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Cost Assessment of Hydrogen-Based Fuel Supply Chains for Taiwan’s Power System
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Abstract

This study proposes a methodology for evaluating the demand and import supply chain costs of
hydrogen-based fuels for Taiwan's power system. It designs a comprehensive cost calculation framework
and assesses the import supply chain structures and costs up to 2050, selecting blue and green hydrogen
as the primary import alternatives.

The evaluation framework encompasses eight distinct stages: hydrogen production source, land
transportation at the origin, carrier conversion, export, maritime transport, terminal reception and
reconversion, onshore transportation, and power generation. The empirical results indicate that while the
total import costs of hydrogen-based fuels remain significantly high, importing liquid ammonia from
Australia offers a relatively lower landing price. Given that its underlying technologies are already mature
and commercialized, this pathway presents a preferred import route for the power sector.

Regarding applications within the power system, this study recommends prioritizing hydrogen co-
firing in gas-fired power plants, as ammonia co-firing in coal-fired power plants would lead to a
substantial increase in fuel costs. If Taiwan relies on imports as its primary pathway for securing
hydrogen-based fuels, the study suggests initiating negotiations for hydrogen supply channels at an early
stage to guarantee stable fuel sources, alongside accelerating the planning and construction assessments
of the required infrastructure.
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Abstract

Driven by global net-zero emissions targets and national clean hydrogen policies, anion exchange
membrane (AEM) water electrolysis, characterized by low cost and high efficiency, is recognized as a
critical technology with profound potential for achieving net-zero carbon emissions. This study evaluates
a 10 kW AEM electrolyzer system alongside competing international technologies of comparable
production scales, elucidating the technical advantages, application prospects, and future challenges of
the proposed system.

The scope of this research encompasses the development of high-activity nickel-based oxygen
evolution reaction (OER) catalysts and the design of a 10 kW high-efficiency electrolysis stack. Through
advanced system integration, the technical development of the 10 kW AEM electrolyzer system has been
successfully achieved. Furthermore, the feasibility of utilizing the produced hydrogen to directly fuel a
65 kW micro gas turbine generator for hydrogen-blended power generation is investigated through on-
site integrated validation. Additionally, this study assesses the impact on stack performance and durability
when the AEM stack is directly coupled with renewable electricity for green hydrogen production. The
insights and findings obtained from this work serve as a valuable reference for future large-scale designs.
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Abstract

This research reviews international standards and regulations concerning grid-forming (GFM)
inverter technologies and control requirements across Europe, the United States, Australia, and the United
Kingdom. By analyzing the technical standards, system verification methods, voltage and frequency
regulation architectures, simulation model development, and renewable energy coordination strategies
established by global utilities, this study evaluates how GFM converters provide stable output power and
voltage during system disturbances or faults to maintain continuous grid stability. Furthermore, the study
compiles requirements for current limiting conditions, technical performance benchmarks, and power
plant codes to serve as a strategic reference for Taiwan Power Company in formulating control technology
policies.

The execution of this research encompasses the collection of existing international regulatory
standards, literature, and archival resources, alongside a detailed assessment of fault-handling capabilities
under system disturbances. Additionally, a comparative analysis highlighting the implementation
differences among key regulations is performed. The findings of this research provide a foundational
framework for domestic utilities in developing and formulating technical guidelines or implementation

specifications for grid-forming converters.
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Abstract

The fog system (FS) is one of the primary technologies used to control fugitive dust emission in
industrial facilities, including power stations, cement plants, steel mills, and pulp and paper mills'.
Driven by rising environmental awareness and increasingly stringent regulatory frameworks, proactive
measures must be implemented to mitigate coal dust dispersion during transport, thereby ensuring
regulatory compliance and environmental sustainability.

This study evaluates the installation of a Programmable Logic Controlled Fog System (PFS) at the
TR10 transfer tower coal belt conveyor within the Linkou Power Plant. Utilizing high-pressure nozzles, the
system generates fine atomized water mist particles (5—20 pm) that collide and agglomerate with airborne
dust particles. This mechanism enhances contact efficiency and increases the combined mass of the
particles, suppressing dust concentration and lowering ambient temperatures, which significantly mitigates
dust explosion risks. Experimental testing and analysis demonstrate that the PFS effectively suppresses

fugitive dust emission within the transfer tower, successfully satisfying environmental standards.
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Innovative Operational Mechanisms and Economic Benefit Considerations for Deploying Diverse
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Abstract

The global proliferation of renewable energy has significantly reduced carbon emissions; however,
the intermittent nature of these sources increasingly forces power systems to allocate costly reserve
capacity to maintain grid reliability. Moreover, the integration of green energy escalates dispatch
complexity, which, compounded by the rising frequency of extreme weather events, has made transient
power shortages a recurrent norm. To enhance grid resilience, reduce system costs, and accelerate the
clean energy transition, Distributed Energy Resources (DERs) have gained significant attention.
Deploying generation sources directly at the consumer side not only minimizes transmission and
distribution losses but also empowers communities with greater energy autonomy, thereby effectively
mitigating the risks that aging power infrastructure poses to supply stability. Consequently, Virtual Power
Plants (VPPs) have emerged as a strategic solution to enhance grid reliability and lower supply costs.
Nevertheless, deploying VPPs still faces critical challenges, including complex operational mechanisms
and uncertain economic benefits.

This study analyzes the multi-phased innovative application models of VPPs internationally,
exploring how they flexibly integrate into electricity markets, grids, or multi-level operational
frameworks. Furthermore, it elucidates how appropriate compensation can be provided to various
resource types through pricing regulations based on avoided costs. Finally, this study proposes
breakthrough operational models tailored for Taiwan, serving as a benchmark for domestic VPP
deployment.
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Abstract

This study employs an expert questionnaire survey to systematically assess 12 core power supply
reliability risks across five major dimensions in response to challenges arising from power grid
transformation, extreme climate, and geopolitical uncertainties in Taiwan. The empirical results indicate
that the three most emergent risks perceived by experts are: (1) high concentration at critical nodes of the
grid, (2) inconsistency in energy policies, and (3) interdependencies among critical infrastructures and
supply chain disruptions. Furthermore, this study reveals noteworthy differences in risk perception among
stakeholder groups; specifically, respondents currently employed by the state-owned utility generally
evaluate both the severity and urgency of these risks lower than retired utility professionals, industry
experts, and academic researchers.

Based on the survey findings, respondents propose the following key recommendations: (1)
establishing an independent, transparent, and technology-driven regulatory framework to reduce political
interference and strengthen electricity market governance; (2) shifting power system planning from a
traditional capacity-based approach to Integrated Resource Planning (IRP) to effectively accommodate
renewable energy penetration and rapidly growing electricity demand from Al data centers; (3) alleviating
the utility’s financial constraints and talent attrition to strengthen knowledge transfer, emergency response
capabilities, and resilience investments; and (4) promoting the disclosure of power supply reliabiity risks
and social communication to establish a two-way risk communication mechanism, thereby preventing
technical issues from escalating into social trust crises.
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Abstract

To align with the company’s green energy development policy and optimize land utilization, the
Taichung Power Supply District Operations Office selected the southern dormitory parking space of
Waufeng Ultra-High Voltage Substation for public leasing, enabling private operators to install solar
photovoltaic (PV) equipment. This project represents the first instance within the power supply system
where undeveloped land was leased for carport-style solar PV power generation. Beyond expanding past
asset revitalization models restricted to rooftops or open land, this initiative generated auxiliary revenue
for Taiwan Power Company. However, the subsequent construction was disapproved because the
municipal government determined that the designated land parcel is situated within the Chelungpu fault
zone, where the erection of any above-ground structures is prohibited.

This article details the key planning and design aspects, tendering processes, and post-award
regulatory application experiences, serving as a reference for other company units engaging in land

leasing for carport-style solar PV installations.
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