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Need for Improved Climate and Disaster Resilience for the Power Sector

* Increasing climate and disaster risks are taking a toll on the
power system.

* Directdisruptions on critical service reliability, business
productivity, and economic resilience.

* By 2050, rising sea level could affect 270 power plants
globally, affecting 8 million+ people worldwide (UNEPFI,
2024).

* The adaptation finance gap globally is 12 to 14 times larger
than current funding.

* Accordingto the IEA, 25% of OECD and its access member
countries lack a national adaptation plans, even though 50%
of them face substantial climate risks.

Source: Philippines News Agency, 2020

Energy & Extractives




Missing Ingredient: Resilience metrics for the Power Sector

* Power system reliability standards and metrics exist, but are not geared towards increasing high-impact, low-
frequency events, nor covering the full spectrum and dimensions required for systematic resilience

Conventionally incorporated into power system planning with
clear design criteria (e.g., n-1), metrics, and wide applications.
Universally applied standards and metrics exist to measure
reliability (e.g., n-1 design criteria, SAIDI/SAIFI as metrics).
Focuses on minimizing supply disruptions from high-probability
/ low-impact disturbances under routine conditions.

Focuses on past weather and outage data to assess
operational readiness over short-term time horizons.

Limited scope of engagement in the decision-making process.

Conventionally, costs are passed on to utility customers.

« A relatively new concept with no concrete, universal standards

or metrics to integrate into system planning and operations.
Refers broadly to the ability of the power system to withstand
during the time of crisis as well as to recover from it, spanning
broad temporal and spatial dimensions.

Encompasses low-probability / high-impact events typical

of climate hazards in a changing climate, as well as high-
probability / low-impact events.

Forward looking, underpinned by mid- to long-term climate
modeling reflecting the growing frequency and intensity of
climate and disaster risks.

Wide scope of engagement in the decision-making process
(e.g., local community).

Assumption of cost varies with power market and utility
structure; could include society at large and taxpayers given its

social impacts.
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Metrics covering the Full Spectrum of Resilience

Power system resilience is the ability of power systems to anticipate and minimize vulnerabilities, absorb and adapt to
shocks, and recover its critical functions and contribute to long-term resilience-represented in “M-A-R-C”

Minimize power system’s vulnerability to climate hazards—pre-crisis Resilience THROUGH

- Anticipation - Adaptation - Preparation

Absorb climate shocks—during the crisis Resilience OF

Recover from climate shocks—post-crisis
- Rapid recovery - Long-term recovery

Contribute to overall power sector and people’s resilience capacity—pre- and post-crisis
- Learning - Building back better

Source: World Bank, 2025
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https://documents.worldbank.org/en/publication/documents-reports/documentdetail/099017509032520805

Harmonization - not Homogenization:
united in purpose but unique in approach

* Calls for the harmonization - not homogenization - Table 3. Overview of the European Distribution System Operators’ climate resilience metrics
of resilience metrics, as there is no one-size fits all Resilience feature  Leading metric for pre-event resilience-oriented planning Reason (weather case)
framework to measure and track progress Robustness Share of overhead line network that has undergone vegetation management — Wildfires, windstorms

. . . . to the required standard

* Atailored combination of the available approaches ‘; e”;q“"e sl"” - e |
. Share of sites resilient to flash flooding out of total sites identified as Floodin
is the best way to reflect and address the erase ? ?
comp leXIty of resilience. Share of assets for which adaptation has been considered for high winds, High winds, flooding,

flooding, lightning, temperature lightning, heat
Redundancy Share of circuits with n-1for medium-voltage outlets (or most resilient variant ~ Overall
* However, there is room for standardization. for redundancy)

Share of high-voltage primary substation transformers with spare capacity for - Various hazards

e What can be standardized?

overloads
- Features of resilience (e £. M ARC) Reliability Share of remote-control urban medium/low voltage substations Various hazards
Response and recovery  Share of medium-voltage circuits under FLISR (ADMS) control Various hazards

- Minimumre qui red indicators. Share of network with automated self-healing (reclosing) devices installed Wind, lightning, vegetation

- Reporting and disclosure
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Resilience for Transmission Infrastructure

* The second Livewire focusses on transmission

systems with subsequent Livewires focusing on I VE W I | 2026/145
other grid segments.

A KNOWLEDGE NOTE SERIES FOR THE ENERGY & EXTRACTIVES GLOBAL PRACTICE

* Puts forward a differentiating framing between 2
standards and metrics for transmission * Building Resilience into the Grid:
infrastructure. Resilience Metrics and Standards for

* Provides examples of resilience standards and Transmission Systems

m etn CS | g] p ra Ct'Ce glo ba lly. The bottom line. Power transmission systems are emerging as one of the most vulnerable parts of

the power sector as climate change intensifies the frequency, intensity, and duration of extreme
weather events and multiplies system-wide risks. Following the first in a three-part series on the
global stocktaking of resilience metrics and standards applicable to the power sector—Measuring
the Climate Resilience of the Power Sector: Harmonization, Not Homogenization (Live Wire 146)—
this Live Wire articulates metrics and standards that can be used to assess, quantify, and strengthen
the resilience of transmission systems.! The backbone of critical power infrastructure, transmission

systems span long distances and traverse multiple hazard zones, making them especially vulnerable

Jisclosure Authorized

to climate-related failures that cause widespread social and economic disruption.

Source: World Bank, 2026
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https://openknowledge.worldbank.org/entities/publication/8c9e0b06-abbf-4ea4-953c-4fbfae34e84f

Key Considerations across the MARC lifecycle for Transmission

Contribute: Institutional Capacity

Minimize: Hazard-Adaptive Planning
End-users, local government and *—\
policymakers, regulators, utilities and

Transmission owner, supported by regulators

financiers. through design and grid codes and approval
processes.
Absorb: Operational Resilience
@ Transmission operators and system operators
Recover: Mid to Long term Rebuilding in close coordination
05 with national emergency/disaster risk
Transmission owners (rebuild and investment

management units and weather services.

04

(0

decisions), regulators (incentives), and
financiers (financing)

Recover: Performance Restoration

Transmission operators and system operators in
close coordination with national emergency/disaster risk
management units and weather services.
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Resilience Standards and Metrics for Transmission Systems

» Standards and metrics play distinct but complementary roles in operationalizing power system resilience.

* Resilience standards establish compliance-based design and operational criteria, while resilience metrics
evaluate how infrastructure actually performs under stress and during recovery.

* |n practice the boundary between them is often blurred.

Resilience Standards Resilience Metrics
(Compliance Based) (Performance Based)
* Design Criteria > e Qutage duration
* Codes and Regulations < * Time to restore
* Minimum Performance * Losses avoided
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Menu of Transmission Resilience Standards and Metrics

MARC Framework

Standards

Metrics

M - Minimize Vulnerability (Pre-
crisis)

Asset condition index /Asset
health index

Structural robustness vs projected
climate thresholds

Component failure probability
under extreme hazards
Risk based Asset Ranking

A - Absorb & Prepare
(Pre-crisis)

Number of point assets or line length
in hazard zones (%)

Lead time between hazard forecast
and operational action and investment
planning

R - Respond and Recover

Emergency access design for
substations and corridors
De-energization and derating trigger
protocols

Controlled Island Strategies
Time to restore X% of load/customers

C - Contribute (Post-crisis)

Post-event inspection and diagnostics
protocols
Rebuild-to-higher-standard policies

Event-to-event performance
improvement
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Case Study — Transmission Resilience in the Philippines

TOTAL: 181 Questions

* In 2018, the Philippines Department of Energy
ili i STRENGTHENING
rolled out an Energy Resiliency Policy STRENGTHENING
 As part of the initiative, the department developed o
oy . PILLAR 7: CYBER 7.00 PILLAR 2: SYSTEMS
the Energy Resilience Scorecard to systematically RESILIENCE :
benchmark preparedness, response, recovery, and i ~
(13 M 2 M 2.00
build back better” capabilities. 5
.. . . . . . . PILLAR 6: [ 5 PILLAR 3 - DISASTER
* Thisis an example of a metric within the Minimize REHABILITATION [ | / RISK FINANCING &
. AND RECOVERY INSURANCE
section of the MARC framework —4
27 quesions [N
PILLAR 5: RESPONSE STISIC“II&,A?L; G

Rationale: The farther the points are from the center, the more resilient the energy

infrastructure is.

Resilienci Level

4-7 (Intermediate)

Source: World Bank, 2025
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http://chrome-extension:/efaidnbmnnnibpcajpcglclefindmkaj/https:/thedocs.worldbank.org/en/doc/06a552f10befc7103be32da2b2442684-0450022025/original/Overview-ERP-Philippines.pdf

Livewire Links

Measuring the Climate Resilience Building Resilience into the Grid:
of the Power Sector: Resilience Metrics and Standards
Harmonization, Not for Transmission Infrastructure

Homogenization
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Thank you!

For more information contact:
Selena Jihyun Lee : jlee59@worldbank.org
Ipshita Karmakar : ikarmakar@worldbank.org

All event related information will be posted on: Utility Knowledge Exchange (UKEP) Platform
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