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Introduction

Electricity distribution plays a key role in the ZSE Group’s transition to sustainable energy, as confirmed by the European 
Taxonomy for Sustainable Investments. In 2024, activities related to electricity distribution accounted for up to 81% of the total 
capital expenditures that were classified as environmentally sustainable. This high share reflects the ZSE Group’s strategic 
priority of investing in the modernization and development of its distribution networks. From a climate perspective, this is 
a fundamental contribution to decarbonizing the energy sector and increasing the distribution system’s resilience to extreme 
weather fluctuations. From an economic perspective, these investments support the stability and reliability of electricity supply, 
increase energy efficiency, and, at the same time, create space for technological innovation and infrastructure development.

The ZSE Group provides electricity distribution to end consumers through its own distribution system and two subsidiaries, 
Západoslovenská distribučná, a.s. (ZSD) in western Slovakia, and Východoslovenská distribučná, a.s. (VSD) in eastern Slovakia. 
The ZSE Group thus manages the most extensive distribution grid in the Slovak Republic. It fulfils its role thanks to more than 
2,500 internal employees, approximately half of whom work in the field. The ZSD and VSD electrical system consists of more 
than 65,000 km of overhead and underground lines (including connections), dozens of electrical stations, and thousands of 
transformer stations.

Climate change directly affects every segment of the electrical system and tests the physical resilience of distribution grids. The 
infrastructure of distribution companies is affected by various natural events, which are intensifying as part of ongoing climate 
change and occurring much more frequently and with greater intensity than in the past. Preventing this includes building 
a resilient energy infrastructure, which means improving resilience through more innovative technologies. Our top priority for 
the distribution grid’s resilience is standardization and smartification, along with the development of new digital solutions, all 
while adhering to the highest cybersecurity standards.

Climate change will fundamentally affect not only distribution companies themselves but also society in the coming years. At 
the same time, we are witnessing an increasing importance of electricity in society as a key energy medium in the effort to 
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decarbonize. Accelerating electrification and renewable energy expansion will require new system design and corresponding 
grid expansion. Climate transformation of the grid requires significant investments to enhance its resilience and security. Our 
distribution companies, ZSD and VSD, see their role in this process as extremely important.

To document a qualitative assessment of the effects of climate change in order to reduce the vulnerability of the distribution 
system as a critical infrastructure, the Climate Change Adaptation Plan for the grid infrastructure ZSD and VSD (the “Adaptation 
Plan”) has been developed. ZSD and VSD take climate change into account in their investment plans. The measures in the 
Adaptation Plan that support improved performance in the area of climate change adaptation apply to development and 
renewal of distribution system. These measures are part of the Investment plans of ZSD and VSD which are annexed to the 
Strategic and Business Plan. 

Climate change, its manifestations in Slovakia, and development 
scenarios 

Extreme weather fluctuations, such as storms, droughts, and periods of high and low water levels, can negatively affect 
electricity generation (reducing efficiency, cooling capacity, etc.). More frequent and severe extreme weather events, such as 
storms, lightning strikes, snowstorms, and ice, can cause mechanical and electrical failures, damage distribution infrastructure 
equipment (overhead power lines, transformers, etc.), and pose an increased risk to electricity distribution, placing greater 
demands on equipment maintenance and quality. 

For the purposes of the Adaptation Plan, we have considered only one climate change scenario, namely Representative 
Concentration Pathway (RCP) 8.5. RCP 8.5 is a highly negative-emissions scenario that assumes a significant and sustained 
increase in emissions until the end of the century. It is generally accepted as the basis for modelling worst-case climate change 
scenarios. Although unlikely, it is still used to predict emissions through the middle of this century under currently valid climate 
policies. Under this scenario, the level of warming is expected to reach 4.2 °C above pre-industrial levels by 2100.

Fig. Projected warming rates for different climate scenarios

Reference 
scenario

Climate risks

Global warming 
until 2100

RCP-8.5

4,2 C̊

RCP-7.0

3,5 C̊

RCP-4.5

2,7 C̊

RCP-2.6

<2 C̊

High- increasing frequency 
of catastrophic events.

Low – impacts are limited.

Impact assessment and risk identification 

Temperature-related effects
A positive impact of increasing the average annual temperature will be a reduction in heating energy consumption. On the 
other hand, increasing the average annual temperature does not mean there will be no freezing days in winter. Permanent cold 
periods will be replaced by variable periods with chilly days, leading to a sudden increase in electricity demand. The annual use 
of heat sources will probably decrease. This places increased demands on more flexible energy generation. 

A negative impact of rising average annual temperatures will be an increased demand for cooling. The number of tropical nights 
(above 20 °C) and tropical days will increase, so will the annual cooling energy consumption, which can be offset by electricity 
from renewable sources such as photovoltaic systems. For these to connect, capacity will have to be allocated. 
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Wind-related impacts
A warmer climate creates conditions favourable to the formation of more intense storms. In 
connection with more intense storms, we also expect an increased frequency of dangerous 
accompanying phenomena, such as lightning, wind gusts >25 m/s, or hail with a diameter of 2-5 cm. 
The occurrence of high wind gusts (>25 m/s) may be 20 to 80% higher, and hail with a diameter of 
up to 5 cm may be 40 to 150% higher by the year 2100, compared to the normal period 1991-2020.

Water-related impacts
Although no significant direct increase in annual precipitation is expected, daily precipitation totals 
of a certain magnitude may increase due to higher average annual temperatures, more frequent 
summer storms, or heavier precipitation in other seasons. In terms of changes in the frequency 
of days with daily precipitation exceeding 40 mm, the number of such days should increase by 
approximately 20% by the mid-21st century under the RCP8.5 scenario, and then by approximately 
60% by the end of the century compared to the present. Given that drought periods will also 
become longer, intense precipitation totals may often occur in dry land. Since parched soil cannot 
effectively absorb large amounts of water, this combination creates conditions suitable for flash 
floods, which we will likely face more often in the future.

Solid-matter related impacts
The document does not consider landslides caused by waterlogged terrain, based on the 
assumption of a decrease in large-scale, more permanent precipitation and an increase in storm 
rainfall. 



4/11
4 | 12

Impact assessment and hazard identification

The set of climate impacts on the distribution system can generally be divided into direct (bio-physical) and indirect (socio-
economic).

Direct impacts can lead to damage to distribution system elements:
•	 Strong winds – risk of damage to overhead lines, electrical substation infrastructure (e.g., building roofs),
•	 Snow – risk of damage to overhead lines due to the weight of fresh snow,
•	 Icing - risk of damage to overhead lines due to increased mechanical load, especially in combination with gusty winds,
•	 Heavy rains – risk of transients in the distribution system – short-term restrictions on electricity distribution,
•	 Floods – risk of damage to distribution system equipment in general – possible long-term interruption of electricity 

supply,
•	 Storm events – risk of damage to virtually the entire spectrum of distribution system equipment in general – possible 

long-term interruption of electricity distribution,
•	 High temperatures – risk of damage to overhead lines, reduction of their transmission capabilities, risk of changing 

their safe distance from the ground, eventually resulting in a forced shutdown,
•	 Fires – risk of damage to distribution system equipment in general – possible long-term interruption of electricity 

distribution.

Indirect impacts can be initiated by consumer behaviour and changes in the distribution system environment (e.g., road, 
terrain accessibility):
•	 Temperature changes will trigger changes in system load (e.g., increased cooling requirements) – risk of overloading 

lines, transformers, possible short-term and long-term interruption of electricity distribution,
•	 Changes in the behaviour of distribution grid users due to mitigation measures (implementation of decentralised 

resources (DER), electricity-based heat and cold generation (HVAC), shift away from fossil fuels, changes in the way 
transport infrastructure is used - transition to e-mobility (BEV, PHE),

•	 Inaccessibility of road infrastructure – because of heavy rainfall and temperature changes, there is both short-term 
impassability of roads (flooded sections of roads, fallen trees on the road, ice/snow) and long-term inaccessibility 
of infrastructure (due to changes in the terrain geomorphology, landslides, erosion, fires – access roads, bridges, etc. 
become inaccessible).

The only identified climate risk estimated to increase across the ZSE Group distribution companies’ defined territories is 
changing temperature - an increase in tropical days (days with maximum daily temperature reaching 30 °C or higher). In 
both defined territories of the ZSE Group distribution companies, other risks, such as wind, rain, snowfall, and landslides, 
should not manifest significantly. However, with more tropical days, local manifestations of other risks may occur, including 
more frequent storms with torrential rainfall and strong winds or flooding.
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Change in the number of tropical days in the ZSD distribution area:

Number of tropical days (maximum daily temperature > 30 °C)

Fig. “Heatmap” of the number of tropical days in the ZSD distribution area
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Change in the number of tropical days in the VSD distribution area:

Number of tropical days (maximum daily temperature > 30 °C)

Fig. “Heatmap” of the number of tropical days in the VSD distribution area
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Climate hazards assessment 

Based on the classification of climate hazards under Regulation (EU) 2021/2139, we have identified the following climate 
hazards as relevant:

 High relevance
 Medium relevance
 No relevance

Table: Direct and indirect impacts of individual climate risks

Climate hazards assessment

Nature of the risk Type of impact Risk ZSD VSD

Chronic

Temperature

Temperature change

Heat stress

Temperature variability

Thawing permafrost

Wind Changing wind patterns

Water

Changing precipitation patterns and types (rain, hail, snow/
ice)

Precipitation or hydrological variability

Ocean acidification

Saline intrusion

Sea level rise

Water stress

Soil

Coastal erosion

Soil degradation

Soil erosion

Solifluction

Climate hazards assessment

Nature of the risk Type of impact Risk ZSD VSD

Acute

Temperature

Heat wave

Cold wave/frost

Wildfire

Wind

Cyclone, hurricane, typhoon

Storm (including blizzards, dust and sandstorms)

Tornado

Water

Drought

Heavy precipitation (rain, hail, snow/ice)

Flood (coastal, fluvial, pluvial, ground water)

Glacial lake outburst

Soil

Avalanche

Landslide

Subsidence
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Vulnerability analysis of operated assets

Distribution companies of the ZSE Group in Slovakia operate distribution system facilities at LV (0.4 kV), MV (10 kV and 22 kV), 
and HV (110 kV) levels. The highest attention to risks associated with climate change is required for overhead MV lines, especially 
those located in forest clearings or near vegetation.

The most sensitive facilities exposed to risks associated with climate change are above-ground facilities, such as:
•	 Overhead MV lines,
•	 MV/LV pole-mounted transformer stations,
•	 Overhead HV lines.

The approximate lengths of the most vulnerable for both distribution companies are as of the end of 2024:
•	 5 thousand km of overhead HV lines,
•	 24 thousand km of MV lines (of which more than 60% are overhead),
•	 15 thousand MV/LV transformer stations (of which 40-60% are pole-mounted, depending on the region).

The risk matrix identifies the most vulnerable of the asset types operated by distribution companies: 

Fig. Climate risk1 matrix for operated distribution system assets

1 AIS = air-insulated system, HIS = highly integrated system, GIS = gas-insulated system, OH = overhead line, UG = underground 
line, POLE = pole-mounted transformer station, COMPACT = compact or brick-built station, HV/MV = 110/22 kV electrical station, 
MV/LV = 22/0.4 kV transformer station, Forest = forests or steep terrain, Plains = plains, lowlands, grasslands, etc.
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Investments can be divided into these categories:
•	 MV/LV stations - changing pole transformer stations to compact ones, considering flood 

areas, adding new stations, and increasing the transformation capacity to enable active public 
involvement in changing climate conditions (renewable sources, e-mobility, etc.),

•	 MV lines – redesign of solutions in exposed areas, e.g., change from overhead lines to underground 
ones, or change in routing of line corridors, especially in forest clearings or otherwise exposed 
areas (icing, etc.),

•	 HV/MV stations – addition of new stations and increase of transformation capacity to enable active 
public involvement in climate change (renewable resources, e-mobility, etc.);

•	 HV lines – added protective measures against risks from wind and heat.

We will support increased performance in climate adaptation with measures in the following areas:
•	 investment measures:

–	 increasing the climate resilience and power capacity of operated assets (HV and MV overhead 
lines, MV/LV transformer stations),

–	 installation of “real” time, or “near real time” monitoring of operational assets (maintenance of 
HV and MV),

–	 generational technological change (high-temperature conductors, F- gas-free),
–	 and others described in the chapter Investment measures,

•	 operational measures:
–	 ecological corridor management of operated assets (overhead HV lines) to prevent biodiversity 

loss,
–	 protection of animal species, specifically avifauna, in relation to overhead power lines,
–	 support for connecting decentralised technologies (small sources, local sources, electricity 

storage, charging stations with any of the V2G / V2X / V2B technologies, etc.),
–	 and others described in the chapter Operational measures.

Long-term strategic measures to restore and develop the distribution 
system

A significant part of the ZSE Group’s distribution territory in Slovakia will be affected by dramatic climate 
change by 2080, including increased temperatures, direct impacts such as heat waves and higher 
wind speeds, and local floods.

Investment measures

Investment measures primarily focus on HV and MV voltage levels, as these facilities distribute electricity over large territories 
and are most exposed to climate impacts, potentially leaving them with limited physical availability during extreme weather. 
Investment measures in climate resilience and sustainability can be divided into the following classes, according to the type of 
assets operated:

The entire distribution system
•	 Digitalisation of the distribution system towards a “smart grid”.
•	 Installation of innovative electricity consumption metering systems, which increases the overview of changes and the 

current system situation on a global scale.
•	 In cooperation with local meteorological institutions, monitor the weather development in the distribution area, in the 

event of warnings of various meteorological phenomena, activate our emergency workers in sufficient advance, analyse the 
intensity of lightning in our distribution area, and use this information as part of the analysis of system failures. 
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•	 Implementation of expert systems to support dispatching management, which can prioritise the process of restoring 
electricity distribution during disasters, based on the number and nature of customers affected by the interruption, i.e., 
automatic management of large-scale outages. 

In addition to the above significant strategic activities, we will continuously work to improve the parameters of newly installed 
distribution system elements, reflecting expected increases in operating temperature ranges and the use of new materials with 
greater resistance to wind, frost, and other adverse climate impacts. 

HV/MV electrical stations
•	 Addition of new stations and increase of transformation capacity in existing electrical stations to enable active change of 

the nature of consumption/generation on the part of system users in response to changing climate conditions (renewable 
sources, e-mobility, heat pumps, etc.).

•	 Introduction of flood protection in electrical stations located in areas at risk of flooding, in ascending priority at 5, 10, 50, 100, 
and 1000-year flood levels.

•	 From 2028, deploy equipment in R110 kV substations exclusively based on “SF6-free” gases. The pilot project will be the 
Lučivná 110/22 kV substation. 

HV overhead lines
•	 By 2030, have ecological corridor management (ECM) as a standard part of measures for new HV lines and existing lines 

subject to complete replacement.
•	 Adding Dynamic Line Rating (DLR), which allows real-time calculation of possible conductor overload based on parameters 

and local weather conditions.
•	 Addition of measures to eliminate vibrations caused by wind.
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MV/LV transformer stations
•	 Replacement of MV/LV pole transformer stations with 
compact stations in locations that are most exposed to 
surrounding vegetation or other phenomena listed in the 
document. Compact stations should be located based on 
the area’s flood risk.
•	 Addition of new distribution transformer stations 
(DTS) and increase of transformation capacity in existing 
transformer stations to enable active public participation 
in climate change (renewable sources, e-mobility, heat 
pumps, etc.). The target state for ZSD/VSD companies is 
to have an additional 50% DTSs by 2040+ to ensure power 
in the LV system (so-called Electrification 2.0).
•	 At the level of transformer stations, constantly 
increase the ability to measure and signal events in the 
grid, to prevent overload and identify interruptions in the 
electricity supply.
•	 Full transition to technology using “SF6-free” gases 
when installing new equipment.

MV overhead lines
•	 Replacing overhead lines with underground cables 
in locations that are most exposed to surrounding 
vegetation or other phenomena listed in the document.

We aim to achieve at least 30% share of underground 
cable MV lines in the total MV lines length by 2040, and 
at the same time transform critical sections of overhead 
lines into underground ones, totaling at least 400 km 
(refers to the future length of underground cable HV 
lines). Through the PCI projects, ACON and Danube 
Ingrid will, by 2026, convert at least 300 km of ZSD lines 
to underground lines, and cabling at the MV level will 
exceed 50% in 2024. In both companies, in accordance 
with the applicable principles of MV and LV system 
planning, new overhead MV line sections will not be 
installed in exposed terrain in the future; instead, these 

sections will be designed as underground lines.

Operational and organisational measures

The most essential organizational measures are:
•	 Support to renewable electricity sources, e.g., through the concepts of “Photovoltaics for Everyone” or “Photovoltaic 

e-consultancy” and as “Workshops for PV Contractors”,
•	 Active preparation of so-called anticipatory investments and, given their cost-intensive nature, subsequent analysis of their 

possible refinancing through infrastructure funds, modernisation funds, etc.,
•	 Active measures leading to the optimised use of the conductors’ transmission capacity (analysis of possible DLR systems 

introduction is being carried out) and implementation of pilot projects through the PCI project SELENA,
•	 Cooperation of regional distribution system operators with the Slovak Hydrometeorological Institute on predictions of 
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individual climate scenarios and, at the same time, 
further development and expansion of available 
methodologies, for example, in relation to light 
exposure, 

•	 Revision of the Company’s internal regulations 
in planning the distribution system development 
and restoration to reflect deteriorating climate 
parameters,

•	 Preparation of future material and equipment 
technical specifications and technological 
regulations of distribution system operators, so that 
to reduce distribution system equipment exposure 
to external climate effects, ensure the required level 
of safety and health protection even during intense 
atmospheric effects (e.g., addressable cabling of MV 
lines, replacement of busbars with connectors in the 
case of connecting selected types of transformers, 
coils).

Estimated costs

The number of defined investments solely focuses 
on the most exposed regions of western and eastern 
Slovakia. We estimate that covering only these most 
climatically exposed parts will require investments 
up to additional 15% of the current value of assets 
(so-called regulatory asset base, or RAB) for both 
distribution companies, ZSD/VSD. A complete transformation of the system, so that it can reflect at least the indirect impacts 
of climate change (i.e., changes in user behaviour on the distribution system), according to available analyses, will require 80-
100% of the current RAB value. Such high levels of additional investments require refinancing of measures through external 
infrastructure funds. 

Monitoring

The Adaptation plan will be continuously updated at least every 24 months, based on changes in external documents such as the 
Integrated National Energy and Climate Plan (INEKP/NECP), the European Climate Risk Assessment (EUCRA), etc.


