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1. Overview of the Analysis

This paper builds on the previous E.DSO (European Distribution System Operators' Association)
publication ‘Position Paper Climate Resilience Metrics for Electricity Grids, 2024’! and aims at
presenting the findings of a benchmarking analysis conducted across nine European DSOs,
covering six different countries. The analysis draws on the resilience framework developed by
E.DSO, which defines a comprehensive suite of climate resilience metrics structured around four key
features: Robustness, Redundancy, Reliability, and Response and Recovery. From this broader set of
71 metrics, 10 leading indicators [picture 1] were selected as the primary focus of this benchmark
exercise, representing the most operationally meaningful and data-available measures of network
resilience.

Pre-Event/ Resilience Oriented Planning/

Resilience Feature Reason / Weather Case

Leading Metric

% of overhead line network which has undergone

1 vegetation management to the required DSO Wildfire, windstorms
standard

5 % of sites resilient to flash flooding out of total Floodin

= identified vulnerable to flash flooding g
% of assets with climate adaptation considered for High wind speed,

5 Robustness high wind speed/flooding, lightning withstand flooding, lightning,
protection, design temperature, etc.) heatwaves

n % of the power grid located in high wildfire risk wildfires
areas
% of Underground network with newer cable

5 = T Heatwaves
Jjoints (non-transition)
% of circuits with n-1 for MV outlets (or most

6 R : Overall
resilient variant for redundancy)

Redundancy
f i i s th

7 % of HV primary substation Fransformers that Yarinte haards
have spare capacity for overloading

8 Reliability % remote control urban MV /LV substation Various hazards

9 % of MV circuits under FLISR (ADMS) control Various hazards

Response and Recovery

10 % of network with automated self-healing ‘Wind, lightning,

(reclosing) devices installed vegetation

Picture 1: Resilience metrics.

Before delving into the specific benchmarks for each metrics, a general summary of the metric
responses has been carried out for each macro region we collected data, according to the regions
identified in the European Climate Risk Assessment by the European Environment Agency?. The map

1 E.DSO Position Paper: Climate Resilience Metrics for Electricity Grids - E.DSO
2 European Climate Risk Assessment | Publications | European Environment Agency (EEA


https://www.edsoforsmartgrids.eu/edso-publications/e-dso-position-paper-climate-resilience-metrics-for-electricity-grids/
https://www.eea.europa.eu/en/analysis/publications/european-climate-risk-assessment
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[picture 2] illustrates the minimum, maximum, and average values reported by survey respondents
across each of the four resilience categories, cumulatively. Presenting the average alongside the
minimum and maximum is particularly valuable, as it provides additional context for interpreting the
spread of responses, allowing readers to better understand where the bulk of responses fall relative
to the extremes, rather than viewing the range in isolation.

Overall European Resilience
Metric Values

_ 100%

| 50%

~ Ave:
B

Western Europe
No Values Available

Picture 2: metric values for each region.

The objective of this analysis is not to rank individual operators, but to identify the general state of
resilience across the sector, highlight areas of common strength or widespread vulnerability, and
provide a basis for peer learning and targeted investment planning. All data have been collected,
anonymised, and aggregated to reflect only sector-wide trends, without attribution to individual
organisations.
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2. Methodology

Each DSO was asked to self-report quantitative values for each of the ten selected resilience metrics,
where available, along with contextual information describing the scope and conditions of
measurement.

The ten metrics were drawn from the E.DSO climate resilience framework and categorised as leading
indicators — meaning they reflect the pre-event state of the network and are oriented towards
resilience-informed planning rather than post-event impact measurement. Each metric was
assigned to one of the four resilience features: Robustness (metrics 1-5), Redundancy (metrics 6-7),
Reliability (metric 8), and Response and Recovery (metrics 9-10) [picture 1].

Given the heterogeneity of network topologies, regulatory environments, geographical contexts, and
asset bases across the participating DSOs, absolute numeric comparison is not always meaningful.
Instead, the analysis focuses on identifying trends, relative maturity levels, and patterns across DSOs.
All responses were anonymised prior to analysis, and findings are presented at the aggregate level
only.

From a DSO perspective, the value of resilience metrics lies not only in describing the technical state
of the network, but also in their ability to support medium- and long-term investment prioritisation
and regulatory dialogue. Several participating DSOs highlighted the importance of aligning resilience
indicators with planning and decision-making frameworks (e.g. asset renewal strategies, CAPEX
prioritisation and TOTEX optimisation), particularly in the context of increasing climate-driven risks.

3. Resilience Metrics: Analysis and Benchmark Findings

Observed differences across metrics often reflect structural and contextual factors — including
climate exposure, geography, network density and regulatory incentives — rather than differences
in operational maturity alone. For this reason, results should be interpreted as a basis for peer
learning and experience sharing, rather than as a direct performance comparison.

3.1. [Robustness] Vegetation Management Coverage

This metric measures the percentage of overhead (OH) line network that has undergone vegetation
management to the required DSO standard. Vegetation encroachment is one of the leading causes of
weather-related outages, particularly during storms and high-wind events, making this a
fundamental component of network robustness. Regular and systematic vegetation clearance
programmes along line corridors are essential to reducing the risk of contact faults, line flashovers,
and cascading failures.

Benchmark findings: Vegetation management is the most consistently performed resilience activity
across the benchmark cohort. The large majority of respondents report near-complete or full
coverage of their overhead network, with many achieving 100% compliance on defined maintenance
cycles. A small number of operators report partial coverage, particularly in rural or geographically
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challenging areas, with percentages ranging from 17% to 35% for specific sub-networks. The general

trend indicates strong sector-wide maturity in this area, though the frequency and standards applied
vary.

Metric 1: Vegetation Management Coverage

100%
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40 A

Reported value (%)

20%
204

Lowest Highest
reported reported

Picture 3: Vegetation management coverage

3.2. [Robustness] Site-Level Flood Protection (Flash Flooding)

This metric captures the percentage of sites identified as vulnerable to flash flooding that have been
equipped with appropriate protective measures. Flash flooding poses significant risks to substation
infrastructure and associated electrical assets, particularly in low-lying areas or where drainage
infrastructure is inadequate. Site-level flood protection may include physical barriers, raised
equipment platforms, drainage improvements, or flood gates.

Benchmark findings: This metric reveals gaps across the DSOs. Responses vary widely, from
operators reporting near-complete protection of vulnerable sites (up to 100%) to those with very
limited coverage (around 2%) or where assessment and protection programmes are still in progress.

Metric 2: Site-Level Flood Protection
(Flash Flooding)

100%

100 1
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40

Reported value (%)
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Picture 4: site-level flood protection

Several DSOs noted that flash flooding has not historically been a significant risk in their
operational area, which may explain lower investment levels.
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3.3. [Robustness] Climate-Adapted Assets (Multi-Hazard Protection)

This indicator measures the proportion of assets where climate adaptation has been considered
across multiple hazard types, including high wind speed, flooding, lightning withstand protection,
and design temperature thresholds. It reflects the degree to which climate risk has been
systematically integrated into asset design, procurement, and upgrade programmes. Higher scores
indicate a more forward-looking approach to physical asset resilience.

Benchmark findings: Results across this metric show considerable variation, reflecting differences
in both exposure profiles and adaptation programme maturity. Some operators report very high
levels of climate-adapted assets, particularly for underground cable networks and for specific hazard
types such as flooding or lightning. Others report more modest coverage, in the range of 30% to 45%,
or note that programmes are currently under development. It is notable that underground cabling
consistently scores higher on climate-adaptive criteria than overhead infrastructure, owing to its
inherent protection from wind and lightning.

Metric 3: Climate-Adapted Assets
(Multi-Hazard Protection)

100%

100 1
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60 -
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Reported value (%)
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u
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reported reported

Picture 5: Climate-adapted Assets (multi-hazard protection)

3.4. [Robustness] Network Exposure in High Wildfire Risk Areas

This metric quantifies the proportion of the power grid located within areas officially designated as
having a high risk of wildfire. As wildfires become more frequent and intense across southern and
central Europe, understanding and managing network exposure in fire-prone zones is increasingly
critical. This metric serves both as a risk indicator and as a baseline for targeted adaptation
interventions such as undergrounding, firebreak maintenance, and enhanced monitoring.

Benchmark findings: Wildfire exposure varies significantly across the cohort, reflecting the diverse
geographies represented. Several operators report near-zero or very low exposure, consistent with
their northern or non-Mediterranean operational contexts. Others report substantial proportions of
their medium- and high-voltage overhead networks in high-risk zones, ranging from around 10% to
over 40%. Where undergrounding has been pursued, this is cited as a key mitigation measure, with
some operators reporting over 20% of relevant lines already underground.
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Metric 4: Network Exposure in High
Wildfire Risk Areas

100 1
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Picture 6: Network Exposure in High Wildfire Risk Areas

3.5. [Robustness] Underground Cable Infrastructure with Modern Joints

This metric tracks the proportion of the underground network equipped with newer, non-transition
cable joints. Older cable joint technologies are associated with higher failure rates under thermal
stress, moisture ingress, and operational loads. The progressive replacement of legacy joints is
therefore an important dimension of long-term network robustness.

Benchmark findings: Data for this metric was among the most incomplete in the benchmark, with
several DSOs unable to provide precise figures or noting that the indicator is not yet systematically
tracked. The general trend suggests that while progress is being made, legacy cable joint
infrastructure remains a widespread challenge, and standardised tracking of this indicator across the
sector is not yet common practice.

Metric 5: Underground Cable Infrastructure
with Modern Joints

100%

100

80

604

41%
40 1

Reported value (%)

20
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reported reported

Picture 7: Underground Cable Infrastructure with Modern joints

3.6. [Redundancy] N-1 Redundancy for MV Circuits

This metric measures the percentage of medium-voltage (MV) circuits that are capable of being
supplied via an alternative path under n-1 conditions, meaning following the loss of a single network
element. Network redundancy is a cornerstone of resilience, enabling continuity of supply for end
customers even in the event of equipment failure or weather-related damage to a single circuit.
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Benchmark findings: Redundancy at the MV circuit level emerges as a strong point across the
benchmark. Most operators report high levels of n-1 capability, with values typically ranging from
85% to 99% of their MV networks. The approaches vary, some rely on meshed high-voltage

topologies, others on interconnected MV feeders and switching points but the outcome is consistent.
The sector has invested substantially in network redundancy.

Metric 6: N-1 Redundancy for MV Circuits

99%
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60

50%

401

Reported value (%)

20 A
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reported reported

Picture 8: N-1 Redundancy for MV Circuits

3.7. [Redundancy] Spare Transformer Capacity at Primary Substations

This metric captures the percentage of HV/MV primary substation power transformers operating
below their conventional firm capacity under normal conditions, leaving room for unexpected or
emergency situations. Adequate spare transformer capacity is essential for maintaining supply
continuity.

Benchmark findings: Spare capacity at primary substations is another area of notable strength
across the benchmark cohort. The majority of operators report that nearly all, if not all, of their
HV/MV transformers operate below firm capacity limits, with figures consistently in the range of 85%
to 100%. This reflects both prudent planning standards and, in some cases, the effect of demand
evolution relative to installed capacity.

Metric 7: Spare Transformer Capacity at
Primary Substations
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Picture 9: Spare transformer capacity at primary substation
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3.8. [Reliability] Remote Monitoring and Automation at MV/LV Substations

This metric measures the proportion of MV/LV substations equipped with remote control and
automation capabilities. Remote monitoring enables operators to detect faults more rapidly, isolate
affected sections without physical intervention, and restore supply more efficiently.

Benchmark findings: Remote control and automation at the MV/LV substation level represents
significant variability. Reported values range from under 3% to around 61%, with a number of
operators clustered in the 15% to 30% range. Only a small minority of participating DSOs have
achieved substantial coverage of their secondary substation.

Metric 8: Remote Monitoring & Automation
at MV/LV Substations

100 1
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45%
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Reported value (%)
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Picture 10: Remote monitoring and automation at MV/LV Substations

3.9. [Response and Recovery] FLISR / ADMS Deployment on MV Networks

This metric tracks the proportion of MV circuits operated under Fault Location, Isolation, and Supply
Restoration (FLISR) functionality, typically enabled through an Advanced Distribution Management
System (ADMS). FLISR automates the process of detecting, locating, and isolating faults on the MV
network, and initiates supply restoration via alternative paths, reducing customer interruption
durations.

Benchmark findings: ADMS and FLISR deployment levels across the cohort range from near-zero
to near-complete coverage, with significant differences among participating operators. Several DSOs
report coverage of 70% or above, with a few approaching full network deployment. Others are at
early or intermediate stages, with coverage below 10% or limited to pilot areas. The general trend
indicates that FLISR and ADMS are widely recognised as priority investments, but deployment
timelines and resource availability vary substantially across the sector.

10
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Metric 9: FLISR / ADMS Deployment
on MV Networks
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Picture 11: FLISR/ADMS Deployment on MV Networks

3.10. [Response and Recovery] Automated Self-Healing Capabilities (Reclosing

Devices)

This metric measures the proportion of the network equipped with automated self-healing
functionality, primarily through the installation of reclosing devices such as reclosers and automatic
sectionalising switches. Self-healing capabilities allow the network to respond to transient and
permanent faults autonomously, reducing the need for manual intervention and accelerating post-
fault restoration.

Benchmark findings: Automated self-healing capabilities show a wide range of deployment levels
across the DSOs, from around 5% to 100% of the relevant MV network. Some operators have adopted
comprehensive recloser programmes and remote-controlled switch networks, while others rely
primarily on telecontrolled switches integrated with ADMS rather than standalone reclosers, citing
lower cost and simpler protection coordination.

Metric 10: Automated Self-Healing
Capabilities (Reclosing Devices)
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Picture 12: Automated Self-healing Capabilities (Reclosing Devices)

11
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4. Concluding Observations

Taken together, the benchmark data paint a nuanced picture of climate resilience maturity across
European distribution networks.

The graph in Picture 13 below illustrates the minimum, maximum, and average resilience levels of
all nine European DSOs to the 10 resilience metrics previous highlighted. It also highlights the
resilience level of all nine European DSOs to each of the four resilience categories. As previously
noted, presenting the average provides additional context for interpreting the spread of responses,
rather than viewing the range in isolation.

EDSO Metric Resilience Levels (Overall and Category) u Max
W Average
B Min
Overall Resilionce [——
Response and F
Recovery
Reliability —
Robustness _

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Resilience Level

Picture 13: Metric Resilience levels (overall and category)

The variability observed in digitalisation and automation-related metrics highlights these
capabilities as key enablers of climate resilience. Higher levels of remote monitoring, automation and
self-healing functionalities are associated with increased operational flexibility and faster response
and recovery during weather-related events. These solutions are increasingly viewed by DSOs as
no-regret investments under growing climate uncertainty.

These findings point to a sector that has built strong foundations in conventional network reliability
but is now at varying stages of transition towards a more digitally-enabled, climate-adaptive
operational model. Targeted investment in automation, asset modernisation, and data-driven
resilience planning will be critical to ensuring that European distribution networks are adequately
prepared for the intensifying climate challenges of the coming decades.
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