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Research on the Growth Trend of Taiwan’s Renewable Energy Market
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Abstract

In recent years, the government has actively promoted the development of renewable energy
and industrial energy transformation.Policies such as the amendment to the Electricity Act,
obligations for energy-intensive consumers to utilize renewable energy, and initiatives of RE100
will affect the future development of the domestic renewable energy market. Therefore,this study
uses mathematical programming to create a renewable energy market supply and demand model
to evaluatethe potential supply and demand of the domestic green power market until 2030, in
order to explore the possible development of the future renewable energy market and the
challenges it faces.Research results show that the renewable energy market transaction volume
will grow to between 14.56 billion kWhs and 17.37 billion kWhs by 2030, and the renewable
energy market supply is dominated by offshore wind power as the bulk of renewable energy
transactions. Furthermore,the regulated electricity tariff and industrial load patterns are also
important factors affecting the renewable energy market, which are the direction for subsequent

research.
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Development of a Modular Wind Power Generation Forecast System
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Abstract

Taiwan’s wind power generationhas developed rapidlyin recent years to achieve the
government’s policy goal of completing the construction of 5.7 GW offshore wind turbines by
2025. With the trend oflarge scaledevelopment of offshore wind turbines, asingle offshore wind
farm has the characteristics of large scale and concentration. In addition, wind power is an
intermittent energy source, and its connection to the power grid can easily affect the stability of
the power system. After the completion of two demonstration wind farms, newly established
offshore wind farms have been successively connected to the power grid since 2022. In order to
enable new wind farms to join the ranks of power generation forecast as soon as possible after
completing their trial operation, this study plans to employ modular design to develop and
establish a new version of wind power generation forecast system. Modularization can make the
forecast system more scalable, help new wind farms to join the power generation forecast system
faster, and also help relevant operating units to grasp the current status of wind power output in a
more real-time manner.
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Development of Solar Irradiance Estimation and Forecast Technology Based on Super-pixel

Segmented Satellite Cloud Images
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Abstract

As the penetration rate of solar photovoltaic (PV) systems gradually increases, the
intermittency and instablility of its power generation will bring great challenges to the operation
of regional power grids. In addition to PV storage systems, the development of PV power
generation forecast is also a key technology to minimize the impact of PV systems on the power
grid in response to the energy transformation process. The output of solar power generation is
closely related to the changes in clouds. Therefore, this study establishes a technology for
estimating and forecasting short-term solar irradiance based on super-pixel segmentation of
satellite cloud images. It analyzes satellite cloud images and extracts their cloud characteristics,
and uses the optical flow method to analyze cloud movement and generate forecasted satellite
cloud images. The analysis method is to first use the linear iterative clustering method to segment
satellite clouds to obtain multiple images, and then use the improved red-blue ratio method to
obtain cloud characteristics. After that, the optical flow method is used to forecast future cloud
images, and the cloud characteristics are used to estimate and forecast solar irradiance. Finally,
through experimental design, the performance of the proposed method is verified with indicators
such as the mean absolute error (MAE), root mean square error (RMSE), and correlation
coefficient (R?).
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Applications, Challenges and Prospects of Energy Storage Systems in Electricity Market
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Abstract

The integration of large amounts of renewable energy into the grid can help achieve net-zero
emissions, but it also makes maintaining the safety and reliability of the power system a difficult

challenge. If the existing power generation resources lack dispatch flexibility, it will easily cause

transmission congestion and even lead to a reduction in renewable energy generation, which will
seriously increase the operating costs of the power system. In order to promote the development
of renewable energy and achieve the goal of net-zero emissions, battery energy storage system
(BESS) is gradually considered to play an important role. This article will explore the application
cases of BESS in renewable energy, including transferring excess renewable energy to reduce
congestion or curtailment. The rapid response and dispatch flexibility of BESS can meet the
growing demand for ancillary services, replace retiring thermal power generation sources with
sufficient reserve capacity, provide high-efficiency virtual capacity, reduce the expensive cost of
transmission line expansion, and in extreme cases improve the resilience and reliability of the
power system under extreme climate conditions. The introduction to successful BESS cases in

this article may serve as a reference for Taiwan to achieve net-zero emissions.
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Research on Combustion Characteristic of Hydrogen Blended Natural Gas
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Abstract

In view of the global climate crisis, the issue of net-zero carbon emissions has generated
many international regulations, policies, and R&D investments among major countries based on
business competition and environmental awareness. Following the Group of Seven Major
Industrial Countries (G7) Climate, Energy and Environmental Policy Conference held in
Hokkaido, Japan, from April 17 to 18, 2023, multinational companies are gathering strength to
develop hydrogen energy, increase renewable energy and integrated energy power plants to
gradually achieve zero-carbon emission power generation.

This research extracts a chemical kinetic model suitable for this project from several
literature and reaction databases which dedicated to sensitivity analysis of natural gas mixed
combustion with hydrogen, and uses it to analyze the trend of hydrogen blended natural gas
combustion, and finally validated with experimental data. For example, research results have
found that when a fixed heat release rate is maintained and the hydrogen mixing ratio reaches
30% vol., the resulting flow field changes have an impact on NOx and flame temperature
distribution, such as the dimension of the flame hot zone, wall secondary flow, etc. The empirical
results of the research process can serve as a reference for future hydrogen blended natural gas
combustion engineering and gas turbine procurement for units under TPC.
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Current Development Status of Seawater Electrolysis Hydrogen Production Technology
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Abstract

In the global net-zero emissions development process, electrolytic green hydrogen plays a
pivotal role. The progress of electrolytic green hydrogen depends on the management of green
electricity and water resources. To avoid the development of electrolytic green hydrogen that may
lead to disputes with the public over water, seawater electrolysis has attracted much attention in
recent years. This study analyzes the related international progress of seawater electrolysis and
explains the application advantages and technical challenges of developing seawater electrolysis
hydrogen production technology. In this study we first analyze the technical development
background, current situation and future development direction of hydrogen production by
seawater electrolysis, and then discuss the basic principles of hydrogen production by electrolysis
of water and seawater electrolysis. Moreover, the current international development status of
catalytic materials and related demonstration projects are also explained and discussed. Countries
around the world are in the stage of energy transformation in response to net-zero development.
Taiwan is surrounded by sea and has excellent offshore wind field conditions. The development
of seawater electrolysis hydrogen production technology may be one of the keys to accelerating

the net-zero transformation.

f2H ffE%ﬁl(Key Words) : J&G/K&fi#(Seawater Electrolysis) ~ 4% (Green Hydrogen) ~ JFZEHET(Net-Zero
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Current Status of Catalyst Electrodes and Technology Applications for Hydrogen Production
through Water Electrolysis
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Abstract

Water electrolysisis the electrochemical decomposition of water into hydrogen and oxygen.
It is a simple and efficient way to produce green hydrogen, which has attracted widespread
attention because of its low pollution and production of high-purity hydrogen. In the process of
electrolysis, there are many parameters, such as the performance of the catalyst, the type and
content of the ionomers, etc., which will lead to different catalytic activities. This article evaluates
the cathode electrode by testing four different concentrations of ionomers. The LSV test was
carried out using a fixed load catalyst Pt/C to analyze the catalytic activity of different ionomer
concentrations in hydrogen evolution reaction and evaluate the impact of the ionomer
concentration on the hydrogen production catalyst. Experimental analysis results show that as the
ionomer concentration increases, the catalyst is gradually coated by the ionomer, and the catalyst
activation sites cannot be exposed, resulting in an increase in resistance, thus reducing the
catalytic activity of the electrode. The performance degradation means that water cannot be
decomposed into hydrogen and oxygen smoothly, so the yield and efficiency of hydrogen
production are expected to be reduced at the same voltage.
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Artificial Intelligence Energy Hub System
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Abstract

This study uses the smart green energy field of National Formosa University as a platform,
combining the electricity generated by the solar photovoltaic and wind energy systems in the field
with meteorological data from the Central Weather Bureau's Huwei Station as sources of
calculation data. The random forest regression model is employed to classify and process the time
series data of this system. Long Short-Term Memory (LSTM), a type of recurrent neural network
(RNN), is used for training and model building for predictions, and the collected data is computed
accordingly. The system can accurately predict the power generation of solar photovoltaics, but
due to the limitations of weather forecast data, precise data for short-term predictions cannot be
obtained. In terms of wind energy prediction, the wind turbine of this system is relatively small,
and engineering factors near the field result in lower accuracy. Overall, the Al energy forecast
system established in this study performs better for medium to long-term solar photovoltaic
forecasts and can serve as an important part of future energy hubs.
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Abstract

Taiwan only has 3.3% of its own energy resources, and the rest relies on imports. Therefore,
the development and improvement of marine energy technologies is crucial to improving
independent energy. The Kuroshio Current near eastern Taiwan contains substantial energy and
has a stable flow rate. If it can be used effectively, it will be of great significance to Taiwan's
energy security and help reduce greenhouse gas emissions. Currently, ocean current energy
turbinescan be divided into different forms according to their system architecture. Considering
Taiwan’s geographical characteristics, the Kuroshio current generator is suitable for floating
supportto reduce the impact of typhoons through lifting control. This article introduces the
development of the floating Kuroshio current turbine and the results of its testing. Although the
power generation capability for a 1/5 scale model has been verified, continuing to promote
research and join hands with the industry to gradually commercialize it, hoping to use Kuroshio

energy to alleviate Taiwan's energy supplyand demand pressure and enhance energy security.
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Establishment of Boiler Deep Learning Image Recognition Model
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Abstract

The boilers of large coal-fired power plants shoulder the important task of supplying steam
to turbines for power generation. If the boiler tube leaks, the unit must be shut down for
maintenance, which will at least cause negative impacts such as loss of power generation and
increased cost of alternative power sources. According to a survey, 80% of forced shutdowns of
power plants are related to boiler tube damage, of which 40% are caused by water wall tube
failures. Inspection personnel often need to set up scaffolding or ride in a hanging cage to conduct
inspections at high places on water wall pipes, which is not only costly, time-consuming and
labor-intensive, but also prone to industrial safety risks.Since unmanned aerial vehicles (UAV)
can provide a wide range of real-time image capture, and artificial intelligence (AI) image
recognition technology can quickly and accurately identify faults, this study combines the two to
detect boiler tube faults atLinkou Power Plant. The results show that real-time object detection
can provide real-time information to on-site personnel, helping themto quickly detect boiler tube

damage, locate leaks and minimize adverse effects and losses.
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Abstract

This study proposes a wind turbine blade damage detection method based on acoustic
features and machine learning. Acoustic sensors are used to collect operational sounds from the
wind turbine blades, and signal processing techniques are applied to extract damage features.
These features are then used to develop a damage detection model using machine learning
techniques. In this study, multiple data collections were conducted on wind turbine blades of
different models, and label information was obtained from wind farm maintenance personnel to
distinguish between normal and abnormal turbine samples. The study employs the Extreme
Gradient Boosting (XGBoost) algorithm for model training and uses cross-validation to prevent
overfitting. The results demonstrate that the model performs well in terms of accuracy, recall, and

precision. Finally, field verification further confirmed the validity and reliability of the model.
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