity Regulation, and Article 2 of the ERAA methodology apply.

In addition, the following definitions apply:

- oO0climate yeard means a climatic year or weather

purpose of the FNA methodol ogy, the terms ©6cl

same meaning;

- 6congestion issued means a situation in whi
exceeds operational limits;
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@overed DSO flexibility needsémeans flexibility needs that are expected to be resolved within the
planning horizon through the combination of non-wire solutions and realistically implemented
network reinforcement measures considered in the assessment;

606 refers to the |l atest forecast reported at, in
real-time observation in the same bidding zone;

6daily timeframed means a timeframe for the chara
level of the single day of the year. Depending on the specific indicator, daily values can be further
characterised (e.g. cumulated, averaged, etc.) to provide statistical insight on flexibility needs;

6demanddé means the total instantaneous electricit
distribution systems, including the network losses;

6demand responsed means a change in electricity cc
signals, contractual activation or system needs;

6designated authority or entity®é means the regul
designated by a Member State to receive the data and analysis submitted by TSOs and DSOs

pursuant to Article 19¢(3) and adopt the FNA report pursuant to Article 19e(1) of the Electricity

Regulation;

60di spatchable assetsd refers to assets (as indivi
market participants or system operators to manage system or network needs;

6downward flexibility needsé means the needs whos
into the network or increasing demand from the network;

ODNO areabd means the geographical service area of
companies;

6energy storaged means an asset capable of withdr
subsequently reinjecting it or otherwise making the stored energy available;

6economic dispatch (ED)O6 means a mathematical opt]
ERAA methodology;

6economic viability assessment (EVA) 6 means a mo
resources, informing decisions on retirement, mothballing and re-entry, renewal/prolongation and
new-build of a capacity resource as described in Article 6 of the ERAA methodology;

O0ERAA® means the most recent European resoufce ad
E pursuant to Article 23 and approved by ACER pursuant to Article 27 of the Electricity Regulation;

OERAA methodol ogyd means the methodology for the
developed by ENTSO-E pursuant to Article 23(3) of the Electricity Regulation;

6expl i ci referk toehe cobtiollallet agjdstment of electricity consumption, generation or
storage that can be contractually procured and activated to provide a specific system or network
service;

6fast flexibilitydé means t he -looashoatar ermorwariatibns @5td o r e a
60 minutes before real-time);

6forecast errord6 means the difference between the
or generation for a given timeframe:

6forced outaged means the unplanned unavailabilit

6flexibility resource6 means a generation, demand
adjusting its injection into or withdrawal from the electricity system in response to system or network
needs;

OFNA reportd means a report on the estimated fl ex
10 years adopted at national level pursuant to Article 19e(1) of the Electricity Regulation;

O6hourly timeframe6 means a timeframe for the char:
level of the single hour of the year. Depending on the specific indicator, hourly values can be further
characterised (e.g. cumulated, averaged, etc.) to provide statistical insight on flexibility needs;
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6i mpl i cit f |teeadjustindntoteledricity @hsempson, gemeration or storage resulting
from predefined technical characteristics, local control functions, economic signals or autonomous
customer behaviour, without direct contractual procurement or activation by the system operator;

6l ocal serviceb6 means energy or capacity procured
issues they have identified in their systems;

6l ocal maxi mum value6 means the maximum fl exibil
congestion or voltage issue on a given asset during a given time block;

6mar ket time unit (MTU)O® means the time interval
of flexibility needs. In this assessment, the MTU is one hour;

Omursin generationd means generation that 1is -assume
dispatch result due to technical, operational or other constraints;

ONECPO® means an integrated national energy and
2018/1999;

O6network flexibility needsd® means the flexibility

preventing or solving congestion or voltage issues, across relevant timeframes;

Onanspatchabl e generationd refers to assets which
following weather or other conditions such as wind, solar and run-of-river hydro generation;

ONRAAOG means the most recent national resource ad
the Electricity Regulation. If an NRAA is subject to ACER's opinion pursuant to Article 24(3) of the

Electricity Regulation, it shall only be considered for the purposes of the FNA methodology once it

is amended in accordance with ACERG6s opinion or a
for not fully incorporating ACER's opinion;

6ramping needsd refer to needs associated with v;
forecast conditions;

@eference networkorefers to a representative network model developed to reflect the characteristics
of a group of real distribution networks, used for the simulation of future network operation and
flexibility needs;

ORES curtail menté means | imiting the generation ¢
operational reasons or grid-capacity reasons;

ORES integration needs
its annual RES integration target;

refers to the quantity of

ORES integration targetd refers to the maxi mum RE
the RES target for the Member State. It is expressed either as a maximum RES curtailment in

absolute terms, or as a maximum RES curtailment in relative terms to the total RES generation or

to the total electricity demand, or symmetrically as the minimum effectively integrated (i.e., non-

curtailed) RES generation in absolute terms or in relative terms to the total RES generation or to

the total electricity demand;

ORES targetdé refers to the national target for RE
or from another relevant official national document consistent with the most recent NECP. It is

either expressed as a RES volume in absolute terms or as a share of RES production in relative

terms to the total electricity demand,;

6residual |l oadé ref er s -digpatchdble genevatioa (as imdwidual onits omi n u s
as aggregated units), such as from wind or solar as well as generation, subject to must-run
conditions per market time unit;

dule-based operational measuresérefers to predefined automatic control actions implemented
according to fixed technical rules or settings, without real-time optimisation or direct activation by
the system operator;

6seasonal timeframe6 means a timeframe for the <ch
the level of the single month of the year. Depending on the specific indicator, monthly values can
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be further characterised (e.g. cumulated, averaged, etc.) to provide statistical insight on flexibility
needs;

- O0Oshtoerm flexibility needs®é means needs associated
load such as forced outages of assets during the intraday or balancing timeframe;

- 0slow flexibilityoé means t he claopsharterthgrizomsboreeastt o r e ¢
error (60 minutes to 24 hours before real-time);

- O0system flexibility needsd® means the flexibility
variability of generation and consumption patterns, across relevant market timeframes;

- O0Otarget year 6 means a year for which data and anc:
FNA methodology;

- ouncovered flexibility needs?d means t he additio
methodology, not expected to be met by new or existing resources based on ERAA or NRAA inputs;

- Ouncovered DSO flexibility needsod means fl exibi
considering the combination of non-wire solutions and realistically implemented network
reinforcement measures included in the assessment;

- G6upward flexibility needsd means needs whose solu
network or decreasing demand from the network;

- Ovoltage issue®6 means a situation when voltage |e

- 6 navine DSO s o | u tconoprise éll measures applied to mitigate network constraints prior to
network reinforcement. Within this assessment, they include rule-based operational measures,
smart-grid functionalities and explicit flexibility resources, which are evaluated as alternatives to
conventional reinforcement for maintaining secure network operation.

Unless the context clearly indicates otherwise, any reference in the FNA methodology to legislation,
regulations, directives, orders, instruments, codes, guidance documents or any other enactments shall be
deemed to include any amendments, extensions, or re-enactments thereof in force at the relevant time.
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2. Methodological aspects

This chapter describes the methodological framework underpinning the national flexibility needs
assessment. It presents the data sources, target years, scenarios and key assumptions adopted for the
assessment, together with the common modelling framework applied to evaluate system and network
flexibility needs. The chapter further describes the independent Economic Dispatch (ED) model, the
analytical methodologies used to assess system, transmission network and distribution network flexibility
needs, and the fine-tuning approach applied, where applicable, to integrate transmission and distribution
network assessments. It also presents any additional national data, assumptions and analyses
incorporated into the assessment. Together, these elements constitute the methodological basis for the
national flexibility needs assessment presented in this report.

2.1. Data sources

The system flexibility needs assessment uses ERAA 2025 [2] as the reference resource adequacy
assessment in accordance with Article 6(4) of the FNA Methodology. In accordance with Article 7(3)(b) of
the FNA Methodology, economic dispatch simulations (ED) were conducted independently of the ED results
of the ERAA or NRAA. However, all input data used for the ED simulations were aligned with the
ERAA/NRAA assumptions in order to ensure methodological consistency, in accordance with Article 6(4).
Input data were aligned with the assumptions and datasets of ERAA 2025.

Scenario consistency was ensured through alignment with:
1 European resource adequacy assessments (ERAA) reference scenarios i considered versions of
ERAA 2024 [1] and 2025 [2],
1 ERAA 2025 weather scenarios (climate years) [2],
1 Slovenian National Energy and Climate Plan (NECP 2024) [11].

The network needs assessment was based on the following primary planning documents and data sources:
I Transmission System Development Plan of the Republic of Slovenia for the period 20257 2034 [4];
1 Data on cross-border transmission capacity provided by TSO;
9 Distribution network development plan (DNDP) 20251 2034 i October 2025 [5];
1 Slovenian National Energy and Climate Plan (NECP 2024) [11].

The DSO network needs assessment was primarily based on the Distribution Network Development Plan
(DNDP) 20251 2034 [5] and the updated National Energy and Climate Plan (NECP, 2024) [3]. During the
preparation of the FNA, the DSO was simultaneously preparing the forthcoming DNDP (20271 2036), which
was, at that time, undergoing public consultation [9]. Consequently, where the information contained in the
final version of their latest adopted DNDP (20251 2034) was considered insufficient to adequately represent
the expected future state of the distribution system, updated or additional assumptions, methods and input
data were applied in accordance with Article 6(7) of the FNA Methodology. These included methodological
refinements and updated input datasets that became available after the adoption of the DNDP 20251 2034
but before publication of the DNDP 2027-2036 (expected in January 2027). Their use was considered
necessary to provide a more realistic representation of the future development and operation of the
distribution network, while maintaining consistency with the planning assumptions being developed for the
forthcoming DNDP (20271 2036).

In addition to these primary planning documents, the DSO assessment relied on supplementary data
sources and scientific literature to develop the underlying modelling assumptions for building characteristics
and heating electrification [11], [24]i [26], electric vehicle charging behaviour [10], [27]i [31], additional
implicit flexibility due to the effect of network charge [20]-[23], annual growth rate in consumption at the LV
level [9]. These supporting data sources are documented in the underlying technical study and its
bibliography [33] and were used to ensure a technically robust representation of future distribution network
operation.

A detailed description of the modelling approach, including the methodological enhancements and the
underlying assumptions, is provided in Sections 2.3.7.2 and 3.1.2.1.
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2.2. Target years considered

The assessment considers two target years:

1 2030, representing the EU policy target year; and
1 2035, representing an additional assessment year.

Both target years are assessed using the DU-OVE (Additional Measures) national scenario defined in the
National Energy and Climate Plan (NECP 2024 [11]) and the selected Weather Scenarios (WS) described
in Section 2.3.1.

2.3. Modelling approach

This section describes the modelling approach applied to assess flexibility needs in the national Flexibility
Needs Assessment. It presents the application of weather scenarios, the independent Economic Dispatch
(ED) model used to simulate future power system operation, and the modelling of additional flexibility
resources, cross-border exchanges and residual load forecast errors. The section further describes the
methodologies applied to assess system, transmission and distribution network flexibility needs, together
with the fine-tuning approach used, where applicable, to integrate transmission and distribution network
assessments.

2.3.1. Weather scenarios

The TSO system and network flexibility needs assessment is performed using the assumptions from DU-
OVE (Additional Measures) national scenario from the National Energy and Climate Plan (NECP) - The
Second version from year 2024 [11], representing significant deployment of solar PV as the predominant
RES technology and electrification of demand. Considered five Weather Scenarios (WS) comply with
European Resource Adequacy Assessment (ERAA) 2025 [2].

The analysis is performed for target years 2030 and 2035. For each target year, multiple WS consistent
with the assumptions of ERAA 2025 are considered. WS correspond to the climate years used in economic
dispatch simulations in ERAA and ensure compliance with Article 6(5) of the FNA methodology. The
considered WSs do not represent predictions of the future but rather represent weather and energy
conditions for stress testing the system.

The considered WS were selected through a screening of the full 36 scenarios provided by ERAA 2025
based on residual load indicators, ensuring representation of extreme surplus, high demand, high ramping
and the most typical conditions. In general, ERAA WS represent three possible evolutions of climate, each
with 12 weather conditions, resulting in a total of 36 WS. The considered WS in the analysis were the
following: WS18, WS23, WS25, WS27 and WS35.

The WS selected were not predefined by qualitative labels (i.e., descriptive names such as 'High demand'
or 'Typical conditions’), but were interpreted based on indicators such as residual load, ramping
requirements and surplus generation, ensuring a consistent and data-driven characterisation. These
qualitative labels were assigned for easier interpretation. WS23, WS27 and WS35 were also selected as
WS for the cost-minimisation EVA in ERAA 2025, aiming to select the most representative sub-group of
WS.

The selected WS are characterised as follows:

1 WwsS18 (High demand conditions): Reflects elevated residual load associated with high demand
levels.

28



1 wWsS23 (High surplus conditions): Characterised by low residual load levels and significant surplus
generation.

1 WS25 (High variability conditions): Represents the highest residual load variability and ramping
requirements.

1 WS27 (Typical conditions): Represents median system conditions across the full set of weather
scenarios.

1 WS35 (Representative conditions): Selected in line with the ERAA methodology as a
representative weather scenario.

The time series values for the selected scenarios were adjusted based on the values of the baseline (base)
scenario NECP 2024 DU-OVE. The adjustment was made to preserve the averages and aggregated values
for both target years while maintaining the fluctuations due to weather conditions. The ERAA 2025 time
series used were related to PV production, load, and hydrology.

2.3.2. Economic Dispatch modelling

In accordance with Article 7(3)(b) of the FNA methodology, Economic Dispatch (ED) simulations were
conducted independently of the ED results of the ERAA or NRAA. However, all input data used for the ED
simulations were aligned with the ERAA/NRAA assumptions in order to ensure methodological consistency,
in accordance with Article 6(4). Input data were aligned with the assumptions and datasets of ERAA 2025.
It should be noted that the FNA input templates are designed for analyses based on the ERAA dataset.
The Slovenian assessment was carried out using its own modelling framework and ED tool with dedicated
input datasets. As a result, certain input parameters requested by the methodology templates are not
available in the same format. Where required, equivalent values from the ERAA dataset may be used as
reference information to complete the templates.

The assessment is based on:

1 an independent economic dispatch (ED) - unit commitment and economic dispatch - simulation
consistent with ERAA 2025 reference scenarios [2],

1 astructured integration of the Economic Viability Assessment (EVA) and

1 explicit modelling of technical constraints.

As the basic building block of the mathematical model for ED, the Python library PyPSA (Python for Power

System Analysis) [13] is used. PyPSA is an open-source software library intended for the simulation and

optimization of advanced power systems.

The assessment of system needs is performed in accordance with Article 7(3)(b) through an independent
economic dispatch simulation consistent with ERAA scenario assumptions and enhanced with additional
technical parameters such as ramping constraints, minimum up/down times, start-up/shut-down constraints
and planned maintenance schedules.

In addition, the availability of generation units and transmission lines to some extent is modelled
probabilistically through the forced outage rate (FOR).

2.3.3. Approach to compute additional flexibility resources to meet the RES
integration target

The assessment was performed as a post-processing analysis based on the hourly residual load time series
obtained from the ED simulation, which in this analysis served as the basis for quantifying potential RES
curtailment. Technology-neutral additional flexibility resources were layered on the residual load time series
to evaluate their capability to absorb periods of negative residual load (RES surplus) and thereby reduce
the remaining RES surplus and the associated potential RES curtailment.
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The assessment was carried out for the most critical WS in each target year, defined as the scenario with
the highest identified RES integration needs. The installed power of the additional flexibility resources was
selected to approximately correspond to the identified maximum uncovered RES integration needs.

The additional flexibility resources were characterised by:

1 installed power,

1 energy-to-power (E/P) ratio,
1 availability, and

1 round-trip efficiency.

The assessment considered E/P ratios of 2, 4, 8, 20, 50, 100 and 200 hours, in accordance with Article
8(10) of the FNA methodology. The corresponding energy capacities were determined as the product of
the installed power and the selected E/P ratio. Representative round-trip efficiencies (RTEs) were assigned
to each E/P ratio. The corresponding values are presented together with the assessment results.

The additional flexibility resources were operated using a simple rule-based strategy. Charging occurred
whenever the residual load was negative, limited by the available charging power and the remaining energy
capacity of the resources. Discharging occurred whenever the residual load became positive, using the
same power rating and accounting for the specified RTE. The remaining capacity was tracked continuously
throughout the simulation, allowing multiple charge/discharge cycles over the analysed year. The
charge/discharge cycles were not limited.

The benefit of the additional flexibility resources was quantified through the reduction of the remaining
maximum RES surplus, RES surplus energy, and the number of hours with remaining surplus, resulting in
lower RES integration needs.

2.3.4. Consideration of cross-border flexibility

Cross-border energy exchange was represented in the economic dispatch and therefore influenced the
dispatch of domestic generation. However, cross-border flexibility was not considered as an available
flexibility resource for covering the identified flexibility needs. Due to the high level of interconnection of the
Slovenian power system, cross-border exchange could potentially contribute to covering part or even the
whole of the identified flexibility needs. Nevertheless, the objective of this assessment was to quantify
national flexibility needs and the capability of domestic flexibility resources to meet those needs.
Furthermore, an adequate assessment of cross-border flexibility would require modelling the flexibility
resources, network constraints and market interactions across the interconnected European power system.
Such an assessment was not feasible within the scope of this study and was therefore not performed.
Consequently, cross-border flexibility was not considered as a resource available for covering the identified
national flexibility needs.

The transmission capacities are determined based on actual commercial flows for the year 2025 (95th
percentile), as provided by the TSO, and updated in accordance with the Slovenian Transmission System
Development Plan. Energy exchanges are represented using Net Transfer Capacities (NTC).

As a methodological simplification, cross-border exchange capacities are not explicitly modelled in the
ramping margin calculation or in the short-term flexibility margin calculation. Furthermore, neighbouring
transmission systems are not explicitly represented in the transmission network simulations. These
simplifications were adopted due to the limited availability of reliable cross-border exchange data and the
relatively low impact of cross-border exchanges on the assessment of national flexibility needs.
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2.3.5. Modelling of residual load forecast errors

Residual load forecast errors are defined at Market Time Unit (MTU) granularity as the difference between
the D-1 forecast of residual load and its real-time observations:

-0 Y 0 YO 0, (1)
where:

1T YO 0 denotes the day-ahead forecast of residual load and
T YO 0 denotes the realised residual load observed in real time.

For Slovenia, load and solar generation forecasts are considered the primary sources of forecast
uncertainty affecting residual load. Other RES technologies (e.g. wind and hydro) are not explicitly modelled
as sources of forecast uncertainty affecting residual load and Short-Term Flexibility Needs due to limited
data availability. Their impact is implicitly captured within residual load variability. This simplification is
considered acceptable given the dominant contribution of solar generation to uncertainty in the analysed
scenario.

A methodological question concerns the choice of forecast error horizon. Although market participants
adjust their positions until intraday gate closure, the adopted approach uses D-1 forecast errors. Using D-
1 errors refl ects t hligyafterydaytakeaddnsmrket @dosude, white using inteday do H-
1 errors would implicitly assume that sufficient market-based flexibility is always available through intraday
trading. The use of D-1 errors therefore provides a conservative and system-oriented estimate of short-
term flexibility requirements.

Historical day-ahead forecasts and realised values of load and solar generation published on the ENTSO-
E Transparency Platform and provided by the TSO (ELES) are used to construct empirical forecast error
series. The data are cleaned to remove missing values, inconsistencies and obvious outliers. The resulting
dataset is statistically characterised through mean, variance, skewness, kurtosis and percentile analysis,
and differentiated according to meteorological seasons and system conditions. At least two years of
historical data are used in accordance with Article 10(1).

Based on information provided by the TSO (ELES), new forecasting models for electricity consumption
(load) and PV generation have been implemented since the beginning of 2026. The new forecasting models
for the beginning of 2026 did not show any significant differences in their forecasts compared to the old
ones. In accordance with the FNA methodology, the historical datasets for the years 2024 and 2025 were
used.

Forecast errors are subsequently adjusted for the analysed target years to reflect the assumptions adopted
in this assessment regarding projected demand growth, increases in installed solar capacity and expected
improvements in forecasting techniques. Monte Carlo simulation is then applied to generate synthetic
forecast error time series that are statistically consistent with empirical distributions derived from historical
observations. Monte Carlo simulation thus generates synthetic sequences U (t) preserving:

1 empirical variance and skewness,

1 autocorrelation structure,

1 seasonal dependence and patterns,

1 hour-of-day dependence.

In addition to forecast errors, generation availability is also treated probabilistically through the forced
outage rate (FOR). Within the Monte Carlo framework, unit and line availability states are sampled to reflect
random forced outages of generation units and lines. This results in time-varying available generation and
transmission capacity across simulations and ensures that short-term flexibility needs capture not only
forecast uncertainty but also stochastic generation and line outages. The combined representation of
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forecast errors and forced outages provides the stochastic input for the assessment of short-term flexibility
needs.

The resulting statistical representation forms the basis for generating synthetic forecast error scenarios
representing possible future realisations of forecast errors. These scenarios constitute the stochastic input
for the assessment of short-term flexibility needs described in Section 2.3.6.3.

2.3.6. Methodology for the assessment of system flexibility needs

This section describes the TSO methodology used to assess system flexibility needs, including:
1 RES Integration Needs;
1 Ramping needs; and
1 Short-term flexibility needs.

The assessment is based on independent economic dispatch (ED) as explained in section 2.3.2.

Although Article 7(4)(i) allows the use of ERAA or NRAA economic dispatch results for ramping and short-
term needs, the present methodology performs an independent assessment of these flexibility needs. The
methodologies applied for the assessment of ramping needs and short-term flexibility needs are described
in the following sections.

The assessment was performed using an independent ED simulation consistent with ERAA scenario
assumptions and enhanced with additional technical parameters including ramping constraints, minimum
up/down times, start-up/shut-down constraints, planned maintenance schedules and probabilistic modelling
of generation and transmission availability through forced outage rates (FOR).

The Economic Viability Assessment (EVA) was structurally integrated into the assessment. The
methodology relies on the resulting equilibrium generation portfolio derived from the ERAA EVA process
and does not independently re-run the EVA assessment. The EVA assessment, adopted as the structural
baseline for this methodology pursuant to Article 7(1), can be mathematically described as a dynamic
portfolio optimization equilibrium process. The EVA convergence condition can be expressed as:

"0 B Oh )

where "0 denotes the equilibrium generation portfolio and & (.) represents the profitability-driven portfolio
update operator.

The iterative steps are as follows:
1 perform economic dispatch given portfolio G;
1 compute revenues Rjand total costs Ci for each unit i;
1 remove units with RjT C; < 0 over the evaluation horizon;
1 update G" and repeat until portfolio stability is achieved.

This ensures that the structural generation mix used in the flexibility needs assessment reflects long-term
market equilibrium conditions consistent with ERAA.

Implementation of Article 7(1)

A formal EVA was not performed due to its high complexity and the need for a comprehensive market-
based analysis that would require consistent modelling of neighbouring countries. Such an assessment is
currently not feasible due to limited data availability. Previous ERAA assessments that included EVA have
consistently indicated the phase-out of coal/lignite generation in Slovenia together with a moderate increase
in demand-side response. These characteristics are reflected in the assumptions adopted in this
assessment. Consequently, the adopted generation portfolio is intended to remain structurally consistent
with the expected outcome of the ERAA Economic Viability Assessment (EVA), although a formal EVA was
not performed. The only intentional deviation concerns T h e r ma | power umtl6ahereinaf@o gt anj
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referred to as TES6 in 2030. Following its designation as a public service obligation, its operation is no
longer determined solely by market profitability. For this reason, TES6 is retained in the model as a non-
market must-run generation unit operating at its minimum technical output, taking into account its role in
district heat supply.

2.3.6.1. RES Integration Needs

Renewable Energy Sources (RES) integration needs are evaluated using residual load time series derived
from the economic dispatch (ED) simulations. In the implemented assessment, RES integration needs are
determined directly from the residual load time series, while explicit RES curtailment time series are not
derived from the economic dispatch results.

In accordance with the derogation provided for the first FNA report under Article 8(3) of the FNA
Methodology, the quantified RES integration needs remain based solely on negative residual load
conditions and do not include the additional RES curtailment resulting from ramping needs and short-term
flexibility needs.

Residual load time series are derived as demand minus non-dispatchable generation (wind, solar and other
RES subject to forecast errors). Negative residual load represents periods during which available RES
generation together with must-run generation exceeds demand, indicating the need for additional
downward flexibility to enable RES integration.

The Slovenian NECP does not define an acceptable or maximum level of RES curtailment for the analysed
scenarios. Therefore, this assessment adopts a zero-curtailment assumption, meaning that. the power
system is assumed to be able to integrate all available RES generation. Consequently, the entire negative
residual load is treated as the RES integration need before any RES curtailment is considered.

All considered RES generation is treated as non-dispatchable and is therefore not an optimisation variable
in the economic dispatch model. Consequently, explicit RES curtailment is not obtained as an optimisation
result. Instead, negative residual load is used to identify periods of surplus generation requiring additional
flexibility and is therefore used as the indicator of RES integration needs before any RES curtailment is
considered. Since the available cross-border transfer capacity is sufficient to accommodate the simulated
RES surplus in the analysed target years, interconnection capability does not constitute a limiting factor in
this assessment. Furthermore, the economic dispatch model does not explicitly represent the underlying
causes that could lead to RES curtailment, such as network constraints.

For reference, potential RES curtailment may generally be expressed as the remaining surplus after
accounting for exports and existing flexibility resources. However, this relationship is not applied in the
present assessment. Instead, negative residual load is used as the indicator of RES integration needs.

The residual load time series derived in this step also provide the basis for the assessment of ramping
needs and short-term flexibility needs described in Sections 2.3.6.2 and 2.3.6.3.

2.3.6.2. Ramping Needs
With regard to Article 7(4), the adopted modelling approach embeds both ramping constraints and short-
term forecast error representations directly within the economic dispatch simulation.

Ramping needs are quantified by analysing consecutive Market Time Unit (MTU) variations of residual load
under perfect forecast conditions. Upward and downward ramping requirements are compared with the
available ramping capability of dispatchable generation, as determined by the economic dispatch results.

The residual load variation between consecutive MTUs is defined as:
Y00 YOO YOO p. (3)
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The available ramping margin Mramp(t) is derived from the realised dispatch obtained from the economic
dispatch simulation. It represents the aggregated feasible ramping capability of dispatchable generation
while respecting the technical constraints represented in the economic dispatch model.

The assessment uses an hourly MTU, consistent with the temporal resolution of the available input datasets
and the continued hourly discretisation of cross-border transfer capacity allocation. Generation availability
is adjusted using forced outage rates (FOR), ensuring that the available ramping capability reflects the
capacity expected to be operational in each MTU.

Uncovered ramping needs are identified whenever the corresponding residual-load variation exceeds the
available ramping capability.

The uncovered ramping need in each MTU is mathematically defined as:

Y o | AgteYbos 0 0 8 (4)

Reserve capacities (FCR, aFRR, mFRR) are excluded from the ramping margin calculation to avoid double
counting. Cross-border exchanges are not explicitly represented in the national ramping assessment.

In accordance with the derogation provided for the first FNA report under Article 8(3) of the FNA
Methodology, downward uncovered ramping needs were quantified separately and were not incorporated
into the quantified RES integration needs.

No formal fine-tuning of ramping needs related to the temporary unavailability or prequalification limitations
of flexibility resources was performed because the required information was not available for the analysed
target years.

2.3.6.3. Short-Term Flexibility Needs

The stochastic input described in Section 2.3.5 is used in the assessment of short-term flexibility needs.
The assessment evaluates whether the remaining short-term flexibility available after the day-ahead
economic dispatch is sufficient to accommodate forecast errors under the simulated operating conditions.

The calculation of short-term flexibility needs is performed using a two-stage assessment procedure. The
assessment is performed using annual time series (8760 hours) in order to capture both short-term
dynamics and seasonal effects. Where computational complexity becomes excessive in terms of
computation time, memory or processing capacity, representative weeks may be used instead of full annual
time series while preserving the principal seasonal characteristics of system operation.

In the first stage, economic dispatch is performed using the day-ahead forecast of residual load in order to
determine the economically optimal generation schedule. The optimisation is subject to the technical
constraints represented in the economic dispatch model. Following the day-ahead dispatch, part of the
technically available generation capacity may remain unused. This remaining available capacity represents
the short-term flexibility available to respond to forecast errors.

In the second stage, the remaining short-term residual margins resulting from the day-ahead economic
dispatch are compared with the simulated forecast errors. Where the available residual flexibility is
insufficient to accommodate the forecast error, the remaining imbalance is quantified as an uncovered
short-term flexibility need.

This procedure is executed for all generated synthetic time-series realisations. The resulting flexibility needs
are then statistically evaluated in order to determine their distribution under different system conditions.
This allows the identification of both typical and extreme flexibility requirements.

The 0.1 and 99.9 percentiles of the resulting short-term flexibility need distributions define downward and
upward short-term flexibility needs, respectively. These requirements are compared against the short-term
residual margins of dispatchable assets in order to determine potential uncovered flexibility needs.

Frequency Containment Reserve (FCR) capacity is excluded from the available short-term residual margin
in this analysis. The reason is that FCR is already reserved for maintaining system frequency stability in
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case of disturbances and cannot be simultaneously relied upon to manage forecast errors without risking
double counting of flexibility resources. Excluding FCR therefore ensures a consistent and conservative
estimation of the flexibility available for balancing forecast errors.

The uncovered short-term flexibility need in each MTU is defined as:

Yo [T Aaho 0O o 8 (5)
where:
1 Msr(t) denotes the available short-term residual margin,

T () denotes the forecast error,
1 Usr(t) denotes uncovered short-term flexibility needs.

Cross-border exchanges are not explicitly represented in the national short-term flexibility assessment.

In accordance with the derogation provided for the first FNA report under Article 8(3) of the FNA
Methodology, downward uncovered short-term flexibility needs were quantified separately and were not
incorporated into the quantified RES integration needs.

No formal fine-tuning of short-term flexibility needs related to the temporary unavailability or prequalification
limitations of flexibility resources was performed because the required information was not available for the
analysed target years.

Uncovered short-term flexibility needs are further analysed in terms of frequency, duration, magnitude and
energy in accordance with Article 10(6).

2.3.7. Consideration of network needs

This subsection is further divided into two parts i one for the transmission system and the other for the
distribution system.

2.3.7.1. Consideration of transmission network needs

The assessment of Network Flexibility Needs is based on a model of the existing Slovenian transmission
system (110 kV, 220 kV and 400 kV), as shown in Figure 1. The model is further developed by incorporating
investments that are expected to be commissioned by the target years. A detailed list of these investments
is provided in the Transmission System Development Plan of the Republic of Slovenia for the period 202571
2034 [4].
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Obstojece in planirano visokonapetostno
elektroenergetsko omrezje Republike Slovenije

Figurel: Existing and planned HV electric power network of Slovenia

The model includes cross-border connections to neighbouring power systems; however, these systems are
not modelled explicitly. At boundary nodes, such as 400 kV Kainachtal, 220 kV Obersielach, and 110 kV
Nedeljanec, virtual generators and loads are connected, depending on whether electricity is imported into
or exported from Slovenia at a given moment. The limitation of the model is therefore that neighbouring
transmission systems are not explicitly represented.

Power plant generation is determined through economic dispatch, which is the result of the system flexibility
needs analysis presented in this document. In addition to generation, electricity demand and RES
generation are defined by the development scenario used in the FNA analysis. The demand and RES
generation apply to the entire Slovenian system, but for the purpose of power flow calculations and the
assessment of network flexibility needs, it is necessary to allocate both across the network nodes. The
allocation is based on historical electricity consumption patterns. Specifically, data from the year 2024 were
used, assuming that the consumption pattern remains valid for the target years 2030 and 2035.

The network flexibility needs assessment is based on AC power-flow simulations evaluating:
1 overloading of transmission lines and transformers;
91 voltage violations (overvoltage and undervoltage) at network nodes.

Congestion situations are identified where operational limits are exceeded. In addition to thermal
constraints, voltage conditions are explicitly assessed, identifying situations where voltage levels deviate
from acceptable operational limits. Upward and downward local flexibility requirements are determined in
terms of maximum power (MW), energy (MWh), duration and recurrence. A thermal overload is identified
when the loading of a line or transformer exceeds 100% of its rated or allowable thermal capacity. A voltage
violation is identified when the nodal voltage falls below 0.90 p.u. or exceeds 1.10 p.u.

In the simulations, battery energy storage systems are used as the reference technology for mitigating
network issues. The calculation approach assumes virtual storage units with unlimited power and energy
capacity connected at all nodes of the network model. These units are optimally activated as needed to
eliminate line and transformer overloads or voltage violations. Storage units can operate in both charging
and discharging modes, thereby directly influencing power flow directions and network loading. Additionally,
they impact voltage conditions in the network.
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If network constraints limit the operation of existing flexibility technologies or renewable energy sources,
these constraints must be fed back into the System Flexibility Needs assessment and the results adjusted
accordingly. The updated results are then used again in the Network Flexibility Needs assessment. The
procedure is repeated until convergence is achieved. This iterative procedure reflects the fine-tuning
procedure defined in Article 14 of the FNA Methodology.

Figure 2 illustrates the overall calculation process and the interdependencies between the steps.

'(;‘;‘: | System Flexibility Needs —>| Network Flexibility Needs

Economic dispatch Power Flow Calculation

1.1 RES Integration Needs .
1.2 Ramping Needs 2.1 Overloadings
1.3 Short-Term Flexibility Needs 2.2 Voltage violations

L Fine-tuning J

Figure2: Network Flexibility Needssessment process including fineing.

The assessment considers both nor mal operating
ensure compliance with the transmission-network security criterion.

For N conditions, the Network Flexibility Needs analysis is based on power-flow simulations for the target
years 2030 and 2035, covering the entire annual period from 1 January to 31 December of the respective
year. The simulation time step is one hour, consistent with the Market Time Unit (MTU) applied in other
analyses.

Due to the computational complexity, for NIT1 co
on power-flow simulations for the week with the highest electricity residual demand in the target years 2030
and 2035. The simulation time step is one hour, aligned with the MTU used in other analyses.

The analysis considers outages of 110 kV lines and all transformers at the transmission level. Outages of
220 kV and 400 kV lines are not taken into account, as the model represents only the Slovenian electricity
system without neighbouring systems, which are essential for accurately assessing the impact of 220 kV
and 400 kV line outages on power flows.

2.3.7.2. Consideration of distribution network needs

The Slovenian distribution network was represented using a set of reference network models covering the
medium-voltage (MV) and low-voltage (LV) distribution system. Rather than modelling every individual
network, representative network models were developed separately for each of the five Slovenian
distribution network operators to capture the characteristic topologies and operating conditions occurring
across the Slovenian distribution system.

The definition of reference models assumes that individual networks exhibit similar characteristics, allowing
them to be grouped into classes and represented by a single model for each group. Simulations are
performed only for the representatives of the defined groups, and the simulation results are subsequently
generalised to the entire group and, ultimately, to the whole distribution network using an appropriate
methodology. Accordingly, the voltage granularity of the assessment comprised the MV and LV distribution
network levels, represented by reference MV feeders and LV distribution networks. The spatial granularity
of the assessment corresponded to the level of individual lines and nodes within the individual reference
network model, whereas the final reported results were aggregated by representative network type and
distribution network operator (DNO) area. For the purposes of this report, DNO areas correspond to the
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service areas of the five Slovenian electricity distribution companies (Elektro Celje, Elektro Gorenjska,
Elektro Ljubljana, Elektro Maribor and Elektro Primorska).

Reference network models were established separately for the MV feeder network and the LV distribution
network using a clustering approach based on the k-medoids algorithm with the Euclidean or squared
Euclidean distance metric. Four representative clusters were identified for each voltage level. The LV
reference models were derived from 11,127 LV network models, provided for all five DNO areas. For the
purposes of the FNA, these network models were updated using the latest planning data prepared during
the development of the forthcoming DNDP 20271 2036. The MV reference feeders were derived from the
complete Slovenian MV network model, and are consistent with the published DNDP 20257 2034. The
reference network groups used in the assessment of the distribution network flexibility needs are presented
in Table 5.

Table5: Classification of LV reference network groups and MV reference feeder groups

LV reference networ MV reference feede
u ban networks ur ban feeders

larger town and subu industrial feede

smal |l er urban and i ni longurfaleder s
smal | nreurweolr k s shorurfeleder s

The developed reference network models formed the basis of the probabilistic simulation framework used
to assess future network operation and identify the DSO network flexibility needs, under projected operating
conditions, incorporating future demand, distributed generation, customer technologies and network
development assumptions. The platform, presented in Figure 3, combines network models with statistical
representations of customer demand, distributed generation and storage, enabling time-series power-flow
simulations of representative MV feeders and LV distribution networks.
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Network customer models
[ Household loads } ‘ Renewable generation J
Pand Q control
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Figure3: Basic structure of the network simulation tool

The simulation framework comprises two principal components: (i) network models representing the
electrical characteristics of the distribution system and (ii) customer models representing electricity
demand, distributed generation and battery energy storage systems (BESS). Network models include the
electrical topology and technical characteristics of network elements, while customer models represent the
behaviour of household demand, heat pumps, electric vehicles, photovoltaic generation and battery energy
storage systems. The customer models incorporate implicit and explicit flexibility through the operational
characteristics of individual technologies. The generated customer models are allocated to the
representative network models and subsequently used as inputs to the probabilistic three-phase power-

38



flow simulation for different operating conditions. The underlying assumptions and input datasets for the
network and customer models, including the projected development of demand, distributed energy
resources and flexibility resources, as well as the treatment of uncertainties related to the future deployment
of EVs, heat pumps, PV systems and BESSs, are presented in Section 3.1.2.10.

The assessment was based on probabilistic sequential Monte Carlo simulations combined with detailed
network power-flow analysis with a 15-minute temporal resolution. The resulting flexibility needs are
aggregated into representative time blocks and quantified in accordance with Article 11(2)(a) of the FNA
Methodology, which expresses flexibility needs in terms of power (MW) and energy (MWh) for each target
year. Future operating conditions are represented through multiple probabilistic simulation runs for each
representative network, target year and season. The probabilistic approach captures the uncertainty
associated with future network operation by varying the spatial allocation of future distributed energy
resources and electrified demand, the statistical characteristics of load and generation profiles as customer
behavioural diversity, and meteorological conditions represented through temperature and solar irradiation
profiles.

Each simulation produces time-series of power flows and voltages throughout the representative network.
The calculated operating conditions are evaluated against predefined line and substation thermal loading
and voltage criteria to identify network constraints and determine the corresponding flexibility needed in
case of violations of these constraints. All simulations are performed using three-phase network models
that account for balanced and unbalanced network operation. Customer technologies are represented
according to their electrical characteristics and control behaviour, including active and reactive power
control where applicable. The simulation procedure for MV networks is similar to that used for LV networks,
with the difference that customers are represented by MV/LV distribution substations.

To reflect an acceptable level of planning uncertainty, the assessment is based on the 95th percentile of
the probabilistic simulation results, as agreed with the network operator. This percentile represents the
agreed level of planning risk adopted for the assessment. This represents an additional methodological
deviation from the latest adopted DNDP (202571 2034), which applied the 99.7th percentile.

The simulation framework provides the time-series of network operating conditions that serve as the input
to the flexibility needs assessment workflow presented in Figure 4. For each target year, the workflow
comprises a sequence of assessment steps, starting with the preparation of future operating conditions and
a baseline assessment of the existing distribution network, followed by the evaluation of non-wire
alternatives, network reinforcement measures and the determination of realistic flexibility needs. The
individual steps of the assessment are described below.
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1. Definition of demand,
generation and implicit
flexibility

II. Network simulations
with base-year reference
models

oltage non-
compliance?
Overload?

No explicit flexibility
requirements

III. Network simulations
with reference models
+ non-wire solutions

oltage non-
compliance?
Overload?

Explicit flexibility
requirements

¥ ¥

IV.b Network simulations
with reference models
+ non-wire solutions
+ uncovered flexibility
(w/o reinforcement)

IV.a Network simulations
with reference models
+ non-wire solutions

+ network reinforcement

v

V. Network simulations
with reference models
+ non-wire solutions
+ realistic network
reinforcement

Explicit flexibility requirements
Uncovered flexibility needs

Figure4: Simulation procedure using reference networks
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9 Step |i Definition of demand, generation and implicit flexibility

Load and generation profiles are generated for each target year, incorporating the projected penetration of
distributed energy resources (DER), electric vehicles, heat pumps, battery storage and implicit flexibility
assumptions. Rule-based approaches, such as voltage control through reactive power control (Q(U)
characteristics) and flexible connection agreements (FCAs), are also included, depending on the target
year, resulting in representative operating conditions for the analysed target year.

 Step lli Baseline assessment of future network operation

Probabilistic power-flow simulations are performed using the reference network models representing the
existing distribution network, while applying the projected demand, distributed generation and implicit
flexibility corresponding to the analysed target year. The resulting simulations establish the baseline
operating conditions of the existing network under future operating conditions, assuming that no explicit
flexibility, smart grid solutions or network reinforcement measures are applied. Accordingly, flexibility needs
are determined only where network constraints are identified.

9 Step lll i Assessment with non-wire alternatives

For existing networks exhibiting voltage or thermal constraints, the simulations are repeated, but now
considering the applicable non-wire alternatives, which include smart grid solutions (e.g. advanced voltage
control), and explicit flexibility (i.e. managed electric vehicle charging and heat-pump demand response).
The outputs quantify the required explicit flexibility needs (power, energy and activation duration), residual
voltage violations, and residual thermal constraints.

Where the non-wire solutions fully resolve the identified network constraints, the corresponding power,
energy and duration are classified as covered flexibility needs, and no further assessment of network
reinforcement or uncovered flexibility needs is required. Where residual voltage or thermal constraints
remain, these indicate that expected non-wire solutions and available explicit flexibility are insufficient to
fully resolve the identified network constraints. The remaining constraints are subsequently assessed
through:

o Step IV.ai Assessment of reinforcement measures

The reinforcement measures required to eliminate the identified voltage and thermal constraints are
determined. These include conventional network reinforcement measures such as transformer uprating
(replacement with a higher-rated unit at the existing location), installation of new substations, line
replacement, underground cabling or deployment of OLTC transformers. This step establishes the technical
reinforcement baseline assuming full compliance with the planning criteria. Since network reinforcements
affect the required volume of explicit flexibility, the flexibility assessment is repeated following the identified
reinforcements.

o Step IV.b T Assessment of flexibility needs without reinforcement

This step evaluates the flexibility required to resolve all identified voltage and thermal constraints without
network reinforcement. Steps IV.a and IV.b are performed in parallel and provide the basis for determining
the realistic reinforcement scenario and the remaining uncovered flexibility needs.

9 Step Vi Assessment of realistic implementation scenario

Since not all technically required reinforcement measures can realistically be implemented within the
planning horizon, a realistic implementation rate is assumed, reflecting financial constraints, investment
planning cycles, permitting delays and implementation priorities. The final assessment of network-driven
flexibility needs is then determined by combining:

1 the share of representative network groups in which identified constraints are resolved through
realistically implemented reinforcement measures; and

1 the remaining representative networks, in which constraints are assumed to be resolved through
uncovered flexibility needs.
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Finally, the simulation results obtained for the representative network groups of five DNO areas are
generalised to the entire Slovenian distribution system using statistical scaling approaches. This provides
national estimates of covered and uncovered flexibility needs, transformer reinforcement and replacement
needs, feeder reinforcement needs, expected investment costs, and the regional distribution of flexibility
demand and network reinforcement needs. While the FNA primarily reports covered and uncovered
flexibility needs, the latter outputs provide essential information for long-term distribution network planning
and investment prioritisation.

Such multi-step methodology extends traditional deterministic distribution network planning by integrating
probabilistic simulations, explicit flexibility resources and other non-wire alternatives into the assessment
of future network development. Furthermore, the simulations distinguish between downward flexibility
needs arising from renewable generation curtailment and those originating from other network constraints,
enabling the reporting of their respective contribution to the total downward flexibility needs.

2.3.8. Fine-tuning approach

The assessment included a partial evaluation of the inputs relevant for the fine-tuning procedure defined in
Article 14 of the FNA Methodology. However, the complete fine-tuning procedure was not performed.

The impact of transmission network needs was evaluated by comparing simulation results obtained with
and without transmission network constraints for all WS and both target years. The impact of transmission
network constraints on uncovered RES integration needs is 0%. Therefore, the relevance threshold of 10%
specified in Article 14 of the FNA Methodology is not reached. Consequently, no additional fine-tuning due
to transmission network needs was required.

Distribution network needs were quantified using the methodology described in Section 2.3.7.2, including
the distinction between covered and uncovered downward flexibility needs resulting from RES generation
curtailment. For the purposes of the assessment, a time series of covered flexibility resources from the
DSO part was considered. These resources do not constitute distribution network needs in the sense of
Articles 11 and 14 of the FNA methodology and thus results were not presented.

No data on the unavailability of flexible resources due to prequalification and temporary limits were available
for the analysed target years. Consequently, this input was not considered in the fine-tuning procedure.

2.4. Additional data and analysis

The following section presents the additional data and analyses applied in the national Flexibility Needs
Assessment (FNA) in accordance with Article 4 of the FNA Methodology.

No additional data or analyses pursuant to Article 1(6) of the FNA methodology were used for the
assessment of system flexibility needs, TSO network flexibility needs or DSO network flexibility needs.

The assessment of DSO network flexibility needs was, however, based on certain justified deviations from
the data sources referred to in Article 6(6) of the FNA methodology, implemented in accordance with Article
6(7). These deviations were introduced to reflect the most recent information available during the parallel
preparation of the FNA and the forthcoming Distribution Network Development Plan (DNDP) 20277 2036,
thereby providing a more detailed and realistic representation of future distribution network operation. The
implemented deviations include:

1 the use of updated electricity demand and distributed energy resource (DER) development
projections prepared for the forthcoming DNDP 20277 2036;

9 the use of updated low-voltage reference network models, while the medium-voltage reference
feeder models remained consistent with those used in the DNDP 20251 2034;
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1 updated customer and technology modelling representation including electric vehicles, heat
pumps, photovoltaic generation, battery energy storage systems, accounting for implicit and explicit
flexibility or rule-based operation;

1 methodological enhancements to the probabilistic simulation framework, including the specifics of
modelling the future network operation and flexibility assessment; and

1 updated network planning assumptions, including the consideration of non-wire alternatives and
realistic reinforcement implementation scenarios.

A detailed description and justification of these deviations, together with their compliance with Article 6(7),
is provided in Section 3.1.2 Scenarios for network needs.
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3. Scenarios and assumptions description

This chapter describes the scenarios, targets and key assumptions applied in the national Flexibility Needs
Assessment. It presents the scenario framework adopted for the assessment of system and network
flexibility needs, based on the national NECP 2024 DU-OVE scenario and aligned with the relevant ERAA
reference scenarios and selected ERAA 2025 Weather Scenarios, together with the target for renewable
energy source (RES) integration and the portfolio of flexibility resources considered in the assessment. The
chapter further describes the principal technical, operational and planning assumptions that define the
assessment conditions and provide the basis for the flexibility needs assessment results presented in the
following chapter.

3.1. Scenarios used to assess system and network needs

This section describes the scenarios adopted for the assessment of system and network flexibility needs.
It presents the reference scenario and the corresponding assumptions adopted for the system flexibility
assessment, together with the scenarios and input data applied for the transmission and distribution
network flexibility assessments

3.1.1. Scenarios for system needs

The scenario framework includes assumptions concerning demand evolution (electrification of transport,
heat, industry), RES deployment (PV, wind, hydro), storage capacities, sector-coupling, cross-border
exchanges and interconnection availability. The national scenario assumptions are aligned with the ERAA
2024 [1] and ERAA 2025 [2] reference scenarios, the ERAA 2025 weather scenarios, the updated
Slovenian NECP 2024 [3] and the national Transmission System Development Plan of the Republic of
Slovenia for 20251 2034 [4].

The NECP 2024 DU-OVE (Additional Measures i Renewable Energy Sources (RES)) scenario was

selected as the baseline (base) national scenario. The DU-OVE scenari o represents ¢
ambitious pathway for the energy transition, focusing on accelerated deployment of solar and wind energy

to meet "Fit for 55" targets.

The model focuses on 2030 (medium-term transition) and 2035 (post-coal phase-out). Main assumptions
are:

1 Nuclear - In both target years 2030 and 2035, the model assumes the continued operation of the
existing NEK (Nuclear power plant Krgko). However
(New Nucl ear power plant Kr ¢ knaixforteeserhorizons, as¢isuded i
not expected to be commissioned before the early 2040s, and it is also not part of the DU-OVE
scenario.

1 CoalPhase-out: Al ignment with the national strategy t
unit 6 (TES6) by 2033, therefore the 2035 assessment represents a Slovenian system without
coal-fired generation.

Comparison: DU-OVE vs. ERAA 2024 Reference Scenario

While both scenarios share the same national strategic foundation, they differ in several aspects of their
implementation within the modelling environment, as summarised in Table 6.
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Feature

Primary Goal

Economic Filter

New Investments

Interconnections

Table6: Comparison of the NECP-OWE and ERAA 2024 Reference Scenarios

NECP DU-OVE (Our
Model)

Achievement of specific
driven RES targets.

Employed

policy-

Fixed capacities based on national
strategic plans and EVA.

Pre-defined based on the DU-OVE
roadmap.

Isolated Node: Slovenia is simulated
without imports in order to assess the

ERAA 2024 Reference Scenario

Identification of resource adequacy
gaps on a pan-European scale.

Subject to EVA; non-profitable units may
be retired early.

Model-driven; the system "builds" new
capacity (e.g., gas or batteries) only if
economically justified.

Market  Coupled:  Assumes  full
exchange with neighbouring countries

self-sufficiency of flexibility needs (AT, HR, IT, HU). Modelling of the
coverage. However, imports and broader network is needed.

exports are included in the ED

simulations  (through NTC-based

exchanges) in order to represent

market conditions as realistically as

possible.

Although the economic dispatch simulations were performed independently of the ERAA and NRAA
economic dispatch results, all input data were aligned with the ERAA/NRAA assumptions in accordance
with Article 6(4) of the FNA Methodology.

Regarding the TSO input data, key datasets include:

f

economic and technical data on power plants i Data provided by power plants owners and the
TSO. Apart from basic technical parameters such as installed capacity, the data is not publicly
available. Data provided in Table 6 (Annex | data category).

data on cross-border transmission capacity for each neighbouring country i Values determined
based on actual commercial flows for the year 2025 (95th percentile), data provided by TSO,
capacity increases in accordance with the transmission network development plan i Table 9
(Annex | data category). The analysis took into account energy exchange based on the capacity of
interconnections (Net Transfer Capacities T NTC). Flow-based domains are therefore not provided
in Table 9 (Annex | data category).

electricity market prices for neighbouring markets i Assuming full integration of electricity markets
in the future, a uniform price is applied across the region SEE and therefore the considered
electricity prices are the same in all neighbouring countries i Table 11 (Annex | data category).
The prices used represent market price forecasts and not the production units' (power plants)
marginal prices. The price forecast used in the analysis is available to the study authors (UL FET
EIMV consortium) and is not publicly accessible.

Considered future projections of installed renewable energy capacity and new power plants are in
accordance with NECP 2024 (DU-OVE scenario i additional measures RES). Considered
projections are provided in Tables 11 and 12,

projections of electricity generation and demand i In accordance with NECP 2024 (DU-OVE
scenario),

historical profiles of electricity generation and consumption, including must-run generation
Consumption (load) and PV production forecasts i Data (Time series) published on ENTSO-E
Transparency platform.

ERAA 2025 Weather Scenarios used for the selection and characterisation of the analysed weather
scenarios [7].

The implementation of the data categories defined in Annex | of the FNA Methodology [12] is documented
in Table 7. In accordance with Article 7(2), the dataset used for the assessment combines data sourced
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from ERAA and/or NRAA with data collected by the TSO at national level. Since the system flexibility needs
assessment was performed using an independent national economic-dispatch model pursuant to Article
7(3)(b), Table 7 also identifies the national input data used for each relevant Annex | data category. The
comments provided for Tables 1i 12 describe the source and implementation of each data category and
identify cases where individual template fields were not applicable or were not available in the same format.

Table7: Implementation of the Annex | data categories

Table | Name Description Comment

1 Demand Time series of demand used | Time series derived from
as an input for economic historical profiles
dispatch simulations published on the ENTSO-

E Transparency platform

2 Reserve requirements Balancing reserves Data provided by TSO
requirements (FCR, FRR)

3 Installed capacities Installed Capacities of RES Data from NECP, profiles
generation and power profiles | based on the publicly

available data from TSO
and ENTSO-E
Transparency platform

4 Hydraulic generation Hydraulic generation i Results from ED
Dispatchable hydro simulation for hydro
generation production

5 Must run generation Time series of must-run Data provided by TSO
generation

6 Technical and economic | Input data for ED simulations | Data provided by power

characteristics of plants owners and TSOd

dispatchable generation fields filled in for all data
used in the analysis. Data
not publicly available.

7 Investment data Investment data for new Investment data in the
generation units per analysis was not
technology considered, therefore, not

all template fields were
fulfilled

8 Commaodities Commodities data Commaodities prices

included in economic
characteristics of
dispatchable generation

9 Interconnections Interconnections capacities i | Flow-based domains not
NTC-based used and therefore not

provided.

10 Market dispatch per unit | Generation per technology Results of the economic

dispatch

11 Other market dispatch Market clearing - Price for Electricity market price

output neighbouring markets forecast. Assuming full
integration of electricity
markets in the future, the
price is the same in all
neighbouring countries.
Data not publicly
available.
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12 Forecast error Forecast errors for demand Forecast errors defined as
and PV generation* forecast the difference between

for years 2024 and 2025. actual and forecast
values. All values are
publicly available at
ENTSO-E Transparency

It should be noted that the FNA input templates are primarily designed for assessments based on ERAA
datasets. Since the Slovenian assessment uses an independent national modelling framework and
economic dispatch tool, certain template fields are not available in the same format. Where appropriate,
equivalent ERAA-based information is used for consistency and completion of the templates.

The production time series of installed PV capacities were determined based on average solar radiation
values for Slovenia available in [8]. The official NECP document does not include a complete technology-
specific breakdown of RES capacities required for the analysis. Missing values were therefore obtained
directly from the entities responsible for preparing the NECP.

A formal EVA was not performed. Instead, the assessment relies on the structural integration of the ERAA
Economic Viability Assessment (EVA), as described in Section 2.3.6.

3.1.2. Scenarios for network needs

This subsection is further divided into two parts i one for the transmission system and the other for the
distribution system.

3.1.2.1. Scenarios for DSO data

The DSO network flexibility needs assessment is based on input data and scenario assumptions describing
the expected evolution of electricity demand, distributed energy resources, flexibility resources and
distribution network development operation over the planning horizon. These assumptions define the future
operating conditions used to parameterize the probabilistic simulation framework described in Section
2.3.7.2. The assessment covers the target years 2030 and 2035, consistent with the planning horizon
defined by the FNA Methodology.

This section describes the principal assumptions applied in the DSO assessment. Unless stated otherwise,
the scenario assumptions are based on the Distribution Network Development Plan 20257 2034 (DNDP
20257 2034) [5] and the National Energy and Climate Plan (NECP, 2024) [3]. Where more recent
assumptions and datasets became available during the preparation of the forthcoming DNDP 20271 2036
[9], they were incorporated into the scenario definition in accordance with Article 6(7) of the FNA
Methodology.

The future network operating conditions were derived from projections of electricity demand and the
expected deployment of distributed energy resources. The scenarios reflect the continued electrification of
transport and heating, increasing penetration of photovoltaic generation and battery energy storage
systems, together with the corresponding evolution of household electricity consumption. The principal
quantitative assumptions used in the assessment are summarised in Table 8. The table includes both
baseline values for parameters representing the existing electricity system (2025) and planning
assumptions that are introduced only for the future target-year scenarios. Consequently, values are
provided for 2025 only where a meaningful baseline exists, whereas assumptions relating to the
deployment of new technologies or operational concepts are reported only for 2030 and 2035.

4Since PV is by far the dominant RES technology, errors in renewable energy production forecasts are taken into account only for PV.
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Table8: Principal quantitative scenario assumptions for the DSO network flexibility needs assessment

Devi ati
Scenari o par Uni t 2025 2030 2035 from DN
2025034
Annual growt
remai hobmgeho % 1. 1% nually 128085b 2 n
consumgti on
Heat pumps Numb e 118, 5¢ 173,1' 216, 9¢ o)
Battery elec N mpe 28,09 118,6¢ 281, 5¢ n
vehicles -
I nstalled PV
(LV) MW 1,191 1,786 2,394 n
I nstalled PV
MW 455 1,341 2,461 n
(MV) -
Newly connec
systems equi % i 100 100 n
BESEBLV)
Newly connec
systems equi % i 50 100 n
BESEMV)
I nstall ead osmte ;
BESGapacity MW i 1,000 1,500 n

*Remaining household consumption, i.e. household electricity consumption
excluding heat pumps, battery electric vehicles, and photovoltaic generation.

The projections of heat pump deployment are consistent with those adopted in the DNDP 20257 2034 and
therefore do not constitute a deviation from the published planning basis. The projected number of heat
pumps was derived from the updated NECP (2024) and allocated to the representative distribution networks
according to the projected number of household customers.

Unlike the DNDP 20251 2034, the updated dataset distinguishes between battery electric vehicles (BEVS)
and plug-in hybrid electric vehicles (PHEVS), enabling a more realistic representation of future charging
demand within the distribution network. While PHEVs contribute to the overall demand projections, only
BEVs were explicitly considered in the modelling of charging behaviour within the representative network
models.

The assumptions regarding the deployment of photovoltaic generation, battery energy storage systems and
the evolution of remaining household electricity consumption were likewise updated to reflect the most
recent national planning assumptions available at the time of the assessment. Distributed energy resources
other than photovoltaic generation were not explicitly represented in the assessment, as the DNDP 202571
2034 concluded that their projected penetration is insufficient to have a significant impact on network
voltages or the loading of network elements.

The future operating conditions represented in the probabilistic simulations incorporate a range of
operational assumptions describing the expected behaviour of considered technologies and the application
of network operational measures. These assumptions influence the simulated network operation and,
consequently, the identification of network constraints and the corresponding flexibility needs. The DSO
assessment distinguishes between implicit flexibility, rule-based and smart-grid operational measures, and
explicit flexibility, each serving a different role within the assessment methodology.
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Implicit flexibility is embedded within the demand and generation profiles of individual customer
technologies and reflects their expected autonomous or market-driven operation under future conditions,
without direct activation by a system operator or flexibility service provider. It therefore forms part of the
baseline operating conditions described in Section 2.3.7 and is not considered separately as an available
flexibility resource.

Rule-based and smart-grid operational measures represent predefined network operating functions that
influence network operation independently of flexibility activation. These measures include, where
applicable, flexible connection agreements (FCAs), as a rule-based approach to limit active power output
in accordance with prevailing network conditions, voltage control through Q(U) characteristics, advanced
voltage control at HV/MV substations, use of on-load tap-changer (OLTC) equipped transformers and line
voltage regulators, and other operational measures applied in accordance with the planning assumptions
for each target year. Similar to implicit flexibility, these measures are incorporated directly into the network
simulations and therefore affect the resulting operating conditions rather than constituting flexibility
resources.

Explicit flexibility represents controllable flexibility resources that are available to the DSO for mitigating
thermal loading and voltage constraints. Within the assessment, explicit flexibility is provided through
managed electric vehicle charging and heat-pump demand response, taking into account the applicable
planning assumptions for each target year. Consequently, the available flexibility considered in the
assessment refers exclusively to explicit flexibility resources.

The technology-specific operational assumptions governing the representation of customer technologies,
flexibility mechanisms and network operational measures in the simulations are summarised in Table 9.
The second column identifies technologies whose behaviour or operational characteristics are incorporated
directly into the network simulations, either through implicit flexibility or through predefined operational
measures, while the third column identifies technologies that are assumed to provide explicit flexibility and
are therefore considered as available flexibility resources in the assessment. The remaining columns
summarise the principal modelling assumptions and their evolution between the 2030 and 2035 target
years.
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Table9: Technologyspecific operational assumptisapplied in the DSO network flexibility needs assessment

I mplic
flexilbi Explic . . .
TeChnOI'operati flexib Techno$spegyi fic medempthgn 2030 2035
measur
Remai nin Imolicit flexibilidt driven 3% peak demand re( 5% peak demand r e
househol n T P tariffs y |l oad shifting fronload shifting fron
consumpt ’ net worgetaodé6f net work tariff

I mplicit fleACbihétmoshabugé
highest tariff peri

Heat pum | P bil o I mplicit: 10% I mplicit: 20%
n n Explicit exi i ity throu . . . o . . ) o
precededhebayt iporge, whi |l e maint e Explicit: 5% o Explicit: 15%
comfort.
I mplicit flexibilit yb ethharvoiuoguhr
vehicles charge during the
Battery according to a probabil I mplicit: 80% ¢ I mplicit: 80% i
) n n S I, . .
vehicles N N Explicit flexibility through Explicit: 10% ¢ Explicit: 20% ¢
the evening peak to the nigh
by 05:30.
Photovol : Rultbeasadtive power curtailmelr ExisandgP¥®w: no v Existimgp RY¥s$stage
gener ati n by the applicable planni control . New PVs: P(U) thro
Vol taeggul ation through Q(U) ¢
52223\;?! ) " . W'thfSIONDSbEEI A Q(U) according t Q(U) according t
I n | Rultbeas E”pl icit exibility t ; ]
( MV) P(U), where supported by tNew PR/(sU) througibS New PR(sU) througisS
assumptions.
Battery ) ) ) ) . Customer batterie¢«< Customer batteri et
storage . I mplicit flexibilitycdrmsuwmmtl . )
systems n ! mar kperti c e aarbd tmetgweor k ch, Staadone batteries St aaadone batterie
(LV) FCA. under FCA.
Battery o o . Industcoapl ¥ bat Industrial batte
storage , Implicit flexibilitynat hoeaiucy consider network

systems : arbitrage Staabdone BESBWX 1, o apgone BESHWY 1
connected under

(MV) connected undetl

*FCA: Flexible Connection Agreements; DSM: Demand-Side Management;
SONDSEE: distribution network operating rules



The DSO assessment assumes that future distribution network development will be achieved through a
combination of conventional network reinforcement and non-wire alternatives. Accordingly, the planning
assumptions define both the expected evolution of network infrastructure and the operational measures
available to mitigate thermal loading and voltage constraints, including the progressive implementation
of non-wire alternatives and flexibility-based network management solutions.

The operational assumptions presented in Table 9 and Table 10 are complemented by network planning
assumptions that describe the expected evolution of distribution network operation over the planning
horizon. These assumptions determine the availability and applicability of network operational measures
and flexibility-based solutions in the 2030 and 2035 target years.

The planning assumptions reflect the progressive implementation of advanced network operation and
control capabilities, including voltage control, flexible connection arrangements and the increasing
availability of technology-specific explicit flexibility resources. While the overall planning approach
remains based on a combination of conventional network reinforcement and non-wire alternatives, the
assumed operational capabilities evolve between the target years in accordance with the expected
development of distribution network operation and the applicable regulatory framework. The principal
planning assumptions adopted for the assessment are summarised in Table 10.

Tablel0: Distribution network planning assumptions by target year

Pl anning assumg 2030 2035

Advanced voltac

HV/ MV substatic Not consider Considered

Existing LV PV: n
LV PV: no volta New LV PV: P(U) t

Vol tage control MV PV: @EUridmnec DSM
photovoltaic ge SONDSEE and P(U) MV PV: Q(U) in act
or DSM SONDSEE and P(U) i

DSM

St aaadone LV and

Newly connected 1
generati on.

St aaadone MV BE

FIl exi bl e Connec
(FC/ NewlV PV genera

Agreements

Avail abiédhiyolod Inl_tl_al -sl_pee:(hlnfofll Expa.nd.ed tjsphuoff

specific explic participation o participation o
resouffakePHe ( resouffakedHe (

Real istic i mple Applied Applied

net work reinfor

The DSO assessment considers flexibility needs arising from thermal loading and voltage constraints
throughout the medium-voltage and low-voltage distribution network under the scenario assumptions
described in the previous sections. The assessment quantifies both upward and downward flexibility
needs required to maintain secure network operation in accordance with the methodology described in
Section 2.3.7.2. Upward flexibility is associated with increasing generation or reducing demand where
necessary to alleviate network constraints, while downward flexibility is associated with reducing
generation or increasing demand, where necessary to maintain network operation within the applicable
planning criteria.

The identified flexibility needs are evaluated under the realistic network development scenario, which
combines the assumed availability of explicit flexibility resources with the realistic implementation of
network reinforcement measures. Consequently, the assessment distinguishes between:

1 covered flexibility needs, representing the portion of identified flexibility requirements that can
be met through the explicit flexibility resources assumed to be available under the adopted
planning assumptions; and

51



1 uncovered flexibility needs, representing the remaining flexibility requirements after considering
both the available explicit flexibility resources and the realistic implementation of network
reinforcement measures.

In accordance with the FNA Methodology, the assessment additionally distinguishes the share of
downward flexibility needs associated with the curtailment of renewable energy sources, enabling
separate reporting of renewable generation curtailment within the overall downward flexibility
requirements.

The resulting flexibility needs constitute the basis for the DSO network flexibility needs presented in the
following chapter.

3.1.2.2. Scenarios for TSO data

The transmission network flexibility needs assessment is based on the same national scenario and the
same set of selected ERAA 2025 Weather Scenarios (WS) as the system flexibility needs assessment.
The assessment uses the NECP 2024 DU-OVE (Additional Measures i Renewable Energy Sources
(RES)) national scenario described in Section 3.1.1 together with the selected ERAA 2025 Weather
Scenarios [2] (WS18, WS23, WS25, WS27 and WS35) described in Section 2.3.1. All considered
scenarios were used to assess both system flexibility needs and transmission network flexibility needs.

The reference grid conditions are based on the existing Slovenian 110 kV, 220 kV and 400 kV
transmission network, including the network reinforcements assumed for the respective target years. A
detailed list of these investments is provided in the Transmission System Development Plan of the
Republic of Slovenia for the period 20251 2034 [4].

The transmission network assessment further uses the economic dispatch (ED) results together with
the relevant TSO input data described in Section 3.1.1 and Table 7. Energy exchanges are represented
based on the capacity of interconnections (Net Transfer Capacities i NTCs), while flow-based domains
are not considered. The use of ED result in the transmission network assessment, together with
representation of cross-border exchanges, is described in Section 2.3.7.1.

The ED results provide the dispatch of generation units, while electricity demand and RES generation
are defined by the development scenario.

A formal EVA was not performed. Instead, the assessment relies on the structural integration of the
ERAA Economic Viability Assessment (EVA), as described in Section 2.3.6.

3.2. Target for RES integration

The national RES integration targets applied in the FNA assessment are 4,909 GWh for 2030 and 7,931
GWh for 2035, as presented in Table 1 of the Executive Summary. They correspond to 100% of the
projected annual RES generation in each target year. The same annual target values are applied to all
analysed weather scenarios.

The targets are based on the projections of electricity generation under the Slovenian NECP 2024
Additional Measures i RES scenario (DU-OVE). The projections of installed RES capacity, electricity
generation and electricity consumption used in assessment are aligned with this scenario. The
technology-specific projections used for the target years are presented in Table 11 and Table 12 below.
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Tablell: Totalinstalled PV capacity and productiqiased on NECP 2024 scenario@UE.

Year 2030 2035
Tot al installed PV 3,454 5,704
PV production [ GWh] 3,757 6,314

As shomlbllEgn the installed PV capacity is projected to
MW in 2035, while the corresponding annual PV product

Tablel2: Other RES generation.

2030 2035
-r:c;/td?lo plonwsetralpl|eE 171 181
E’iﬂtw?l installe 150 228
lcr)\tdalBi ;S;;aE Il\/l\?V] 68 73
E;glromantmg:vretrgrf)g 425 450
Fsc’;:/vih]mated Prof 356 697
Eiglg?gggsp{g\?vr 371 470

TablZ®resents the corresponding projections fCHP small

production is not included in the table,ramsewalel ef uel
sources (CHP is treated inesemabNECBeoemnthexbsn dasedno
However, projected CHP pr ddcdudtnicd rudfeadr imotthh et a&rad etul yad a
and treated@pasemasion, in the same. manner as RES gene

3.3. Portfolio of flexibility resources available

At the TSO level, the portfolio assessed as potentially capable of providing flexibility includes technically
flexible generating units, battery energy storage systems and demand response associated with heat
pumps and electric vehicles.

The power plants included in the economic dispatch model and their main technical parameters are
presented in Table 13. The parameters include installed capacity, minimum down and up times, forced
outage rate, mean time to repair, and ramp-up and ramp-down capability. In the analysis, the units
marked in green were considered potential flexibility resources within the limits of their technical
capabilities. Since the table also contains fossil-fired units, these should not be interpreted as part of the
non-fossil flexibility portfolio. The non-fossil resources identified as potential flexibility providers in the
table primarily comprise hydropower and pumped-storage units.
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Tablel3: Power plants data

Power Technology Power | Min. down u;;vltlinrﬁe F?R5 M-I;TR Ri;np (Fj{gvrcs
plant [MW] time [h] [h] [%6] [days] [pu] [pu]
TEB gas 141 1 1 4 1 1 1
PE51 gas 42 1 1 1 1 1 1
PE52 gas 42 1 1 14 1 1 1
TETOL gas 190 1 1 3 1 1 1
ISL?L—B gas 42 1 1 2 1 1 1
PE500 gas 500 1 1 8 1 1 1
TES6 coal 497 1 1 2 1 0.216 0.216
HEBLA hydro 39 1 1 3 1 1 1
HEBOS hydro 32.1 1 1 3 1 1 1
HEBREZ hydro 48 1 1 3 1 1 1
HEDOB hydro 814 1 1 3 1 1 1
HEDRA hydro 28.8 1 1 3 1 1 1
HEFAL hydro 56.8 1 1 3 1 1 1
HEFOR hydro 116 1 1 3 1 1 1
HEKRS hydro 39 1 1 3 1 1 1
(I-)|EMAR_ hydro 62.4 1 1 3 1 1 1
HEMAV hydro 38 1 1 3 1 1 1
HEMED hydro 25 1 1 3 1 1 1
HEMOS hydro 21 1 1 3 1 1 1
HEOZB hydro 72 1 1 3 1 1 1
HEPLA hydro 37 1 1 3 1 1 1
HESOL hydro 324 1 1 3 1 1 1
HEVRH hydro 34 1 1 3 1 1 1
HEVUH hydro 72.3 1 1 3 1 1 1
HEVUZ hydro 55.5 1 1 3 1 1 1
HEZLA hydro 153 1 1 3 1 1 1
HEMOK hydro 28 1 1 3 1 1 1
HESUH hydro 35.5 1 1 3 1 1 1
HEREN hydro 33 1 1 3 1 1 1
HETRB hydro 325 1 1 3 1 1 1
NEK nuclear 348 24 48 1 7 0.026 0.323
CHEAVC pump 180 1 1 2 1 1 1
KOz pump 420 1 1 2 1 1 1

5 Force outage rate i FOR

5 Mean Time To Repair i MTTR
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As shown in Table 13, the dispatchable non-fossil portfolio contains a range of hydropower units with
ramp-up and ramp-down parameters of 1 pu. It also includes the CHEAVC and KOZ pumped-storage
units, with installed capacities of 180 MW and 420 MW, respectively. These units were considered
potential sources of flexibility within their technical limits. In addition to the generating units presented in
Table 13, battery energy storage systems and demand response were considered potential sources of
flexibility. The main demand-response sources considered were heat pumps and electric vehicles. Their
capacities or associated electricity consumption for the two target years are presented in Table 14.

Tablel4: Capacity of flexibility sources

2030 2035
Power BHEE [MW] 185 309
Capacity BHEE [MWh] 560 935
DR 1 Demand HPs [GWHh] 871 1,935
DR 1 Demands EVs [GWh] 1,852 2,115

As shown in Table 14, the assumed battery storage power capacity increases from 185 MW in 2030 to
309 MW in 2035, while its energy capacity increases from 560 MWh to 935 MWh. This indicates an
increase in the battery storage resources considered within the TSO flexibility portfolio.

Demand response was also considered as a potential source of flexibility at the TSO level, with heat
pumps and electric vehicles identified as the main demand-response categories. The electricity demand
associated with heat pumps increases from 871 GWh in 2030 to 1,935 GWh in 2035, while the electricity
demand associated with electric vehicles increases from 1,852 GWh to 2,115 GWh. These values
represent the electricity demand associated with these categories and should not be interpreted as the
amount of fully available flexible energy.

Cross-border interconnections were included in the TSO assessment on the basis of net transfer
capacities derived from actual commercial flows in 2025 and planned increases in transmission capacity.

For the DSO assessment, the portfolio of non-fossil flexibility resources considered in the analysis is
described in detail in Section 3.1.2.10. This includes the quantitative deployment assumptions for
demand-side resources, distributed generation and battery energy storage (Table 8), together with the
technology-specific operational and flexibility assumptions applied in the assessment (Table 9) and the
corresponding implementation assumptions (Table 10). These assumptions define the non-fossil
flexibility resources available to address identified distribution network flexibility needs and therefore are
not repeated in this section.

3.4. Other assumptions

Assumptions applied in the TSO assessment

TESG6 treatment - In the Slovenian context, the specific treatment of TES6 as a hon-market must-run
unit is implemented as an exogenous constraint without altering the fundamental EVA equilibrium logic.
In previous ERAA cycles, the EVA results for Slovenia have typically reflected:
1 a moderate increase in demand-side response (DSR), indicating a growing role of flexibility
resources; and
1 the progressive phase-out of coal and lignite-fired power plants. For Slovenia, this implied the
economic exit of TES6 under purely market-based profitability assumptions.

However, due to the recent transition of TES6 into a public economic service of heat provision (service
of general economic interest), its operation is no longer determined exclusively by electricity market
profitability. In order to reflect national regulatory and security-of-supply considerations, the unit is
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retained in the 2030 modelling horizon with a minimum operational level represented as a non-market
must-run constraint during the winter (October-March). This treatment represents a justified national
regulatory refinement while maintaining consistency with the ERAA reference scenarios and the
structural assumptions resulting from the EVA process.

Market Time Unit (MTU) - Although a 15-minute Market Time Unit (MTU) was introduced in the
European day-ahead market from October 2025, the assessment was performed using a one-hour MTU.
This reflects the continued hourly discretisation of cross-border transfer-capacity allocation together with
the temporal resolution of the available historical and forecast datasets used in the assessment.

Assumptions applied in the DSO assessment

The assessment of DSO network needs assumes different applicability of selected non-wire solutions
in 2030 and 2035, reflecting the planning assumptions adopted for each target year. Consequently, the
availability of smart-grid functionalities, network operational measures and flexibility-based solutions
increases over the planning horizon, reflecting the expected development of DSO control systems,
planning methodology and the applicable regulatory framework.

The implementation of certain network operational measures is assumed to be constrained by the
existing regulatory framework and the current distribution network planning methodology. In particular,
advanced voltage control is not considered applicable in the 2030 assessment, as the current planning
methodology evaluates voltage performance primarily through feeder voltage drops rather than voltage
compliance at individual customer connection points. Since advanced voltage control mainly optimises
the overall voltage profile without reducing feeder voltage drops, it is not compatible with the current
reinforcement criteria. Its implementation is therefore assumed only in the 2035 scenario, reflecting the
expected evolution of the planning methodology.

The assessment further assumes that advanced active network management capabilities, including
coordinated real-time control of distributed energy resources based on MV and LV state estimation, are
not yet available within the considered planning horizon. Accordingly, flexibility is represented through
predefined operational measures rather than dynamic optimisation of distributed resources. Flexible
Connection Agreements (FCAs) are modelled as rule-based operational arrangements that enable
active power limitation under predefined network conditions and are therefore considered as planning
measures rather than market-based flexibility services. Their application is assumed to expand
progressively in line with the expected development of distribution network operation.

Furthermore, the FNA incorporates methodological refinements and updated input datasets developed
during the preparation of the forthcoming DNDP 20271 2036, on the assumption that these refinements
will be adopted in the final version of the DNDP. As the DNDP 20271 2036 had not yet been published
at the time of the assessment, there remains a risk that the final DNDP may differ from the planning
assumptions adopted in the FNA. Such differences could affect the consistency between the FNA results
and the subsequently published DNDP, although they are not expected to materially alter the overall
assessment methodology.

Other DSO-specific technology and operational assumptions are provided in Tables 9 and 10.
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4. Results of flexibility needs assessment

This chapter presents the results of the national Flexibility Needs Assessment in accordance with
Regulation (EU) 2019/943 (the Electricity Regulation), Article 19e(2), and the Flexibility Needs
Assessment Methodology, Articles 8 to 12. It summarises the initial system flexibility needs and the
transmission and distribution network flexibility needs under the selected assessment scenarios. As the
conditions for fine-tuning were not met (see Section 2.3.8), adjusted (fine-tuned) system flexibility needs
in accordance with Article 14 of the FNA Methodology are not presented.

4.1. System-wide flexibility needs

In this section, the results related to the System Flexibility Needs assessment are provided. According
to the methodology, the results are structured as follows:

1 RES Integration Needs
1 Ramping Needs
91 Short-Term flexibility Needs

4.1.1. RES integration

This section presents the results of the assessment of RES integration needs in accordance with Article
8 of the FNA Methodology. It characterises the identified RES integration needs, presents the quantified
uncovered RES integration needs under the analysed scenarios, and assesses the potential contribution
of additional flexibility resources to reducing the identified uncovered RES integration needs.

4.1.1.1. Residual load as the characterisation of RES integration needs

As described in Section 2.3.6.1, the assessment applies the derogation permitted under Article 8(3) of
the FNA Methodology for the first FNA report, whereby the additional RES curtailment resulting from
uncovered ramping and short-term flexibility needs is not included in the quantified RES integration
needs. Consequently, the characterisation presented in this section is based directly on the residual
load time series, with RES integration needs determined directly from the negative residual load.

Figure 5 shows the residual load time series for the Base scenario, while Figure 6 presents the residual
load duration curves for all analysed scenarios. For clarity of presentation, the negative residual load in
Figure 5 is also expressed with positive values.
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Figure5: Residual load timseries- target year 2030 (above), 2035 (below)

An observable decrease in residual load is observed during the summer period when TES6 and TETOL
are not in operation, as their operation is linked to heat supply. During transitional periods (spring and
autumn), the combination of must-run thermal generation and still significant solar PV output leads to
the most pronounced negative residual load conditions.
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Figure6: Residual load duration curgdarget year 2030 (above), 2035 (below)

Selected RES integration needs indicators derived from the residual load are summarised in Table 15
for all analysed weather scenarios and both target years. Figure 12 presents the corresponding average
daily residual load profiles.
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Tablel5: RES integration needs indicators

Target year 2030
. Hours with
M§X|mum.RES Potential curtailed RES . Average RES
WS integration energy [GWh] integration integration need

need [MW] needs [MW]

Base 1,010 396.25 1,327 298.61

WS23 1,010 666.45 1,706 390.65

WS25 1,010 867.83 1,891 458.92

WS18 1,010 688.28 1,755 392.18

WS27 1,010 755.89 1,758 429.97

WS35 1,010 718.61 1,639 438.44

Target year 2035
. Hours with
Maximum RES . . Average RES
WS integration Poéﬁgtrgll ?é:/t\ml]ed intelz;lrzastion integration need

need [MW] needs [MW]

Base 513 542.47 1,584 342.47

WS23 513 712.3 1,904 374.11

WS25 513 826.44 2,122 389.46

WS18 513 737.25 1,982 371.98

WS27 513 753.77 1,977 381.27

WS35 513 724.74 1,906 380.24
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Average daily residual load by scenario
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Figure7: Average daily residual loagitarget year 203@above), target year 2035 (below)

The average daily residual load profile exhibits a pronounced midday decline caused by (mainly) PV
generation. At a certain time of the day, residual load becomes negative, indicating a surplus of
generation that cannot be absorbed by demand. These periods correspond to RES integration needs

identified through negative residual load. It should be highlighted that the graphs in the Figure 7 present

the average daily profile of residual load based on the whole target year and for each analysed scenario,

while the RES Integration Needs are determined by days with a lot higher PV production, resulting in

much higher negative values of Residual load and consequently much higher RES integration Needs.

The graphs in Figure 7 also show the impact of the WS considered, clearly illustrating RES integration
needs based on the assumption of negative residual
characterised by a sharp decline in residual load during hours of high PV production.

It can be observed that during the early morning hours (07 8), the system requires generation due to
positive residual load. Between hours 9 and 14, a sharp decline in residual load occurs as a result of PV
production. At a certain time of the day, depending on the scenario, residual load becomes negative,
and RES integration needs emerge. After hour 15, a very steep afternooni evening ramp appears,
indicating the need for flexible generation.

Figure 8 shows the residual load heatmap for the entire target year.
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Figure8: Residual load heatmaptarget year 2030 (above), 2035 (below)

Unlike the average daily profile (Figure 7), the graphs in Figure 8 show that the residual load can
decrease to as low as 1000 MW (for the target year 2030), while in the target year 2035, the value is
significantly lower due to less must-run production (TES6 not operating anymore)-more clearly visible
in the Figure 6. However, as can be seen from Figure 8, the negative values occur primarily during
periods of PV generation.

4.1.1.2. Characterisation of RES generation curtailment

In accordance with the methodology described in Section 2.3.6.1, explicit RES generation curtailment
time series are not derived from the economic dispatch results. Therefore, potential RES generation
curtailment is characterised through the temporal distribution of negative residual load (potential
curtailed energy), in accordance with Article 8(3) of the FNA Methodology.

The probabilistic characterisation of potential RES generation curtailment is based on the probability
distribution of residual load and percentile-based indicators across the analysed scenarios. These
distributions characterise the frequency and magnitude of negative residual load conditions throughout
each target year, reflecting periods of increased RES integration stress and downward flexibility
requirements.

The detailed hourly, daily and seasonal indicators required under Article 8(11 5) of the FNA Methodology
are provided in Annex |, while the main probabilistic indicators are presented in Table 16 and Figure 9.
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Tablel6: Probabilistic indicators of negative residual load representing potential RES generation curtailment

The table presents the probability of negative residual load conditions, selected residual load percentiles
and high-percentile surplus indicators characterising the magnitude and frequency of RES integration

Target year 2030

WS P7([F§/|;]<O) R[I,;,ls\?]S R[km",’\f]o R[k,ls\;’]f’ Suggéus Suprg;us

[MW] [MW]
Base 15.15 -383 727.24 | 1,207.69 383 549.15
WS23 19.47 -383.41 | 766.32 | 1,391.18 | 38341 967.57
WS25 21.59 -656.38 | 816.49 | 1,470.75 | 656.38 1,010
WS18 20.03 -402.67 | 769.67 | 1,429.98 | 402.67 974.65
WS27 20.07 -541.37 | 797.28 | 1,410.45 | 541.37 1,010
WS35 18.71 -570.56 | 781.76 | 1,375.12 | 570.56 1,010

Target year 2035

ws | PRL) | RLpOS | Rupso | Rupos | 205 | S0

[MW] [MW]
Base 18.08 -383 988.17 | 1711.91 383 504.29
WS23 21.74 -421.56 | 1,099.45 | 1,945.09 | 421.56 513
WS25 24.22 -507.73 | 1,202.22 | 2,048.92 | 507.73 513
WS18 22.63 -414.49 | 1,115.21 | 2,001.51 | 414.49 513
WS27 22.57 -451.29 | 1,142.4 1,959.3 451.29 513
WS35 21.76 -454.79 | 1,113.51 | 1,932.34 | 454.79 513

stress conditions. The residual load probability distribution is presented in Figure 9.

" Probability
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Residual load probability distribution
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Figure9: Residual load probability distributiatarget year 2030 (above), 2035 (below)

Similar to Figure 5, the highest probability density is observed around 500 MW. This reflects periods
with reduced or non-operational must-run generation. In 2035, although must-run generation is lower
due to the absence of TES6 operation, the higher installed PV capacity shifts the distribution towards
lower residual load values and increases the occurrence of low and negative residual load conditions.

Table 17 provides additional indicators required under Article 8(4)(d) and Article 8(5) of the FNA
methodology for the characterisation of RES integration needs and residual load variability.

Wind generation was not assessed separately due to its limited contribution. Correlations are therefore
reported only for PV generation and demand covered by the ED.

The correlation coefficients quantify the relationship between RES integration needs, represented by
periods of negative residual load (expressed as positive surplus), and key system conditions, namely
PV generation and demand. The results provide an indication of the main drivers of surplus generation
conditions and the occurrence of RES integration needs.
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In addition, residual load variability indicators are calculated for the hourly, daily and seasonal
timeframes in accordance with Article 8(5). The hourly indicator is calculated as the sum of absolute
variations between hourly residual load and its daily average, the daily indicator as the sum of absolute
variations between daily residual load and the weekly average, and the seasonal indicator as the sum
of absolute variations between monthly residual load and the annual average. These indicators provide
a guantitative assessment of residual load variability across different time horizons and support the
identification of flexibility needs associated with RES integration.

Tablel7: Additional indicators for the characterisation of RES integration needs in accordance with Article 8 of the FNA
methodology

Target year 2030
Corr Corr ) Corr
WS surplusi PV surplusi surplus—
demand wind
Base 0.739 -0.688 N/A
WS23 0.76 -0.708 N/A
WS25 0.782 -0.724 N/A
WS18 0.763 -0.708 N/A
WS27 0.779 -0.719 N/A
WS35 0.787 -0.707 N/A
Target year 2035
Base 0.851 -0.785 N/A
WS23 0.884 -0.815 N/A
WS25 0.912 -0.843 N/A
WS18 0.89 -0.818 N/A
WS27 0.903 -0.831 N/A
WS35 0.907 -0.827 N/A

The correlation analysis confirms that RES integration needs are primarily driven by PV generation, with
correlation coefficients between surplus conditions and PV generation ranging from 0.74 to 0.91 across
the analysed scenarios for both target years. Conversely, demand exhibits a strong negative correlation
with surplus conditions. The hourly variability indicator is significantly larger than the daily and seasonal
indicators, indicating that residual load variability is predominantly driven by intra-day fluctuations.
Increasing PV penetration results in higher hourly residual load variability and a stronger relationship
between surplus conditions and PV generation.

The complete set of RES integration assessment results, including RES integration targets, RES
generation curtailment, and residual load variability indicators at hourly, daily, and seasonal timeframes
for all target years and weather scenarios, is provided in Annex | (Tables 33i 44).

4.1.1.3. Uncovered needs

As described in Section 2.3.6.1, Slovenia applies the derogation in accordance with Article 8(3) of the
FNA Methodology. The Slovenian NECP does not define an acceptable or maximum level of RES
curtailment for the analysed target years and weather scenarios. All considered RES generation is
treated as non-dispatchable and is therefore not an optimisation variable in the economic dispatch
model. Consequently, explicit RES curtailment is not obtained as an optimisation result. Furthermore,
the economic dispatch model does not explicitly represent the underlying causes of RES curtailment,
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such as transmission or distribution network constraints. Therefore, no explicit RES curtailment time
series is derived from the economic dispatch results. In the present assessment, (potential) RES
curtailment is represented by the negative residual load, which reflects surplus RES generation and
corresponds to the identified RES integration needs. Accordingly, under the adopted methodology, the
indicators Total curtailed energy, Total uncovered RES integration need, Potential curtailed energy and
RES generation curtailment have identical values, as they represent the same surplus RES generation
from different methodological perspectives. Therefore, the total uncovered RES integration needs
correspond to the identified RES curtailment represented by the negative residual load. The
corresponding results are presented in Section 4.1.1.2 and Table 15, while the complete results for all
target years and weather scenarios are provided in Annex I.

4.1.1.4. Flexible resources needed to meet the uncovered needs

In accordance with Article 8(10) of the FNA Methodology, an assessment of additional flexibility
resources was performed. The objective of the assessment was to quantify the potential benefit of
additional flexibility resources in reducing the identified RES integration needs. The assessment
methodology is described in Section 2.3.3. The results are presented in Table 18 for target year 2030
and in Table 19 for the target year 2035.

The assessment shows that additional flexibility resources substantially reduce the identified uncovered
RES integration needs in both target years. For the analysed most critical weather scenario WS25, an
additional generic flexibility resource with an installed power of 1,000 MW was assessed for 2030 and
500 MW for 2035.

For the target year 2030, increasing the energy-to-power (E/P) ratio from 2 h to 8 h increased the
reduction of surplus energy from 62.3% to 99.8%, while further increases in the E/P ratio did not provide
any significant additional reduction of uncovered RES integration needs.

For the target year 2035, the reduction of surplus energy increased from 37.5% for a 2 h E/P ratio to
more than 99.3% for E/P ratios of 20 h and above. Most of the achievable reduction was already
obtained with an 8 h E/P ratio (99.3%), while longer-duration flexibility resources provided only marginal
additional benefits.

The assessment results show that increasing the energy-to-power ratio beyond approximately 8 hours
provides only limited additional reductions of uncovered RES integration needs under the analysed
conditions.
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Tablel8: Additional flexible resources to meet uncovered RES integration g&edget year 2030

Target WS Additio | Energy | Energy | Remain | Reduct | Reduct | Hours | Averag | Maxim Base Base Base RTE Availab
year nal -to- capacit ing ion of ion of with e um surplus | hours maxim [%] ility [%]

installe | power y surplus | surplus | surplus | remaini | remaini | remaini | energy with um

d ratio [MWh] | energy | energy | energy ng ng ng [GWh] | surplus | surplus

capacit [h] [GWh] [GWh] [%] surplus | surplus | surplus [MW]

y [MW] (MW] (MW]
2030 WS25 1,000 2 2,000 327.22 | 540.61 62.29 639 512.08 1010 867.83 1,891 1,010 90 100
2030 WS25 1,000 4 4,000 96.48 771.35 88.88 330 292.35 1010 867.83 1,891 1,010 90 100
2030 WS25 1,000 8 8,000 1.97 865.85 99.77 200 9.86 10 867.83 1,891 1,010 85 100
2030 WS25 1,000 20 20,000 1.97 865.85 99.77 200 9.86 10 867.83 1,891 1,010 75 100
2030 WS25 1,000 50 50,000 1.97 865.85 99.77 200 9.86 10 867.83 1,891 1,010 45 100
2030 WS25 1,000 100 100,000 1.97 865.85 99.77 200 9.86 10 867.83 1,891 1,010 40 100
2030 WS25 1,000 200 200,000 1.97 865.85 99.77 200 9.86 10 867.83 1,891 1,010 35 100
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Tablel9: Additional flexible resources to meet uncovered RES integration g&edget year 2035

Target WS Additio | Energy | Energy | Remain | Reduct | Reduct | Hours | Averag | Maxim Base Base Base RTE Availab

year nal -to- capacit ing ion of ion of with e um surplus | hours maxim [%] ility [%]

installe power y surplus | surplus | surplus | remaini | remaini | remaini | energy with um

d ratio [MWh] | energy | energy | energy ng ng ng [GWh] | surplus | surplus

capacit [h] [GWh] [GWh] [%] surplus | surplus | surplus [MW]

y [MW] (MW] (MW]
2035 WS25 500 2 1,000 516.83 | 309.61 37.46 1566 330.03 513 826.44 2,122 513 90 100
2035 WS25 500 4 2,000 228.62 | 597.82 72.34 1010 226.36 513 826.44 2,122 513 90 100
2035 WS25 500 8 4,000 6.06 820.38 99.27 458 13.24 290.4 826.44 2,122 513 85 100
2035 WS25 500 20 10,000 5.72 820.72 99.31 456 12.54 13 826.44 2,122 513 75 100
2035 WS25 500 50 25,000 5.72 820.72 99.31 456 12.54 13 826.44 2,122 513 45 100
2035 WS25 500 100 50,000 5.72 820.72 99.31 456 12.54 13 826.44 2,122 513 40 100
2035 WS25 500 200 100,000 5.72 820.72 99.31 456 12.54 13 826.44 2,122 513 35 100
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Assessment pursuant to Article 16(5) of the FNA Methodology

To further characterise the identified system needs, the uncovered flexibility needs time series were
analysed by identifying continuous flexibility-needs events, defined as consecutive MTUs with
uncovered needs. For each event, the duration, maximum power requirement and energy volume were
determined. These event characteristics provide additional technical information on the identified
flexibility needs and support the assessment of the capability of different flexibility resources to address
them, in accordance with Article 16(5) of the FNA Methodology.

Figure 10 presents the technical characteristics of identified flexibility-needs events for RES integration,
ramping and STF needs in terms of the above-listed indicators, thereby illustrating the technical
characteristics of the identified system needs. The results are presented for WS25 demonstrating the
highest needs.

Technical characteristics of flexibility needs events - 2030 - WS25

Flexibility need
® Downward uncovered ramping need
o Expected downward uncovered short-term flexibility need
O Uncovered RES integration need

y
800 A g

1000 A

ST ST |
O

g o
o g ° 8 ©
ﬂé 600 g ®
3 8 ¢ ®
g 400 - s g @
g ' 8 @ @ @
i

200 A 3 g e py °

e
A I T I T T T

2 4 6 8 10
Event duration [h]

Technical characteristics of flexibility needs events - 2035 - WS25

Flexibility need
@ Downward uncovered ramping need
© Expected downward uncovered short-term flexibility need
O Uncovered RES integration need

1000 A

o» o

800 1

600

®0e® @00 00

400 A

Maximum need during event [MW]

o0

200 4

ew @
o) @O @ C’ '

@

@

@O

omEme 0 @ 0@ @0 (9 oe@W. O

WO OO

10

N
s
=]

Event duration [h]

Figurel0O: Contribution of additional flexibility resources to reducing uncovered RES integration needs, target year 2030
above, 2035 below
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Assessment pursuant to Article 16(6) of the FNA Methodology

In accordance with Article 16(6) of the FNA Methodology, the capability of additional flexibility resources
to reduce uncovered RES integration needs was assessed using a technology-neutral generic flexibility
resource, as described in Section 2.3.3. The generic resource does not represent a specific flexibility
technology but rather a common mathematical representation applicable to different flexibility resources,
such as battery energy storage systems, pumped-storage hydropower, aggregators, prosumers, electric
vehicles and other demand-side flexibility resources.

The generic flexibility resource was characterised by its installed power, energy capacity, energy-to-
power ratio, availability and representative round-trip efficiency, consistent with the same assumptions
adopted for the assessment pursuant to Article 8(10) of the FNA Methodology. Different technical
characteristics were represented through different energy-to-power ratios while maintaining a
technology-neutral approach.

Within the adopted modelling framework, the different flexibility technologies are represented by the
same generic mathematical model, while differences in the activation cost of individual technologies
were not considered, as the assessment focuses on their technical capability rather than their economic
performance.

The resulting contribution curves provide a technology-neutral basis for assessing the marginal
contribution of additional flexibility capacity to reducing uncovered RES integration needs, in accordance
with Article 16(6) of the FNA Methodology.

The resulting contribution curves for weather scenario WS25 are presented in Figure 11.
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Contribution of additional flexibility resources to reducing uncovered RES integration needs - 2035, WS25
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Figurell: Contribution of additional flexibility resources to reducing uncovered RES integration needs, target year 2030
above, 2035 below

As shown by the event-characterisation results presented previously pursuant to Article 16(5), the
identified uncovered RES integration events are predominantly short in duration. Consequently,
flexibility resources with shorter duration characteristics exhibit a higher technical capability to reduce
uncovered RES integration needs. As illustrated by the contribution curves, increasing the duration of
flexibility resources beyond the observed event lengths results in diminishing marginal reductions of
uncovered RES integration needs under the analysed conditions.

The slope of the contribution curves represents the marginal contribution of additional flexibility capacity
to reducing uncovered RES integration needs. Generic flexibility resources characterised by shorter
energy-to-power ratios provide steeper contribution curves and therefore achieve a greater reduction of
uncovered RES integration needs per additional unit of flexibility energy capacity under the analysed
conditions.

Assessment pursuant to Article 16(7) of the FNA Methodology

The analyses presented in Sections 4.1.2, 4.1.3, and 4.2.2 indicate that the capability of the flexibility
resources represented in the assessment is generally sufficient to meet the quantified upward flexibility
needs. For ramping and short-term flexibility needs, upward uncovered needs are either not identified
or are limited to isolated events of negligible magnitude. For transmission network flexibility, no upward
needs were identified under normal operating conditions (N). The identified upward flexibility needs arise
only under contingency conditions (N-1), where they are a direct consequence of network constraints
following unit outages rather than a lack of system-wide flexibility capability. Such needs are considered
to be covered through the procurement of balancing and ancillary services. The results therefore do not
indicate a systematic lack of upward flexibility capability under the analysed scenarios.
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4.1.2. Ramping needs

The ramping needs have been calculated as described in Section 2.3.6.2.

In general, ramping needs measure the rate of change in residual load and thus indicate the requirement
for flexibility resources capable of rapidly increasing or decreasing power output. Consequently, a low
or even zero energy surplus may still result in a significant ramping challenge, while a large energy
surplus may correspond to relatively moderate ramping needs.

While RES integration needs (evaluated in the previous chapter) capture hours of generation surplus
through negative residual load values, ramping needs capture the rate of change of residual load
between consecutive MTUs. The former indicates the need for absorbing surplus energy, whereas the
latter reflects the requirement for flexible resources capable of rapidly increasing or decreasing output.

Figure 12 presents the calculated residual load ramping requirements for the Base scenario, Figure 13
presents the ramping duration curve (upward and downward) for the Base scenario, and Figure 14
presents the average daily ramping needs (also presented separately for upward and downward
ramping) for the Base scenario. Table 20 summarizes the characterisation of residual load ramping
requirements for all analysed scenarios.
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Figurel2: Residual load ramping requirememttarget year 2030 (above), 203below).
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Base - Ramping duration curve
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Figurel3: Ramping duration curvetarget year 2030 (above), 2035 (below).
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Figurel4: Average daily ramping needgarget year 2030 (above), 2035 (below).

4.1.2.1. Characterisation of ramping capacity

The ramping margin indicates how much additional ramping (capacity) the system could still

accommodate beyond the already optimised solution obtained through unit commitment and ED. The

ED simulations ensure that residual load is covered while respecting the technical constraints of power

plants, including ramping limits. Ramping margins are subsequently derived to quantify the remaining
flexibility available in each MTU. These margins ind
variability arising, e.g. from forecast errors or higher RES penetration. In simplified terms, the simulation

indicates whether the system operates feasibly, while the margin indicates the degree of robustness

with which the system operates.

The ramping margin calculation therefore shows how much actual flexibility remains in the system after
accounting for the realised dispatch. It indicates whether the system could handle additional variability
and identifies the MTUs in which the system is constrained or operating at its capacity. Ramping needs
and ramping margins are summarised in Table 20.
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Table20: Ramping needs KPIs

Target year 2030

WS Base WS23 WS25 WS18 WS27 WS35
Average upward ramping needs [MW] 149.02 191.84 | 214.43 | 200.38 | 199.61 | 190.24
Average downward ramping needs [MW] 110.65 142,22 | 157.38 | 146.13 | 147.21 | 141.71
Maximum upward ramping needs [MW] 737.61 832.12 | 827.55 | 850.22 | 795.43 834.6
Maximum downward ramping needs [MW] 786.81 842.67 | 867.58 | 843.12 | 855.89 | 859.34
Minimum residual load variation [MW] -786.81 -842.67 | -867.58 | -843.12 | -855.89 | -859.34
P95 upward ramping needs [MW] 344.82 422.23 | 492.22 | 44589 | 471.72 | 442.47
P95 downward ramping needs [MW] 306.19 389.79 | 471.77 412.67 | 434.63 | 405.44
Minimum upward ramping margin after 1098.1 | 820.11 | 786.49 | 763.09 | 719.43 | 762.66
need [MW]
Minimum downward ramping margin after -556.23 | -460.87 | -498.54 | -470.04 | -523.53 | -623.23
need [MW]
MTUs with downward uncovered ramping 270 306 355 336 333 319
needs
Average downward uncovered ramping 133.83 | 148.66 | 178.49 | 157.47 | 180.62 | 185.06
needs [MW]
[F:\;)\?V]do""“""ard uncovered ramping needs 333.4 358.63 | 386.73 | 356 | 378.39 | 42251
Maximum downward uncovered ramping 556.23 | 460.87 | 498.54 | 470.04 | 523.53 | 623.23
needs [MW]
Probgblllty of downward uncovered 3.08 3.49 4.05 384 38 3.64
ramping needs [%]
MTUs with upward uncovered ramping 0 0 0 0 0 0
needs
Average upward uncovered ramping needs 0 0 0 0 0 0
(MW]
P95 upward uncovered ramping needs

0 0 0 0 0 0
(MW]
Maximum upward uncovered ramping
needs [MW] 0 0 0 0 0 0
Probability of upward uncovered ramping 0 0 0 0 0 0
needs [%]
Target year 2035

WS Base WS23 WS25 WS18 WS27 WS35
ﬁ)l’\%]age upward ramping requirement 192.42 | 265.14 | 292.41 | 275.41 | 270.56 | 256.88
[Al\x\%]age downward ramping requirement 139.47 | 199.12 | 2168 | 20554 | 20231 | 195.73
Maximum upward ramping requirement 1069.94 | 1240.09 | 1327.62 | 1255.23 | 1265.7 | 1345.79

(MW]
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Maximum downward ramping requirement

needs [%]

[MW] 1198.77 1264.16 1360 1344.47 | 1359.89 | 1341.75
Minimum residual load variation [MW] -1198.77 | -1264.16 | -1360 |-1344.47|-1359.89|-1341.75
P95 upward ramping requirement [MW] 475.79 587.25 | 690.07 | 608.05 | 632.21 | 579.44
P95 downward ramping requirement [MW] 414.1 541.4 613.08 | 560.45 | 544.87 | 513.48
Minimum upward ramping margin after 296.48 38.04 | -67.15 | -40.55 | -74.67 | 428
need [MW]

Minimum downward ramping margin after -866.8 | -963.05 |-1039.31|-1079.98 | -1024.16 | -1153.5
need [MW]

MTUs with downward uncovered ramping 326 405 433 455 432 361
needs

Average downward uncovered ramping 166.16 | 207.39 | 303.46 | 227.87 | 267.23 | 298.02
needs [MW]

[Plvgl\?\/]do""“""ard uncovered ramping needs | 41909 | 55852 | 764.35 | 602.93 | 691.58 | 868.08
Maximum downward uncovered ramping

needs [MW] 866.8 963.05 | 1039.31 | 1079.98 | 1024.16 | 1153.5
Probgblllty of downward uncovered 3.72 4.62 4.94 519 4.93 412
ramping needs [%]

MTUs with upward uncovered ramping 0 1 3 1 1 0
needs

,[Al\x\?\;]age upward uncovered ramping needs 0 38.04 40.69 40.55 74.67 0
P95 upward uncovered ramping needs 0 38.04 64.3 40.55 74.67 0
(MW]

Maximum upward uncovered ramping 0 38.04 67.15 40.55 74.67 0
needs [MW]

Probability of upward uncovered ramping 0 0.01 0.03 0.01 0.01 0

4.1.2.2. Uncovered needs

As can be observed from Table 20 upward uncovered ramping needs were identified only in a limited
number of MTUs in several 2035 scenarios, with maximum values below 75 MW. In the target year
2030, there were no identified uncovered upward ramping needs. Compared to downward uncovered
ramping needs, both their frequency and magnitude are negligible and therefore the analysis focuses

on downward ramping limitations.

Figure 15 presents the downward ramping capacity compared with the ramping needs for the Base
scenario, while Figure 16 presents the downward uncovered ramping needs for the Base scenatrio.
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Figurel5: Downward ramping capacity vs neegiarget year 2030 (above), 2035 (below).
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Base - Average uncovered downward ramping need
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Figurel6: Average uncovered downward ramping needyy month and hour target year 2030 (above), 2035 (below).

The graphical representation confirms that downward uncovered ramping needs predominantly occur
during periods of high PV generation combined with lower system demand. The results indicate that the
system has sufficient upward ramping capability to accommodate increases in residual load. However,
downward ramping limitations occur during periods of rapidly decreasing residual load, typically
associated with high RES (PV) production and low demand. The results indicate limited system
capability to reduce generation sufficiently quickly, highlighting the need for additional downward
flexibility.

Downward uncovered ramping needs are mainly concentrated in the morning hours between 07:00 and
10:00 and occur predominantly during months with high solar generation, particularly from July to
September. This pattern indicates that the system experiences the greatest flexibility stress during
periods of rapid solar output increase, when conventional generation must quickly reduce output but is
constrained by minimum generation levels and ramping limits.

The isolated night-time downward ramping needs observed in 2035 are limited to a small number of
hours and are of relatively low magnitude. Compared to the downward ramping needs associated with
high RES generation, their contribution is negligible, and they therefore have a negligible impact on the
overall flexibility assessment.

Monthly probability of downward uncovered ramping needs for analysed scenarios is shown in Figure
17.
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Monthly occurrence of RES integration needs
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Figurel7: Monthly probability olownward ramping needstarget year 2030 (above), 2035 (below).

The monthly probability of downward uncovered ramping needs shows a pronounced seasonal
concentration of flexibility inadequacy during summer and early autumn months. The highest
probabilities are observed in scenarios characterised by elevated solar PV generation and prolonged
negative residual load conditions. This indicates that downward flexibility limitations are primarily
associated with midday RES surplus conditions during high solar production periods.

Table 21 presents the correlation between residual load variations, downward uncovered ramping needs
and selected system conditions. The analysis aims to identify the main drivers of ramping requirements
and potential ramping shortages by assessing their relationship with PV generation and demand.

For the purposes of this analysis, residual load variations are represented by the absolute changes in
residual load between consecutive MTUs, while downward uncovered ramping needs correspond to
situations where the available downward ramping capability is insufficient to cover the calculated
downward ramping requirements. Correlation coefficients are reported for PV generation and demand,
which represent the main drivers of residual load variability in the analysed system.
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Table21: Correlation between residual load variations, downward uncovered ramping needs and keyceyxi@ions

Target year 2030
. . Corr Corr Corr Corr
Corr rampi Corr rampi uncovered
WS ramp- uncovered . uncovered
PV demand . " needi .
wind needi PV need-wind
demand
Base 0.21 -0.137 N/A 0.232 -0.207 N/A
WS23 0.18 -0.09 N/A 0.209 -0.206 N/A
WS25 0.174 -0.1 N/A 0.214 -0.208 N/A
WS18 0.161 -0.075 N/A 0.205 -0.201 N/A
WS27 0.179 -0.101 N/A 0.209 -0.202 N/A
WS35 0.192 -0.101 N/A 0.214 -0.186 N/A
Target year 2035

Base 0.043 -0.054 N/A 0.142 -0.155 N/A
WS23 -0.02 0.01 N/A 0.152 -0.186 N/A
WS25 -0.027 0.003 N/A 0.149 -0.196 N/A
WsS18 -0.025 0.012 N/A 0.145 -0.178 N/A
Ws27 -0.021 0.002 N/A 0.151 -0.191 N/A
WS35 -0.007 -0.003 N/A 0.145 -0.159 N/A

Only weak linear correlations were identified between residual load variations and the analysed system
conditions. This indicates that ramping requirements are driven by the combined effect of hourly
changes in residual load rather than by the absolute level of a single variable. Downward uncovered
ramping needs show a weak positive correlation with PV generation and a weak negative correlation
with demand, confirming that downward ramping constraints are more likely during periods of higher PV
production and lower demand.

4.1.2.3. Flexible resources needed to meet the uncovered needs

As can be observed from the results in Table 20, the available ramping capability is sufficient to manage
upward variations of residual load in almost all MTUs:

1 no upward uncovered ramping needs arise in any 2030 weather scenario;

1 no upward uncovered ramping needs arise in the 2035 Base and WS35 scenarios;

1 only one to three affected MTUs occur in each of the other 2035 weather scenarios;

1 the maximum identified upward shortfall is below 75 MW.

The ramping residual margins can therefore be characterised as providing adequate upward ramping
capacity throughout virtually the entire assessed period. The few positive uncovered needs in 2035
indicate isolated combinations of dispatch position, unit availability and technical ramping constraints
rather than a persistent lack of upward capability. However, it should be noted that the assessment was
performed using a one-hour MTU, reflecting the hourly discretisation of cross-border transfer capacity
allocation and the temporal resolution of the available input time series. Although a 15-minute MTU has
been implemented across the common European day-ahead electricity market, the present assessment
evaluates the capability of the considered flexibility resources to address the identified upward ramping
needs on an hourly basis only. The assessment considered all flexibility resources included in the
economic dispatch, according to their technical capabilities. Even though the results indicate that the
available upward ramping capability is sufficient at a one-hour temporal resolution, this conclusion
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cannot be directly extended to a 15-minute MTU, where faster response capabilities from flexibility
resources may be required, potentially resulting in uncovered upward ramping needs.

As no material uncovered upward ramping needs were identified for 2030 and only negligible uncovered
upward ramping needs were identified for a limited number of MTUs in some 2035 WS, no further
assessment of the technical capability of additional flexibility resources for upward ramping was
considered necessary. Accordingly, no assessment of the cost-efficiency of additional flexibility
resources was performed, as no additional flexibility resources were identified as necessary to address
the analysed needs.

4.1.3. Short-term flexibility needs

The assessment identifies short-term flexibility needs in both upward and downward directions.
However, the results show a clear asymmetry between the two directions: the Slovenian system has
sufficient upward flexibility in the analysed scenarios, while downward flexibility is the limiting factor,
particularly in 2035.

AsshowninTable22, #f Stheorrmh fl exi bility needs i ndi-termflegibiisgd, t he
requirement in 2030 ranges from approximately 798 MW to 911 MW, depending on the weather

scenario, while the maximum downward requirement ranges from approximately 968 MW to 1,254 MW.

By 2035, the maximum upward requirement increases to approximately 1,3037 1,505 MW, and the

maximum downward requirement rises to approximately 1,599i 2,105 MW.

Table22: Shortterm flexibility needs indicators

Target year 2030

WS Base WS23 | WS25 | WS18 | WS27 | WS35
Max upward short-term ramp need [MW]: 798.24 | 911.47 | 896.7 | 837.32 | 861.49 | 854.28
Max downward short-term ramp need [MW]: 1254.37 (1073.17 | 1017.21 | 1130.34 | 1096.44 | 968.25
Max upward uncovered STF need 0 0 0 0 0 0
Max downward uncovered STF need 1086.9 | 900.43 | 535.23 | 798.98 | 862.77 | 791.06
MTUs with upward uncovered STF needs 0 0 0 0 0 0
MTUs with downward uncovered STF needs 495 493 615 637 621 447

Target year 2035

WS Base WS23 | WS25 | WS18 | WS27 | WS35
Max upward short-term ramp need [MW]: 1302.82 | 1505.21 | 1480.82 | 1382.76 | 1422.67 | 1410.78
Max downward short-term ramp need [MW]: 2104.67 | 1772.26 | 1679.83 | 1866.67 | 1813.78 | 1598.99
Max upward uncovered STF need 0 0 0 0 0 0
Max downward uncovered STF need 1885.76 | 1546.62 | 1350.05 | 1263.89 | 1495.42 | 1223.9
MTUs with upward uncovered STF needs 0 0 0 0 0 0
MTUs with downward uncovered STF needs 746 745 1104 989 1063 829

The same table shows that no uncovered upward short-term flexibility needs are identified in either
target year. This means that all simulated upward deviations can be accommodated by the flexibility
assumed to be available in the system. In contrast, uncovered downward needs occur in every analysed
weather scenario. In 2030, the maximum uncovered downward need ranges from approximately 535
MW to 1,087 MW, increasing to approximately 1,224i 1,886 MW in 2035. The number of affected MTUs

81



also rises from 4471637 MTUs in 2030 to 745i 1,104 MTUs in 2035. These results indicate that
downward short-term flexibility deficits become both larger and more frequent over time.

The percentile-based characterisation presented in Table 23, i Starm rflexibility needs and

uncovered short-t er m fl exi bil ity needs percentil eso, shows

short-term flexibility requirements, while substantially larger needs occur in a limited number of extreme
situations. This is reflected in the zero P0.1 values and in the considerable difference between the high
percentiles and the annual maximum values.

For 2030, the P99.9 upward short-term flexibility requirement ranges from approximately 412 MW to
506 MW, while the corresponding downward requirement ranges from approximately 403 MW to 530
MW. The P99.9 downward uncovered need ranges from approximately 151 MW to 227 MW, whereas
the upward uncovered value remains zero in all scenarios.

In 2035, the upper percentiles of the distribution increase substantially, indicating more severe high-
demand flexibility events. The P99.9 downward short-term flexibility requirement increases to
approximately 67371 871 MW, while the P99.9 downward uncovered need increases to approximately
3351479 MW. The P95 and P99 values show the same upward trend, confirming that both frequent
high-flexibility events and more extreme events become more demanding by 2035.

Table23: Shortterm flexibility needs and uncovered shtatm flexibility needs percentiles

Target year 2030
WS Base | WS23 | WS25 | wWS18 | WS27 | WS35
P0.1 Upward STF ramp needs [MW] 0 0 0 0 0 0
P0.1 Downward STF ramp needs [MW] 0 0 0 0 0 0
P0.1 Upward uncovered STF needs [MW] 0 0 0 0 0 0
P0.1 Downward uncovered STF needs [MW] 0 0 0 0 0 0
P99.9 Upward STF ramp needs [MW] 431.48 | 411.58 | 506.22 | 429.59 | 483.4 | 459.91
P99.9 Downward STF ramp needs [MW] 402.52 | 430.54 | 529.6 | 453.05 | 506.58 | 483.78
P99.9 Upward uncovered STF needs [MW] 0 0 0 0 0 0

P99.9 Downward uncovered STF needs [MW)] 167.32 | 150.57 | 227.26 | 200.64 | 214.9 | 163.15

P95 Upward STF ramp needs [MW] 95.93 | 99.59 | 113.14 | 102.24 | 105.48 | 100.01
P95 Downward STF ramp needs [MW] 94.9 97.66 110 100.84 | 101.86 | 98.01
P99 Upward STF ramp needs [MW] 214.83 | 225.97 | 261.67 | 234.92 | 246.51 | 237.84
P99 Downward STF ramp needs [MW] 216.24 | 227.11 | 266.7 236.7 | 249.59 | 233.72

Target year 2035

WS Base | WS23 | WS25 | wWS18 | WS27 | WS35
P0.1 Upward STF ramp needs [MW] 0 0 0 0 0 0
P0.1 Downward STF ramp needs [MW] 0 0 0 0 0 0
P0.1 Upward uncovered STF needs [MW] 0 0 0 0 0 0
P0.1 Downward uncovered STF needs [MW] 0 0 0 0 0 0
P99.9 Upward STF ramp needs [MW] 732.31 | 670.36 | 837.41 | 710.84 | 806.3 | 759.81
P99.9 Downward STF ramp needs [MW] 672.59 | 709.68 | 871.06 | 744.66 | 837.23 | 803.26
P99.9 Upward uncovered STF needs [MW] 0 0 0 0 0 0

P99.9 Downward uncovered STF needs [MW)] 361.41 | 335.48 | 479.42 | 404.43 | 476.68 | 395.01
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P95 Upward STF ramp needs [MW] 149.12 | 152.48 | 176.68 | 157.32 | 161.74 | 150.61
P95 Downward STF ramp needs [MW] 147.28 | 148.28 | 170.88 | 154.09 | 155.84 | 148.93
P99 Upward STF ramp needs [MW] 357.65 | 370.69 | 430.36 | 384.3 | 404.95 | 390.82
P99 Downward STF ramp needs [MW] 356.93 | 370.82 | 438.09 | 388.36 | 405.77 | 385.47

The intraday distribution shown in Figure 18, demonstrates that downward short-term flexibility
requirements are not distributed uniformly throughout the day. Their probability rises during the period
of increasing and high PV generation and reaches its highest levels around midday.

During the night and evening, the probability is considerably lower because PV forecast deviations have

little or no effect on residual load. The pattern becomes more pronounced in 2035, indicating a stronger
dependence of short-term flexibility needs on solar-generation conditions.
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Figurel8: Average hourly probability of downward shaerm flexibility needs by WStarget year 2030 (above), 2035
(below)
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A more detailed seasonal and hourly pattern is presented in Figure 19. The figure shows that uncovered
downward needs are concentrated mainly between approximately 09:00 and 13:00, while their
probability is generally negligible outside this interval.

The highest probabilities occur in late summer and early autumn, particularly in August and September,
and exceed 10% in the most critical hours. The stronger concentration of events in 2035 indicates that
increasing installed PV capacity raises both the magnitude of forecast deviations and the likelihood that
the available downward flexibility will be insufficient.

These conditions occur when actual PV production is higher than forecast or when demand is lower
than expected, causing residual load to fall below the level anticipated in the day-ahead schedule.
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Figurel9: Probability of downward uncovered sheerm flexibility needstarget year 2030 (above), 2035 (below)

The magnitude, frequency, energy and duration of uncovered needs are further quantified in Table 24.
In 2030, the average size of a downward uncovered event ranges from approximately 94 MW to 116
MW. The P95 value ranges from approximately 296 MW to 369 MW, while the P99 value ranges from
approximately 444 MW to 630 MW.
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The expected annual uncovered downward energy in 2030 ranges from approximately 4.5 GWh to 7.2
GWh, with approximately 45i 64 hours per year affected by uncovered downward needs. The
corresponding annual probability ranges from approximately 0.51% to 0.73%.

By 2035, the average event size increases to approximately 1597 188 MW, while the P95 value rises to
approximately 463i 586 MW and the P99 value to approximately 7907 926 MW. Expected annual
uncovered downward energy increases to approximately 11.87120.8 GWh, and the expected duration
rises to approximately 757110 hours per year. The probability of an uncovered downward need
increases to approximately 0.851 1.26%.

The Table 24 therefore shows that the deterioration between 2030 and 2035 affects every relevant
dimension of downward flexibility adequacy: event size, high-percentile capacity, annual energy,
duration and probability.
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Table24: Uncovered STF needs indicators

Target year 2030
AveragAveraioss lpos  |pos  |poo  |expecqexpecy il oo EXPep gy Pronas
upwargdownwgupwar gdownwgupwar ddownwa of upw
RS ;_T_'C:O\r/l:;_?_r:o:l:uncoveuncoveuncoveuncoveuncoveuncovezg\évi\rlzg(;\évgyiuncoveSg\évg;v:
per eVper e“[SI/lC\/]nE[SIACV]nE[SIACV]nE[S:ACV]nESIngyEIErgySTF STF [SOT/O]F "®STF ne
[ MW] [ MW] [ MWh] | [ MWh ] needs |needs [ %]
Base 0 105 0 333. 2 0 629. 5 0 5,197 0 49.5 0 0.57
WS 2 3 0 94 . 11 0 296 . 1 0 479. 2 0 4,640 0 49.3 0 0.56
WS 25 0 116. 2 0 369. 3 0 477 .1 0 7,151 0 61.5 0 0.7
WS18 0 102. ¢ 0 306.0 0 534. 1 0 6,522 0 63.7 0 0.73
WS 27 0 111. 3 0 343. 8 0 532.0 0 6,915 0 62.1 0 0.71
WS 35 0 100.0 0 319. 2 0 443.9 0 4,473 0 44 .7 0 0.51
Target year 2035
Base 0 164. 3 0 487.0 0 926. 0 0 12,25 0 74.6 0 0.85
WS 2 3 0 158. 8 0 462. 8 0 789. 6 0 11, 83] 0 74.5 0 0.85
WS 25 0 187.9 0 586. 0 0 888. 6 0 20, 754 0 110. 4 0 1.26
WS18 0 167. 1 0 522.0 0 829. 7 0 16, 53 0 98. 9 0 1.13
WS 27 0 187 . 2 0 584. ] 0 903. 4 0 19,90 0 106. 0 1.21
WS 3 5 0 172. ] 0 545. 8 0 868. 9 0 14, 31 0 82.9 0 0.95
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The annual distribution of these events is illustrated in the Figure 20c apt i oned fAExpected un
needs for selected WS, 2030 above, 2035 bel owo. The
concentrated clusters rather than continuously throughout the year. The 2035 profile contains both more

frequent and larger events than the 2030 profile, confirming that the increase in annual uncovered energy

results from a combination of higher individual deficits and a larger number of affected periods.
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Figure20: Expected uncovered STF needs for selected WS, 2030 above, 2035 bellow

The relationship between uncovered needs and prevailing system conditions is presented in Table 25. The

table shows a moderate positive correlation between downward uncovered short-term flexibility needs and

PV generation. In 2030, the correlation coefficients range from approximately 0.244 to 0.281, increasing to
approximately 0.3067 0.341 in 2035.

The correlation with demand is negative, ranging frol
approximately 1T0.246 to 1T0.297 in 2035. These results
likely during periods of high PV production and low electricity demand. The stronger coefficients in 2035

show that PV generation becomes an increasingly important driver of short-term system uncertainty and

downward flexibility deficits.

Wind correlations are reported as not available because wind forecast errors were not explicitly represented

in the assessment. Correlations for upward uncovered needs are also not presented because no upward

uncovered short-term flexibility needs were identified.



Table25: Correlation between uncovered STF needs and system conditions

Correlation downward Correlation downward
WS uncovered STF needsi |uncovered STF needsi
PV demand

Target year 2030

Correlation downward
uncovered STF needsi wind

Base 0.277 -0.239 N/A
WS23 0.274 -0.236 N/A
WS25 0.265 -0.248 N/A
WS18 0.281 -0.25 N/A
WS27 0.273 -0.251 N/A
WS35 0.244 -0.216 N/A

Target year 2035

Base 0.306 -0.246 N/A
WS23 0.312 -0.255 N/A
WS25 0.318 -0.291 N/A
WS18 0.320 -0.275 N/A
WS27 0.341 -0.297 N/A
WS35 0.310 -0.264 N/A

4.1.3.1. Characterisation of short-term upward and downward flexibility

The magnitude, frequency and temporal distribution of upward and downward short-term flexibility needs
are presented in Section 4.1.3. This subsection therefore focuses on the ability of the technically available
residual margins to cover those needs.

The residual margins represent the technically feasible adjustment remaining after the day-ahead dispatch.
The upward residual margin corresponds to the capability of available resources to increase their output,
while the downward residual margin corresponds to their capability to reduce output. These margins are
constrained by the scheduled operating point, minimum and maximum generation levels, ramping
capability, minimum up- and down-times, start-up and shut-down constraints, energy limitations of storage
and the availability of assets.

The modelled technical capability of dispatchable generation units is presented in Table 26. The table
shows the assumed upward and downward ramping capability and the operating limits of the units included
in the assessment.

Table26: Upward and downward ramping rate capability (pu) of dispatchable generation units

Unit i Power plant Pmax [MW] Pmin [MW] Ramp up [pu] | Ramp down [pu]
TEB 141 0 1 1
PE51 42 0 1 1
PE52 42 0 1 1
TETOL_BLOK1 42 0 1 1
PE500 500 0 1 1
HEBLA 39 0 1 1
HEBOS 32,1 0 1 1
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HEBREZ 48 0 1 1
HEDOB 81,4 0 1 1
HEDRA 28,8 0 1 1
HEFAL 56,8 0 1 1
HEFOR 116 0 1 1
HEKRS 39 0 1 1
HEMAR_O 62,4 0 1 1
HEMAV 38 0 1 1
HEMED 25 0 1 1
HEMOS 21 0 1 1
HEOZB 72 0 1 1
HEPLA 37 0 1 1
HESOL 32,4 0 1 1
HEVRH 34 0 1 1
HEVUH 72,3 0 1 1
HEVUZ 55,5 0 1 1
HEZLA 153 0 1 1
HEMOK 28 0 1 1
HESUH 35,5 0 1 1
HEREN 33 0 1 1
HETRB 32,5 0 1 1
CHEAVC 180 0 1 1
KOz 420 0 1 1

As shown in Table 26, the listed dispatchable units were assigned symmetrical upward and downward
ramping capability. However, the effective residual margin available in an individual MTU depends on the
scheduled operating point of each unit. A unit operating close to its maximum output has limited upward
residual margin, whereas a unit operating close to its minimum stable output has limited downward residual
margin. An unavailable unit provides no residual margin in either direction.

The results presented in Section 4.1.3 show that no uncovered upward short-term flexibility needs were
identified in any analysed weather scenario for either 2030 or 2035. This demonstrates that the technically
constrained upward residual margins were sufficient to cover all simulated positive residual-load deviations.

The available upward capability is provided by the unused headroom between the scheduled output and
the maximum available output of dispatchable resources. Although Table 26 shows the technical ramping
capability of the individual units, the actual upward contribution in each MTU depends on the remaining
headroom after dispatch and on the availability of the unit.

The quantitative values of upward flexibility needs and uncovered upward needs are reported in Section
4.1.3 and are not repeated here.

The downward residual margins were not sufficient in all simulated conditions. As reported in Section 4.1.3,
uncovered downward short-term flexibility needs occur in every analysed weather scenario and become
more pronounced in 2035.

The main limitation is the technically feasible distance between the scheduled output and the minimum
operating level of dispatchable units. During periods of high PV generation and low residual load,
conventional units may already operate close to their minimum stable output. In such conditions, the
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downward ramping capability shown in Table 26 cannot be fully utilized because the remaining downward
operating margin is small.

The occurrence of uncovered downward needs therefore indicates that the binding constraint is not only
the speed at which units can reduce output, but also the amount of downward headroom remaining after
the day-ahead dispatch. The increase in uncovered downward needs by 2035 shows that this residual
margin becomes less adequate as PV penetration increases.

The magnitude, frequency and temporal distribution of these downward deficits are presented in Section
4.1.3, in particular in Table 22, Table 24 and Figure 18, and are therefore not repeated here.

The assessment considers the residual flexibility of domestic resources. Cross-border exchange margins
and market-liquidity adjustments were not included. The possible contribution of interconnection capacity
to upward or downward flexibility is therefore not reflected in the results.

The results apply to the assessed hourly timeframe, corresponding to slow short-term flexibility from one
hour to D-1. They do not separately demonstrate the capability of the same assets to provide very fast or
fast flexibility within shorter balancing intervals.

4.1.3.2. Uncovered needs

The analysis identifies no uncovered upward short-term flexibility needs in any of the assessed weather
scenarios or target years. All identified uncovered needs are downward and mainly occur during periods of
high PV generation, when forecast uncertainty coincides with insufficient downward flexibility.

For the Base weather scenario, the results are:

Table27: Assessment of uncovered downward stierim flexibility needs for 2030 and 2035

I ndicator 2030 2035
Maxi mum downward -tecmv 346. 7 589. 6
Average capacity per u 112.2 182.9
Expected uncovered upw 0 MW 0 MW

Expected uncovered dow 5,814 14,690

Expected numbeuncbvkoe
needs

51. ¢ 80. 3

Across the other assessed weather scenarios, the average capacity of downward uncovered events ranges
between approximately 107 and 118 MW in 2030 and between 182 and 202 MW in 2035.

The total expected downward uncovered energy ranges from approximately:

1 5.2to 7.0 GWh in 2030;
1 14.7t019.5 GWh in 2035.

The expected number of hours with uncovered needs ranges from approximately:

1 46.51t060.9 hours in 2030;
9 80.3to 104.6 hours in 2035.

The probability distributions and the hourly and daily annual representations confirm that uncovered needs
occur during a limited number of hours but can reach substantial capacity levels. Both the average event
capacity and the total expected uncovered energy increase considerably from 2030 to 2035.

The correlation with system conditions is consistent with the findings already presented regarding the
drivers of short-term flexibility needs. Downward uncovered needs are primarily associated with high solar
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generation and lower residual demand. The relationship with wind generation is less pronounced because
the applied forecast-error model primarily considers demand and PV uncertainty.

Regarding the required duration categories:

1 Very fast uncovered flexibility needs, 5i 15 minutes: not assessed because suitable forecast-error
data at this time resolution were not available.

Fast uncovered flexibility needs, 157 60 minutes: not assessed for the same reason.

Slow uncovered flexibility needs, 1 hour to D-1: fully assessed. All quantified uncovered short-term
flexibility needs fall within this category.

f
f

The results therefore indicate an increasing need for downward slow flexibility, particularly from resources
capable of absorbing surplus electricity or reducing generation during periods of high PV output. However,
the assessment was performed at an hourly resolution and above. Consequently, faster uncovered
flexibility needs could not be identified and may therefore remain unquantified, potentially resulting in
additional downward fast or very fast uncovered flexibility needs.

4.1.3.3. Flexible resources needed to meet the uncovered needs

As shown in Table 22, no uncovered upward short-term flexibility needs were identified for Slovenia in any
of the analysed weather scenarios for either 2030 or 2035. The maximum uncovered upward need amounts
to 0 MW in all assessed cases.

Consequently, no additional flexible resources are required to meet uncovered upward needs under the
analysed scenarios. The available portfolio of domestic flexible resources is assessed as sufficient to cover
the quantified upward short-term flexibility needs.

This conclusion is subject to the scope and assumptions of the assessment. Additional upward flexibility
may nevertheless enhance system resilience in the event of extreme conditions, unforeseen outages,
modelling uncertainties or future changes in the generation and demand structure. However, such
resources do not constitute a quantified requirement resulting from the assessed uncovered upward needs,
as Table 22 shows that these needs are fully covered in all analysed cases.

4.2. Network flexibility needs

This section presents the results of the assessment of network flexibility needs in accordance with Articles
11 and 12 of the FNA Methodology. It summarises the identified distribution and transmission network
flexibility needs under the selected assessment scenarios, including their technical characterisation,
direction, location and extent, together with the distinction between covered and uncovered network
flexibility needs, where applicable.

4.2.1. DSO network needs

The DSO network flexibility needs assessment identifies the flexibility required to prevent or resolve thermal
loading and voltage constraints in the Slovenian distribution network under the future operating conditions
described in Section 3.1.2.10.

The detailed assessment results are presented in Table 28 (2030) and Table 29 (2035). The flexibility
needs are reported separately for each Slovenian DNO area, voltage level and representative network
group, distinguishing between upward and downward flexibility needs. For each representative time block
identified in accordance with the methodology described in Section 2.3.7.2, the assessment reports the
network flexibility needs in terms of power (MW) and energy (MWh) as a sum of covered and uncovered
flexibility, together with the corresponding share of uncovered flexibility. Representative time blocks are
derived from seasonal and day-type flexibility profiles and represent the periods during which the highest
flexibility requirements are expected. Consecutive hours with similar characteristics are grouped into
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representative time blocks, while all remaining hours are aggregated into an "Other" category. In
accordance with the FNA Methodology, the results additionally indicate the share of downward flexibility
needs pertaining to renewable generation curtailment and the expected contractual means through which
the required flexibility would be accessed. Annual (entire year) values are also reported, providing an
aggregated representation of the assessed flexibility needs in addition to the representative time block
results

For each DNO area, the results are reported separately for four representative LV network groups and four
representative MV feeder groups. The spatial granularity presented in the tables combines the DNO area
identifier with the corresponding representative network group, where:

1 EG1 Elektro Gorenjska,
1 EL T Elektro Ljubljana,
1 ECT Elektro Celje,
1 EMT Elektro Maribor,
1 EP 1 Elektro Primorska.
For LV networks, the representative network groups correspond to:
1. Urban networks;
2. Larger town and suburban networks;
3. Smaller urban and industrial networks; and
4. Small rural networks.
For MV feeders, the representative feeder groups correspond to:
1. Urban feeders;
2. Industrial feeders;
3. Long rural feeders; and
4. Short rural feeders.

To facilitate the interpretation of the reported results, the representative time blocks are classified according
to the network constraint that determined their identification. Accordingly, the following reasons for defining
the representative time blocks are distinguished:

1 reason a)i voltage drop violation;
1 reason b) i voltage rise violation; and

1 reason ¢)i transformer overload violation.

The simulation results indicate that the nature of the identified flexibility needs differs between voltage
levels. At the LV level, flexibility requirements are predominantly associated with increasing electricity
demand resulting from the electrification of heating and transport, whereas at the MV level they are primarily
associated with distributed generation. Correspondingly, LV flexibility needs mainly arise from MV/LV
transformer, while MV flexibility needs are predominantly driven by excessive voltage rise resulting from
distributed generation.

Where the explicit flexibility resources assumed to be available are insufficient to resolve the identified
network constraints, network reinforcement is required. Since the assessment assumes that only a realistic
share of technically identified reinforcement measures will be implemented within the planning horizon, the
remaining flexibility requirements are reported as uncovered flexibility needs.

The assessment further indicates that the expected availability of explicit flexibility remains relatively limited
in both target years. For downward flexibility, the expected contractual means to access flexibility is the
application of Flexible Connection Agreements (FCAs) for photovoltaic generation, while battery storage
operation is represented through implicit flexibility embedded in the simulated operating conditions. The
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assessment also shows that implicit flexibility, particularly shifted EV charging outside peak tariff periods,
creates additional nighttime demand peaks that need to be considered in future network planning.

93



Directi

need

Upward

Upward

Targ
year

203C

203¢C

Ti me

Ent i

bl

e

No¥eb

Mo # r i
23:

20
59

Ot her

Ent i

re

C

Y

Y

Table28: Flexibility needs assessment according to AnreXear 2030 with time blocks

Reasoning s ati,Voltage Net wor
define th rznul(' congesti Type of \ flexihbi
bl ock 9 ' voltage needs
Total SRS 596 Mw
Summati or 5 4 MW
maxi mum p '
Total ene 177 MW
| the inte
Low vol't
Reason c EG 1 KV net .
Summat i ol 5 3 MW
maxi mum p '
Total ene
the inte 419 Mwi
Reason c
Summat i ol 5 4 MW
maxi mum p '
Total enet 1245 MV
the yea
EC 1 Lowol tag Summati or 21 MW
kV n W maxi mum p
Reason ¢ Total ene 240 MW

the inte

Share

uncove

flexi

100 %

100%

100 %

100 %

100%

100%

74 %

57 %

64 %

Share o
downwar ¢

flexirhdadd

bpertai RIES

generati
curtailm

0 %

0 %

0 %

0%

0%

0 %

0 %

0%

0%

Expect
contrac
means

access
flexib
Local s
Local S



Upward

203¢C

No¥ eb
Mo +Fr i 00

02:59
No¥ eb
Mo 1 i 20
22:59
Ot her
Entire
Ma-Oc t
Mo +Fr i 19
23:59
No¥eb
Mo+ r i 17
23:59
Ot her

Y

Reason

Reason

Reason

Reason

Reason

c

c

a

a

a

95

Summat i ol
ma X i nmpuonw e |

Tot al ene
the inte

Summati ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Tot al
t he

enet
yea

Summati or
maxi mum p

Toteanler gy
int

t he €

Summati ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

15 MW

272 MWI

19 MW

733 MW

21 MW

3093 MV

398 MW

663 MW

2032 MV

70%

77 %

59 %

76 %

58 %

100 %

100 %

100 %

100 %

100 %

100 %

100%

100%

0%

0 %

0%

0%

0%

0 %

0 %

0 %

0 %

0%

0%

0 %

0 %

Local

S



Downwar

Upwar d

Upward

203C

Entire
Ma-Oc t
203C Mo#un 190
15:59
Ot her
Entire
No¥eb
Mo+ r i 17
23:59
Ot her
Entire

203C¢C

Y

Y

Y

Reason

Reason

Reason

Reason

b

b

c

c

vol t
ne
vol t
net
vol
net w

96

Tot al
t he

ener
yea

Summati or
maxi mpawe

Tot al ene
the inte

Summat i ol
maxi mum p

Tot al ene
the inte

Summati ol
maxi mum p

Tot al
t he

enet
yea

Summati or
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Tot al
t he

enet
yea

1320 MV
20.8 M
987 MW
20.8 M
333 MW
14.2 M
3260 MV
13.4 M
1221 MV
13.4 M
2038 MV
13.4 M
2917 MV

100%

100%

100%

100%

100%

100%

100 %

100 %

100%

100 %

100%

100%

77 %

0 %

0 %

0%

0%

0 %

0%

0 %

0 %

0%

0%

0 %

0 %

0%

Local

Local

Local

S

S

S



Ma-Oc t
Mo +Fr i 18
23:59
No¥eb
Mo+ r i 20
23:59
Ot her

Entire y

Ma-Oc t
203C Mo#sun 1=2:
16:59

Downwar

No¥eb
Mofsun 09:
15:59

Reason

Reason

Reason

Reason

Reason

a

a

a

b

b

EP

X O

<z

97

Summati or
maxi mum p

Tot al ene
the inte

Summati ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Total enet
the yea

Summati or
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

15 MW
464 MWI
15 MW
626 MW
15 MW
1827 MV
14.4 M
28 MWh
0.7 MW
17 MWh
0.7 MW
3 MWh
0.6 MW

6 6 %

67 %

58 %

91 %

67 %

87 %

68 %

100 %

100 %

100 %

100%

100%

100%

0 %

0 %

0%

0%

0 %

0%

0 %

0 %

0 %

0%

0 %

0 %

0%

Local

S



Downwar

Downwar

203

203

Ot her

Entire

Ma-Oc t
MofSun 09
15:59

Ot her

Entire

Ma-Oc t

Y

Y

Mofsun 12

16:59

Reason

Reason

Reason

Reason

Reason

b

b

b

b

b

98

Tot al e

the inte

Summati ol
maxi mum p

Tot al
t he

Summati or
maxi mum p

Tot al
the i

Summati ol
maxi mum p

Tot al

Summati ol
maxi mum p

Tot al
t he

Summati or
maxi mum p

Tot al e
t he i

Summat i ol
maxi mum p

Tot al e
the i

eneil
yea

ene
nt e

ene
t hient er v

enet
yea

nt e

8 MWh

3943 MV

12.8 M

3518 MV

12.8 M

425 MW

12.8 M

22654 M

53 MW

15631 WV

51.8 M

2703 MV

100%

100%

47 %

51%

47 %

51%

46 %

49 %

57 %

48 %

54 %

49 %

57 %

0 %

0 %

53 %

49 %

53%

49 %

54 %

51%

43 %

52 %

46 %

51%

43 %

Fl exik
connec
agreem

Fl exik
connec
agreem



No¥ eb
Mofun 12
16:59

Ot her

Entire 'y

Ma-Oc t
203C Mo#sun 09
15:59

Downwar

Ot her

Entire y

Downwar 203C
Ma-Oc t
Mof#sun 09:
15:59

Reason

Reason

Reason

Reason

b

99

Summat i ol

ma X i

Tot al
t he

mum p

ene
inte

Summat i ol

ma x i

Tot al

t he

mum p

enet
yea

Summati or
maxi mum p

Tot al
t he

ene
inte

Summat i ol

ma x i

Tot al
t he

mum p

ene
inte

Summat i ol

ma X i

Tot al

t he

mum p

enet
yea

Summati or
maxi mum p

Tot al
t he

ene
inte

Summat i ol

ma X i

mum p

53 MW

4320 MV

40.1 M

11910 M

22.2 M

8996 MV

22.2 M

2914 MV

22.1 M

30472 M

93.3 M

2703 My

53 MW

47 %

6 6 %

52%

100%

100%

100%

100%

100 %

100 %

52 %

44 %

57 %

47 %

53 %

34%

48 %

0 %

0 %

0%

0%

0 %

0 %

48 %

56 %

43 %

53%

Fl exik
connec
agreem

Fl exik
connec
agreem



No¥ eb

Mof#Sun 09:

15:59

Ot her

Entire

Ma-Oc t

Mofsun 12

16:59

Downwar 203C

No¥eb

Mofun 12:

16:59

Ot her

Reason

Reason

Reason

Reason

Reason

100

Tot al ene
the inte

Summati ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Total enet
the yea

Summati or
maxi mum p

Tot al ene
the inte

Summati ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

Tot al ene
the inte

Summat i ol
maxi mum p

4066 MV

93 MW

1405 MYV

58. 7 M

11978 M

32.6 M

9179 MV

32.6 M

1238 MV

32 MW

1561 MV

30 MW

52

43

62

40

54

49

52

49

56

49

6 2

49

%

%

%

%

%

%

%

%

%

%

%

%

48 %

57%

38 %

60 %

46 %

51%

48 %

51%

44 %

51%

38%

51%

Fl exik
connec
agreem



Table29: Flexibility needs assessment according to AnreXear 2035 with time blocks
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4.2.2. TSO network needs

Transmission-level network flexibility needs were assessed using AC power-flow simulations based on
the dispatch results of the economic dispatch model, as described in Section 2.3.7.1. For each analysed
target year and weather scenario, the resulting power flows were evaluated against thermal loading and
voltage limits of the Slovenian transmission network to identify constraints and the associated network
flexibility needs.

The results presented in this section are based on the simulations for the selected critical week. The
analysis focuses on the magnitude, duration, frequency, and spatial distribution of flexibility needs.

The results distinguish between two model outputs:

1 Upward network flexibility needs: flexibility requiring an increase of local net injection or a
reduction of local demand.

1 Downward network flexibility needs: flexibility requiring a reduction of local net injection or
absorption of excess generation.

The results of the network flexibility needs assessment in

Table 30 and Table 31 indicate that flexibility requirements in the analysed system are almost entirely
driven by contingency situations (N-1 conditions), while no flexibility needs are observed under normal
operating conditions (N). This confirms that the identified flexibility requirements are not related to
general system balancing or adequacy, but are instead a direct consequence of network constraints
emerging under specific outage scenarios.

Table30: Summary of upward transmission network flexibility needs by scenarioerdting condition

. Average P95 upward Max upward Total energy Hours with Worst
Year Scen. Condition No. of casepupward need need (MW) need (MW) upward need upward need contingency
(MW) (MWh)
2030 Base N 1 0.00 0.00 0.00 0.00 0.00
2030 Base N-1 307 3.64 6.41 6.72 40.06 11.00 TES6-POD
2030 WS18 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS18 N-1 307 8.57 17.40 17.58 334.08 39.00 TES6-POD
2030 WS23 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS23 N-1 307 5.00 9.93 10.64 104.98 21.00 TES6-POD
2030 WS25 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS25 N-1 307 7.29 15.75 18.50 277.12 38.00 TES6-POD
2030 WS27 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS27 N-1 307 3.92 8.11 8.44 101.89 26.00 TES6-POD
2030 WS35 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS35 N-1 307 3.42 5.79 6.42 34.20 10.00 TES6-POD
2035 Base N 1 0.00 0.00 0.00 0.00 0.00
2035 Base N-1 307 3.88 11.35 15.81 131.88 34.00 CIR-RG_S
2035 WS18 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS18 N-1 307 13.87 26.54 28.67 998.29 72.00 CIR-RG_S
2035 WS23 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS23 N-1 307 10.26 21.48 24.07 544.04 53.00 CIR-RG_S
2035 WS25 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS25 N-1 307 13.29 30.14 34.23 1,023.49 77.00 CIR-RG_S
2035 WS27 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS27 N-1 307 9.93 20.83 21.66 605.44 61.00 CIR-RG_S
2035 WS35 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS35 N-1 307 8.71 17.18 18.87 304.94 35.00 CIR-RG_S

TES6-POR00 kV line TPP Sostanj - Podlog
CIR-RG_S10 kV line Cirkovce - Rogaska Slatina
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Table31: Summary oflownwardtransmission network flexibility needs by scenario and operating condition

Average P95 Max Total energy Hours with Worst

Year Scen. Condition No. of cases downward downward downward downward downward contingency

need (MW) need (MW) need (MW) need (MWh) need
2030 Base N 1 0.00 0.00 0.00 0.00 0.00
2030 Base N-1 307 425.21 497.00 497.00 66,333.46 156.00 TES6-POD
2030 WS18 N 1 0.00 0.00 0.00 0.00 0.00
2030 Ws18 N-1 307 425.21 497.00 497.00 66,333.46 156.00 TES6-POD
2030 WS23 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS23 N-1 307 425.21 497.00 497.00 66,333.46 156.00 TES6-POD
2030 WS25 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS25 N-1 307 438.08 497.00 497.00 73,598.00 168.00 TES6-POD
2030 WS27 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS27 N-1 307 438.08 497.00 497.00 73,598.00 168.00 TES6-POD
2030 WS35 N 1 0.00 0.00 0.00 0.00 0.00
2030 WS35 N-1 307 438.08 497.00 497.00 73,598.00 168.00 TES6-POD
2035 Base N 1 0.00 0.00 0.00 0.00 0.00
2035 Base N-1 307 0.00 0.00 0.00 0.00 0.00 CIR-RG_S
2035 WS18 N 1 0.00 0.00 0.00 0.00 0.00
2035 WsS18 N-1 307 0.00 0.00 0.00 0.00 0.00 CIR-RG_S
2035 WS23 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS23 N-1 307 0.00 0.00 0.00 0.00 0.00 CIR-RG_S
2035 WS25 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS25 N-1 307 0.00 0.00 0.00 0.00 0.00 CIR-RG_S
2035 WS27 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS27 N-1 307 0.00 0.00 0.00 0.00 0.00 CIR-RG_S
2035 WS35 N 1 0.00 0.00 0.00 0.00 0.00
2035 WS35 N-1 307 0.00 0.00 0.00 0.00 0.00 CIR-RG_S

TES6-PODBO0 kV line TPP Sostanj - Podlog
CIR-RG_S10 kV line Cirkovce - Rogaska Slatina

In 2030, the system is characterised by a pronounced asymmetry between upward and downward
flexibility needs. The dominant feature of the results is a large downward flexibility requirement, reaching
a maximum value of 497 MW across all analysed weather scenarios under N-1 contingency conditions.
This value is consistently observed and is not scenario-dependent, indicating a structural constraint in
the system rather than a stochastic or weather-driven effect. In contrast, upward flexibility needs remain
relatively small, with maximum values below 20 MW.

The dominant downward flexibility need is interpreted as a generation-related constraint associated
with TES6, especially in cases where the 400 kV line TPP Sostanj-Podlog is out of service.
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Figure21: Maximum upward and downwarttansmissiometwork flexibility need(MW)

The same pattern is reflected in the energy dimension. Downward flexibility energy in 2030 reaches
approximately 66 GWh - 74 GWh per scenario within the analysed critical week, while upward flexibility
energy remains below 1 GWh. This clearly shows that the issue is not limited to isolated peak events

but represents a persistent operational condition when specific contingencies occur.

It should be noted that these values correspond to the selected critical week and therefore represent

high-stress system conditions rather than annual averages.

Energy of Upward and Downward Network Flexibility Needs
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Figure22: Energy ofipward and downwardransmissiometwork flexibility need(MWh)

In terms of frequency, flexibility needs occur in a very small share of hours. For 2030 under N-1
conditions, downward needs appear in approximately 0.3% of all simulated hours, while upward needs
appear in less than 0.05% of hours. Despite this low frequency, the magnitude of the downward needs
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makes them highly relevant from a system planning perspective. This combination of low frequency and
high impact is typical for contingency-driven congestion and must be explicitly considered in planning
processes.

The comparison between N and N-1 conditions further reinforces the importance of contingencies. The
transition from N to N-1 leads to an increase of up to 497 MW in required flexibility and approximately
661 74 GWh in energy. This demonstrates that network flexibility needs are fundamentally a security-
of-supply issue rather than a normal operational feature.

The spatial analysis provides additional insight into the nature of the problem. In 2030, downward
flexibility needs are extremely concentrated, with only six locations contributing to the total energy. The
top three locations alone account for more than 50% of the total flexibility energy, and the top five for
over 80%. This confirms that the issue is driven by a very limited number of structural bottlenecks in the
network.

Upward flexibility needs are more distributed, involving 22 locations, but still show a non-uniform
distribution, with a limited number of nodes contributing a significant share of the total energy.

Table32: Spatial concentration of upward and downward transmission network flexibility needs uridep&fating
condition

Year Condition  Direction Active Total location  Top 1 location Top 3 location Top 5 location ~ HHI location  Largest location Largest location

Locations energy (MWh) share (%) share (%) share (%) concentration  energy (MWh) max (MW)
2030 N-1 downward 6 419794.39 17.53 52.60 84.20 0.17 73598.00 497.00
2030 N-1 upward 22 892.33 15.58 41.35 59.07 0.09 139.02 14.96
2035 N-1 upward 28 3608.07 12.23 32.68 46.04 0.07 441.41 32.02

The location-level analysis also reveals a clear distinction between two types of flexibility needs.
Downward needs are dominated by a single large constraint, both in terms of peak power (497 MW)
and total energy (approximately 74 GWh at the largest location). Upward needs, on the other hand, are
spread across multiple locations, each contributing smaller amounts of power and energy. This
distinction is important for defining appropriate flexibility solutions, as it implies fundamentally different
system requirements.

The evolution from 2030 to 2035 shows a significant structural change. While 2030 is dominated by
large downward flexibility needs, these are no longer present in 2035, as TES6 reaches the end of its
operational lifetime in 2033. Instead, the system exhibits only moderate upward flexibility needs, with
maximum values around 30 MW and total energy in the order of a few GWh. At the same time, the
number of active locations increases, and the concentration of flexibility needs decreases, indicating a
more distributed pattern of network constraints. This transition suggests that the system moves from a
configuration characterised by a single dominant bottleneck to a more balanced and spatially distributed
set of constraints. From a system perspective, this represents a reduction in overall stress and an
improvement in network robustness.
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Figure23: Downward Needs in 2030;Ncondition
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Figure24: Upward Needs in 2030,-Ncondition
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Figure25: Upward Needs in 2035-Ncondition

Histograms show that most hours do not require any flexibility, while a small number of hours exhibit
significant needs. Duration curves further illustrate that downward flexibility needs in 2030 are persistent
and occur at a constant high level when triggered, whereas upward needs are shorter in duration and
more variable.

The results for 2035 N-1 downward flexibility needs are not shown because no non-zero downward
flexibility requirements were identified in the corresponding simulation scenario. Figures are generated
only for cases with non-zero hourly observations.

In the duration curve, the x-axis variable Hour rank represents the ordinal position of hourly observations
after sorting all non-zero hourly flexibility needs in descending order according to their magnitude.

A lower rank therefore corresponds to higher flexibility requirements, while higher rank values
correspond to progressively lower hourly needs. The ranking is derived from the complete set of hourly
observations within the analysed year and operating condition.

The duration curve provides a compact representation of the statistical distribution and persistence of
flexibility requirements over the analysed period. Specifically, it quantifies the cumulative number of
hours during which the system experiences flexibility needs above a given magnitude.

As such, the Hour rank axis characterizes the frequency and duration of operating conditions associated
with network flexibility needs, independently of their chronological sequence. This representation is
particularly suitable for assessing the utilization intensity, persistence, and sizing requirements of
flexibility resources and congestion management measures.

From a system operation and planning perspective, the results can be summarised as follows:
1 Flexibility needs are not driven by energy imbalance, but by network constraints under
contingencies.
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1 In 2030, the system is characterised by a large, structural downward flexibility requirement,
concentrated in a small number of locations.

1 In 2035, the system evolves towards smaller, more distributed upward flexibility needs.

1 The dominant challenge shifts from evacuation of generation to local support and balancing.

The key implication for the TSO is that flexibility solutions must be locationally targeted, rather than
system-wide. In particular, the 2030 results point towards the need for high-capacity solutions in specific
nodes (e.g. curtailment, local demand increase, or network reinforcement), while the 2035 results
indicate a greater relevance of distributed flexibility resources such as storage and demand response.

4.3. Synthesis - Guiding criteria application outcomes

The guiding criteria were applied to the flexibility needs retained following the assessment and fine-
tuning process described in the preceding sections. Where the relevance assessment did not result in
a material adjustment, the needs used for the application of the guiding criteria remained equal to the
needs quantified before fine-tuning. In particular, the assessed transmission-network constraints did
not materially change the identified uncovered system needs. Distribution-network needs retained their
local geographical and voltage-level characteristics and were assessed separately from bidding-zone-
level system needs.

At system level, the identified flexibility challenge is predominantly downward. Increasing photovoltaic
generation contributes simultaneously to uncovered RES integration needs, downward ramping needs
and downward short-term flexibility needs. By contrast, the available upward capability was sufficient
to cover the upward requirements under the analysed scenarios, and no uncovered upward short-term
flexibility needs were identified.

The technical characteristics of uncovered RES integration, ramping and short-term flexibility needs
were further assessed by identifying continuous flexibility-needs events, defined as consecutive MTUs
with uncovered needs. The duration, maximum power requirement and energy volume were determined
for each event. The assessment was presented for WS25, which demonstrated the highest needs, and
provides information on the technical characteristics that potential resources would need in order to
cover the identified events.

The event-characterisation results indicate that the identified uncovered RES integration events are
predominantly of limited duration. This finding is consistent with the broader assessment showing that
additional flexibility resources with an energy-to-power ratio of approximately eight hours capture most
of the achievable reduction in uncovered RES integration needs, while longer-duration configurations
provide progressively smaller additional benefits.

The contribution of additional flexibility resources to reducing uncovered RES integration needs was
assessed using a technology-neutral generic flexibility resource. The resource was characterised by
installed power, energy capacity, energy-to-power ratio, availability and representative round-trip
efficiency, consistently with the assumptions used for the assessment under Article 8(10). The common
mathematical representation was considered conceptually applicable to battery energy storage
systems, pumped-storage hydropower, aggregators, prosumers, electric vehicles and other demand-
side flexibility resources.

The resulting contribution curves show the remaining uncovered RES integration need as the available
energy capacity of the generic resource increases. Their slope represents the marginal contribution of
additional flexibility capacity. Generic configurations with shorter energy-to-power ratios provide a
steeper reduction per additional unit of flexibility energy capacity under the analysed conditions.
Increasing the duration of the resource beyond the duration of the identified events results in diminishing
marginal reductions.
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The system-level assessment compares generic technical configurations rather than separately
modelled technology categories. It therefore supports conclusions concerning the required power,
energy and duration characteristics of suitable resources, but it does not demonstrate that one specific
technology is generally superior to another. Technology-specific differences in availability, operating
restrictions, user behaviour, rebound effects, cycling limitations, locational accessibility and activation
costs were not separately assessed.

Differences in activation costs were explicitly outside the scope of the generic-resource analysis, which
focused on technical capability rather than economic performance. The contribution curves therefore
do not constitute a cost-effectiveness ranking or a least-cost hierarchy of flexibility technologies.

At distribution level, the application of the guiding criteria shows material differences between voltage
levels. At LV level, the dominant need is for upward flexibility, largely resulting from thermal constraints
associated with MV/LV transformer overloading. Transformer overloading is most severe during winter,
although it is also observed in other seasons. The highest loading generally occurs in the evening,
approximately between 19:00 and 24:00, primarily due to demand from heat pumps and electric
vehicles, including EV charging shifted to off-peak tariff periods.

At MV level, the predominant need is for downward flexibility, primarily driven by voltage rise associated
with high penetration of photovoltaic generation. These constraints occur predominantly outside the
winter season during daylight hours. Their precise timing depends both on solar irradiance and on the
presence, capacity and operating pattern of battery energy storage systems, which influence the net
power injected into the network.

The assessed distribution-network flexibility needs increase between the 2030 and 2035 target years,
while the expected and simulated availability of explicit flexibility remains relatively limited in both years.
The results therefore indicate that both available flexibility and network development remain relevant
for addressing future distribution constraints.

The representation of implicit flexibility through the shifting of EV charging to off-peak tariff periods
results in the emergence of a new night-time demand peak. The possible use of a dynamic network
tariff, available to the distribution system operator as a complementary network-energy tariff intended
to mitigate this effect, was not simulated. Its potential contribution is consequently not reflected in the
quantified covered or uncovered network flexibility needs.

Explicit flexibility was modelled separately for each technology category and was primarily used to
mitigate the network constraints associated with that category. This reflects the expectation that, within
the considered planning horizon, flexibility markets will not yet have reached sufficient maturity and
liquidity to support technology-neutral procurement across all resource types. For example, flexibility
from electric vehicles was not assumed to be available in sufficient volumes to mitigate voltage rise
caused by photovoltaic generation.

Electric vehicles nevertheless represent a potentially significant flexibility resource, as charging
schedules may be adapted to prevailing network conditions with limited impact on mobility
requirements, provided that appropriate smart-charging capability, communication and control
arrangements are available. Within the assessment, EV flexibility was primarily used to address
demand-related constraints.

Heat pumps represent an important potential source of upward flexibility during winter demand peaks.
Their usable flexibility depends materially on the thermal performance of the building and on the extent
to which electricity consumption can be temporarily reduced without materially affecting indoor comfort.
Improvements in building energy efficiency can therefore increase the technically usable flexibility
potential of heat pumps.

Within the distribution assessment, downward flexibility was represented exclusively through active-
power curtailment of photovoltaic generation under flexible connection arrangements and through
battery-storage operation. Other potential sources of downward distribution flexibility were not
modelled.
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Battery storage influenced net demand and injection through autonomous operation based on
predefined control strategies and was therefore represented as implicit flexibility rather than as available
explicit flexibility. Battery storage is nevertheless a key prospective source of network flexibility. Its
potential contribution as an explicitly procured and directly activated network service was not assessed
and would depend on appropriate contractual, market-access, communication and control
arrangements.

Under the assessed flexible connection arrangement, curtailment is automatically triggered by
predefined network conditions and is therefore treated as a rule-based operational measure consistent
with implicit flexibility. Photovoltaic curtailment would constitute explicit flexibility only where it is offered,
procured and directly activated to provide a specified network service.

Flexible connection arrangements can facilitate the connection of distributed generation, demand and
storage while increasing the utilisation of existing network infrastructure. However, as the share of
connections operating under such arrangements increases, the associated volume of renewable-
generation curtailment may also increase, particularly during periods of high renewable output and
limited network capacity. Within the assessed planning framework, flexible connection arrangements
are therefore treated as a transitional measure pending the implementation of adequate network
reinforcement or the broader availability of technology-neutral flexibility procurement.

Available explicit flexibility and the represented non-wire solutions were first applied to mitigate the
identified thermal and voltage constraints. Where these measures were insufficient, the technically
required network reinforcement was identified. However, only the share of reinforcements expected to
be realistically implemented within the planning horizon was taken into account.

The uncovered distribution-network flexibility needs consequently represent constraints that cannot be
resolved through the assumed available explicit flexibility, other represented operational measures or
the realistically implementable share of network reinforcement. The uncovered share reflects the
combined effect of relatively limited expected explicit flexibility, the technical effectiveness of the
represented non-wire solutions and implementation constraints affecting network reinforcement,
including financial limitations, investment-planning cycles, permitting constraints and investment
prioritisation.

At transmission-network level, the analysis incorporated the planned transmission-grid investments
expected to be commissioned by the target years. No transmission-network flexibility needs were
identified under normal operating conditions for any of the analysed weather scenarios in 2030 or 2035.
Transmission-network constraints also did not materially affect the identified uncovered RES integration
needs.

Consequently, the planned transmission-network development represents the relevant network solution
within the assessed normal operating conditions, and no additional comparison of resources for non-
zero transmission-network flexibility needs was required. Any N-1 results reported elsewhere should be
interpreted consistently with their status in the transmission-network-needs assessment and should not
be conflated with the zero result under normal operating conditions.

Relevant alternatives or complements to new flexibility resources represented in the assessment
include network reinforcement, advanced voltage control, reactive-power control, flexible connection
arrangements, demand-side flexibility, storage operation and, for system operation, cross-border
exchanges. However, cross-border margins were not explicitly included in the ramping and short-term
flexibility margins, which may result in conservative estimates for those system needs.

No integrated technology-neutral optimisation was performed to determine a cost-optimal portfolio of
additional flexibility resources, non-wire alternatives and network reinforcement. The assessment
therefore identifies technically relevant alternatives and illustrates their potential role, but does not
establish a least-cost portfolio under Article 16(11).

A separate quantitative assessment of how uncovered short-term flexibility needs would first be covered
through additional reserve capacity or further balancing participation was not performed. Reserve

116



requirements were included among the study inputs, but the uncovered short-term needs were not
directly mapped to additional FRR capacity, expanded balancing participation or other specific
balancing arrangements.

The assessment also does not provide a comprehensive quantitative analysis of the interdependencies
between all needs identified under Articles 8 to 12. The results show that increasing photovoltaic
generation is a common driver of RES integration, downward ramping and downward short-term needs,
but the extent to which the same events overlap, compete for the same resources or can be covered
simultaneously was not quantified.

Future developments could broaden the range of resources capable of addressing distribution-network
constraints. Relevant developments include smart charging of electric vehicles, improved building
energy efficiency, arrangements enabling battery storage to provide explicit flexibility services and the
progressive development of technology-neutral local flexibility procurement. These developments were
not treated as additional available flexibility unless they were already reflected in the assumptions for
the relevant target year.

Overall, the application of the guiding criteria provides a technically meaningful characterisation of the
identified system and distribution-network needs and of the main types of solutions capable of
addressing them. It should nevertheless be interpreted as a partial capability assessment rather than
as a complete technology-specific and cost-optimised comparison of all flexibility resources and
alternatives.
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5. Barriers for flexibility and contribution of digitalisation

This chapter provides a holistic analysis of barriers for non-fossil flexibility and contribution of digitalisation in alignment with Article 19e(2) points (c) and (d) of
Regulation (EU) 2019/943 as well as Article 15 of the FNA methodology.

5.1. Barriers, mitigation measures and incentives

In this chapter the evaluation of barriers for flexibility in the market and proposals for relevant mitigation measures and incentives, including the removal of regulatory
barriers and possible improvements to markets and system operation services or products (as per Electricity Regulation, Article 19e(2)(c)) is provided. For all identified
barriers it indicates the implementation status (i.e. completed /on-going /pilot /planned /under assessment, etc.) of identified /proposed/ adopted mitigation measures
or reforms, if applicable.

The evaluation strictly folowsthe ACER Recommendati on on NRAOGs -fosel fleibilityd andgcomprnisestealuation efrthe following: n o n
a. regulatory and market design barriers and associated indicators found in Section 1 of the Annex to the ACER Recommendation:
i. Lack of proper legal framework for market access to new entrants and small actors
ii. Lack of enablers and incentives to provide flexibility
iii. Restrictive requirements to provide balancing services
iv. Restrictive requirements to provide congestion management
v. Complex, lengthy, and discriminatory administrative requirements

vi. Lack of regulatory incentives to system operators to consider non-wire alternatives

8 ACER Recommendation 01-2026 on NRAs' reporting on barriers to non-fossil flexibility
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https://www.acer.europa.eu/sites/default/files/documents/Recommendations/ACER-Recommendation-01-2026-NRAs-reporting-barriers-to-flexibility.pdf

b. the potential of the following aspects of network tar i frhinsendationsromdtai2036 repogtent r i ct de
electricity network tariffs methodologies® and its 2023 report on barriers to distributed energy resources:°

i. network tariffs basis;!*
ii. differentiation (or lack of) in network charges between active and non- active customers;'2 and

iii. exemptions, discounts, and other differentiated tariff treatments.?

Some additional barriers considered relevant to the development of non-fossil flexibility were also identified and assessed.

9 Getting the signals right: Electricity network tariffs methodologies in Europe, ACER report on network tariff practices, 2025
10 ACER report on demand response and other distributed energy resources and the barriers that are holding them back, 2023.

11 ACER considerations and recommendations, and information specific to this aspect are included in Section 5.2 of ACER 2025 report on network tariff practices and in Sections 11.5 and 12.8 of ACER 2023
report on demand response and other distributed energy resources and the barriers that are holding them back.

12 ACER considerations and recommendations, and information specific to this aspect are included in Section 5.5.4 of ACER 2025 report on network tariff practices and in Sections 11.1 and 12.8 of ACER
2023 report on demand response and other distributed energy resources and the barriers that are holding them back.

13 ACER considerations and recommendations, and information specific to this aspect are included in Section 5.5 of ACER 2025 report on network tariff practices and in Sections 11.4 and 12.8 of ACER 2023
report on demand response and other distributed energy resources and the barriers that are holding them back.
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https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf

5.1.1. Evaluation of regulatory and market design barriers to the entry of non-fossil flexibility resources and associated

indicators

Barrier 1: Lack of proper legal framework for market access to new entrants and small actors

Indicator 1.1: Main roles and responsibilities of new actors not defined
Active customer s
Aspects Legal [Justification and/ e tdeagsdé¢moinpt inol @efveiniMiti ge
refer ¢ me as uf
11s all necessary primalArticl a.ln efzZiCkceE Ar¢icl e 4, Number 5) No nec¢
| egi siant ieofnff ect to ensur/2(8), b.ln efzZfCekct Article 23, Paragraph 2)
are entitled to act as [15(2) | c.ln efZfCekssit Article 23, Paragraph 2)
exercise the following |15(2) d.Iln efzZfCesst Article 23, Paragraph 5)
a. Consume and stor|and
generated within thgl5(5)
within confined-bourElect/|
generated or shared |Dire®f
ot her premises
b. Operate directly
aggregation
C. Sell-gsréfat ed el
including through p¢d
agreements
“The term Aprimary |l egislationo refers to acts and raeWwsersotmadkeyeganaedetegysiheil
l egal instrument enacted by enbjody gtud aheolrpy iamplheome nty aomrd aedmfi mricsda rpartiimary | egi sl at
“Directive (EU) 2019/944 of the European Parliament afnodr oefl e chter iCoiutnycidn o fa e nidiinreg
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https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=ZAKO8141

d. When they own an
storage facility, th
grid connection witH
after the request, ¢
necessary conditions
responsi bility and ¢
fulfilled
1.0f any primary or sec Not hing pending. NO ne¢g
pending, pl ease describ
when it is planned to e
Aggregation
Aspect s Legal |[Justification and/or description of ¢tMitiga
refer ¢ measur
2Pl ease indicate i f and [Articl a.EqualZIOgEE Article 4, Number 4) No nee
and actors are defined i|2(17)] b.EqualZIOgE,E Article 4, Number 44)
a. 60Aggregationd, if2(18), c.8Aggregatorg¢c is defined in nation
compared to the Elec|13(2), engaged in af@HERPattiiccie (4, Number
b. 6l ndependent aggr13(4) There is slight deviation in the
defined differently 17(3) means an activity performed by a
Electricity Directiv|EIl ect | the electricity consumption or ge
c . 6Aggregatoro, if Dir e&! purpose of sal e, muramtya sd, e cd rnZiCajEd
. . Article 4, Number 4)
participant engaged
defined differently
Electricity Directiyv
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https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=ZAKO8141

31 s all necessary primar a.ln efzZfCke Article 21, Paragraph 3)[No nec¢€¢
l egi sl ation n effect to b.ln efzZfCkgEt Ar¢icle 21, Paragraph 5)
a. Can conclude an e c.ln efzZfCGkle Ar¢ticle 21, Paragraph 5)
contract with any ma
engaged in aggregat.i
consent of the final
undertakings (i.e. i
b . When they have ar
contract, they are n
payments, penalties
contractual restrict
c . Are not subject t
technical and admini
procedures or charge
based on whether the
aggregation contract
3.0Lf any primary or seco Not hing pending. No nee
pendi ng, pl ease describe
when it is planned to en
Energy communities
Aspect s Legal |[Justification and/or description of (tMitigseg
refer e me as ur
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https://pisrs.si/pregledPredpisa?id=ZAKO8141

41 s all necessary primarflArti cl a.ln efzZfCGk Ar¢icle 4, Number 18) No nee
in effect to ensure that/2(11) ( b.ln efZfGEkcEt Article 24, P®&ragladmhg a6
a. Can engage in gernl6(3) trga z elekifrAitnioclaed4 AKRaroa gmrea phd
from renewable energ and obralunavanje omregni,neArztai celle k2@
consumption, aggregall6(3) c.ln efzZfCGkct Article 24, Paragraphs 8
and Charging servicel|lEl ect 1 13 + Article 98, ParagraphPrZav+i | Aar
; 1 del ovanje trga 1z eAretkitcrliel ndoA leRnaeroagg
b_' Can access all el DI et met odol ogi ji za obralunavanj,e Arntri
directly or through +SONDSEEArticles 91, 231, 232.a)
di scriminatory manne
c . Are treat<edsicmi ai
and proportionate ma
their activities, roi
customers, producers
participants engaged
4. 0Lf any primary or seco Not hing pending. No nee¢
pending, please describe
when it is planned to en
51s all necessary primar a.l n efzZfSeReGQVIE (Articl e 64, Paragraph |[No nee
in effect to ensure that b.Iln efzZiSeReQVIE (Article 64, Paragraph
communities: c.ln efzZfSeRRGQVIE (Article 64, Paragraphs
a.Can produce, consume 13 + Article 98, Par agr aphPr2a v+ |Ax
renewabl e energy, incl del ovanje trga 1z eAretkitcrliel n2o0, eNwuenrbge
renewabl es power purch Par agr afpkht 1o +met odol ogi ji za obr al
b Can access all suitalArticl el ektroopeAratieBrOBD3BEArticles 91,
directly or through ag/22(2) (
di scriminatory manner.|22(2)
C.Are not subject to dand
regarding their activi 22(4)
as final customers, pr|Renewgj
other market participalEnergy
Di r e&?t
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https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=AKT_1297
https://pisrs.si/pregledPredpisa?id=AKT_1297
https://pisrs.si/pregledPredpisa?id=AKT_1266
https://pisrs.si/pregledPredpisa?id=AKT_1266
https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=AKT_1297
https://pisrs.si/pregledPredpisa?id=AKT_1297
https://pisrs.si/pregledPredpisa?id=AKT_1266
https://pisrs.si/pregledPredpisa?id=AKT_1266
https://pisrs.si/pregledPredpisa?id=ANJP39
https://www.uradni-list.si/glasilo-uradni-list-rs/vsebina/2025-01-3977?sop=2025-01-3977
https://www.uradni-list.si/glasilo-uradni-list-rs/vsebina/2025-01-3977?sop=2025-01-3977
https://www.uradni-list.si/glasilo-uradni-list-rs/vsebina/2025-01-3977?sop=2025-01-3977
https://pisrs.si/pregledPredpisa?id=AKT_1297
https://pisrs.si/pregledPredpisa?id=AKT_1297
https://pisrs.si/pregledPredpisa?id=AKT_1266
https://pisrs.si/pregledPredpisa?id=AKT_1266
https://pisrs.si/pregledPredpisa?id=ANJP39

5.0f any primary or seco Not hing pending. No neg¢g
pending, please describe
when it is planned to en
Energy stordadgemebehind
Aspect s Legal Justification and/ or description of {tMitigsgdg
refere measur

6 Are energy storage facilArticl|Yes, al | permitted. No restrictions. [NO neg¢
combined with the follow2(444d) a1
connected to the same ngOa(S)SONDSEEArtl—Q es 82,

a. Facilities produqRenewa

energy,| msat'ed ener gyEnergy

b. Electric vehicle]|Diretd

c . Final customer s’
6. Please explain any con No such combinations, except: No nee¢
all owed, as wel | as any ) )
that may apply to all owd I f the storage device is connected t (
or type of energy storag (SONDSBE, 88, 91, and_92), the.power
restrictions to the oper to 80% of the connection capacity spg¢
or tohmbimed facilities, |
Aggregation model s
Aspects Legal |Justification and/ or description of the|Mitigation measu

refer

7Pl ease indArticlCurrently there is only one aggregation|The mar ket oper a
briefly des|Elect|[solution with significant | imitations ((to introduce the
aggregation|pjreg{https:// borzen.si/ Portals/ 0/ Trg%20z%20elaccording to CBA
with more t r2024. pdf ?2ver=mz| DF8l aC)7mapmadm3jt_t 8COWeD{performed in 202
bal ance res contractual model according to the USEF|(https://borzen.
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https://borzen.si/Portals/0/Trg%20z%20elektriko/Dokumenti/Studija_neodvisniagregator2024.pdf?ver=mzIDF8laCj7np2m3j_t7GQ%3D%3D

party per ¢
point that
i mpl ement ed
country for
whol esal e e
mar Rand sys
operation

servicel/ pro
Mar kets and

operation
services/ pr

-Dasahead
-lntrada)
-FCR
-aFRR
-mFRR

-TSO
congesti
manageme

-DSO
congesti
manageme

agreement itself is left to both partiefg
practice, the market operator registers
reach an agreement on the transaction.

and both market parties (or their respe
in the following Paragraph.

A closed contract between the relevant 1
mar ket operator. I n case of operation of
guantities are taken into account i n thg
onl y hiencase of appropriate registration
aggregator and supplier, in accordance

mar khettt ds: / / pisrs.sil/lpregl eachRIr AAdii & d Dindad
aFRR and hmREPR :(/ / borzen.si/ Portals/ 0/ Dod
%20procesW20ZP%20i n%20O0ON%20ter RZGEQ_20 21
2x0i GGOWAt qWwW%3 d %3d he contracting partie
aggregator) are unable to agree upon t hg
(Article 53 of the aforementioned Rul es
registrationTbofe imeepemtdeact aggregator

at |l east notification and reliable data
the correction of market positions if ng¢
68 of thei mfed eRwelnegs) . I n doing so, the
obliged to disclose the identities of i1
supplier and independet aggregator shoul
aforementkednednthesfti nancial transfer pr
For services that the independed aggr eg:

i ssue does not really represent a probl ¢
i mbal ance settlements and can consider {
sett!| ernoecnets spp On t he other hand, the mar
exi stence of closed energy contracts rel
cannot be distinguished from other <cl osg¢g
rel evranttrdmsactions on the DA and | A mar
congestion management services.

ler=mz|1 DF8Il aCj 7np

The requirement for bilateral contract uz:
aggregator and the supplier also @realkranmrd
costs that may be disproportionate for ¢

0z%20el ektrikol/ [
a_neodvisniagred

D%3D). We expect
upgraded model e
2027.

0 IPmpl ementat:i

pl anned
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https://pisrs.si/pregledPredpisa?id=AKT_1297
https://borzen.si/Portals/0/Dodatna%20navodila%20-%20proces%20ZP%20in%20ON%20ter%20BO_2025.pdf?ver=e5s-R7yZu-2x0iGGOwAtqw%3d%3d
https://borzen.si/Portals/0/Dodatna%20navodila%20-%20proces%20ZP%20in%20ON%20ter%20BO_2025.pdf?ver=e5s-R7yZu-2x0iGGOwAtqw%3d%3d
https://borzen.si/Portals/0/Dodatna%20navodila%20-%20proces%20ZP%20in%20ON%20ter%20BO_2025.pdf?ver=e5s-R7yZu-2x0iGGOwAtqw%3d%3d

.Please in No indications. No need.
ny of the
mpl ement ed
ggregation
e not ava
rtain typ
ers (e. g.
ers conne
ecific vo
tive cust
ocated er
orage, et
ail abl e s
y specifi
restrict

Directive (EU) 2018/ 2001 of the European Parliament and ofgyhér@munenkwabl g1 s
Whol esal e el ectrici-alyeam,r kierttsr d chay uared dlmayl anci ng mar ket s.

MO VWO OSSO TN
W N SS < TFTDO0OT 0N O

Il ndicator 1. 2: Mar ket access restricted due to | ack of | egal eligibility

Aggregation

Aspect s Legal |Justification and|Mitigation measur
refergtheituation in Sl
8Are any of the following marke{ArticlfNo restrictions. No need.

parti'iimawheol esal e markets and s/2(18)
services/ product s:

®This indicator concerns the 1l egal eligibility of darheserpwicdds.c Tahcda oirrsd itooa tpoarr td ace
specific actors are capable ofecwimpé me mtgs wiath partiteicphat ican. okbedalnaamlcii@ilbi |l ity m
all ow this participation is in effect.
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Mar ket part{Markets and system o0|2(19)

services/ products El ectr
Diretlt
- Mar ket -Daqahead
participi -Intraday
engaged i
aggregat | "FCR
excludi n{ -aFRR
independ ¢ -mERR
(

aggregat -TSO congestion me
-l ndepeni

-DSO congestion me
aggregat f

8. Pl ease explain any restrictiorn
l egally eligible to access YY me
ZZ reasons etc. ).

Direct participation

Aspect s Legal reflJustification and/Mitigation meg§g
t hei tuation in Sl g
9Are any of the following actordArticles |All actors are | egNo need.
dirée¢mnl whol esale markets and sydand 13 participate direct
El ectricijmarkets and syster
Actor Mar kets and |[Regul®tioservices.
opergt|on Articles
services/ pro

"Direct participation is understood as individual ngatthiroiugat aggrefyat henactor, as
BRegulation (EU) 2019/ 943 of the European Parliament and of the Council of 5 June
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- Household final -Dasahead (16, 17, 3 However, the requi
- Commercial final -lntraday|40 E;lectrsize of 0.1 MW on
Diretiti ve t h i
- I ndustri al final -FCR and e required f
Articles |1 MW for all TSO s
- Renewabl e produc -aFRR Renewabl e/@2!/ 1 ow househol d cl
- Energy storage o -mFRR Energy busi tasds omers to
- Citizen energy ¢ -TSO cong|pjres2tijvelfOr other services;g
i Renewable energy managemen congestl_on manage:r
-DSO cong themsdwvyedhout agg]l
managemen That i s because, f
cust omer s baunsd nsensasl
9. Please explain any restriction custome.rs have a”t
participate directly in market Y connection capTahciist
resource/technology XX or actor s entry barrier is 1
XX1 (e. g. renewabl e generati on yd mar ket model desi ¢
XX2 (e.g. energy storage) i n the concepygoégation.
participate directly in market Y
XX network are not allowed to pe
reasons, etc. ).
I ndi catlnrcllea3dr: framework for access to final customer dat a
Aspects Legal Justification and/ or descripgMitigation
referenSloveni a
10Has your Member State im/Articl el mpl emenOEecEd A¢ticle 4(21.), INo need.
model for metering and conand 104(2), SORPERE,
including the various role4(1)
procedures, in line with AcommissThe |egal implemedaati ancess
I mpl ementing Regulation (B| o emegnecessarily cover al Ir elpatred
Regul at/lexchanges requipmred ufadri fretawd
verification and s-etttemgnt.
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https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=ANJP39

(EU) interoperability aspects are
2023/ 1ladditional barriers.
Yes, the | ast report was proNRA Report
EC on 4th of July 2025 and i i i mol emer
L mpl eme
¢ | ) ) , https:// www.tsodsoqlagataf or m. e status:
,10'|1' so, please |.nd|cate ' interoper abinattiyo/maetpdscietsor y P
i mpl ementing the interoper consider
procedures for access to d Sl ovenian NRA has not been i
Article 10 of Commission | reporting of national practi
2023/ 1162.
111.f any charges are impos|Articl eAccordzogAnttoicle 129: No need.
providing data services tOE|lectr.i : .
data, please explain how YDire%:ltiThe NRA determlnes thedphose
that these are reasonabl e not included in the network
users by the el ectdrbiyc ittayk isnygs
account the actual costs of
Tariffs for data deryi$ecst i o
Thesararfapspr obvwe dNRA .
I ndicator 1. 4: Ownership restrictnoobnisl iftor energy storage and el ectro
Aspect s Legal reference Justification and/ or descr|{Mitigat
Sl oveni a measur ¢

BYCommi ssi
and

on | mplementing
consumption dat a.

Regul ati on

(EU)

129

2023/ 1di62c roif mién atumrey 22 B

torna n ;s & eomte r @rb«


https://www.tsodsoplatform.eu/electricity-data-interoperability/repository-national-practices
https://www.tsodsoplatform.eu/electricity-data-interoperability/repository-national-practices
https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://sodo.si/storage/app/uploads/public/671/8ee/d41/6718eed419bc6323025137.pdf

12The Electricity DiredArticles 36(2) anNational | egi sZ@EE oAr tiisclienf No nee(
owni ng, devel oping, ma|Diretltive

energy storage facilit

derogations:

12.11f. derogations exist to allow DSOs to/No derogations. No neefq
storage facilities considered as either

they meet the conditions in points (a)

péase indicate the number of derogations

derogation refer to fully integrated net

facilities? does the derogation refer t

speicd fenergy storage facilities?).

12.12f. derogations for fully integrated n/No derogations. No neef¢
open and transparent <criteria or proces:

storage facility owned and operated by ¢

component .

12.13f. derogations for energy storage fac|No derogations. No neeq¢
(c) of Article 36(2) of the Electricity

consultations have been performed puest:i

and whether a decision has been taken t(

13The Electricity DireqArticles 54(2) anNational | egi sZ@EJE oAr tiisclienfNo ne e(
owni ng, devel oping, ma|Diretlti ve

energy storage facilit

derogations:
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13.11f. derogations exist to allow TSOs to/No derogations.
storage facilities considered as either

they meet the conditions in points (a)

Directive, please indicate the number of

the derogation refer to fully integratef(

facilities? does the derogation refef et

specific energy storage facilities?).

13.12f. derogations for fully integrated n/No derogations.
open and transparent criteria or proces:

storage facility owned and operated by ¢

component .

13.13f. derogations for energy storage fac|{No derogations.
(c) of Article 54(2) of the Electricity

consultations have been performed puest:

and whether a decision has been taken t

14The Electricity Dir|Articles 33(3) and|National | egisZ@EE oAr tiisclien
from owning, developilDire%ltive Paragraph 2 + Article 78).
operating recharging

vehicles except where

operators own private

solely for their own

14.11f. derogations exist to allow DSOs to/No derogations.
recharging points for electric vehicles

indicate the number of derogations and ¢

refer tnoroeneD0Ps? does the derogation re

14 .12f. such derogations exist, please ind No derogati ons.
performed pursuant to article 33(4) of {

has been taken to phase out the respecti
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https://pisrs.si/pregledPredpisa?id=ZAKO8141

I ndicator 1.5: Restr-abeibdnandnintaddaynmdakxet s
Aspect s Legal Justification and/ or description of the |[Mitiga
refere measur
15What is the small egArticl|{Acording to BSP Energy Exchange PrLoGlbusc t(ssf No nee
of products for tra¢8(2), Definpnitmiommum quantity interval for o dse
and intraday market{g8(3) alahead Auction and Intraday Auction Marke
8( 4
l1e6wWhat is the imbaIaEl(ezztr The i mbalance settlement settlement inteNo nee
period? I f this 1is Ar t . 14 of the Rules for the Operation o
has the regulatory Regul @
derogation or exempt
that derogation.
17Do NEMOs enabl e md Yes, it is possimblne ptr@dturcdde owmi timtdhdagd [INo nee
to trade in energy | Auction and I ntraday Auction Market.
are at |l east as sho
settl ement period f
intraday markets?
Barrier 2: Lack of enablers and incentives to provide flexibility
Il ndicator 2. 1: Lack of adequate metering systems
Low woaltl of s mairLtacnke toefressebs and dedi cated measurement devices
Aspect s Legal Justification and/ or descript/Mitigati on
refere
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https://bsp-southpool.com/sites/default/files/media/file/2026/05/Product%20Definition%20v%202.8.pdf
https://bsp-southpool.com/sites/default/files/media/file/2026/05/Product%20Definition%20v%202.8.pdf
https://pisrs.si/pregledPredpisa?id=AKT_1297#clen_14

l1What is the percentage shArticl|Status as of the end of 2025:No need.
houseWbidal cdsquimeppesd wit|Electr|Household = 98,8 %
met &? s Dire%t Nomousehold = 98, 9%
The hi g-mes maorutoldoes not by i
operational observability of
activation, additional requir
access -tealhmardata, spatial ¢
opreati onal systems and select
user s.
2Ar e -matber s or dedicated®mArticl|Yes. More detail
used by TSOs, DSOs, and NMEIl ectr|SONDSEEArticles 218 provi sions
independent aggregators anpDjr et a.Submeters or DMDs atriemause|@nd require
a. If aheyused, pleasdartici observability controllabi DMDs are ne
flexibility services curr SONDSEE
b. If they are not negElectr participants. The DSO use § i mol eme
why (e.g. no need foFf |Regul? settlement of congestion status:
uses inside f|na| cust activates. The TSO also u '
use cases exist fpr DM control meter s, when ther
are covered by main ut bet ween the metering dat a
systems/arrangements) anthetering data obtained
C. I f they are not use€ meter s.
needed or could be use
X®The terms 6hohoekehdd ddnduédnomers refer to the respective terms defined in Arti
226Fi nal customersbé refers to customers who purchase/ @#iéctéBhbatyg 6brf owal usest amer
metering points of final <customers.
21t is noted that NRAs are typically asked to providrei nsgu cRie pdoartta. in the data col | ¢
BSubmetering refers to the installation of additiongl tmetodt :i co drusstersa & st rdep d thieé i
or to allow billing of difdseedtndn ftimailr ciursdiowed walwiaddtimala dsae.i |GRegdibcat ed measur e
of Regulation (EU) 2019/943, a device |linked to or embdeddkedtigrr mam keadseotr tthhatsypt @
from DMDs may be used for the observability and settlement of demand response anid
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https://pisrs.si/pregledPredpisa?id=ANJP39
https://pisrs.si/pregledPredpisa?id=ANJP39

needs or potential wuse b.DMDs are relatively new c
not wused ithere are case where sub
the fact that DMDsr cosé¢d.
c.There are use cacest dmer
contributing to ancillary
for the metered dataudfars
cases special submeters o
For the ancillary service
these customehe @aeauweled sutdion
measuremeovisded by | oc a-l
met er By the end of May
customers have had smart
mentioned and har moni zed
Lack of smart meters with minimum functionalities
Aspect s Legal|Justification and/ or description o|Mitigal
refer measur
B3For the following minimumArtic a.98, 3% No nee
metering syst epnesr,c esnhtaatgei ssh19 an b.98, 3%
hpusehold-hausielmcmlnd final_c 20 c.98, 3%
wltzh smart meters for whic|El ect d. 100%
n dese . _|Dire® o 100%
a.Provision of i nformat.i
consumption and actual f.92, 4% "
b.Access -tal indbant e dt inneear r « Th
consumption data at no e ;tated percentage excludes | e
a standardised interf at metering scheme. Although these cu
access met eorrovi dmingutld met ering dat aniannud ¢
%»0Functionality is availabled means that final cust otnyerasn dh acvaen breeeand iplryo va cdceeds swi at nhd
relevant technical, administrative, financi al
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c.Access to validated hi: network tariff calculations, the s
including visualisatiol based on annual nettmi mgtreat mbral tama
additional <cost period. Therefore, they are not co

d. Accounting separately | resolution as theetntalté meratt penbiad é&.n
grid and electricity cif
active customerso6 pr emi

e.Data on final <customer:
and the electricity thg
made available to them
party acting on their |
through a standardi sed
or throemote access

f.Final customers are mei
same time resolution afg
settl ement rmeetriiomali nmarl

Ot her functionalities and services enabling flexibility and demand respon
Aspect s Legal [Justification and/ or description o Mitigat
refer| measur ¢
4Are there any other funct|{N/A Yes. No nee
related to or supported by I n addition to DSO and supplier cu
available to final cust ome solutions are available on the Slo
considered helpful for ena data to support demand response an
customer flexibility? At the device | evel, Other Service
|l ocal interface of -Emmetamgquessten
data. Commercial examples i nc+4 ude
monitoring of el ect rwecri,t yp ecaokn spuonwpet
management, and interfaces for con
These data are further wutilised by
Systems (HEMS/BEMS/EMS). For examp
combine smart metering data with i
storage, heat pumps, EVutcehdhregreersgy
to optimise electricity consumptio
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el ectricity -dafiicreesd amrde fusreences. T
automated | oad shifting, energy op
functionalities.
I n addition, market participants a
services that enable distributed e
mar kets and ancillary service proyv
evolving, thesrestsrodtud itomat demort m
already being used ina8BbHbedehiCa@ bter
enhance customer flexibility beyon

I ndicator 2.2: Absence of price signals

Limited availability/uptake of retail electricity contracts with time differenti:

Aspects Legal|Justification and/ or description oflMitigal

refer measur

5Do sauppliers with more th{Artic|Articltehel7Eloefctricity Supply Act ((No nee
having electricity supply contract

types of final cust&®ers wDiret} Yoo . C
must offer electricdyriyamiupppri ciomg

aHousehold customers

bNo#mousehold customers All electricity suppliers that exc
the household or smal]l business cu
required to offer dynamic electric
of fers on their pweltei tcosnpanmd siom ttho

Energy Agency.

Suppliers exceeding this threshol d
report to the Agency the number of
pricing contracts and, in their | a
they offer such contracts.

136



or other requirements to be fulfilled by the final customensal (wWhieshahavealdeeavpub
an interface with the smart meter or aseraatsoerr vsiucpep oprrtoevdi doeyd ssneapratr anteetleyr ibnyg tdhaet as)y si
used refers specifically to O6metering and settl ement ath téhaevasdmebitliime 6r @ ssolnwtti am
incator, as this functionality is enabled and provided bg asgtsitem/onvartkredi ropseircd .or
6. What is the availabilityN/A Household (Status as of 1 June No need.
and -honsehol d customer s
retail electricbagedohtr a.Availability: yes; Nr. of su
. S : share of customer s: 0, 09%
a.Tinefuse fpirxiedck-tefrimxed ]| b.Availability: no
b.variable price contr g c.Availability: yes; Nr . of supp
that varies between qui of customers: NA
c.\_/ar_iable price_—ot‘mrstera d'é\églrleaglflIctjgiofn(;f’s:NB',3;)f Supp
pricing that varies bet e.Availability: yes; Nr. of supp
days of customers: 0, 4%
_ ) mu Fatninual agreements, with pos
e.Hybrid contracts (i.c¢ suppliers: 10; Nr. of contract
el ements of fixed and |\ 99, 2%
contracts, contracts t¢
spefz|f|c assets, ?u.Ch ) Nofmmouseholeaend Y225 data on % cu
vehicles, or specific
f .Other (please descrilfp a.Availability: yes; Nr. of su
Availability (qualitativ shareustomers: 18,8%
available to hdwuskdlod da b.Availability: mno
c.Availability: yes; Nr of supp
Availability (quantitati/] of customer s: N A
of fering each type of <co d.Availability: yes; Nr . of supp
household final customer share of customers: 2, 9%
electricity contract off e.AvailabilisyppyeeysNrd;ofNr. of
nonhousehold customers f of customers: 0, 4% _ _
. . f.Availability: The majority of
Uptake (qumetceéemtage)shar mu tatninual agreements, with pos
and -hoosehol d customers suppliers: 21; Nr. of contract
of retail elé&xtricity co 77. 9%
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*A supplier has been identified
customers with a specific asset
avail able to customers who enter
with the suppl i errel atoenfleivbeern s tphaer
set of optional benefits offered
supply contract with the supplie
for the EV charging benefit is n
*Suppliers are required to publi
and small business customers (wi
|l ess). Through its offer compar.i
humber of customers subscr i bfeedr st
| arger customers are not publish
under such offers are not availa
s mal | business customers concl ud
with suppliers,sandonbrdata anet
Agency.
What is the estimated pelArticpData is not available. Such arraNo need.
househol dhamsem@oshrdomer s (19, 2specific situations when the own
collective metering and o subtenants (e.g. smal/l businesse
arrangements that do notElectfogreneraI services (rent, fixed
exposed-otflos & iome dynami c pDire%lsubtenants are not registered in
(e.g. retail contracts, customers, as owner of the conne
mar kets etc.)? customer.
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Lack of consideration of networ® tariffs with time differentiation

Aspect s Legal Justification and/ or descriptilMitigation
refere

8Are network teousdf@sswatihArticl|Yes (static to all customer caNo need.

dynamic) elements appliedEg|l ectr|cuemtnercsonnected to dNsetwbbutilTan

categoonescted to the traRegul

di stribution system?

8. 0Lf neoftsemesi gnals (stat|Articl|Not applicable. Not applica

introduced in network tarlElectr

connected to the transmisRegul %

despi pe etskeence of physical

system and t he-fapruaripade | m

systems, please indicate

to support this decision

deciding agains-btfuset sodne

nebwk ®ariffs

8.kf DbDiume signals are intN/A Yes, they are mandatory for a-d|{No need.

tari ffs, are these tariff out is possible. There are spe

whom they apply (i .,eut neaon qual ity r eéAgiun rceanseenttshe data qu

select a different tariff customers are charged based on

si gl s) tari ff).

“ACER considerations and recommendations, and i nfor maSeicotni orAeClBaRt 662dd 2t50 rreetowdar ko nt are

practices

ACER considerations and recommencACE&ng808peeifvioe kt 0 at hpif3s0 1p s pP3e0c9i caansde 3iln5c.l uded i

ACER considerations and recommendACE&n208peaeciefsoc kt onphif29psp@8O0casd Bhtl uded in
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https://pisrs.si/pregledPredpisa?id=AKT_1266
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf

8. Bf Dbiume signals are intN/A Such supplier products are not/Propose the

tariffs, are suppliers al NRA monitors the retiadielntmafrikeedtj a mend meh@E B
related to the net woerlke ccto existance of such dedisaté¢ed pfifor explici
price contracts with no f shielding consumers from netwdgsuch produc
of fer to cust onroefrse tme twhd demand response, ultimately indistorting
app®y that are to be paid by end confcompetition
However, NRA has ideptified t h i impl eme
(legacy) static retail supply status:
net work signals in place, part m

seasidrhe static supply tarivilol
calendar year is high (at ni gh
|l ow season are generaly | ower
PV production) in comparison t
domi nant supply productseshiel
incentivizing network signal V)
inefficiencies.

NRA has publicly requested the
products but the reaction ofi s
the products remain in use and
introduce the seasonal ToU sup
This issue is distinct from th
signals, but it can reduce t he
di fferentiated network tariffs

Barrier 3: Restrictive requirements to provide balancing services

Non-market-based procedures

ZACER considerations and recommendACE&ng08peeicfwockt oaphif8lpspecti case included in
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https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf

I ndicatorm&r BeasNaodn bal ancing product s

For aFRR and mFRR, the indicator refers to the uséeadfanlcdama® pbaldamcdisng product s,

Aspects

Legal Justification and/or description (Mitiaga
refere measur

and types
this the ¢

b . How doe
bal ancing
the curren
based proc

11 f any TS@nauskeests@ednprocur/Articl|Balancing capacity and balancing ¢gNo nee
bal ancing capacity or baldEl ectr|in accordance with the ZOEE (ZOEE,

aFor whioch

mor e htntfmws: / / www. el es. si{ Obratovan
storitvel Zmkdblnaga  nlhe Nati onal Ter
BSPs.

reserves (i|Dire#!t
of product s
ase?

Arti cl
s the TSO pr|Electr|{Balancing capacity and balancing ¢
needs for th|Balanclin accordance witArtihel O0£E. ( ZOEE,

t planning- f Regulgagmore info: https://www. eles.si/ Obr
ur ement ? storitvel Zmkdlnaoglaa)] nsand t he Nati ona
BSPs.
a) No.

b) There is only mar XkX@EE blarstei dc | per 04
Rul es f;ormdrSRsitmpfsa:/ / www. el es. si 4 Of
storitvel Zm&kdlnaoogaaj n a

Prequalification
For prequalification, the indicators refer to all typaes amfd ppecudtic thladtanmay gber
I ndicator 3. 2: Restrictions in the pregqualification of reserve providing groups

®Standard bal a
products refer
for balancing

ncing products refer to products for kalEdrecitmg cengr Byl amadi nhagl Rregiun
to products forcbtatdaccegwienlergyt acldebaéaoftci nlye cBlpact tiyci hy aBal anc
energy and balancing capacity that ar d88S®©rwuees before starting to u:
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https://www.eles.si/Obratovanje/Sistemske-storitve/Zakonodajna-podlaga
https://www.eles.si/Obratovanje/Sistemske-storitve/Zakonodajna-podlaga
https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://www.eles.si/LinkClick.aspx?fileticket=U07c6TN6dQc%3d&portalid=0
https://www.eles.si/Obratovanje/Sistemske-storitve/Zakonodajna-podlaga
https://www.eles.si/Obratovanje/Sistemske-storitve/Zakonodajna-podlaga

Aspect s Legal Justification and/ or desMitigation
referelin Slovenia
2Do all TSOs allow prequalificaArticl No need.
FCR, aFRR and mFRR? 3(9), |2Yes. There is only one
3(10),|the prequalification of
154, 11laccordance with the Nat.
158 anfOI’ BSPs
1509 Sy(https://www.eles.g}!ObT<
o tstor|tve/memmwmaynaa i N
peragponudnike storitev izray
Regul = ELES
3For reserves where at |l east on No restrictions apply toNo need.
reserve providing groups, ganert generation, demand and s
(G), demand (D) and storage (S) Reserve Providing Group
providing group that are not al 3 N Th 0
G&D&S G&s D&S G&D . 0. ere are no com
demand (D) and storage (
FCR reserve providing group
aFRR
mF RR
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https://www.eles.si/Obratovanje/Sistemske-storitve/Zakonodajna-podlaga
https://www.eles.si/Obratovanje/Sistemske-storitve/Zakonodajna-podlaga
https://pisrs.si/pregledPredpisa?id=DRUG5233
https://pisrs.si/pregledPredpisa?id=DRUG5233
https://pisrs.si/pregledPredpisa?id=DRUG5233

3.Please explain why certain co 3. 1. Not applicabl e
aggregation of XX wunits is not
for ZZ reasons) and descri be an
apply with regard to any all owe
connection voltage | evel restri(
of facilities/units that can be
these restrictions.
Periodic as
the proport
Yes. Reserve Providing Utelemetry,
Providing Groups (RPGs) (verificatio
separate prequalificatigrequirement
balancing product s. aggregated
ThRBul es and Conditions floperfor-mase
Providers on the ElpgSsBkgrat her than
dedicated technical quallspecific re
each balancing service tlsimplified
reflecting the differentlrequalifica
requirements applicabl e |[changes to
T AnnexA@Bplication for|portfolio d
technical capability|the qualifi
Prov(iB&P) to provide|capability.
T Anne¥XAgplication for
technical capability i i mol eme
aFRR; status:
T Anne¥APplication for i mpl eme
technical capability
mFRR.
4 Are reserve providing units or I n addition to e.g. mini
to pass separate prequalificati proportionality of telen
bal ancing energy for FCR, aFRR and verification require
reasons for requiring separate reviewed to ensure that
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https://www.eles.si/LinkClick.aspx?fileticket=U07c6TN6dQc%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=U07c6TN6dQc%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=FNugo50AOVc%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=FNugo50AOVc%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=FNugo50AOVc%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=14ecZWL1GHg%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=14ecZWL1GHg%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=14ecZWL1GHg%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=7lzdK8iRrDc%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=7lzdK8iRrDc%3d&portalid=0
https://www.eles.si/LinkClick.aspx?fileticket=7lzdK8iRrDc%3d&portalid=0

technical characteristic
and do not i mpose unnece
aggregated DER portfolio
performed through the NRHR

38 Commi ssion Regulation (EU) 2017/2195 of 23 November 2017 establishing a guide
39 Commi ssion Regulation (EU) 2017/1485 of 2 August 2017 establishing a guidelin
|l ndi catloarr g3e. 3mi ni mum el i gi bl e capacity
Aspects Legal |Justification and/ or description/ Mitigation
refer measures
5What is the minimum cap|Artic|The minimum eligible capacity is|No need.
each TSO in the prequali|7(1) Conditions for BSPs for each bal
all owed to participate | |mFEFRRY
standard and specific ba )
FCR, aFRR and mFRR? ?Etlgc Al t hough the prequalificaeuonafr
4 FRFY a!lfnws agg.re.gatlon of generatlon
mini mum eligible capacity of 1 M
resources can participate only t
Il ndicator 3. 4: Unregqgul ated duration or |l ong prequalification process
| mpl ementation framework for the European platfor m f oirt ht hnea neuxacl h aancgtei voaft iboanl ainnc ianc
20 of Commi ssion Regulation (EU) 20Hd2N2h%5 omf e22chNovemhgr badhhceésntgabl i shing a gul
3 mpl ement ation framework for the European platform foththetexmahacgacof viaali amci mg
21 of Commission Regulation (EU) 2@0airdenibbeodbn28| dlovembiety2bDalfaesitiadli shing a
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First time prequalification
Aspects Legal Justification and/or descriptionMitigation
refere
61 f a reserve providindArticl|TS@requalifies a respective BSP|Define or p
providing group (RPG) -iland 15 indicative
t 1 me prequa!|f|cat|on t'SystemThe prequalification process is |[for complet
mFRR, what is the reguligperat{Conditions for BSPs. checks; pro
(l/veeks)% L‘;‘: a;r?y, f():_:ch<Regul?aga.) Not regul ated. applicants
feggfvz? ftatproaq paioicte s b.) Not Regul at ed. standardi se
' . c.) Maximum 13 weeks (3 monthaffi|application
a. From receipt of the completeness of the applicat|publish the
application by a re
. . process ste
TSO to confirm if t . . .
compl et e Al t hough the maxi mum duration aflexpected ti
. regul ated, the absence of a reguenable digi
b-. From rec_e|_pt of application is complete may reduof applicat
TSO for additional .
. mar keentt ry process. Thet hpe apcrtd cead s L
reserve provider to h ; b . q f h 0 i mpl eme
i nformation therefore e monitore romt_e status:
] ] than only from the date on which
C. From confirmatid
compl eteness of the
TSO to confirm to t
the reserve providi
prequalified
Reprequalification
Aspects Legal|{Justification and/ or descriptionMitigation
refer
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71 f a prequalified RPG i|N/A Changes affecting the compositioNo need.
prequalification process require a new qualification cert
due to the following cha maxi mum regulated duration is 3
regul ated duratieopmegQuwet¢k application. A |liglptphgiemdpliinf itdd s
process, if any?
7. After adding new conne A new qualification certificate |[No need.
generation/ demand/ storag gualified capacity is increased.
connection points and/ or receipt of a complete applicatio
existing units or their in this case.
capacity of the RPG.
7.Rfter removing some co A new qualification certificate No need.
removing some generation where units are removed or the (
the existing connection Ma x i m durati on: 3 months from
capacity of existing uni light/ simplified process is appl
prequalified capacity of
7. Bfter changes to the ¢ A change in the portfolio compos/No need.
di str¥ofutumint s. certificate for a BSP and not fo

Maxi mum duration: 3 months from

light/ simplified process is appl
8l f a prequalified RPU o The qualificatioeandepads pfd aiaftiec .i siNo need.
a new prequalification p the new BSP must obtain a new qu
MFRR due to being switch not for a RPG. Maximum duration:
t he same balancing produ compl ete application. Appliigehd /isn
undergone any ¢ hamagdsmu ny
regul ated durati em e(wuedKk
process, if any?

2Changes in the composition of a prequalified RPG al waryectiimpd yp aiemtosy i migi Iseo met heorn

units are added, while keeping thehsaamgespriegquéalei fdiied rri dosudriwen odp aac iptrye qufaltifd eRIP G

RPG or to the units connected to these connection potimda ssameitl ec Hodelgdhgegewtnhfdesstauire
f

consists o
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Product design and market architecture

Unl ess indicated other wise, indicators in this section prreofdeurcttsg loac alo baanlya nscpiencg f
may be used in parallel with standard ptbduafism iAstoegatdhers pocief bashal amdiomgnapi

products across Member States and on any differences f r ocnonsstiadnedraerdd rperloedvuacntts awsi tpho
to thei patritan of resources such as demand response

and other small di stributed er
I ndicators for which information is requiredeaqgmuliveimenctasse of deviation from EU t .
9l n the table below, please provide the following inforremapadrmoeng ofieorre ntehnet sl:ocal or s
alL.ndi cator 3.5: o6Lar:geTlhm nhiinguhne sbti dnisniizneubm bi d si ze ( MW)
bLndicator 3.6 6lLong validity :pé€lrhieod hofr tkeasslta mmidng hendronyesitdsv@ ! i dity perio
clL.ndicator 3.7 O6Symmetric b:allafnca ndjercagatciidary ips omlrucvisdbed t o all ow symmetr i
when this derogation expires
di.ndi cator 3.8 6Restrictions in the priThe peatitclee mesrttt | reuneento fr ud &l aarmpeilri g dene
el.,.ndi cat orc8ntir ddNtoend bal ancing enetgyi batde aoy deVoweddn from EU target mo
product s, i f used.
I n case products portchdeucttshg Local Locall Local Local Legal| Justi fi Mi ti gat
indicate lidcalheor Speci| Speci| Speci| Speci refere and/ or measur ¢

descript
the situ
S|l oven

Product EU tar FCR St and| Stand|Stand{ St and No need.
mar ket model aFRR aFRR|mFRR mFRR
el e me n| requirement capaci energcapac enerd

43

produq¢ produprodu produ
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aMinirmdm <1 MW 1 MW 1 MW TSO h MW TSO h Al ligne No nee
size j 01 n¢ joing aArticl EU tar
Pl CAS MARI mE R R1°F moglel
pl atf pl atf require
on 1 on 1 and
2026 Jul y. aFRREE
(befo (befog
t hat t hat Articl
produ produ SPBC
.W'.th .Wl.th met hodgd
mi ni m mi ni m
bid s bid s 44
MW) MW)
bValidit 15 mi N A P5 NAP TSO h P TSO h Al ligne No nee
period o] j 01 ng¢ j 0i n¢g EU tar
bal ancin PI CAS MARI mod el
energy b pl atf pl atf require
on 1 on 1
2026 Jul y.
(befo (bef g
t hat t hat
produ Sched}(
wi t h Act i v é
mi n frofm 2
val i d mi n t )
peri g Ti 7.5 Articl
and f El ectr
Dired¢ Bal anc
Acti VirRegul %t
from ]
min t Articl
T+7. mF RR49F
min)|and aPFH
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cProcure Separ a symetriqsepar NAP separ NAP Articl Upward No nee
of upwar | El ectr downwar
[ downwar bal anci
—_— Regul %t .
capacity =eat capacit
procur

separat
accorda
with t
nati on
bal anci
mar ket d

48 EU target model requirements should be updated to*““8PBE€cmethedokqgqgydemeheéssthatt
a |ist of standard products for bal ancing capacity for f rveiqtulhe nAryt ircelset o2 =(t 2 )o no fr €
Regulation (EU) 2017/ 21%% bdfi sh3d nNjo vae nghueird e2 0 In7e eosn el ectricity balancing.

“5Not applicable

dPrisceet t | ¢ Mar gipmal NAP NAP TSO h NAP TSO h| Al ligne Thbarri

rul e j oi ne j oi ne EU tar| was rem
Pl CASS{ MARI mo d e | upon EL
pl atf pl atf requireintegra
on 1 on 15 the PIC
2026 2026 and MA
(befor (befor i pl atfor
that - that-| Articlg July 2
asbid asbid| Electr
prici prici|Reqgul %8t
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eNoncontr
b al anecn enrgg
bids

| owe

Al l o

‘Z

‘Z

TSO h
j 0i ne¢g
Pl CAS{
pl atf
on 1
2026
(befo
t hat
al so
al | owe

TSO h|
j 0i ne¢g
MARI
pl atf

2026
(befo
t hat

al so
all ow

Articl
16 (5

16(7)
Electr
Bal anc

Regul %t

Al ligne
EU tar
mod el

require

nee
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|l ndi cator 3. 10: Too shdwt api edebiehevéd emi ciomsmcuti ve activations

Aspect s Legal Justification and/ or description of t|Mitigatdi
refere measur es
10What is the shortes|Articl|{No predefined minimum duration betwee|No need.
mini mum duration (min2s5(5) (|Activations follow the applicable Eur
end of deactivation pg|jectr|@and MARI ).
aCt'Y?F'OE Idefl_ned fdgal anc
speci fic alancing en
each TSO at national Regul ¥
mFRR.
Indicatbong. ptocurement |l ead time and long duration of balancing capacity contra
Aspects Legal Justification and/or descriptiofMitigat:i
refere measur es
l11Has the regulatory author|{Arti cl a.No derogations. No need.
of the following? and 6 ( b.No derogation
a. To grant a derogati (Electr c.ln Sl ovenia we have monthly
bet ween contracting andRegul & capacity as Rete$sofoh FBPshe
capacity, pursuant to a https:// www. eles.sif{fObratova
Regul ation storitvel Zmkolnagaij amwaed by th
b . To grant a derogati
contractual period of ¢
to article 6(9) of the
C . To approve an exten]
contractual period of t
contracted more than on
pursuant to article 6(1
Regul ation, following a
pursuant to artitcliei6g¢?9

Regul ati on
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https://www.eles.si/Obratovanje/Sistemske-storitve/Zakonodajna-podlaga
https://www.eles.si/Obratovanje/Sistemske-storitve/Zakonodajna-podlaga

l12What is the percentage of a)57% No need.
contracted within 6X06 ti me b)0O %
bal ancing reserves and PFal i c)43%
used at na®ional level d)o %
a . aOne day ahead or | e)o %
b . Bet ween one day and
c . Bet ween one week an
d. Bet ween one month a
e. More than one year
13What ipertcleedt age of bal an/( a)b7 % No need.
contracts with a contract u;i b)0 %
for ill balancing reserves c)43 %
prodt#essd at national | evel d)o %
a.No |l onger than one day e)0 %
b.Between one day and one
c.Between one week and on
d.Bet ween one month and o
e.More than one year ahea

Barrier

Il ndi cat

4. Restrictive requirements

or 4. 1: UnjubbaskbidedSODackngkesimapbpkemanagement

to provide

B1f a d
Regul at
%1t is

erogation concerning

ion, pl
noted that NRAs ar e

me

typically
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congestion

bet ween

ease also indi batenséepagrabphyitlgeppedoensage

asked provi e¢e@osuch

management

n

contracatiitryg coamd rpmrcd wi iuagrs uafntb & loa mai
standard
t he

dat a



Aspect s Legal Justification and/ or description of Mitigation m
refere

1Pl ease explain t|Articl|The Slovenian TSO ELES addressedapleygdThe afor emen
congestion managell13(1),| manner-a¢hpay) . At the moment ELES is JUmbrella con
taken by TSOs to §{13(2) and activating redispatch energy bidiplanned to b
congestions. When|13(3) is a need fof cetispaedzhedi bpatch eTSO's new Te
redi sp®tohsabve p'EIectr ELES rely also on balancing energy blConditions f
congestions 1in it:Regulzaedoesn't procure any capacit, only ac/service prov
pl ease explain thiy providers that vol usntnaarrikleyt .parti ci pajwere in publ
procur ement ;bais3¥®ed |, Currently, an Umbrella contract for |[consultation
no-mar kbeatsed or a c (https:// www.eles.si/Portals/ 0/ Novicdghttps:// www.
and under which c{ 20prerazporejanju%20el ektricne%20ene|s/ 0/ Obratova
applies each proc| ga%20operaterjaw20prendsndaga®w2@omgezle/ Pravila_Po

TSO's Umbrella contract, redispatchi|20z2a%20RDCT%

same redi spatch service provider, be/2018072025.p

or between a service provider in Slo 0 impl ement

Article 2 stipulates that the TSO de stat ugai n

In doing so, it also specifies at wh

consumption must be adjusted. The TS

need f orchr ebdyi stpealte phone. I't sends th

reqguirements via email (the fARequest

form) before the start of the billin

for which the r edinmngastermt .r eTghuee sste ri vsi
BSArticle 2(26) Regul ation (EU) 2019/ 943: 0redi spatchionrged tmmeamsmias sriecars ugyest aémcd pd
system operators by altering t hechgemer athiyosn ,c all o afd opwvast tienr nt,h eo re I beoctthr,i ciin yo rsdyesrt etmo
system security.
SFor O0maslkedt procurement o, the definition included in ACER recrommeingd at sdhends:e 8 é @O K
procuremendb@aserd dmeahleati smd means a pr oomurwehneenet eprtohceers st hfeors ed esceri winc eo fp rtchvei ssieor vi c

based on a bidding process.
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https://www.eles.si/Portals/0/Novice/DOKUMENTI/Krovna%20pogodba%20o%20prerazporejanju%20elektricne%20energije%20za%20potrebe%20sistemskega%20operaterja%20prenosnega%20omrezja.pdf
https://www.eles.si/Portals/0/Novice/DOKUMENTI/Krovna%20pogodba%20o%20prerazporejanju%20elektricne%20energije%20za%20potrebe%20sistemskega%20operaterja%20prenosnega%20omrezja.pdf
https://www.eles.si/Portals/0/Novice/DOKUMENTI/Krovna%20pogodba%20o%20prerazporejanju%20elektricne%20energije%20za%20potrebe%20sistemskega%20operaterja%20prenosnega%20omrezja.pdf
https://www.eles.si/Portals/0/Obratovanje/Sistemske/Pravila_Pogoji/Pravila%20za%20RDCT%20v01%2018072025.pdf
https://www.eles.si/Portals/0/Obratovanje/Sistemske/Pravila_Pogoji/Pravila%20za%20RDCT%20v01%2018072025.pdf
https://www.eles.si/Portals/0/Obratovanje/Sistemske/Pravila_Pogoji/Pravila%20za%20RDCT%20v01%2018072025.pdf
https://www.eles.si/Portals/0/Obratovanje/Sistemske/Pravila_Pogoji/Pravila%20za%20RDCT%20v01%2018072025.pdf
https://www.eles.si/Portals/0/Obratovanje/Sistemske/Pravila_Pogoji/Pravila%20za%20RDCT%20v01%2018072025.pdf
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nci al sett |
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e TSO's Umbrell
ement and as a
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21 f a TSO-masredseats ® (
redi spatching, pl ¢
reasons for applyi
procurement :

a . No ma-baseéed
alternative 1is

b. Al |
based
used

C. The number
avail abl e powe
energy storage
response facil
to ensure eff e
competition in
where suitable
the provision
are | ocated

d. The curren
ituation | ead
such a regu
edictabl e wa
sed redispat

avail-a
resour ce

dding which
crease the |
ngestion and

compl eted by
financi al sett |

TSO

and the service

ement .

pro

i
n

r

a

ead to regul a
i

n

0

t

at e concerne

Not applicable.
t her ef omaer, kbeats a d

E EbEaS eadp prleide ss paa t ncahri kneg
redi spatching is not

N o

need
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adopted an act
address this ¢
e. The curren
situation | ead
in such a regu
predictabl e wa
based redispat

l ead to regul &
bidding which
increase the |
congestion and
State concerne
t haitnimmum avai
capacity-zpbomrlc
trade is in ac
Article 16(8)
Regul ati on

f. Ot her (ple
explain)

oOcCT T wmw = W

I f a T Snta rukbeats e (
edi spatching, pl ¢
ype of procur emeil
olving physical (
pecific grid are:;
0 speandexcti on mg
roducts, to speci
sers or technol of
ther criteria.

4 .

r
a

I f a T Snta rukbeets e (
edi spatching, pl ¢

ssessment proces:|

Not applicabl e. E EbEaSs eadp prieide ss paa tncahrikneg No need.
t heref omaer,kbematead redi spatching is not
Not applicable. E EbEaS eadp prieidei ss paa tncahrikneg No need

ther ef omeer,kbeateeddi spatching

i s not us

156




of procurement

foll owing
alnitiati
process
b.Evaluat.i

evaluati on,
evaluati on

c.Stakehol de
how the stak
invol ved

on:

d.Decision:
deviation -ba
procur ement

aspect s

on:

w h ¢

ty
s c oy

rs i
ehol

wh o
8 md r

5. I f a T &Staruks
redi spatching,
process to
t o semamloat
become no |

re
ong

reass e/

eats e (
pl ¢

di s
er

6. | f a devi ah
redi spatching
TSO, is there
secondary | egi
approved r to
country ens
redi spat res
ma r kbeats e d

o}
to
c h

mechani s

aoed
is
S 0 m¢
sl af
Yeod
ur e
our (

ndicator 4. 2:

un j

u-

Not applicabl e. E EbEaSs eadp prieidei ss paa tncahriknegg No need.
theref omeaer,kbeateed redi spatching is not
No. The current |l egal and regul atory/ No need.
based redispatching. No additional I

bcbEde®SODackngkesmaokemanagement

Aspect s

Legal
refere

cat.i
a

Justi fi
Sl oveni

on

and/ or

descri

p

Mi tigation measur €
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7Pl ease explain howl|Articl|{ln Slovenia there is currenl|{Alignemnt of next
physical congestions/13(1),|operator (TSO/DSO), which isfdevelopment plans
grid. Please explainl3(2) Thehdistribut?og.g.r:jd :3 own U i mplementation
. eac serving individua geog ongoin
ause mbralsed redi é?éi:r pri mary and esgeicsol nadtairopna sfeod mg ?
bi. mpl e me-ma r keats e d Regulzaﬁredispatch in the distributi
congestion manage a.Currentldy sdrmliyul ieommp | cooynsp
( e. g-:mam dbeats e d Articl mar kheatsed reditspat ¢ H www. e
redi spatching, fI Electr ' jubl jana) sibuwptr oizn® smar k ¢
agreem’é,ntisnterruptDireklt proEbItemsd. deiqsﬁtrtihtleuhbitdmmlleo
. ma r kbeats e redi spatc only
tariffs, etc.) an Projections for 2030 sho
ctake other measu (LFMs) are going to be us;
network reinforce l owol tage (LV) Ilevel pred
expansion or requ reduct idoins tbryi bBut i onRedmpat
solve the physica PV injections on the LV I
(please explain t a minor enerdysshiabet bgn]
b.Fl exible connection agr egé
progressivelydimtusduanad
are going to employ them)|
that FCAs fooltlgemi My e
to be used for reduction
c.No other measures identif
The | i mited -buasssee do fc amag eksetti on
not primarily caused by the
reflects the early stage of
| ocal ' iquidity, uncertainty
duration odr édmentr enpeds, and
SArticle 2(24c) Directive (EU) 2019/ 944: 6flexible conpbatticapaagtgementdemgans a
l'imit and control the electricimiysiwmneantitowortko oandiwitrhduawalin fhredwotrtke tran
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https://www.elektro-ljubljana.si/proznost
https://www.elektro-ljubljana.si/proznost

readi
activati

ness

required
on of di st

for the i
ributed fl

81l f a DSO -nuasrekseats e d d. Ot her : Local flexibility|Develop common <cri
congestion managemen stage of maturity and mayassessing wha&aneadnar
the reason(s) for ap competition or procuremenflexibility procur
procurement : net wor k ar ecacsnn eFclteixomlagriand economically f
a. Mar kheats ed pr o fcherefore currentlly.the forwaoadki ng fl exib
is not economica |nstrument fospeomki tocatnet wor k Qevelopmen
particularly where the nistandardise | ocal
b. Mar kbeats ed pr o providers is |limitedbadddprocesses and prod
would lead to se procurementersthiballl @s nelve poperational obsery
distortions reassessed as aggregatiofaggregation; perio
C . Mar kbeatsed pr o participation develop. mar ket | iquidity a
would |l ead to hi out comes.
d. Ot her (pl easée U i mplementation
planned / ongo
91 f a DSO -nuasrekseats e d Nommar kheatsed congestion managqgNo need.
congestion managemen t hrough FQAsc adnloyn dependent ,
this type of procur ¢ BHEE at MV.
solving physical con
areas or voltage | ey

congestion managemen
specific typesrofosy

technol ogies, time p
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D S O -nuasrekseats e d
managemen

101.f a
congestion

the assessment proce
procurement, includi
aspects:
a. I nitiati on: v
process
b. Evaluation: t
evaluation, scop
evaluati on
C . Stakehol der s
how the stakehol
invol ved
d. Deci sion: whd
the deviati oma dsacq

procurement

Not

applicabl e

system operator

( FCAs
and

t

ar
he

e

neg
net w

Not cabl

appl

e .

D S O -nuasrekseats e d
managemen

111.f a
congestion
the process to reass
to semamloedt redispat
l onger applicabl e.

Not

applicabl e

Noapplicabl e
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12I.f a deviat i-lbamsdd o Not applicabl e. Not applicabl e.

congestion managemen

for a DSO, is there

secondary |l egislatio

approved or to enter

country to ensure th

congestion manadamen

on a maasked mechanis

I ndicator 4.3: Constraints in | ocal mar kets for TSO/ DSO congestion manage

Aspect s Legal Justification and/ or desSIrd)\pev‘Mitigation measur €

refer en

13l.Lf |l ocal mar kets f¥Articl fhe TSO and DSO, bot-rmewtsrealanagPeri odically asses

management (for TSOsjand 13(service procurement. Ther efassrecurrent regul atory

operational in your [E|ectrientry barriers. of mabrakseetd f | exi bi

whet her you have ideRegu|2a6tAS already mentioned above, t Procur e me rta s(eau trpey

entry or par tfiocsispialt if . TSO services does not allow husing SG KPIls)

resources and new e_ng\rlzls;jfebussiries_s customer s to_provid U i mpl ementation

flexibdMaedlreengeener ati g themsédwieshout aggregation. Ho going

response, energy stoB2(1) & 01| pyussmeresshawsta technicd

in the prequalificatB32(2) |opnnection capacity of 43 kW

applicable), productElectripso congestion management sin

design, e.g. Dire¢itipid size is 5 kW for capacitylapns |local DSO mar k

a.Restrictions in f In addition to entry requiremproportionality of
of service provi continuity of |l ocal procuremefcommunication, tes
aggregation of i nvestment by flexibility projmanagement requirse
generation/deman recur, indjyearn iivef onuthatii on on @ssessed specificdg
fzenz?mgllsﬁ\r/v\éldcel vol ume and duration should bef@aggregated DER.
connected voltagg¢ ;:)r:(r:nljtgusqgats.that would prejud U impl ementati on
in the aggregat:i planned
unirtess/ources, res
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facilities combi i a.For DSO the | ocal mar ket s
of units/resour cg mi ni mal maturity that woul
or generation col entry barriers rbtaisend ©O®xnee¢ h
storage, unjusti/f

di sproportionate b.See above

aggregatorsbd or f c See above

management, verif

requirements ot

productmeeadqusir et

b.Restrictive
design requi
validity per
management b
demand respo
procur ement

T OD®WAOO®M®T =300 LN
3
™

DO —5 — =T

duration of ng ¢
management ¢ aci
etc.)

c.Unjustified or di
restrictions appl
with | imited net
as resources coni
flexible connect.i

d.Other (please ex|

Barrier 5: Complex, Il engthy, and discriminatory administrative requirements

Il ndicator 5. 1:cdmreddtiicirengr gqae dlur es

Aspect s Legal Justification and/ or description of|Mitigat
referen measur e

1As regards the proced|ArticleThe procedure for connecting to the|No need
connection permit- for IRenewahl131948 o0ZO0EHBeand in greater d&OADISEIEN

consumers, energy sobriEnergy
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https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://pisrs.si/pregledPredpisa?id=ANJP39

n connection proceqd
he distribution opge
as for é&xampl é¢7 wwavr. iehh @k.t gio/ z a

uporabnike/ priklju%C4%8Devanjel

energy storage) and NS A el e websites of

a. I's information El ectri
procedures providedpi ezt

t hmet er, -tbheaeit md i nelloucdail Di r e &2t | a.lnformation o
t
3

b b.All applications related to the
’ Can.the pr.oceduparagra connection permit, connection t(
out entirely in eleand 5 electronically or via online for
c. Can the procedu|{commi ss c.N/ A

parallel to other Tripecomme d.The provisions of the General A(
to help speed up thijgp related deadlines apply to the g
granting process? (EU)

d. Are there clear|2024/3%3

deadlines for all S

procedures?

2Do DSOs appinptafsicmpli|Articl eThe procedurenfooi ficatsiomplpebcedurke No need
procedure for grid coniRenewabthe Act on the Promotion of the Use
with article 17 of the|Energy |(ZSROVYE

Dir et i
3 Do system operatonsmiaptArtiC|eThe di stribution opeSQ@Dh@Kweta samelviedd No need
information on availabIElectriprovides a geographic overview of p
connections? existing networkés capacity to conn
Regul %5t

directly to the existing electricit
Articl ¢
El ectri
Direglti
Paragr
Commi s

jab)

n

Commi ssion Recommendation (EU) 2024/Ir3a4a ionfg 1pF oMaeyd ux0ex4 foorr s peeneednianbd eu pe npeerrgmyi tand
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https://www.elektro-maribor.si/za-uporabnike/priklju%C4%8Devanje/
https://www.elektro-maribor.si/za-uporabnike/priklju%C4%8Devanje/
https://pisrs.si/pregledPredpisa?id=ZAKO9205
https://geo-portal.si/gisapp/sodokart?public=on&lang=sl

Rec omme
tion
(EU)
2024 /53

4. Are there
grid connect.i
consumer s, el
and rfemmrewabl e
storage owned
communities?

any measul
on proced]
ectric vel
generatio
by renewi;

Paragr a
and

11
Commi s s
Rec omme
tion
(EU)
2024 /53

The
i s
Ene

procedure-nfoori filcatsiomplpe ocedur e

set Aforthei 63
rgy SHIRQEBE (

of

t he

Act

on

t

No need

he

ndicator 5. 2:

Di spr oporrdduwinrad ke mtr o cfeadflrmar kentd acces s

Aspect s

Legal
refer 6

Justi fi

cati on

and/ or

description

(o]

Mi tigation
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https://pisrs.si/pregledPredpisa?id=ZAKO9205

5As regards procedure|N/ A a.Limitation of existing indepen{(Please see
access wholesale el ec b.No. AlIIl (also smaller) wholesaléAggregatio
mar kets for congestio equal coll ateral arrangements U i mpl eme
a . Have you ident transact|;)n f$E§ ( DA/ 1 D {narket status:
made aware of any ma:zgem_gr; )'f 'St hpresen st.a S Il AM pl a
unjustified differ smakr a'“'@.r'tshort 0se ""at”. ' ng
procedures or reql EELVL?EZ ere Z?ioigggﬁg?hgogih I ntroduce s
new entrants and ¢ man a emeg? mgrket is suitabl e contractual
(such as mar ket pe g and onboard
i i i . . . rocedur es;
l'naggregation, L I n additi on taoc cfeosrsmarle qguairrkeenient s, sp. .
aggregat or so,f oepneerrg . . di gi t-at opne
aggregated portfolios face fixed t . .
storage, energy c( . . . registratio
. ) contract negotiation, prequaé¢exéchanm )
traditional market . o . feasible; a
interfacedet eamehanieon, metering Vg |
as producers and ¢ ; ; uplication
management and compliance report'”submssions
b. Are there any proportionately higher for smal/l "mar ket and
designed with smal independent of the volume of fl exi operators:
mind (e.g. of ferir concer nusmutlhaet icve ef fect of several proport|o;1a
coll ater al arrange requirements rather than a single collater al
infrastructure r ecd reportu’inrger;l
proportionate mark The absence of sufficiently Standafacilita—ltev
etc.)? contractual documentation may furt .

. compl i ance
sequence of approvals, dat a requ'raggregators
parties involved. Thfiesr iasggraedadtcaid Standardise
entrants that must coordinate Withspecif|c co
participation is possible. templates:

registratio
published d
reqguirement
all ocation
responsi bil
indicative
ti melines
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0 i mpl eme
status:
Barrier 6: Lack of regulatory incent i-wierse tal tseyrsnmeetm wveser ators to consider non
Indicator 6.1: Lack of inoemtireealftenr na®3 vtiee consi der
Aspect s Legal Justification and/ or description of|Mitigat
referen measur e
1Does the regulatory f|ArticleThe access to flexibily market is e|No need
country ensure that TS(32(1) a
procérlexi bility servicl40(5)
congestion managehblenitnig| ectri
particular from generatltpjr ealt |
energy storage faCiIitiArticle
efficient and secure SYand
|l ease explain why.
p p y 13(2)
El ectri
Regul %0t

52 These refer to p

edures and requirements to become mar keotr pcaorntgiecsitp eomt mam avgh
53 The terms O6procu

roc
red and béprocur einasted a@mar koesdsnetd tpor ooceefdeurr eeso. bot h mar ket
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54 Based on the combing®Bion3@ffi laraind ¢9(3)(®f the Electricity Directfirveequetnhcey t e
ancillary services and congestion managemelmite tddrad secumecepsraatyi dm @e@fnstuhe $ryhet em.
agreements are not included in flexibility services for the purpose of assessing

2.1ls there a | egal or rArticlelYes. AcMevohodbéogy for Preparing EINo need.
TSOs and DSOs to asseB32(3) aPevelopmermt tRIsand p(i srs.si/ preglAdtPir
of flexibility servics1(3) 3

expansion when preparjfg|ectriThe investment plan for electricity
development plans? I f5i,c2tjuse of -dechandesponse and an assesanm
requirements (e. @rtada | on@erm flexibility services; electr
types of grid expansi Agency and rodehserugedouy the distrib
invest ments above a c alternative to system expansion and
of assessment, assess communi cation technology systems, s
and other investments alignedawiotIds
devel opment strategy.
The TSO and DSO need to assess the
flexibility in their network develo
expansion: when planning the infras
shall pri or i tniczree anseea stunree se ftfad cii ency
i nfrastructure whenev-effebtebeedarptc

of equaffeosdtveneypstem expansion or
di stribution system operastelteshatl s
using excerPhptemeffi et man@astyses based o
account broader benefits.

3.Does the regulatory fArticlelYes. The costs for procuring flexibNo need.

country ensure that TE|lectrifelated to investments (CAPEX/ OPEX)
recover the reasonablRegulztfegulation and the comprehensive in
incurred when procuri ) i nvestmenhps: (/ pisrs.sil/lpregl.edPredp
investing in digitalifArticle
including any relatedpnd

40(6)

El ectri

Dir et i
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https://pisrs.si/pregledPredpisa?id=AKT_1255
https://pisrs.si/pregledPredpisa?id=AKT_1280

4. Does the regulatory fArticleThe NRA prgewiedead gerf orfmamcef fiincieamriNo need.
provide incentives tofElectrifnvestments for DSOs and TSOs, whi c
a.to procure flexi biRegulzt KPl's in the following areas (but cu
including congestioArtiC|ethese areals): ) . ) ) _
areas, in partiCU|aElectri 1. exploitation ,Of fle?<|'b|I|"[y,
demand response or Dire®lt | 2. .network'capa(mty .ut|!|sat|on;'
facilities, as an e] 3. I ncreasing transmission capacil
expansion? 4. hosting capacity and the | evel
b.to invest in smart 5. voltage quality;
optimisation and ot 6 . |l osses (where network | osses d
technologies (e.g. considered);
management ), as an 7. asset |ifetime,;
to grid expansion? 8. forecast accuracy;
9. provi stiioome oifn froeranhat i on to inter
10. opennepar tty itrhnaowati on; and
11. environment al i mpact s.
Two types of key performance indi
performance of smart grid investm
-key preparedness indicators; and
-key performance indicators.
An individual KPI is defined as a
assessment of the performance of
may be conditional on the achieve
KPlI or individual p rseepda roend nt enses KiPnl
an umbrella preparedness KPI and
calcul at ed.
The principl esbasfe d erref goulneatnicoen o f
ar e:
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-public publication of perfor mance

publication of indicators in the
distribution system operator and
-a functional l'ink between the per

the eligible costs of the distrib
system operator ;

-the definition of minimum standar
di stribution and transmission net
Performance based regulation for

the second and third indents of t
feedback management process, wher
by adjusting the eligibleeelbstsoi
l evel of efficiency.

The NRA pr owirdogesa daé rstoe g f iom ¢ egmt irdt e
projects: I nvest ments in qualifie
of enabling the introduction of n

addition to the previously descri
projects arelvetepdeidfito pmoobl ems
net work. The NRA has defined foll
as one of the key conditions for
scheme:

1. in I'ine with standardized def
infrastructure;
2. projects with focus on at | eas
DSO and TSO relevant topi cs:

- improving the wutilization of t

- ensuring transmission capacit.)
management ;

- increasing system transmissi ofr

- efficient integration of RES

- setting operational requiremer
curtail ment of generating unit

- ensuring island operation ( midg
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- use of advanced mar ket and ot Hh
terms of ensuring the active g
such as demand response progr g

- promoting energy efficiency inrn
consumption, connection power,
net work and others;

- efficient integration of <chard
vehicles into the grid by incl
demand response programmes Wwi't
increased use of electricity i

- optimization and <doomadinnamni @mg |
heating, gas) with the aim of
infrastructure an-daREG®&n aa nalfefeif]
solutions, or

- improving or maintaining the |
and voltage quality;

3. a positi-heneksul &anafFysostprep
Commi ssion recommendations (CBA m
recommendation of EC éGui dbedn exfeist
of Smart Grid projectscg, Report E
The NRA publishes standardised id
projects on its website and super
Two subsets of projects are furth
incentive:

1. TFliimei ted incenystvems oapwhodeh i
project applicant -spyrsotveenrss tahpaptr otahceh
(benefits in transmission and dis
planning and i mplementation of th

2. @rneme incentive bas smartgridinddnents o
based on by the NRA predescribed output-based KPIs is provided.

, the NRAuptovViedsi hoeest ment s
i ngstiane dneandinald 0i% cpe motpiowe i @
erence between the use of the

Al s o
shar
di f f
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advanced, i nnovative, and efficie

NRA qualifies a project for a pre
The purpose of the incentive is t
energy systems that elniatbyl,e igmperaotvee
management, integration of rehewm
reduction of Sloveniads electrici
financi al incentive is based on t
gri d (utsteresugh | ower anticipated neé
whereby the | atter is granted a s
of the conventional and the advan
40% of the achieved costeddi fcfreeraetni
financi al motivation for deployin

obtain the incentive, the TSO/ DSO
after completion of the project.
of the syatemmpaedson between the
advanced solution, technical -béae
anal ysi s, and evidence demonstrat
must prove that the advanced sgoliu
optimizati on, or other measurabl e
NRA assesses the adequacy of the
conditions for granting the finan
The provision also establishes a supervisory and developmental
framework for the introduction of innovative technologies. The NRA
maintains a record of supported technologies and classifies them in
accordance with international classifications and national strategic
documents related to smart grid development. After receiving the
incentive, the TSO/DSO is expected to incorporate the acquired
experience into future network planning, thereby promoting broader
implementation of successful technological solutions. Upon of receipt of
this incentive that incentivised type of investment is treated as a standard
one and can apply also for the abovementioned project-oriented incentive
for smart-grid projects.

Al s o, t he NRA rpasoevardcelrs aand oi mnoyat
whi ch i s aimed at :
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-providing funding for system oper
projects that comply with the ref

potenti al net societal benefits;
-incentivising researching or demo
approaches, sector coupling and e

the aim to make better use of the
renewabl e energy sowaadwoeas anasedwalrcld
solutions using the open innovati.i
testing local dynamic network tar
based on voluntary customer part:.i
sharing the knowl edge gained fr omn
deliver benefits and saving<oinms utm
and to ensure more efficient netw
the projects.

The NRA publishes applications fo
on its website and supervises the
i mpl ement ation on the basis of a
be submitted at any ti me.
f incentives are proN/A a.The smart grid incentives are a No need
a.The type of incent adder. The t_)ent_afit sharing sche
expenditure allowan decrease pr|!10|p|e. T—tljhartRL&ghsa:mg
approach, cost effi, b.The smart.grld |ncent|ve§ are al
performance targets !ntroductlon of smart grid _an_d
schemes, benefit sh |_ncrease overal_l system eff|C|e
bias. The benefencesbhangerg & ohkemi
b.The main purpose ¢ energy systems that enable great
(e.g. establish san consumption management, integr alf
applications, incre| and d#temgn reduction of Sloveniab
observability and d devel opmefihecB&L sschema ias @as tsal
efficient system ut regul atory pilots in order to p
overall system effi| promote novel solutions in the
bias, etc.) c.The smart grid incentive was fi
c.ln which year wer g 2018 and in 2019. The bengfit s
introduced? 2026. The R&lI scheme was introd
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e.lf
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resul ts,
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so f |

y ou
ncentives

there are | i miHt
what are t
attribute

d.Despite
as

recent |
incenti
e. g. S|
and fur
al so SI
(https:
s cheme
Sl oveni
NRA i de

ptalsrsough
stimulating

invest ments e. g. in

wi thin
cost s,

t hat the smart g
the CAPEX bi g
enough. Therefore,
y introduced. From tthegrui
ve seems to be a success
NCRO. GRI D (https: /-t tWwRvwo jsé
ther push from the TSO/D
ovenian distri butt iGrne ecnoSw
/[ www. gr eemwuswictomtsprr d ji aran) .
is also a success consid
an dlissa/rO09A/t | @ menaump d 1yi. e 4
ntifies a lack of transi't
the smart g
refer to 66

pl ease

pages

thotug

https://-wawwsagdocuments/ 109264 3
stanpudr o %C4-%8 BPj gedHielRkedd 25/ 863 DT F
48fher 80a055954chb1ll

e.Not applicable. Positive
for i mprovement as described

resul t
ab

5.1.2. Evaluation of the potential of network tariffs to unduly restrict or disincentivize demand response or system users
providing flexibility

Net wor k| Rest r ipoottieme i al eval yJustification and/ or description Mi tigation
aspects
Net wor k| No restrictive poten|Compliance report on ACER considefMonthly mon
tariffs|{tariffs basis. information specific tACERIiZ302Spredqthe tariff
network tapiff practices & out comes
set of KPIs
Considerations:
- p.116, p.ll7fulpfliBbepgomin@nt s n

173


https://www.agen-rs.si/documents/10926/38704/Poro%C4%8Dilo-stanju-na-podro%C4%8Dju-energetike-za-leto-2025/86f978f2-3492-48fe-b780-5a055954cb11
https://www.agen-rs.si/documents/10926/38704/Poro%C4%8Dilo-stanju-na-podro%C4%8Dju-energetike-za-leto-2025/86f978f2-3492-48fe-b780-5a055954cb11
https://www.agen-rs.si/documents/10926/38704/Poro%C4%8Dilo-stanju-na-podro%C4%8Dju-energetike-za-leto-2025/86f978f2-3492-48fe-b780-5a055954cb11
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf

- p.120: the regulatory principl i impleme
to decreasmgltekety to acceptabl _p—status:
- p.121: power charge ToU is ali PP
utilisation and cost reflectiyv compl et
- p.122: tariff design in Sloven
instrument for demand response
- p.123: average of five maxi mun
interval i -4 heo mpgiedcdrsadn of t he
- p.124: costs drivers not relat
Recommendati ons:
- p.125, p. T26fimmloEadd:mment s neeoqd
Compliance report on ACER consi det
information specific to thi&aACBRpE®(
report on demand response and ot hg
the barriers that )are holding theiq
Recommendati ons:
- p.356: Tolhspadwearet wor k tariffs
Differe Compliance report on ACER considengNo need.
(or 1l ac information specific to thidACE&ERpe
net wor k report on demand response and ot hg
charges the Dbarriers that )amd ddmdpdiinmg cteh ey
bet ween ACER considerations and recommend:i
active this aspect (ASCRER i202 5 .r5epdorotf on n

no-rmact i v
cust ome
and

prac)ices

p. 1da8y mmetarriicf fi accesiveen cust omer
consumers) pay only f oechawigihdg
el iminated by tariff design.

p.250, pp3%08fi hlbedomments neeo
for tariff riediofrfre rcdomtsliuactdieodrb e e
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https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf

Exempti|Bl anked -sacnadl ef uvelxle mpti|Compl i ance report on ACER considefThe el i mina
di scounfintroduced by Sloven|information specific tACERI302a%predqbl anket exe
and oth|storage are distorti|network tajiff practices storage or
di fferel(the network costs f alternative
tariff higher than networKk - p.180: Slovene legislator intr|fintroductio
treat me|stor agper iiwipiogsgietdi on w storage intoCEEeAgyicae R O0Ig.h(ejconditional
competing on the mar i mpact of these exampteisywaeetd wwtuybased on | o0
negatives outcomes are expecteoperational
flexibility markets. (based on (
- p.181: tariff discounts are ap/network).
according to the extent of top i i mol eme
- p. 182: tariff discount-meseaphp status:
- p. 18@8i:f fnor e mt itatriid s bet ween
prosumers applies.
When introd
exemptions,
Compliance report on ACER considefthe impact
information specific to thiaceaBpegqlevies exem
report on demand response and ot hqthkistortio
the barriers that)are holding thejcost signal
users or th
- p.3851: temporary exemptions indiminishing
| egi sdxatteorrnal t o NRA) L
. : U i mpl eme
- p.354: exemptions for active <c .
S T S status:
flexibility, energy communitie
- p.358memerti ng scheme has not b
manner in compliance to the EI

3% NRA disagreed and requested elimination or conditional redesign of these exemptions, however, there is no will on the legislator side to perform corrective measures.
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https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/2025-ACER-Electricity-Network-Tariff-Practices.pdf
https://pisrs.si/pregledPredpisa?id=ZAKO8141
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf
https://www.acer.europa.eu/sites/default/files/documents/Publications/ACER_MMR_2023_Barriers_to_demand_response.pdf

5.1.3. Additional barriers relevant to the development of non-fossil flexibility in Slovenia

This list is complementary to the barriers assessed under the main indicators recommended by ACER. It focuses on Slovenian-specific or cross-cutting issues that
are not fully captured by the detailed assessment of the main regulatory, market-design, administrative and network-tariff barriers. They address Slovenian-specific or
cross-cutting issues that either fall outside the scope of the prescribed indicators or arise from the interaction between market development, digitalisation and the

national governance model.

Additional Restrictive | Justification and/or description of the situation in Slovenia Mitigation measures
barriers potential
evaluation
Limited liquidity | Moderatel Local flexibility markets in Slovenia remain at an early stage of Publish forward-looking information on expected flexibility
and High development. Market-based congestion management has so far | needs by location, direction and indicative period;
predictability of been applied only by a limited number of distribution companies, | standardise local flexibility products and procurement
local flexibility either operationally or through pilot projects. The effectiveness of | procedures; facilitate aggregation of small resources;
markets local procurement may be constrained by the limited number of coordinate local procurement with distribution network
technically suitable and qualified resources within a specific development plans; assess whether multi-year or
network area, insufficient aggregation, low frequency of periodically repeated procurement products could provide
procurement and limited predictability of future revenue streams. | more predictable revenue opportunities. Where effective
The barrier is therefore not solely related to the small size of the competition cannot be ensured, apply transparent
Slovenian bidding zone, but primarily to the locational nature of alternative congestion-management measures and
distribution-network needs and the limited number of potential periodically reassess whether market-based procurement
providers at the relevant location and time. Low liquidity may has become feasible.
reduce competition, increase procurement costs or make market-
based procurement impracticable for specific network Implementation status: under assessment / gradual
constraints. implementation.
Limited Moderate Slovenia applies time-differentiated network tariffs and has a Gradually develop transparent local flexibility procurement

availability and

use of locational

incentives for

regulatory basis for local dynamic network tariffs. However,
locational incentives that indicate where flexibility has the highest
distribution-network value are not yet widely used. Wholesale

mechanisms; pilot and, where justified, introduce local
dynamic network tariffs; publish locational information on
expected network constraints and flexibility needs; ensure

distribution- and conventional retail price signals primarily indicate the that dominant retail products do not systematically shield
network temporal value of electricity, while they generally do not identify customers from relevant network signals; coordinate tariff-
flexibility local voltage or congestion constraints. Local flexibility markets based and market-based incentives to avoid conflicting

are still immature and local dynamic network tariffs have not yet
been broadly deployed. In addition, dominant static retail
products may partly weaken the effect of network tariff signals,
particularly where the temporal structure of the retail product is
not aligned with network utilisation. Consequently, flexible assets
may not be operated or located where they provide the greatest
network benefit.
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signals or double remuneration.

Implementation status: pilots / under assessment.




Insufficient
operational
observability
and automated
activation of
distributed
flexibility at
MV/LV level

Insufficient
integration and
interoperability
of operational,
metering and
flexibility-related
data systems

Multi-layered
governance and
insufficiently
integrated
coordination for
distribution
flexibility

Moderatei
High

Moderate

Moderate

Slovenia has achieved a high roll-out of smart meters and broad
availability of standard smart-metering functionalities. The
remaining barrier is therefore not primarily the absence of
metering infrastructure, but insufficient operational observability
and integration of near-real-time data into distribution-network
operation. Data may not be available with sufficient timeliness,
spatial resolution or system integration to identify local voltage
and congestion issues, validate the availability of distributed
flexibility and support automated activation. Automated
monitoring and control of active users, distributed generation,
storage, heat pumps and electric vehicle charging remain
unevenly developed across distribution areas. This limits the
scalable use of flexibility for active network management.
Relevant data are held and processed by ELES, distribution
companies, the metering-data infrastructure, market operators,
suppliers, aggregators and flexibility providers. Although the legal
framework for access to metering and consumption data is
largely established, operational use of flexibility requires
additional data flows, including information on resource
availability, location, network constraints, activation, baseline,
verification and settlement. These data flows are not yet fully
integrated through harmonised technical interfaces, common
semantic models and standard communication protocols. This
can make onboarding, validation, activation and settlement more
manual, fragmented and difficult to scale.

Slovenia has a specific organisational model in which ELES
performs the role of the combined transmission and distribution
system operator, while operational distribution activities are
carried out by five regional distribution companies under
contractual arrangements. This model does not constitute a
barrier in itself. However, the multi-layered allocation of tasks
may complicate the integration of transmission-level system
needs, distribution-network constraints, operational data,
investment priorities, network prequalification and flexibility
activation. A flexibility activation that is beneficial at system level
may be constrained by local MV/LV conditions, while a local
activation may affect balancing or transmission-system needs.
The barrier therefore concerns the absence of fully integrated
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Targeted upgrade of the existing advanced metering
infrastructure to enable central access to near-real-time
metering data at relevant network nodes and, selectively, at
active users6 connection poi
integration of SCADA, ADMS and DER-management
functionalities; automated identification of network
constraints; automated validation, activation and verification
of flexibility services; prioritisation of users and locations
where operational data provide demonstrable network
value.

U Implementation status: ongoing / planned.

Define standardised data models, interfaces and
communication protocols for flexibility-related data; clarify
access rights, responsibilities, data quality requirements
and cybersecurity obligations; establish or further develop a
common DER/flexibility register where justified; ensure
interoperability between metering systems, ADMS, flexibility
platforms and market systems; introduce common
procedures for activation and settlement data exchange.

U Implementation status: under development /
planned.

Clearly define responsibilities and decision rights for
identifying, validating, procuring and activating flexibility;
establish common procedures for network prequalification
and constraint validation; develop coordinated TSOT DSOi
distribution company data exchange and operational
processes; define activation priorities and conflict-resolution
rules; align flexibility procurement with network planning
and investment decisions; where proportionate, develop
common coordination or optimisation tools rather than
requiring a single centralised optimisation model.

U Implementation status: ongoing / planned.




coordination procedures rather than the institutional structure
itself.

5.2. Digitalisation

In this chapter the contribution of digitalisation of electricity transmission and distribution networks (as per Electricity Regulation, Article 19e(2)(d)) is evaluated. This
section includes the contribution of grid enhancing technologies that improve network management (such as active system management, advanced monitoring and
observability, dynamic line rating) to enhance the integration of distributed energy resources and other non-fossil flexibility resources. Besides, some aspects of the
technological upgrade of existing advanced metering infrastructure and the development of new data services are evaluated in terms of contribution of Digitalisation
of electricity transmission and distribution networks.

Grid Evaluation of contrifJustification and/or d(Mitigation measures
di gitall{integration of distrisituation in Slovenia
aspects|iresources anflosshér fi
resources
Active |There is |l arge potenttActive system manageme|Since 2025, the NRA pr
managensystem for contributibeginning of deploymen{performance incentive
integration of distrisystem Advanced distriinvestments for DSO an
(DER) and -foashseirl nfolnex|systems (ADMS) are mosi{linked to monitoring g
resources (NFFR) . real operational effecltdescribed above in the
side, active systreemmdnalamong others includebad
present and employed ijdigitalisation aspect g
operation, and thus th{(management, advanced n
potential for enhancin(observability, dynamic
ot her NFFR is | argely KPI s, an umbrella effi
) ) ) , which is direct!l conn
AdvanceWith wider wusatgieme)f dActive condition monit incentive y
moni torfand information from|terms of Ilfetlme man a For mor e ;:ietails | eas
and ADMS and weather datgmany assets, bu the e P
. , thorugh 72 of the- foll
observalsystem can be operatdqinformation i s probabl
. ) . . https:/ /-www. agen
| ocational <capacity |Illdistribution system. T .
) . rs.si/documents/ 109264
can be integrated in|room for i mprovement.
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https://www.agen-rs.si/documents/10926/38704/Poro%C4%8Dilo-stanju-na-podro%C4%8Dju-energetike-za-leto-2025/86f978f2-3492-48fe-b780-5a055954cb11
https://www.agen-rs.si/documents/10926/38704/Poro%C4%8Dilo-stanju-na-podro%C4%8Dju-energetike-za-leto-2025/86f978f2-3492-48fe-b780-5a055954cb11

more renewabl e ener gy stanpoudr o %C4-%8 B g-e Hiek
be injected into the|On the observability si2025/ 863 D¥Bffhxr 880a 055 95 4
be controlled moireeclpotenti al for the tran U i mpl ementation st a
providing more more rnnexhausted.
terms alleviating pr(
in particularily peolThe distribution syste
di stribution system. |[more observable with a
energy generated by fJand observers, so the
di stribution system ijcontribution to enhanc
generation | ocation, |and other NFFR is stil
probl ematic energy i1
upstream to the trangtg
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6. Conclusions

This chapter summarises the principal conclusions of the national Flexibility Needs Assessment. It
presents the key findings arising from the assessment, including a consolidated summary of the
identified system and network flexibility needs, and outlines the recommended next steps to support
the further development of non-fossil flexibility in Slovenia.

6.1.

il

Key findings

The Slovenian Flexibility Needs Assessment indicates that the Slovenian power system is
transitioning from a system primarily concerned with generation adequacy towards one where
operational flexibility becomes the dominant challenge. This transition is primarily driven by the
increasing penetration of photovoltaic generation and the electrification of transport and
heating.

The identified system-level flexibility needs are predominantly associated with downward
flexibility, including uncovered RES integration needs, downward ramping needs and
downward short-term flexibility needs. Upward flexibility remains sufficient under the analysed
scenarios. The identified uncovered flexibility needs are concentrated in limited seasonal and
intraday periods rather than representing persistent year-round inadequacy.

The dominant driver of future flexibility needs is the increasing occurrence of negative residual
load conditions during periods of high photovoltaic generation, resulting in increasing
requirements for renewable energy integration and operational flexibility.

The assessment shows that appropriately dimensioned additional flexibility resources can
substantially reduce uncovered RES integration needs. Most of the achievable reduction is
obtained with resources having an energy-to-power ratio of approximately eight hours, while
longer-duration configurations provide progressively smaller additional benefits.

No transmission-network flexibility needs were identified under normal operating conditions for
the analysed target years. The planned transmission-network development is therefore
sufficient to address the assessed transmission constraints within the analysed planning
horizon. The identified system-level flexibility needs are primarily driven by the balance between
renewable generation and electricity demand rather than by transmission-network constraints.

At distribution level, flexibility needs are highly location- and voltage-level dependent. Low-
voltage networks are predominantly affected by transformer overloading associated with
increasing electricity demand, while medium-voltage networks are primarily affected by voltage
rise resulting from high penetration of distributed photovoltaic generation.

Available explicit flexibility is expected to cover only part of the identified distribution-network
flexibility needs. The expected availability of explicit flexibility remains relatively limited in both
target years, highlighting the continued importance of network development through both long-
term network planning and reinforcement as well as near-real time operational optimization,
together with further development of contractual means to access flexibility (local flexibility
services, flexible connection agreements). The remaining uncovered distribution-network
flexibility needs reflect both the limited expected availability of explicit flexibility and the realistic
constraints on implementing all technically required network reinforcements within the planning
horizon. Consequently, after applying the represented operational measures and the
realistically implementable share of network reinforcement, uncovered distribution-network
flexibility needs remain in both target years.

The assessment confirms that future flexibility adequacy requires a combination of flexibility
resources employment, planned network development and operational measures to support
reliable system operation and renewable energy integration.
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6.1.1. Summary of flexibility needs

The flexibility needs assessment identifies the principal system flexibility needs for the target years 2030
and 2035 across RES integration, ramping and short-term flexibility. This section summarises the
aforementioned needs along with identified network flexibility needs. Although selected aspects of the
fine-tuning approach described in Section 2.3.8 were evaluated during the assessment, no separate
fine-tuned results are presented in this report.

The assessment indicates that uncovered downward system flexibility needs constitute the dominant
flexibility challenge, while upward flexibility needs are generally covered by the existing and projected
flexibility resources.

Potential uncovered RES integration needs are represented by potential RES generation curtailment in
accordance with the adopted methodology. These needs are characterised over hourly, daily and
seasonal timeframes. Depending on the weather scenario, total potential RES curtailment ranges from
396.3 GWh to 867.8 GWh in 2030 and from 542.5 GWh to 826.4 GWh in 2035. The corresponding
average potential curtailment reaches 2997 459 MW at the hourly timeframe, 1.7371 2.88 GWh/day at the
daily timeframe and 33.0i 72.3 GWh/month at the seasonal timeframe.

For ramping needs, the assessment shows that upward ramping needs are fully covered in all analysed
scenarios for 2030, while only limited uncovered upward needs appear in several weather scenarios
for 2035. In contrast, uncovered downward ramping needs are identified in all analysed scenarios and
increase towards 2035. The average uncovered downward ramping need ranges from 134 MW to 185
MW in 2030 and from 166 MW to 304 MW in 2035, while the corresponding equivalent uncovered
energy increases from 36 GWh to 63 GWh in 2030 and from 54 GWh to 131 GWh in 2035.

The assessment of short-term flexibility needs similarly indicates that no uncovered upward short-term
flexibility needs are identified in any analysed scenario. However, uncovered downward short-term
flexibility needs are present in all scenarios and increase significantly between 2030 and 2035. The
uncovered downward short-term flexibility needs range from 347 MW to 420 MW in 2030 and from
578 MW to 645 MW in 2035. The associated expected uncovered energy increases from 5.2 GWh to
7.0 GWh in 2030 and from 14.7 GWh to 22.9 GWh in 2035, while the annual duration of uncovered
events increases from approximately 477 61 hours to 801 113 hours.

Regarding transmission network flexibility needs, no flexibility needs were identified under N conditions
for any analysed weather scenario in either 2030 or 2035. Under N-1 conditions, flexibility needs are
limited and arise only under contingency situations, indicating that transmission network flexibility is
primarily required to support system security following network outages.

Regarding distribution network flexibility needs, the results indicate that flexibility needs differ between
voltage levels. At the LV level, they are predominantly driven by increasing electricity demand resulting
from the electrification of heating and transport, whereas at the MV level they are primarily driven by
distributed renewable generation. The limited availability of explicit flexibility means that part of the
identified network constraints cannot be resolved through non-wire solutions alone and therefore
require network reinforcement.

Overall, the assessment indicates that downward system flexibility requirements dominate the identified
system flexibility needs, while upward flexibility requirements remain largely covered throughout the
analysed scenarios. In parallel, transmission and distribution network flexibility needs are identified to
support secure network operation under the analysed future scenarios. Together, the reported system,
transmission network and distribution network flexibility needs constitute a comprehensive overview of
the identified flexibility needs within the assessment.

183



6.2. Next steps
Actions to address the identified flexibility needs

The results of the analysis indicate that future flexibility adequacy will increasingly depend on the
deployment and effective utilisation of flexibility resources capable of providing:

1 downward flexibility capability,

1 fast short-term response,

1 intraday energy shifting,

1 (local) congestion management support.

Furthermore, addressing the identified flexibility needs will require a combination of:
1 deployment of energy storage systems,
1 wider participation of demand response,
1 increased utilization of flexible operation of renewable generation,
1 deployment of other non-fossil, technology-neutral flexibility resources,
1 continued transmission and distribution network development,
1 further development of contractual mechanisms enabling access to flexibility, including local
flexibility markets and flexible connection agreements, where applicable.

From a system perspective, storage technologies with fast-response capability may contribute to:
9 improved utilisation of RES generation,
1 mitigation of downward ramping deficits.

Demand response may additionally contribute to:
1 shifting demand towards periods of high RES generation,
9 reduction of residual load volatility,
91 local congestion management.

Transmission-level flexibility contributions will remain particularly important for:
1 system balancing,
91 cross-border exchanges,
1 large-scale RES integration.

Distribution-level flexibility contributions will remain particularly important for:
9 alleviating local congestions in the distribution system,
9 facilitating the integration of both distributed renewable generation and increasing electricity
demand associated with the electrification of heating and transport.

Overall, the results of the analysis confirm that future flexibility adequacy cannot rely on a single
technology or operational measure. A diversified portfolio of flexibility resources, combined with
continued network development and coordinated system operation, will be required to support secure
and efficient RES integration under the analysed operating conditions.

In Slovenia, investment aids in the form of direct non-repayable grants can be awarded to natural
persons and legal entities for battery storage systems and other flexibility resources as part of the
support centreds acti vi t theapplied aetwork-tardf designtin SlowenisBloes z e n . Al
not hinder the participation of active customers on flexibility markets. Moreover, in the applied regulatory
framework, the NRA provides also incentives for the TSO/DSO to employ flexibility in their business
processes. Further actions relevant to development of non-fossil flexibility include:

1 Facilitation of overcoming or mitigating of already identified barriers for non-fossil flexibility in
section 5 of this report via the already planned actions or possible new actions that become relevant
in future.

1 Preparation of a national barrier mitigation roadmap. The roadmap should link identified barriers to
concrete actions: short-term regulatory changes, mid-term digital and market-platform upgrades,
and long-term transition toward active network management and flexibility-based planning.

1 Facilitation ofi mpr ov e meS@®/MOSOoifdif t r i but i ocoordinationpwhere eosflits
and complementarities between balancing, redispatch, RES integration, local congestion
management and network planning, including activation priority, data exchange and settlement are
holistically reviewed, along with appropriate definition of resource double-use rules.
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Indicative national objective for non-fossil flexibility

Indicative national objective for non-fossil flexibility has not yet been set. Pursuant to Article 44.a of the

Electricity Supply Act (ZOEE), the government must adopt a national framework target to ensure
flexibility without fossilfuels,based on t he NRAO6s assedstimteNRAGGT rfelpoxitbi
on estimated flexibility needs is adopted, the government may, at the proposal of the TSO, adopt

provisional indicative national targets for ensuring flexibility without fossil fuels, which must be approved

by the NRA Board. This proposal has not yet been drafted.

Consideration of the FNA results in transmission and distribution network development
planning

The Flexibility Needs Assessment has been developed in close alignment with national transmission
and distribution network planning activities.

For the transmission system, the assessment is based on the current network topology and incorporates
planned transmission grid investments expected to be commissioned by the target years in accordance
with the Slovenian Transmission System Development Plan 20257 2034. This ensures that the
assessment of transmission-level flexibility needs is performed consistently with the planned network
development.

For the distribution system, the baseline assumptions of the FNA are fully aligned with the forthcoming
Distribution Network Development Plan (DNDP) 20271 2036. Furthermore, updated datasets prepared
for the new DNDP have been incorporated into the FNA, ensuring consistency between both processes.

Planned improvements/changes for the next edition of the FNA report

Further improvements for the next edition of the FNA report are going to include:

1 Definition of a mandatory minimum core data structure for collecting, integrating, and exchanging
the data required for the national flexibility needs assessment, drawing on experience from the first
FNA preparation cycle and the datasets expected to be available to TSO/DSO for the next FNA
report.

1 Full alignment of forthcoming NDPs with flexibility assessment based on experience gained in the
first FNA preparation cycle.
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ANNEX 171 Deep dive on flexibility needs results

System needs i RES integration results tables

Table33: System needsRES integrationTarget year 2030, Base scenario

WS
. . . . . . . Target
Ty ple Flexibility need I ndicator Subindicator Val ue Uni t yea?
RES integrat - 4, 9 G Wh
RES generatiTot al
curtail ment 398 GWh
Aver a 29.8
Hourly ti melMaxi m 101 MW
Mi ni m 0.1
RES generati Aver a 1.7 3
System RES integration (as curtail ment Daily timefiMaxi m 67 GWh/ de 2030 |Bas
needs Article 8) Minim 0
Aver a 33
Seasonal tiilmMaxi m 631 GWh/ mo
Mi ni m 9.4
. Hourly ti mef 301,68 MW
Res!dlugl IO(Daily ti mef 4 A 3¢ MW
vari &tions .
Seasonal ti. 1,04 MW

40 The reported values represent negative residual load as a proxy for RES integration needs under a zero-curtailment assumption. Explicit RES generation curtailment was not quantified, and the additional
RES curtailment referred to in Article 8(3) was not included in accordance with the derogation applicable to the first FNA.

41 As per FNA Methodology, Article 8(5) - Residual load variation indicators are reported as the sum of absolute residual load deviations.
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Table34: System needsRESntegration- Target year 2030, WS23

Typ Flexibility I ndi ca- Subindicat Val Uni year

RES ggnera Tot al GWh
curtail men

Maxim 101

RES generati ]
Avera 236
curtail ment _
Daily ti me GWh/ da
Minim 001

39641

Seasonal

Resi dual
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Table35: System needsRESntegration- Target year 2030, WS25

Typ Flexibility I ndi ca- Subindicat Val Uni year

RES generatTot al
B A R T

Maxim 101

RES generati ]
Avera 2.8
curtail ment
Daily ti me GWh/ da

114
4,562 MW |

Seasonal

Resi dual
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Table36: System needsRESntegration- Target year 2030, WS18

Target WS

Typ Flexibility I ndi cat Subindicat Val Uni year

RES generat Tot al
curtail ment 6 8.8 GWh

MaX|m 101

RES generati
curtail ment Daily tlmef GWh/ da

Ma x i m 8 ®
_—
|

Hourly time 4,111 Mw

Seasonal

Resi dual
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Table37: System needsRESntegration- Target year 2030, WS27

Target WS

Typ Flexibility I ndi cat Subindicat Val Uni year

RES generat Tot al
curtail ment 75.9 GWh

MaX|m 101

RES generati _
curtail ment Daily timef GWh/ da
m

Ma x i m 8 B
_—
|

Hourly ti me 415297 MW

Seasonal

Resi dual
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Table38: System needsRESntegration- Target year 2030, WS35

Target WS

Typ Flexibility I ndi cat Subindicat Val Uni year

RES generat Tot al
curt ati | men 718 GWh

MaX|m 101

RES generati
curtail ment Daily timef GWh/ da
mlm

Ma x i m 8 6
_—
|

Hourly ti me 39783. MW

Seasonal

Resi dual
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Table39: System needsRESntegration- Target year 2035, Base scenario

Target WS

Typ Flexibility I ndi cat Subindicat Val t Uni year
RES integrat - 7, 9. G Wh
RES generat Tot al
curtail ment 542 GWh
Aver a 342
Hour |l vy timeMaXIrn 51:¢ MW
RES i Mi ni m 0.
S t RES int t i curteglieln?n;stl Avera 2.4
ystem integration (as Daily timef Maxi m 4.1 GWh/da 2035 Bas
needs Met hodol ogy, Article R
Mi ni m 0.0
Aver a 45
Seasonal ti Maxi m 79 GWh/ mot
Mi ni m 17
R i d | | Hourly ti me 4,038 MW
estaua °@paily timef 72,24 MW
vari @ ions .
Seasonal ti 2, 6 MW

42 As per FNA Methodology, Article 8(5) - Residual load variation indicators are reported as the sum of absolute residual load deviations.
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Table40: System needsRESntegration- Target year 2035, WS23

Typ Flexibility I ndi ca Subindica Val Unilyear

RES generatTot al
curtail men

MaX|m 51

RES generati
Avera 2.5
curtail ment
Daily ti me GWh/ d a
.

5,267, MW |

Seasonal

Resi dual
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Table41: System needsRESntegration- Target year 2035, WS25

Typ

Flexibility

I ndi cal

RES generati
curtail ment

Resi dual

Subindicat

RES gener at
curtail ment

Val

Target WS
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Table42: System needsRESntegration- Target year 2035, WS18

Typ

Flexibility

I ndi cal

RES generati
curtail ment

Resi dual

Subindicat

RES gener at
curtail ment

Val

Target WS
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Table43: System needsRESntegration- Target year 2035, WS27

Typ

Tar get WS
Flexibility I ndica Subindicat Val Unilyear

RES generat/Tot al

Maxim 511

RES generati Avera 2.6
curtail ment Dai ly tlmef GWh/ da
. 0.0

Hourly ti me 5,433

Seasonal

Resi dual
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Tabled4: System needsRESntegration- Target year 2035, WS35

Typ

Tar get WS
Flexibility I ndica Subindicat Val Unilyear

RES generat/Tot al

Maxim 511

RES generati Avera 2.6
curtail ment Dai ly tlmef GWh/ da
. 0.0

Hourly ti me 5,217

Seasonal

Resi dual
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System needs i ramping needs results table

Type

Syste
needs

Flexibility

Ramping nped
FNA Met hodol
9)

Table45: System needsramping needs Target year 280, Base scenario

I ndicator

Residual |
ramping ni

Upward unt
ramping nit

Downwar d
uncovered
needs

Subindicator Val uUni't

Average 12.6
Ma x i mum 788
Mi ni mum 0
Rel evant per 348
upward r amp
Upward uncov 0
rampi ng-anveeerd:

Rel evant per 0
uncovered up
Equi val ent t
uncovered en 0
upwar d

D

ownyvard unc 138
rampi ng-anveeerde

Rel evant per
uncovered do 333

need

Equi val ent t
uncovered en 36l3¢
downwar d
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Table46: System needsramping needs Target year 280, W23

Tar gl Commen(tis. e. up/

Type Fl exibilit I ndi cat Subindicat Val u Uni t Scenar year covered/ uncov.
Average 151 MW Absolute hourly
variation
. Maxi mum absol ut
Residual | Maximum 842 MW residual |oad v
rampi i i
ping n(Minimum 0 MW Mln!mum absol ut
residual | oad v
Rel evant per 4292 MW P95
upward r amp
Upwa_rd uncowv 0 MW Uncovered upwar
rampi ng-anveeerda
Rel evant per P95 of positive
i ‘ war n ( MW
SysteRamplng needsUpward un¢ ..o, 44 up 0 upward needs
FNA Met hodol ¢Fampi ng nc¢ . WS2: 2030
needs Equivebeal Sum of wuncovere
9) uncovered en 0 MW .
ramping needs
upwar d
Downyvard unc 48 MW Uncovered downw
rampi ng-anveeerda only
Rel evant per . .
P f i i v
Downwar d uncovered do 358 MW 95 o posit €

need downward needs
uncovered

needs .
Equi val ent t

uncovered en 45, 4 MWh
downwar d

Sum of uncovere
ramping needs
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Table47: System needsramping needs Target year 280, W25

I ndi cat
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Upwaunrcove
ramping ne

Downwar d
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needs
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Up wa
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MW
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MW

MW

MW

MW

MW

MWh

Scenar

WS 2t

Targ
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2030

Commen(tis. e. up/
covered/uncov

Absolute hourly
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Maxi mum absol ut
resi dual |l oad v
Mi ni mum absol ut
resi dual |l oad v
P95

Uncovered upwar
P95 of positive
upward needs
Sumf uncovered
ramping needs
Uncovered downw
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Sum of
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Table48: System needsramping needs Target year 280, W38

Tar gl Commen(tis. e. up/

Type Fl exibilit I ndi cat Subindicat Val u Uni t Scenar year covered/ uncov.
Average 155 MW Absolute hourly
vari ati on
. Maxi mum absol ut
Residual | Maximum 850 MW residual load v
rampi i i
ping n(Minimum 0 MW Mln!mum absol ut
resi dual |l oad v
Rel evant per 445 MW P95
upward r amp
UpwaL_rrdcovere( 0 MW Uncovered upwar
rampi ng-anveeerda
Rel evant per P95 of positive
i «Upward unc 0 MW
SysteRamplng need:“P . uncovered up upward needs
FNA Met hodol (Famping n¢ . WS1¢ 2030
needs Equivalent t Sum of wuncovere
9) uncovered en 0 MW .
rampneegds
upwar d
Downyvard unc 157 MW Uncovered downw
rampi ng-anveeerda onl vy
Rel evant per . .
P95 of positive
t MW
Downwar d uncovered do 35 downward needs
uncovered need
needs

Equi val ent t
uncovered en 52,09 MWh
downwar d

Sum of uncovere
ramping needs
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Table49: System needsramping needs Target year 280, W7

Tar gl Commen(tis. e. up/

Type Fl exibilit Il ndi cat Subindicat Val u Uni t Scenar year covered/ uncov.
Average 155 MW Absolute hourly
vari ati on
. Maxi nmubms ol ut e h
Residual |Maximum 855 MW residual load v
rampi n n . . i i
pi g (Mlnlmum 0 MW Mln!mum absol ut
resi dual | oad v
Rel evant per 471 MW P95
upward r amp
Upwa_rd uncowv 0 MW Uncovered upwar
rampi ng-anveeerda
Rel evant per P95 of positive
i ’ war n ( MW
SysteRamplng needsUpward un¢ ..o, 44 up 0 upward needs
FNA Met hodol ¢(Fampi ng n¢ ; WS27 2030
needs SR ARG Sum of uncovere
9) uncovered en 0 MW .
ramping needs
upwar d
Downyvard unc 180 MW Uncovered downw
rampi ng-anveeerda onl vy
Rel evant per . .
P95 of positive
Downwar d uncovered do 378 MW downward needs
uncovered heed

needs .
Equi val ent t

uncovered en 60, 1 MWh
downwar d

Sumf uncovered
ramping needs
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Table50: System needsramping needs Target year 280, WS35

Tar gl Commen(tis. e. up/

Type Fl exibilit Il ndi cat Subindicat Val u Uni t Scenar year covered/ uncov.
Average 149 MW AbsquFe hourly
variati on
. Maxi mum absol ut
. Ma mu m 859 MW . .
Resi dual | X! u resi duabariatadon
ramping n(Minimum 0 MW Mln!mum absol ut
resi dual | oad v
Rel evant per 4492 MW P95
upward r amp
Upwa_rd uncowv 0 MW Uncovered upwar
rampi ng-anveeerda
Rel evant per P95 of positive
i «Upward unc 0 MW
SysteRamplng need:YP . uncovered up upward needs
FNA Met hodol ¢(Fampi ng n¢ ; WS3:f 2030
needs SR ARG Sum of uncovere
9) uncovered en 0 MW .
ramping needs
upwar d
Downyvard unc 185 MW Uncovered downw
rampi ng-anveeerda onl vy
Rel evant per . .
P95 of positive
42 2 MW
Downward R AT downward needs
uncovered heed

needs .
Equi val ent t

uncovered en 59,0 MWh
downwar d

Sum of uncovere
rampneegds
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Table51: System needsramping needs Target year 285, Base scenario

Type

Syste
needs

Fl exibilit I ndi cat Subindicat Val u Uni t
Average 144 MW
. Ma x i mum 1,19 MW
Resi dual | X! !
rampi n ne . .
P 9 Mi ni mum 0 MW
Rel evant per 475 MW
upward r amp
Upwa_rd uncov 0 MW
rampi ng-anveeerda
Rel evant per
. ) MW
Ramping need.:Jan\:air: u:(uncovered up 0
FNA Met hodol ¢ p g Equivalent t
9) uncovered en 0 MWh
upwar d
Downyvard unc 166 MW
rampi ng-anveeerda
Rel evant per
Downwar d uncovered do| 419 MW
uncovered need
needs .
Equi val ent t
uncovered en| 54,1 MWh
downward

Scenar
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Targ
year
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var
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i
i
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Sum of
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downw

P95 of pos
downward n
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eeds

Sum of
ramping

unc
ne

overe
eds
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Table52: System needsramping needs Target year 285, W23
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Table53: Systermmeeds- ramping needs Target year 285, W25
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Table54: System needsramping needs Target year 285, W8
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Table55: System needsramping needs Target year 285, W7

S . . . . T C tis. e.
T e Fl exibilit I ndi cat Subindicat Valu Uni t Scenar arg omme n(tis. e up/
yp year covered/ uncov:
Averaaqe 195 MW Absolute hourly
9 vari ati on
. Maxi mum absol ut
. Ma mu m 1, 35 MW .
Resi dual | X! . residual | oad v
ramping n'Minimum 0 MW Mi ni mum absol ut
residual | oad v
Rel evant per 632 MW POs5
upward r amp
:szn\:z:gguannvZegr\é' 7 4. MW Uncovered upwar
= C
Rel P f it
Ramping need Up walr e o v e el evant per 74 MW 95 o positive
Syste . uncovered up | upward needs
FNA Met hodol (Fampirng ni ; WS27 2035
needs Equivalent t Sum of wuncovere
9) uncovered en 74 . MWh .
05 ramping needs
Downward wunc 267 MW Uncovered downw
rampi ng-anveeerde only
Rel evant per . .
P95 of pocoveéewve
1 MW
Downwardd :zzgvered doj 69 downward needs
uncover e

needs .
Equi val ent t

uncovered en 115, - MWh
downwar d

Sum of uncover e
ramping needs
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Table56: System needsramping needs Target year 285, WS35

T e Flexibilit I ndicat Subindicat Valu Uni t Scenar Targ Commen(tis e. up/
yp year covered/uncov:
Averaaqe 1809 MW Absol ut e eoudmulay
9 vari ati on
. Maxi mum absol ut
Residual |Maximum 1,34 MW residual |oad v
ramping n'Minimum 0 MW Mi ni mum absol ut
residual | oad v
Rel evant per 579 MW P95
upward r amp
:szn\:z:ggua:v;gr\(;’ 0 MW Uncovered upwar
= C
Rel evant per P95 of positive
i war n MW
SysteRamplng need Upward uni ., ./ cq up 0 upward needs
FNA Met hodol ramping nt : WS3t 2035
needs Equivalent t ] Sum of wuncover e
9) uncovered en 0 MWh .
05 ramping needs
Downward wunc 29§ MW Uncovered downw
rampi ng-anveeerde only
Rel evant per . .
P95 of positive
Downwardd :zzgvered doj 868 MW downward needs
uncover e
rampin n )
i ’ Eguivalent t Sum of wuncovere
uncovered en 107, ! MWh .
downwar d ramping needs
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System needs i short-term needs results table

Table57: System needsshortterm needs Target year 280, Basescenario

Fl exi bi

Type needs I ndi ca Subindic: Val ue Uni t Scenar
r:;)iwjlz;Relevant Sl el
o) 515 MW
foreceof the for .
ti mefr
error
rDeOsWinquaa Rel evant S1owi(
Fopa) 512 MW
foreceof the for .
ti mefr
error
| -
Short ter Upwar d uncS owT(
D-1) 0 MW
Syst (as per s h etretr m nEtimefr
need Met hodol "
Article Downward Sl owi (
uncovered D-1) 346 MW
Uncove .
term nee timefr
s hotretr r Average ¢
IR er UgI’ICO\
needs P 112, 2 MW
s hotretr m f |
need eve
Total exp
energy f 0 MWh

uncovered

“30nly the slow timeframe (1 hi D-1) was assessed, as historical forecast error data were available only for the day-ahead forecasting horizon.

213

Comme n(tis. e

up/ downwa

covered/ uni
etc.)



Fl exi bi

I ndica Subindic:
needs

Val ue

Uni t

s hotretr m f |

needs eV

Number of
with unco
s hoetretefhexi

need eve

214

Scenar

Target

Comme n(tis. e

up/ downwa

covered/ uni
etc.)




Table58: System needsshortterm needs Target year 280, WS23

Comme n(tis.
up/ downw,

covered/ ur

etc.)

Subindi

Downwa
uncove
s h etretr
needs

Tot al
expect
energy
uncove 0 MWh
upwar d-
term fl
needs e
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52.
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Table59: System needsshortterm needs Target year 280, WS25

Comme n(tis. e
Uni t Scenar Target up/ downwa
covered/ un

etc.)

Fl exib ) . )
Type needs I ndi ca Subindices Val ue

Downwa
residua Rel evant p
of the for

Downward
uncover etder
needs

Total exp
energy f
uncovered
s hotreter m f |
needs evVve

Number of
uncover etder

flexibilit
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Table60: System needsshortterm needs Target year 280, WS18

Comme n(tis.
up/ downw,

covered/ ur

etc.)

Subindi

Downwa
uncove
s h etretr
needs

Tot al
expect
energy
uncove 0 MWh
upwar d-
term fl
needs e
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s hotretr r
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60.
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Table61: System needsshortterm needs Target year 280, WS27

Comme n(tis.
up/ downw,

covered/ ur

etc.)

Subindi

Downwa
uncove
s h etretr
needs

Tot al
expect
energy
uncove 0 MWh
upwar d-
term fl
needs e
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s hotretr r
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56 .
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Table62: System needsshortterm needs Target year 280, WS35

Comme n(tis.
up/ downw,
covered/ ur

Subindi Scenar

Downwa
uncove
s h etretr
needs

Tot al
expect
energy
uncove 0 MWh
upwar d-
term fl
needs e
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46 .
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Table63: System needsshortterm needs Target year 285, Base scenario

Fl exi bi
needs

I ndi ca

Downwar
resi dua
forecas
errors

Subindica

Rel evant pe
the forecas

Downward un
shotreirm nee:

Total expec
from uncove
upwar d-t €hor

Number of h

uncoveshetdetr |
flexibility

flexibility

Uni t
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Table64: System needsshortterm needs Target year 285, WS23

Comme n(tis. e
Fl exi b up/ downwa
TYP€ needs

I ndi ca Subindice Val ue Uni t Scenar Target
covered/ un

etc.)

Downwar
residua Rel evant p
forecas of the for
errors

Downward
uncover etder
needs

Total expec
energy fro
uncovered

shotreerm f 1l e
needs even

Number of
uncover etder
flexibildit
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Table65: System needsshortterm needs Target year 285, WS25

Comme n(tis. e

up/ downwa

covered/ un
etc.)

TprIexibiIi I ndica Subindice Val ue Uni t Scenar Target

Downwar
residua Rel evant p
forecas of the for
errors

Downwar d
uncovered
term needs

Total expe
energy fro
uncovered

s hoetretr m f | ¢
needs even

44Only the slow timeframe (1 hi D-1) was assessed, as historical forecast error data were available only for the day-ahead forecasting horizon.
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Table66: System needsshortterm needs Target year 285, WS18

Comme n(tis. e

Fl exibi . . N . up/ downwa
Type needs I ndi cat Subindice Val ue Uni t Scenar | Target covered/ un.
et c.)
Upward r S| &y 1t

Rel evant p.

|l oad for T D-1) 838 MW
of the for. .
errors ti mefr
Downwar d Rel evant Sl owi (
residual P D-1) 893 MW
of the for. .
forecast ti mefr
Sl owi (
Upward unc: D-1) 0 MW
s hotreir m nee .
ti mefr
Short te Downwar d Sl owi (
Sy st needs (¢ uncover etde r: D-1) 577 MW
y FNA needs ti mefr WS 1 ¢ 203
need
Met hodol Average ¢ca|
Article Uncovere uncover etder: 184 MW
s h otretr m flexibilit:
flexibil Tot al exped
energy fro
uncovered 0 MWh

shotreerm f 1l e
needs even-
Totexlpect ed
energy fro 18, 4 MWh
uncovered

“Only the slow timeframe (1 hi D-1) was assessed, as historical forecast error data were available only for the day-ahead forecasting horizon.
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Table67: System needsshortterm needs Target year 285, WS27

Fl exi bi

Type needs I ndi ca

Downwa

resi duc
forecac

errors

Subindic Val ue Uni t Scenar Target
covered/ un

etc.)

Rel evant
percentil
forecast

Downwar d
uncovered
term need ti mef

Total exp
energy fr
uncovered
s hoetretr m
flexibili
event s

230



Number of
with unco
s hoetretr m
flexibili
event

104
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Table68: System needsshortterm needs Target year 285, WS35

Fl exi bi

Type needs I ndi ca

Downwa

resi duc
forecac

errors

Subindic Val ue Uni t Scenar Target
covered/ un

etc.)

Rel evant
percentil
forecast

Downwar d
uncovered
term need ti mef

Total exp
energy fr
uncovered
s hoetretr m
flexibili
event s
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85.
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ANNEX 2 - Approach to DSO data treatment

In Slovenia, the transmission and distribution system operator functions are performed by a single
combined system operator. Therefore, The DSO component of the assessment was based on common
planning data, scenarios and methodologies. Additional parameters related to network reinforcement
measures were provided for each distribution network operator (DNO) area, reflecting DNO-specific
engineering judgement and planning practices.

The DSO network needs assessment was based on the Distribution Network Development Plan
(DNDP) 202512034 [5] and the updated National Energy and Climate Plan (NECP, 2024) [3], in
accordance with Article 6(6) of the FNA Methodology. No additional data or analyses pursuant to Article
4(1)(i) of the FNA Methodology were provided beyond those described under the updates implemented
in accordance with Article 6(7), which are described in Sections 2.3.7.2 and 3.1.2.1 of this report

The assessment considered both medium- and low-voltage distribution networks using representative
reference network models. Each reference network represents a cluster of distribution networks with
similar structural and operational characteristics. Network simulations were performed on the
representative reference networks, after which the results were generalised from individual reference
networks to representative network groups, aggregated to the distribution network operator (DNO) area
level and subsequently generalised to the Slovenian distribution system.

The generalisation methodology differs according to the assessed parameter. Explicit flexibility
requirements are generalised based on the availability of controllable technologies within each network
cluster. Transformer loading is generalised using measured peak loading distributions together with the
simulated relative increase in transformer loading, while voltage-related reinforcement needs are
generalised using statistical indicators describing the electrical characteristics of networks within each
cluster. Network reinforcement requirements and associated investment costs are subsequently
derived from the generalised results using DNO-specific planning assumptions. These parameters
reflect local engineering practice and asset characteristics and influence the selection and cost of
reinforcement measures, but do not affect the identified flexibility needs.

Finally, no data on the temporary unavailability of flexibility resources, including unavailability resulting
from grid prequalification constraints as referred to in Article 13(1) of the FNA Methodology, were
provided by the DSO. Consequently, the DSO assessment did not explicitly account for the temporary
unavailability of flexibility resources.
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ANNEX 3 - Approach to guiding criteria

A3.1 Objective and scope

This annex describes the approach used to assess the capability of different sources of flexibility and
other relevant solutions to cover the system and network flexibility needs identified for the 2030 and
2035 target years. The approach applies the guiding criteria under Article 16 of the FNA Methodology
by characterising the location, voltage level, direction, timing, recurrence, power, energy and duration
of flexibility needs to the extent that these indicators were available.

The purpose of the criteria is not to redefine the amount of the needs, but to describe their technical
form and to support an assessment of which resources or alternative measures could technically
address them. The approach distinguishes between:

1 system flexibility needs assessed at bidding-zone level;
9 transmission-network flexibility needs;
1 distribution-network flexibility needs, which are local and voltage-level specific.

The criteria were applied to the needs retained following the fine-tuning relevance assessment. Where
no material adjustment resulted from fine-tuning, the retained need was equal to the need quantified
before fine-tuning. This was the case for the system needs because the assessed transmission-network
constraints did not materially change uncovered RES integration needs. Distribution-network needs
retained their local character and were assessed on the basis of the network-driven results.

A3.2 Distribution-network flexibility needs
A3.2.1 Assessment basis and available indicators

Distribution-network flexibility needs were assessed at 15-minute resolution for the target years 2030
and 2035. The available results were aggregated and reported by DNO area and, where applicable, by
voltage level and relevant time block.

The available guiding-criteria indicators include:

Indicator Application in the distribution assessment

Geog_raph|cal DNO area

location

Network location Voltage level at which the thermal constraint or voltage issue occurs

Direction Upward or downward flexibility

Timeframe Relevant time block and seasonal or daily occurrence pattern

Ener Energy associated with the need over the relevant time block and over the

9y year

Power Local maximum power required during activation and an aggregated sum of
local maximum values

Uncovered part Share of identified flexibility needs reported as uncovered

. Share of downward flexibility needs associated with RES generation

RES curtailment .
curtailment

Access Expected contractual or operational means of accessing flexibility

arrangement

The reported sum of local maximum power values is an aggregation of maxima identified at different
network locations. It should not be interpreted as a coincident national maximum. The technically
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relevant criterion for the capability of a local resource remains the maximum power required at the
affected location.

The identified time blocks, associated energy values and local maximum power provide the principal
available temporal and quantitative characterisation of the distribution-network needs. The duration of
individual continuous activation events, the cumulative duration of discontinuous activations and a
separate indicator of activation frequency were not consolidated in the reported results and are
therefore not assessed separately in this annex.

Applicable economic criteria were not determined for individual local needs. Consequently, the
distribution assessment characterises the technical capability required from resources but does not
provide a local cost-effectiveness threshold or clearing-price criterion.

A3.2.2 Direction, location and timing of the needs
Low-voltage networks

At LV level, the dominant need is for upward flexibility. It arises mainly from thermal constraints
associated with MV/LV transformer overloading. Overloading is most pronounced during winter but also
occurs in other seasons.

The highest loading generally occurs during the evening period, approximately between 19:00 and
24:00, primarily due to electricity consumption by heat pumps and electric vehicles. The representation
of implicit flexibility through the shifting of EV charging to off-peak tariff periods also results in a new
night-time demand peak.

The LV results therefore indicate a requirement for locally available upward flexibility during periods of
high demand. Such a need may technically be addressed by:

reducing demand in the affected network area;

shifting demand to another period;

increasing local injection;

using storage to discharge at the affected location; or
reinforcing the relevant transformer or network element.
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The use of a dynamic network tariff as a complementary network-energy tariff intended to mitigate the
new night-time peak was not simulated. The reported needs therefore do not include any additional
mitigation that such a tariff might provide.

Medium-voltage networks

At MV level, the predominant need is for downward flexibility. It arises mainly from voltage rise resulting
from high penetration of photovoltaic generation.

The relevant voltage constraints occur mainly outside the winter season during daylight hours. Their
exact timing depends on solar irradiance and on the presence, capacity and operational pattern of
battery storage, which affects the net power injected into the network.

The MV results therefore indicate a requirement for locally available downward flexibility during periods
of high distributed generation. Such a need may technically be addressed by:

reducing local injection;

curtailing photovoltaic generation;

increasing local demand;

charging storage;

applying reactive-power or voltage-control measures;
using a flexible connection arrangement; or

=A =4 =4 -4 -89

236



1 reinforcing the affected network.

A3.2.3 Development between target years and availability of flexibility

Distribution-network flexibility needs increase between 2030 and 2035. At the same time, the expected
and simulated volume of available explicit flexibility remains relatively limited in both target years.

The increase in identified needs should not be interpreted as evidence that all such needs must be
covered by new flexibility resources. Depending on location and timing, individual needs may be
addressed by a combination of available flexibility, operational measures, non-wire solutions and
network reinforcement.

A3.2.4 Technology-specific representation

As a general modelling assumption, explicit flexibility was considered separately for each technology
category. Flexibility available from a particular resource type was primarily used to mitigate network
constraints associated with that resource type.

This assumption reflects the expectation that, within the analysed planning horizon, local flexibility
markets will not yet have reached sufficient maturity and liquidity to enable fully technology-neutral
procurement across all resource categories. Accordingly, substitution between different types of
resources was not comprehensively modelled.

Electric vehicles

Electric-vehicle flexibility was represented through adjustments to charging schedules and was primarily
used to manage demand-related constraints. EV charging can be shifted with limited impact on mobility
requirements where suitable smart-charging equipment, communication and control arrangements are
available.

However, shifting charging to off-peak tariff periods may concentrate charging and create a new night-
time peak. The potential contribution of an additional dynamic network tariff to mitigating this effect was
not assessed.

EV flexibility was not assumed to be available in sufficient volumes to mitigate voltage rise caused by
high photovoltaic generation. This is a modelling and expected-market-availability assumption rather
than an inherent technical inability of EV charging to absorb electricity.

Heat pumps

Heat pumps contribute significantly to winter peak demand and can provide upward flexibility through a
temporary reduction in electricity consumption.

The technically usable flexibility depends on:

the thermal performance and inertia of the building;

the outdoor temperature;

the heating system;

the permissible duration and depth of consumption reduction; and
the effect on occupant comfort.
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Better-performing buildings can generally tolerate longer or deeper temporary demand reductions
without materially affecting indoor comfort. Building energy efficiency therefore influences the effective
flexibility capability of heat pumps.
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Photovoltaic generation

Photovoltaic generation provides downward flexibility through active-power curtailment during relevant
network constraints under flexible connection arrangements.

Under the assessed arrangement, curtailment is automatically triggered by predefined network
conditions. It is therefore treated as a rule-based operational measure consistent with implicit flexibility.

PV curtailment would constitute explicit flexibility only where it is offered, procured and directly activated
to provide a specified network service.

Battery energy storage systems

Battery storage affects net demand and injection through autonomous operation based on predefined
control strategies. Its contribution was therefore represented as implicit flexibility rather than as available
explicit flexibility.

Battery storage can technically contribute to both:

1 upward flexibility by discharging or reducing charging; and
1 downward flexibility by charging or reducing discharge.

Its contribution as an explicitly procured flexibility service was not assessed. Such participation would
require suitable metering, communication, market-access, contractual and control arrangements.

Scope of downward flexibility
Within the applied distribution framework, downward flexibility was represented exclusively through:

1 curtailment of photovoltaic generation under flexible connection arrangements; and
1 operation of battery energy storage systems.

Other potential downward flexibility resources were not modelled. The reported capability assessment
should therefore not be interpreted as an exhaustive assessment of all resources that could technically
increase consumption or reduce injection.

A3.2.5 Flexible connection arrangements

Flexible connection arrangements facilitate the integration of distributed generation, demand and
energy storage while increasing the utilisation of existing network infrastructure. Under such an
arrangement, generation or consumption is limited only when network congestion or another relevant
operating constraint occurs.

In the assessed framework, the limitation is activated automatically according to predefined network
conditions and is therefore treated as a rule-based operational measure.

As the share of connections subject to flexible arrangements increases, the expected volume of
generation curtailment may also increase, particularly during periods of high renewable generation and
limited network capacity.

Flexible connection arrangements are consequently treated as a transitional measure supporting the
connection of distributed resources until:

1 the necessary network reinforcement is implemented;
91 technology-neutral local procurement becomes sufficiently mature; or
91 other operational solutions become available.
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A3.2.6 Covered and uncovered distribution needs

Available explicit flexibility and the represented non-wire solutions were first applied to mitigate identified
thermal constraints and voltage-limit violations.

Where the represented measures were insufficient, the technically required network reinforcement was
identified. However, only the share of reinforcement measures expected to be realistically implemented
within the planning horizon was included in the final scenario.

Not all technically required reinforcement measures are expected to be implemented by the target year
due to:

financial limitations;
investment-planning cycles;
permitting constraints; and
investment prioritisation.
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The part of the network in which constraints cannot be resolved through assumed available explicit
flexibility, represented operational measures or realistically implemented reinforcement is reported as
uncovered flexibility needs.

The uncovered share therefore reflects the combined effect of:

1. relatively limited expected availability of explicit flexibility;
2. the technical effectiveness of the represented non-wire and operational measures; and
3. the assumed realistic implementation of network reinforcement.

The classification of a residual constraint as an uncovered flexibility need does not demonstrate that
procurement of an additional flexibility resource is necessarily the least-cost solution. It indicates that
the constraint remains unresolved under the specific assumptions regarding available flexibility,
represented measures and implementable reinforcement.

A3.2.7 Technology neutrality and limitations

The assessment does not quantify the extent to which flexibility from one technology category could
substitute for flexibility from another and does not establish a technology-neutral ranking of the
represented distribution resources.

No separate technology-neutral optimisation was performed to determine a cost-optimal combination
of:

additional flexibility resources;
non-wire alternatives;
operational measures; and
network reinforcement.

E R I

Consequently, the assessment does not identify a preferred additional technology for each individual
uncovered local need. Such a comparison would require the technical and economic characteristics of
additional resources to be matched with:

geographical and network location;
voltage level;

direction;

duration;

recurrence;

=A =4 -8 -8 -4
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1 required power;
1 required energy; and
1 applicable economic criteria.

Future development of technology-neutral procurement could enable flexibility from different categories
to address a wider range of constraints than assumed in the current assessment. Relevant
developments include:

smart charging of electric vehicles;

improvements in building energy efficiency;

arrangements allowing battery storage to provide explicit flexibility services; and
progressive development of technology-neutral local flexibility procurement.

E ]

These future developments were not included as additional available flexibility unless they were already
reflected in the assumptions for the relevant target year.

A3.3 System flexibility needs

A3.3.1 Assessment basis

System flexibility needs were assessed at bidding-zone level and include:
1 RES integration needs;
1 ramping needs; and
1 short-term flexibility needs.

The guiding-criteria assessment complements the results quantified under Articles 8, 9 and 10 by:

1. characterising the technical form of uncovered needs; and
2. assessing the contribution of additional generic flexibility configurations to reducing uncovered
RES integration needs.

A3.3.2 Technical characterisation of uncovered events

Continuous flexibility-needs events were identified as consecutive MTUs with uncovered needs. For
each identified event, the following were determined:

1 event duration;
1 maximum power requirement during the event; and
1 energy volume.

The analysis comprised uncovered RES integration, ramping and short-term flexibility events and was
presented for WS25, which demonstrated the highest needs in the analysed scenarios.

The event representation provides information on the combinations of duration and maximum power
that potential resources would need to provide. It also illustrates that different categories of system need
have different technical profiles.

The underlying results include the number of MTUs with uncovered needs for relevant need categories.
However, the interval between uncovered events and a consolidated presentation of all Article 16(5)
indicators across hourly, daily and seasonal timeframes were not separately reported for each category.
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Summary of Article 16(5) indicators

Required sub-indicator RES integration Ramping Short-term

Number of MTUs with Available in underlying Available in  Available in
uncovered need results underlying results underlying results
Interval between Not separately Not separately Not separately
uncovered needs consolidated consolidated consolidated
Duration of uncovered Event-based analysis Event-based Event-based

needs available analysis available analysis available
Energy volume Available Available Available

Power volume | Available Available Available

maximum event power

Hourly, daily and Partially available in Partially available Partially available
seasonal consolidation preceding result sections

The absence of a separately consolidated interval-between-events indicator limits the ability to assess
recovery time, recharging opportunity and repeated-use requirements for energy-limited resources.

A3.3.3 Direction of system needs

The identified uncovered system needs are predominantly downward. Increasing photovoltaic
generation is associated with:

1 periods of negative residual load and uncovered RES integration needs;
1 more demanding downward ramps; and
1 higher downward short-term flexibility requirements.

No uncovered upward short-term flexibility needs were identified in the analysed scenarios.

Where uncovered upward needs are zero, an additional comparison of resources for covering those
needs is not applicable. This should be distinguished from the existence of gross upward flexibility
requirements, which may be fully covered by the available capability.

A3.3.4 Generic-resource capability assessment

The capability of additional resources to reduce uncovered RES integration needs was assessed using
a technology-neutral generic flexibility resource.

The generic resource was characterised by:

installed power;

energy capacity;

energy-to-power ratio;

availability; and

representative round-trip efficiency.
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The same general assumptions were used as in the assessment under Article 8(10). Different technical
duration characteristics were represented through different energy-to-power ratios.

The generic model was considered conceptually applicable to:

1 battery energy storage systems;
1 pumped-storage hydropower;
1 aggregators;
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1 prosumers;
1 electric vehicles; and
1 other demand-side flexibility resources.

The list identifies resource categories to which the generic mathematical representation could
conceptually be applied. It does not mean that the individual operational characteristics of all listed
resources were separately modelled or validated.

A3.3.5 Contribution curves and marginal contribution

Contribution curves show the remaining uncovered RES integration need as the energy capacity of
additional, technology-neutral flexibility increases under different assumed activation duration (i.e.
energy-to-power ratios). The slope of each curve represents the marginal contribution of additional
flexibility capacity in reducing the uncovered RES integration need.

The contribution curves generally show diminishing marginal reductions in uncovered RES integration
needs as the capacity of each generic, technology-neutral flexibility configuration increases. Under the
analysed conditions, configurations with shorter energy-to-power ratios achieve a greater reduction per
additional GWh of energy capacity.

This result reflects both the predominantly limited duration of the identified events and the metric used
for the comparison. At the same energy capacity, a shorter-duration configuration has a higher power
rating and is therefore better able to address events with high power requirements. The curves
consequently do not demonstrate that shorter-duration resources are generally superior when
compared at equal power, on a cost basis or under operating conditions requiring recovery between
successive events.

A3.3.6 Limitations of the generic-resource assessment

Within the adopted framework, different flexibility technologies were represented through the same
generic mathematical model. Differences in activation costs were not considered because the
assessment focused on technical rather than economic performance.

The assessment did not separately model technology-specific differences in:

temporal availability;

response time;
energy-recovery requirements;
state-of-charge constraints;
user or comfort constraints;
rebound effects;

cycling limits;

seasonal availability;
locational accessibility;

grid prequalification;
communications and control; or
activation cost.
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The contribution curves therefore provide a comparison of generic technical configurations rather than
a complete comparison or hierarchy of individual flexibility-resource categories.

A3.3.7 Short-term needs, reserves and balancing

Short-term flexibility needs were compared with remaining domestic flexibility margins after day-ahead
dispatch. Frequency Containment Reserve was excluded to avoid double counting.
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Cross-border exchange margins and market-liquidity constraints were not included in the short-term
flexibility margin. This may contribute to conservative estimates.

No dedicated assessment was performed to determine how uncovered short-term needs would first be
addressed through:

additional FRR capacity;

increased participation in balancing;
changes in balancing-product design; or
other balancing arrangements.

E ]

Reserve requirements were included in the input information, but no direct quantitative mapping was
made

A3.4 Transmission-network flexibility needs
A3.4.1 Assessment and result

Transmission-network flexibility needs were assessed using a detailed AC load-flow model of the
Slovenian transmission network. The network model incorporated the planned grid investments
expected to be commissioned by the target years.

The assessment considered thermal loading and voltage conditions under normal operating conditions
and, separately, contingency conditions.

No transmission-network flexibility needs were identified under normal operating conditions for any
analysed weather scenario in 2030 or 2035. The reported value is therefore zero for both power and
energy under those conditions.

Transmission-network constraints did not materially change the identified uncovered RES integration
energy. Their effect remained below the relevance threshold for fine-tuning.

A3.4.2 Application of guiding criteria

Because no non-zero transmission-network flexibility needs were identified under normal operating
conditions, additional location, direction, duration, recurrence, power and energy sub-indicators were
not required for those reported needs.

The planned transmission-network development incorporated into the model represents the relevant
network solution for the assessed normal operating conditions.

Where N-1 results are reported elsewhere, their status should be clearly distinguished from the zero
result under normal conditions. If an N-1 result is classified as a formal transmission-network flexibility
need under Article 12, its location and technical characteristics should be reported consistently in the
relevant transmission-network section

A3.5 Interdependencies between needs

The assessment identifies photovoltaic generation as a common driver of several categories of flexibility
need. Higher PV generation contributes to:

1 RES integration needs during surplus conditions;
1 downward ramping needs during rapid increases in PV output; and
1 downward short-term flexibility needs associated with forecast uncertainty.

This demonstrates a qualitative interdependency between the needs assessed under Articles 8, 9 and
10.
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A comprehensive quantitative interdependency analysis was not performed. In particular, the
assessment does not quantify:

the temporal overlap of events across categories;

the extent to which one activation could address more than one need;
potential competition between system and local network needs;

the availability of the same resource for simultaneous services;
interaction between upward and downward requirements; or

the risk of double counting a resource across different needs.
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Consequently, the results should not be added mechanically across categories to define a single
required flexibility capacity.

A3.6 Alternatives to new flexibility resources

The assessment represents or identifies the following potential alternatives or complements to new
flexibility resources:

Level Relevant alternative or complementary measure

Cross-border exchanges, operational use of existing dispatchable resources,

System demand response and existing storage

Transmission o .
Planned transmission-grid development

network
L Network reinforcement, advanced voltage control, reactive-power control,
Distribution . : .
network OLT_C transformers, flexible connection arrangements and other non-wire
solutions
Demand side Managed EV charging and temporary heat-pump demand reduction

Generation side PV active-power curtailment

Storage Autonomous charging and discharging under predefined strategies

These measures were represented to different levels of detail. Their inclusion in the assessment does
not demonstrate that they are mutually substitutable or economically equivalent.

Flexible connection arrangements can support earlier or additional connection of distributed resources
but may result in increasing renewable-generation curtailment as their use expands.

Network reinforcement remains relevant where available flexibility and non-wire alternatives are
insufficient or where the long-term cost of recurrent flexibility activation would exceed that of
reinforcement.

The latter cost comparison was not quantified in the current assessment and should therefore be
understood as the decision context rather than as a reported numerical result.

A3.7 Cost-effectiveness assessment

No integrated cost-benefit or cost-effectiveness optimisation was carried out to compare all additional
flexibility resources, non-wire alternatives, cross-border solutions and network reinforcement.

The study therefore does not establish:

a least-cost portfolio;

a technology-specific merit order;

a preferred resource for each uncovered local need;

an economically optimal split between flexibility and reinforcement; or

E I
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1 acost threshold for procurement.

The analysis nevertheless supports future cost-effectiveness assessments by identifying several of the
required technical dimensions, including direction, timing, duration, power, energy and location.

A complete comparison would additionally require consistent information on:

activation costs;

lifetime;
efficiency;
availability;
network losses;
curtailment costs;

rebound effects;

=8 =8 =888 8888889

expected utilisation;

investment and operating costs;

reliability and security implications;

implementation lead time; and
residual or terminal value.

A3.8 Summary of coverage and limitations

Article 16 element

Basis: fine-tuned or
non-fine-tuned needs

Distribution indicators

System-event
indicators

RES-integration
contribution curves

Uncovered
needs

upward

Short-term needs and
balancing

Transmission-network
needs

Interdependencies

Alternatives under

Article 16(11)

Treatment in the assessment

Applied to needs retained after

the fine-tuning relevance
assessment
Location, voltage level,

direction, time block, energy,
local maximum power and
uncovered share available

Duration, maximum power and
energy assessed; MTU counts
available in results

Produced for generic resource
configurations

No uncovered upward short-
term needs identified

Remaining margins assessed;
FCR excluded

Zero under normal operating
conditions

Common PV driver qualitatively
identified

Relevant technical alternatives
identified

Limitation

No separate formal agreement is
reproduced in this annex

Continuous  duration, cumulative
discontinuous duration, frequency
and economic criteria not

consolidated

Event intervals and fully consolidated

hourly/daily/seasonal presentation
incomplete
Not separate technology-specific

curves or ranking

Gross upward requirements still exist
but are covered

No dedicated FRR or further-
balancing-participation assessment

N-1 status must remain

distinguished

No  comprehensive  quantitative
overlap or competition analysis

No integrated
optimisation

clearly

cost-effectiveness

The guiding-criteria assessment should therefore be interpreted as a structured technical capability
assessment based on the information available in the first national FNA cycle. It provides a basis for
identifying suitable technical characteristics and relevant categories of measures but does not constitute
a complete technology-specific, locational and cost-optimised procurement assessment.
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ANNEX 4 1 Methodological approach to
Economic Dispatch modelling

The Slovenian FNA is based on an own Economic Dispatch (ED) model developed using the PyPSA
framework. ED is an optimisation problem that, for given capacities of generation units and storage
systems, calculates the time sequence of operational decisions that meet the electricity demand while
respecting technical constraints, to minimise total system operating cost.

As the basic building block of the mathematical model for ED, the Python library PSA (Python for Power
System Analysis i PyPSA) [13] is used. PyPSA is an open-source software library intended for the
simulation and optimisation of advanced power systems. PyPSA is designed to enable simulations and
calculations for large-scale power networks and long input data time series.

Within the PyPSA framework, the ED problem is formulated as a core component of broader models,
such as optimal power flow or power system investment planning. ED can be interpreted in two
complementary ways:
I as a centralised market problem whose objective is the minimisation of total operational cost
(e.g., using a rolling horizon approach);
I as a deterministic optimal control problem of a dynamic system, where temporal coupling is of
key importance.

In the PyPSA model, ED is formulated as an optimisation problem that minimises total system cost over
the selected rolling horizon. This includes minimising operational, maintenance, start-up, and shutdown
costs of power plants and other model components (such as storage systems, etc.). PyPSA uses a
standard mathematical formulation for ED, which is described in detail in the literature [14], [13], [15].

The core constraint of the ED model is the energy balance for each market time unit (MTU); therefore,
the key input is the electricity demand time series.
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