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By 2040, electricity demand in Luxembourg could rise by 60%,
with local production set to more than double.

For Creos this is more significant than just more cables and
substations - it's a whole new set of challenges.

The , with the as
their foundation, are designed to help us structure these
challenges and guide us toward an electricity grid that is not only
stronger - but smarter, more flexible, and more resilient.
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From Policy to Planning — Structure of Today’s Presentation
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REGULATORY AND
PROCEDURAL FRAMEWORK
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National Legal Requirements for Grid Development Planning

» According to Article 27bis of the Luxembourgish Electricity Law, electricity grid operators are required to
publish ten-year Network Development Plans (NDP) for their transmission (TNDP) and distribution

(DNDP) grids. These plans provide information on planned investments and projects aimed at maintaining,
reinforcing, and extending the grid.

 The network development plans should be based on estimates of future electricity consumption and
generation loads, which are presented in the Scenario Report. These estimates need to consider various
scenarios, including demographic, economic and social developments, as well as national objectives and the
measures set by the current government to achieve them.

Scenario-Based Planning Process

National Energy and Climate Plan

Network Development Plan Transmission

Security of Supply Report Grid (NDP TSO — 380 kV, 220 kV)
: Scenario Report

Other Literature / Research Network Development Plan Distribution Grid

NDP DSO — 110 kV, 65 kV, 20 kV, 400 V

Internal & external information and data

Documents must be elaborated and submitted to the national regulation authority
and the responsible ministry for review and possible modification every two years
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Timeline Scenario Report & Network Development Plans

2025 2026
May 27 June — 31 July December

February

May

September

Start of preparations for the First draft of the
DNDP 2025-2035 DNDP 2025-2035

Public Consultation
Scenario Report
Version 2024

Start of preparations for the

TNDP 2026-2036

Scenario Report
Version 2026

d

Start of Preparations for the

Public Consultation
DNDP 2025-2035
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SCENARIO REPORT RESULTS
AND LOAD DISTRIBUTION
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From Scenarios to Grid Development

As load and grid utilization are projected to increase, grid

developments are required to ensure a reliable and safe SCENARIO
electricity system. ﬁ “REPORT
To consider future developments in the electricity sector, Creos’ xo %‘loﬁs

Network Development Plan for the Distribution Grid (DNDP) is i
based on the 2024 Scenario Report.

In the Scenario Report, the forecasted volumes of electricity - f
consumption and generation from the National Energy and
Climate Plan (NECP) are translated into load assumptions on
the electricity grid.

Its main results are projections of peak demand, generation,
imports, and exports up to 2040, with flexibility considered in
each evaluated scenario.
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Selected Scenarios for Additional Demand and Generation Growth

To provide an indication of the expected timing for
grid reinforcements or expansions in the demand
use case this DNDP relies on the high estimate
scenario with flexibility.

This scenario results in a peak electricity demand
of 2.1 GW in 2035.

For the generation use case, actual numbers of
connection requests for renewable installations as
of July 2025 are considered, as these already
surpass the NECP goal 2030.

Installed, authorized and delayed capacities for
renewable installations (July 2025):

* Installed Capacity: 855 MW
 Authorized Capacity: 1.562 MW
* - Delayed Capacity: 841 MW

Peak electricity demand - evening (MW)

3.500

3.000

2.500

2.000

1.500

1.000

Historical peak electricity demand
Low estimate
Low estimate with flexibility

High estimate
== == High estimate with flexibility
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Distribution of Additional Electricity Demand and Generation

The Scenario Report provides sector- and technology-
specific projections at transmission level, while the DNDP
requires these projections to be further broken down by
voltage level and region.

North
hg 220 MW
41 665 MW

Additional demand is distributed across voltage levels and
regions using sector-specific indicators, such as population
density for residential development and designated economic
activity zones for the tertiary sector.

East
k-g 100 MW
41 420 MW

West
l‘ml 100 MW
4200 MW

Additional generation is distributed across voltage levels and
regions based on actual connection requests. Requested
authorized and delayed capacities are considered with a
certain implementation probability.

The DNDP is designed to ensure that these future loads can
be accommodated.

Eﬁ 245 MW
AT 230 MW

A 150 mw

Additional demand and generation load forecasts

for 2035 (MV & HV)
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BASICS & PLANNING
PRINCIPLES
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Grid Topology

SigH
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HV Transmission grid
(380)220 kV

|

HV Distribution grid
(110)65 kV

|

Traditionally, Luxembourg
has been a net electricity
importing country, with
power imported at the
highest voltage level and
transformed to lower
voltage levels for
distribution to consumers.

Increasing renewable
generation is expected to
result in periods of net
export, causing reversals in
power flow directions.
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Planning Principles

« Grid planning is based on security of supply principles:
Under normal conditions (N-0), all demand and generation are accommodated without
constraints. In the event of a single contingency (N-1), demand remains securely supplied.

« NOVA (Netzoptimierung vor Verstarkung vor Ausbau)

Grid optimization Grid reinforcement
NO (Netzoptimierung) V (Verstarkung)

Grid expansion
A (Ausbau)

Topology adjustments, no/low investment, Upgrade existing assets to increase

New connections or grid extensions for
for moderate constraints capacity

major constraints
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Cost-Benefit Analysis

To maintain security of supply in the most
economically advantageous manner, Creos
performs a Cost-Benefit Analysis (CBA) to
assess whether flexibility can economically
defer specific grid reinforcements compared
with immediate investments.

The analysis compares the costs of grid
reinforcement and flexibility in the target year
and identifies the flexibility price and volume
that would make a market request for
flexibility worthwhile.

The key principle is that a flexibility-based
approach is only beneficial from a society
perspective if it creates a positive collective
surplus compared with the reference grid
reinforcement option.

[€]

Technical

Losses

No Investment
in year n

Technical
Losses

Grid reinforcement
inyearn

| CSTiex(Py)

Technical

Losses

Flexibility solution
in year n
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HIGH VOLTAGE (HV)
DISTRIBUTION GRID
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HV grid topology and regions

The HV grid is operated in a meshed or ring

topology and normally runs in closed

conditions.

220kV Station

65kV Stations

(Creos or customer)

220 / 65kV
65/ 20kV

220kV
Overhead lines
& cables

220kV Station

A

65kV
Overhead lines
& cables

65/
20kV

65/
20kV

220 / 65kV
65/ 20kV

The HV grid is divided into distinct regions to
allow for a more granular analysis (North, \/Vest,

East, Center,

and South-East).
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HV planning principles and methodology

Grid development for increasing demand and renewable integration on the high voltage grid:

Load flow analysis
Analyze future generation scenarios

/' based on the N-0 principle
. . — F i
Modelling of today’s grid uture demand and renewable projects
Split HV grid into regions to Apply demand growth and planned RES \‘
carry out regional analyses projects to the model
Contingency simulations
Analyze demand projections
based on the N-1 principle
Projects by region
North
East
—_ —_ Center
Identify weak points by region Select the best solution West
Identify overloads on lines or Follow NOVA principle and South-East
transformers and analyze perform cost-benefit analyses to South-West
appropriate measures to compare traditional grid
address these constraints reinforcement with flexibility
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HV grid measures by region
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North

Grid development in the North is mainly driven by the high volume of
planned renewable generation. It is the first region to fully transition from
65 kV to 110 kV to significantly increase the regional transfer capacity.

East

In the East, grid development is largely driven by the expected growth of
renewable generation. The focus is on reinforcing the incoming lines
to increase the transfer capacity at the regional entry points as well as
preparatory works for a future transition to 110 kV.

Center

In the Centre, grid investments are mainly demand-driven. Planned
measures mainly include the modernization of existing assets and the
creation of additional connections between substations to improve
transfer capacity and strengthen security of supply.

Key projects
* 110 kV switch
 Walsdorf station

Key projects

» Bofferdange —
Junglinster 110 kV

 Bissen — Freckeisen

Key projects

« Enhance regional
interconnections

* Leudelange station

Depicted capacity values illustrate the additional projected demand and the additional projected generation capacities per region until 2035.
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HV grid measures by region
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West

In the West, a key measure is the construction and connection of a new
substation, which will reduce medium-voltage connection distances,
improve voltage quality, and enable a better distribution of load and
generation capacities across the network.

South-East

Besides modernization measures, a key project in the South-East is the
construction and connection of a new substation, notably to help reduce
loading on the medium-voltage grid and improve voltage quality through
shorter connection distances.

South-West

In the South-West, planned measures primarily include the
modernization of existing assets and further interconnections
between substations to support higher transfer capacity and strengthen
security of supply.

Key projects

« Rambrouch station

Key projects
* Ellange station
« Wolser station

Key projects

« Enhance regional
interconnections

e« Sanem station

Depicted capacity values illustrate the additional projected demand and the additional projected generation capacities per region until 2035.
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MEDIUM VOLTAGE (MV)
DISTRIBUTION GRID
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Typical MV topology

The MV grid is mostly operated in an open meshed or ring topology, with some short, radial

connections.

Large clients are directly connected to a HV/MV station.

HV/MV station 1

@

O

radial
connection
open
mesh
OI o
O L] ol @
feeder 2 \_/
feeder 5 O
S=> 0
direct
connection O
e o | (@

HV/MV station 3

HV/MV station 2

o1 (@

O 20/0,4kV Creos station
@ Client MV station

[ ] Distribution station
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MV planning principles and methodology

Grid development for increasing demand and renewable integration on the medium voltage grid:

Modelling of today’s MV grid — Future demand and renewable projects Contingency simulations
Use current MV grid as a starting point Apply demand growth and planned RES Analyze demand projections
projects to the model based on the N-1 principle

Document projects
— — Guide development of
Identify weak points by region Select the best solution MV grid by establishing
|dentify overloads on lines and Follow NOVA principle and master plans showing

analyze appropriate measures perform cost-benefit analyses selected measures

to address these constraints for large projects to compare

traditional grid reinforcement

with flexibility @
creos
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MV grid measures

The NDP projects 740 MW for consumption and 570 MW for generation
connected on the MV grid or on the underlying LV grids. This excludes direct
connections to HV/MV stations, which are considered in the HV chapter.

The results of the analysis indicate a need for 143 grid reinforcement and
expansion measures to cover the projected consumption and generation. By
2035, these measures require the replacement or installation of 270 km of cables,
with investments of 96.7 M€. Furthermore, 24 grid optimization measures will be
Implemented.

Individual projects that stand out are the expansion of MV connections from HV/MV
station Senningerberg to Niederanven / Munsbach and the integration of new
HV/MV stations Rambrouch and Walsdorf into the MV grid.

The documentation of all the measures is currently ongoing in the form of 26 MV
master plans that will cover the Creos MV grid of the full country.
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LOW VOLTAGE (LV)
DISTRIBUTION GRID
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Typical LV topology

Typical low-voltage grid topologies vary depending on population density and supply requirements.

Distribution
cabinet Cable
end joint Buswar Distribution Distribution bucbor uetar
Busbar Grid ' cabinet cabinet Grid 04 kV 04KV Grid
ri
. 0.4 kv Distribution 20 kV 1 20kv 200
i diL S O — -
- = vt TT0 Transformer Transformer
20 kV/0,4 kV 20kV/0,4 kV

end joint

1
1
1
1
1
1
1
1
1
1
1
1
1

1 @
I

Distribution egda?olﬁwt : Transformer
cabinet 1 20 kV/0,4 kV
Transformer 1 ' Distribution
20 kv/0,4 kV Cable I cabinet

end joint !
Cable X
1
1
1
1
1
1
1
1
1

More rural, less densely _ Moderately populated Densely populated
populated areas areas areas
—~>Radial systems - Ring systems —~->Meshed systems

‘ig creos



LV planning principles and methodology

Planning Principles

Grid topology Voltage limits
Meshed / ring / radial Compliance with EN 50160
depending on area Max. voltage deviation and voltage drop

Grid Calculation Criteria

— >

Technical standards & Grid calculation
literature values criteria

/ N\

Adjustment of criteria «— Periodic data-based
if required validation
based on current
regulations and future
load developments

Standardized equipment
Cable types and cross-sections
Transformer sizing

Peak loads for base load,
electric vehicles, heat pumps,
photovoltaic systems

Corresponding simultaneity
factors

Network design rules
Underground cables
Reliability and cost-efficiency

Used for:
Connection requests
Planning of new developments
Reinforcement of existing grids
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LV simulation results 2024 vs 2035

The low-voltage grid simulations compare the current network situation in 2024
with a future scenario for 2035, considering increased demand from electric
vehicles and heat pumps as well as additional photovoltaic generation.

The analysis is based on load flow calculations using 15-minute smart meter data
and covers around 2,800 transformer stations, 8,000 km of low-voltage cables,
and 160,500 connection points.

The results indicate a need for reinforcement to ensure reliable grid operation
under future conditions. By 2035, approximately 990 transformer stations require
reinforcement or extension (=135 M€), while around 160 km of low-voltage cables
need to be reinforced or newly installed (=47 M€).
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LV flexibility

To assess the impact of flexibility on low-voltage grid utilization, a
simulation-based analysis of two representative grids (modern and
conventional) is conducted, including electric vehicles, heat pumps,
photovoltaic systems (PV), and batteries.

The results show that electrification and PV significantly increase
transformer and cable loading, particularly during winter demand peaks
and summer injection peaks. Battery systems provide only limited
peak reduction in the analyzed scenarios, as their impact strongly
depends on factors such as capacity, control strategy, PV
generation, and household demand.

Overall, the findings highlight the importance of grid-friendly tariffs
and control strategies to effectively utilize flexibility and mitigate
future grid stress.
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CONCLUSION
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Conclusion

The DNDP consolidates a comprehensive assessment of
Luxembourg’s electricity distribution infrastructure across
all voltage levels and provides a coordinated roadmap for its
development over the coming decade.

The results highlight a structurally evolving electricity
system shaped by rising demand from electrification of
mobility, heating and industry, and by a rapid increase in
decentralized renewable generation.

Across all voltage levels, the DNDP highlights the increasing
relevance of flexibility. Several CBAs were performed, and the
results mainly highlight the value of flexibility when overloads
are relatively limited.

By 2035, investments on DSO-level amount to 817.7 M€ for the
HV grid, 96.7 M€ for the MV grid, and 182 M€ for the LV grid.

'[« Electricity Distribution Grid
NETWORK ’
DEVELOPMENT
PLAN

oz 2025 - 2035 v
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THANK YOU FOR YOUR ATTENTION

Any questions?

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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..............................................................................
...............................................................................
...............................................................................
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