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Establishing Resilience Metrics and Strengthening Public-Private Partnership to

Enhance Energy Resilience

Lu, Chan-Nan Wang, Chin-Tun Lin, Chyou-Jong
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Abstract

Taiwan is poised to become a global hub for high-end chip manufacturing and Al data centers,
where energy serves as a critical enabler of Al development. With rising electricity demand driven
by emerging technologies, and increasing exposure to new forms of threats, building a highly resilient
power grid is a must to ensure reliable power supply for high-tech industry. Grid vulnerabilities are
closely linked to both man-made and natural threats. Unpredictable geopolitical events, natural
disasters, power plant fires, transmission tower collapses, equipment failures, aging critical
infrastructure and human errors could lead to catastrophes and widespread power curtailments.
Proactive measures are required to mitigate such risks in advance. Strengthening power system
resilience should be viewed as a collective responsibility, and establishing resilience metrics is
imperative. A clear, standardized, and broadly applicable set of resilience metrics could assist
performance assessment of regional grid and overall generation, transmission, and distribution
systems in high impact and low probability events, and guide infrastructure planning and technology
investments to enhance grid resilience. Utilities and communities can collaborate in planning,
infrastructure development, and emergency response to jointly improve energy resilience. By
enhancing communication, sharing resources, and developing customized solutions for the
community, the vulnerability of power supply can be mitigated to create a stable, reliable, and
resilient power supply system.
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Abstract

This study examines the challenges faced by Taiwan’s power grid in maintaining reliability and
resilience under high renewable energy penetration, growing electricity demand, and the rising
frequency of extreme weather events. To reconcile power supply stability with low-carbon transition
objectives, it outlines a series of institutional and technical strategies, including strengthening the
assessment of reserve and spinning capacity, advancing smart grid and regional dispatch systems,
enhancing market liberalization and regulatory frameworks, improving grid resilience and disaster-
prevention mechanisms, and establishing standardized operational data and reliability evaluation
procedures.

With the establishment of the Office of Electricity Reliability and Resilience Management
(OERM) by the Ministry of Economic Affairs in 2023, Taiwan’s power governance is moving toward
greater institutionalization and professionalization. Looking ahead, the power sector will continue to
integrate technological innovation, regulatory refinement, and international alignment to build a
data-driven, forward-looking, and resilient governance framework that underpins Taiwan’s net-zero

transition and long-term sustainable development goals.
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Abstract

Procuring renewable energy allows enterprises to mitigate the environmental impact of their
economic activities while providing benefits such as stabilizing energy costs. Consequently, many
domestic and international companies have committed to 100% renewable energy usage.

With the liberalization of Taiwan’s renewable energy market in recent years, many enterprises
have secured Renewable Energy Certificates (RECs) through bilateral contracts, such as signing
Power Purchase Agreements (PPAs) with renewable generators or retailers, or purchasing from self-
consumption renewable installations, utilizing a monthly generation-consumption matching and
settlement mechanism.

The United Nations Energy (UN-Energy) initiative encourages enterprises to leverage their
procurement influence to address the urgent need for rapid global economic decarbonization through
the 24/7 Carbon-free Energy Compact. By promoting continuous, round-the-clock carbon-free
energy, this initiative seeks to accelerate grid decarbonization.

This study proposes a market framework to support 24/7 renewable energy utilization. It
outlines mechanisms for green power matching and trading while defining Taipower’s role within
the market, aiming to strengthen market operations, facilitate a diversified low-carbon energy mix,
enable continuous 24/7 carbon-free electricity usage, and support the achievement of net-zero carbon
emission targets.
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Abstract

Amid increasingly severe global climate change, achieving net-zero emissions has become a
central strategic objective for energy transition and industrial transformation worldwide. This study
synthesizes the net-zero policies and implementation pathways of major economies, including the
European Union (EU), the United States, Japan, and South Korea, and observes a transition in
international trends from technology-driven approaches toward institutional integration and cross-
sector collaboration.

The EU has established a comprehensive legal framework through the European Climate Law
and the “Fit for 55” package. The United States promotes large-scale clean energy investment under
the Inflation Reduction Act. Japan advances its Green Growth Strategy with a focus on hydrogen
development and nuclear innovation, while South Korea adopts a dual-core strategy integrating
nuclear power and renewable energy. In addition, these economies reinforce decarbonization
effectiveness through carbon pricing mechanisms, green finance instruments, and energy technology
innovation, thereby facilitating synchronized transformation of industry and power systems.

In response to these global developments, Taiwan is actively restructuring its energy mix and
modernizing its power grid, while strengthening the deployment of geothermal energy, hydrogen
technologies, and energy storage systems. The Climate Change Response Act serves as the
institutional foundation for long-term policy implementation. Moving forward, enhanced cross-
sector governance, continued technological innovation, and broader social consensus will be
essential to achieving parallel progress in economic growth and net-zero transition, ultimately
building a resilient and sustainable energy system toward the 2050 net-zero target.
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Abstract

This paper reviews the concept of power system resilience, with a particular focus on the critical
role of distribution systems. Drawing on experiences from Europe, the United States, and Japan, it
outlines policy directions and technological trends for enhancing distribution system resilience.
While Taiwan’s distribution system exhibits resilience performance comparable to international
benchmarks, increasing operational complexity and rising renewable energy penetration have
constrained further reliability improvements.

To address challenges posed by extreme climate events, efforts must extend beyond refining
emergency response and service restoration practices to include the evolution of distribution network
architectures. This paper explores prospective development directions in power electronic
technologies, digitalization and smart grid solutions, resource integration and microgrids, and system
operation and management enhanced by artificial intelligence. Selected phased achievements by the
Industrial Technology Research Institute (ITRI) are also presented, aiming to stimulate interest and
investment in distribution system resilience and support Taiwan’s continued advancement in this

critical area.
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Abstract

This study synthesizes government statistics, industry reports, and academic research to review
the three-stage institutional evolution of Taiwan’s offshore wind power development since 2012 and
to examine progress in project construction and financing. The findings indicate that, as of 2025,
cumulative grid-connected capacity has reached 4.4 GW, falling short of the planned target of 5.6
GW. Consequently, the implementation timeline has undergone rolling adjustments.

The subsequent policy roadmap centers on achieving 18.4 GW by 2035, with a strategic
emphasis on deep-water development. Future expansion is expected to incorporate floating wind
demonstration projects, digitalized monitoring systems, and intelligent operation and maintenance
(O&M) technologies to extend development into deeper and more technically challenging offshore
areas.

Taiwan’s offshore wind sector faces several major challenges, including regional grid capacity
constraints, policy uncertainty, construction disruptions caused by typhoons, shortages of skilled
professionals, complex geotechnical conditions, port capacity limitations, and financing pressures
arising from inflation and elevated interest rates. If these challenges are addressed through measures
such as dynamic line rating, pre-qualification and site authorization mechanisms, protection of
development rights, strengthened workforce development, and advanced seabed sensing and
monitoring technologies, Taiwan could progressively establish the foundations of a globally
competitive offshore wind industry by 2035.
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Abstract

In response to climate change and increasingly frequent extreme weather events, the expansion
of renewable energy has become a dominant global trend. Many countries are actively promoting
diverse forms of renewable energy. In Taiwan, however, development has been hindered by
escalating social conflict and declining public trust, largely stemming from information asymmetry
and the absence of effective stakeholder dialogue and participation mechanisms.

Drawing on successful experiences from Japanese agrivoltaics and Taiwan’s fishery—electricity
symbiosis projects, this paper argues that the key to renewable energy development, particularly solar
photovoltaics, lies in prioritizing the continuity of primary industries, with photovoltaic installations
serving as value-added components rather than replacements. Essential conditions for success
include greater information transparency, institutionalized platforms for stakeholder participation in
deliberation and decision-making, and equitable benefit-sharing arrangements.

Taiwan’s “Energy Transition 2.0” should be grounded in democratic resilience and oriented
toward the development of localized grids that support on-site generation and consumption. Such an
approach would enhance local grid resilience while maintaining supply stability. Moreover,
government-led social communication must evolve from one-way policy dissemination to
participatory engagement and citizen empowerment. Energy transition should therefore be conceived
not merely as a technological or industrial transformation, but as a long-term process of rebuilding
social trust and reinforcing both climate resilience and democratic resilience.
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Abstract

With the advancement of renewable energy technologies, energy storage systems (ESS) have
become essential for facilitating the energy transition. Shared energy storage has emerged as an
innovative deployment model that reduces installation and maintenance costs while enhancing
resource utilization efficiency. This study investigates a behind-the-meter shared ESS scheme for
community microgrids and proposes a bi-level, two-stage optimization model based on Stackelberg
game theory to determine optimal storage capacity and leasing prices, aiming to minimize users’
electricity costs while maximizing operator profits.

The lower-level model is formulated as a two-stage mixed-integer nonlinear programming
(MINLP) problem to simulate user charging and discharging operations and to determine the total
installed capacity and contracted capacity. The upper-level model employs a differential evolution
algorithm to optimize leasing prices.

Case study results demonstrate that the shared ESS model achieves greater cost savings
compared with individually owned storage systems. The operator’s return on investment (ROI)
reaches 13.1% and 10.6% under scenarios with and without participation in real-time spinning
reserve markets, respectively. Sensitivity analysis further indicates that declining ESS capital costs
lead to lower leasing prices and increased user participation, while settlement prices for real-time
reserve capacity significantly influence users’ cost savings.
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Abstract

With the increasing penetration of renewable energy, the rotational inertia of power systems has
gradually declined, rendering traditional inertia estimation approaches, primarily based on large
disturbance events, insufficient to meet real-time monitoring and reliability requirements.

This study proposes an inertia estimation method that integrates battery energy storage systems
(BESS) for active small-signal perturbation, a two-stage signal smoothing process, and rate-of-
change-of-frequency (RoCoF) analysis. The proposed framework enables continuous monitoring of
system inertia without the need to wait for major fault events. By employing BESS as a controllable
disturbance source and incorporating noise suppression techniques together with a sliding-window
algorithm, the method maintains stable and accurate estimation performance under high-noise
conditions and varying levels of renewable energy penetration.

The estimated inertia trends are consistent with the theoretical reduction in system inertia
associated with increasing renewable penetration, thereby validating the feasibility and reliability of

the proposed approach.
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Abstract

The Keelung Submarine Volcano (KSV), located offshore Wanli in northern Taiwan between
Yehliu Cape and Keelung Islet, has a diameter of approximately 5 km and exhibits high-temperature
hydrothermal activity accompanied by extensive submarine gas flares. These characteristics indicate
considerable potential for geothermal resource development.

This study integrates existing marine geological, geophysical, and geochemical survey data to
characterize the geothermal features and spatial distribution of resources associated with the KSV,
and to evaluate their development potential. In addition to conventional geothermal power generation
through drilling and heat extraction, alternative energy utilization approaches are proposed, including
harnessing the kinetic energy of submarine gas-flare fluids and applying modified ocean thermal
energy conversion (OTEC) systems to drive turbine generators. These concepts may provide
innovative directions for future technological development and demonstration projects.

Two potential sites, the Yehliu Fault Zone and the vicinity of Keelung Islet, are identified for
heat-extraction-based geothermal power generation. In addition, three locations, the Yehliu Fault
Zone, the volcanic edifice, and the adjacent depression area, are recognized as prospective sites for
utilizing gas-flare fluid kinetic energy.

Owing to Taiwan’s unique geological setting, the KSV represents a rare opportunity for the
development of submarine volcanic geothermal resources. Systematic investigation and future
development of these resources could contribute significantly to Taiwan’s renewable energy portfolio
and position the region as a pioneer in submarine volcanic geothermal energy exploration.
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Abstract

The adoption of Internet of Things (IoT) technologies in the electric power sector has long been
constrained by a recurring “pilot—-deployment—stall” cycle. As application scale expands, rapid
growth in device numbers and data diversity increases system integration complexity and
cybersecurity risks, thereby raising implementation barriers. Moreover, most [oT-generated benefits
are realized through long-term operational optimization and asset performance improvements,
making short-term returns difficult to quantify and weakening incentives for sustained investment.

The rapid expansion of Generative Artificial Intelligence (GenAl) is reshaping this landscape.
The surge in electricity demand driven by data centers supporting GenAl workloads has led to a near
doubling of data center power consumption within a short period of approximately four years,
prompting major technology firms to invest directly in power infrastructure. Under these conditions,
capabilities such as real-time monitoring, predictive analytics, and dynamic dispatch are becoming
essential requirements for power system operation rather than optional efficiency-enhancing tools.
Consequently, IoT is transitioning from a value-adding supplement to an indispensable technological
foundation for ensuring grid resilience and meeting high-reliability electricity demand.

To overcome institutional and organizational barriers, electric utilities must adopt practical and
implementable strategies. These include establishing “add-on organizations” operating alongside
existing structures to facilitate rapid cross-domain experimentation across IT and OT systems;
deploying micro-pilots in controlled environments, such as microgrids, to validate tangible
operational benefits; and formulating clear technological roadmaps to progressively reintegrate
validated pilot projects into core business operations. Through these measures, loT can evolve from
fragmented experimentation into a scalable operational capability and serve as a critical bridge for
the integration of GenAl into power systems.
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