SR ART 79228 (67 )P &

EXBERAESHN JH
Special Issue: Environmentally Friendly Technologies for Power Industry

N o a RSl b e s = B 1 o A B s L i T T IR TEEZH e (1)
Applying Solid Adsorption-desorption Technology to Conduct Carbon

DioXide Capture TESES .....eevuvierreeriieiiieeiieeiieesieeesiteeseeesreesereesreessreesseessseesnseeensees Zhuang, Zong-Yu et al. .... (1)
(BRI U T B AR FE LA BLIFIZT - evrerererrerssessensses st A R, (8)
A Study on Improved Solvent Stripping Process of Chemical Absorption Method.. Shen, Wei-Chen et al. ...... (®)
S 2R T A ] [ R B B 7 JAE ]+ vveeeeeereeressessesessms st s EREL A (18)
Application of Biological Carbon Sequestration and Resource Recycling in
SPIruling CUIIVALION .....ccvvieirieiieeireeciee e eieeesteeestreesbeesebeesebeeesbeessbaeessaeessneesssennes Wu, Chun-Shian et al....... (18)
(BCSE SCR B B B T LG +veeereveeeremseeesemsenssemsensseiseiste s T (29)
Introdcution of Low-temperature SCR Denitration Catalyst Technology................. Tseng, Chih-Fu ................ (29)
BT A P BT 2 R T T T HE BT -+ veeerevereesemssessemseniseiesissi i BESEAE A s (43)
Preliminary Study on Technical Feasibility of Reusing the Power Plant
By-product Hydrogen for Power Generation .............cooceeveeveeneeneeneeneeneeneeneennee. Chang, Shu-Wei et al. ...... (43)
SR S TR R [T UG FEL B TGS e evvevereeseessessemsens st BSEHE A e, (53)
Research on Recycling and Remanufacturing of Lithium-Ion Battery Cathode
IMALETIALS. ... ettt e e e e et e e e ate e e e etbe e e staee e e nreeeeaans Liu, Mao-Huang et al. ..... (53)
R T N ST e e TSSOSO PSPPSR (IR (61)
Improvement of Chemical Coagulation Boron Removal System ..............ccccevvennee. Fu, Bi-Lietal. ................. (61)
ST 2\ A BB R 7K BT o vv e FRUGIE 5 e, (74)
New Trends in the Use of Membrane Systems for Ultrapure Water in Power
PLANES .ottt e e e e e e et e et et e e e e e e et aaaaaaaaa e e ————————————— Lin, Chi-Hui et al............. (74)
A AR R AL R 2 MEFRVE BB AT © AS B K 2O R AL 5 oo (83)

Application Potential and Challenges of Geographical Information System

(GIS) in Ecological Inspection System : Taking Taipower’s Yongan Wetland

Practice as an EXample.........coccviviiiiiiiiiiiiiiiiie ettt Hung, Chien-Hen et al. .... (83)
DU IR By A T = T AT v eveeerevsseeremsenssemsenssesesisisi e BB & e (92)
A Preliminary Study on the Feasibility of Using Coal Ash as Biofilter Media ......... Su, Hsiang-Ping et al. ...... (92)
BRI R AE BB 5t R 2 R G O AT P RIFGT oveveee e e BRETEE A o (101)
Technical Feasibility Study on Using Ground Bottom Ash as a Mineral

AdMIXLUTE Or CONCIELE ...ouvviiirieieiieirieeiie e eieeetreereesreesereesreesereesereesssaeessseeneneas Chiu, Zhi-Yong et al. ....... (101)
b R R LS D T DO R T I RIZE vreeeseemseemsesm s, BEXEES e (111)

Research on the Application of Alkali-activated Slag-bottom Ash Concrete
Incorporating Waste Alkali Liquid ........cccveeviieniiiriiieie e Chang, Yi-Chang et al. .... (111)




ARG R M AT IR SR L F — RUBB Z BR aAT

Applying Solid Adsorption-desorption Technology to Conduct Carbon Dioxide Capture Tests
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Abstract

In recent years, the concentration of carbon dioxide in the atmosphere has continued to rise.
According to a report published by the National Oceanic and Atmospheric Administration (NOAA),
the average concentration of carbon dioxide in the atmosphere on a global scale has reached 423.64
ppm as of November 2024. In response to this trend, Taiwan renamed the “Greenhouse Gas Reduction
and Management Act” as the “Climate Change Response Act” on April 21, 2011, and completed the
third reading process of the Legislative Yuan on January 10, 2023, officially adjusting the national
long-term carbon reduction target to “net-zero emissions by 2050 to further strengthen the control
measures for greenhouse gas emissions.

This study applies solid adsorption-desorption technology to conduct carbon dioxide capture
tests on power plant flue gases. The experiment first employs a water-washing method to remove
acidic gases in the flue gases, then uses a membrane dehumidifier to eliminate moisture, and finally
performs a one-stage or two-stage carbon dioxide separation procedure according to the test
requirements. During the process of this study, we continue to evaluate the operating performance of
the equipment through experiment design, and enhance the stability and overall efficiency of the

capture technology through process optimization.
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A Study on Improved Solvent Stripping Process of Chemical Absorption Method
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Abstract

To mitigate the greenhouse effect, countries around the world actively discussed issues such as
carbon market cooperation and climate financing within the Paris Agreement at the 29th Conference of
the Parties (COP29) of the United Nations Framework Convention on Climate Change (UNFCCC) in
2024. In response to the aforementioned development trends, Taiwan has announced the establishment
of an overall goal of net-zero emissions by 2050. It is hoped that through these efforts, the global
temperature increase can be controlled within 1.5°C. Among various carbon reduction measures, one
is to add carbon capture equipment to existing facilities to capture carbon dioxide from flue gases.

This study aims to evaluate chemical absorption carbon capture technology. To achieve the
purpose, we set up a CABS system at Taichung Power Plant to pursue higher energy efficiency by
testing improvements in different solvents and regeneration procedures. Rich solvent splitting and
multi-stage heat exchange are commonly used to reduce solvent regeneration energy consumption and
simultaneously reduce condensation burden. Preliminary test results show that the optimal regeneration
energy consumption is obtained when the AMP/PZ composite solvent flow ratio is 2:1, and the emission
of solvent degradation product NH3 is also the lowest in this case. The chemical absorption method is
currently the most mature and widely used carbon capture technology and can be regarded as the

starting point for understanding carbon capture technology.
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Application of Biological Carbon Sequestration and Resource Recycling in Spirulina Cultivation
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Abstract

In recent years, how to achieve carbon dioxide reduction has become an important issue that every
company needs to face, with carbon sequestration being the most critical issue. Among various carbon
sequestration methods, biological carbon sequestration is considered one of the most environmentally
friendly ways to reduce carbon emissions. The purpose of this study is to explore the benefits of
continuous spirulina cultivation. Through an established parameter monitoring system, various relevant
cultivation data and information are collected to understand environmental changes and to record the
growth of microalgae. Spirulina cultivation trials include short-term cultivation condition tests, long-
term cultivation operations. In terms of the feasibility study on the recycling application of spirulina
resources, we conducted a trial of spirulina as an agricultural fertilizer and an evaluation of the
application model of spirulina recycling resources. The results show that during a breeding period, it is
difficult to obtain the maximum harvest volume, and the concentration may decrease. Nevertheless, it
would be more accurate to evaluate through the maximum growth volume. During the cultivation of
spirulina, most of the composition in the water does not change much, but phosphate, silicon, nitrate
nitrogen, and ammonia nitrogen will all change over time, with ammonia nitrogen being the most
obvious. It is estimated based on the existing prediction model that the linear relationship of the
reciprocal of nutrients is not obvious, and a better prediction model needs to be selected for testing. A
test using spirulina as an agricultural fertilizer was conducted on cherry tomato seedlings. The results
showed that spirulina fertilizer has a significant benefit on the growth of cherry tomatoes, especially in
promoting the growth of stems and leaves. The main stem length increased by 113%, which is beneficial
to plant growth. In other words, spirulina can be used as a substitute for chemical fertilizers. In addition,
the consumption coefficient of spirulina as a fertilizer for cherry tomatoes cultivation is 0.006. It can
be seen that when there is sufficient algae powder, extensive agricultural fertilizer supplementation can
be carried out to increase crop productivity.
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Introdcution of Low-temperature SCR Denitration Catalyst Technology
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Abstract

Selective catalytic reduction (SCR) technology is widely used in flue gas denitration due to its
high efficiency and stability. Traditional SCR technology usually operates in the high-temperature
range (300~400°C), but low-temperature SCR technology can effectively remove NOy at lower
temperature (100~300°C), avoiding high-energy-consuming flue gas reheating, which has significant
energy saving and carbon reduction benefits. It is installed at the end of the flue gas to avoid physical
and chemical poisoning, which can effectively extend the catalyst lifetime. Manganese oxide (MnOx)
has a variety of chemical states and rich lattice defects, exhibits excellent redox properties, and has
extremely strong surface acidity. It is currently the main research object of new type low-temperature
denitration catalysts. Low-temperature SCR technology has a wide range of applications. At present,
there are many engineering applications in fields other than the power industry, especially in small
and medium-sized boilers with lower exhaust temperatures. In contrast, the application in the power
generation sector is still in its infancy. It is expected to have advantages and the opportunity to be
applied first in specific fields, such as existing gas-fired combined cycle units, biomass power

generation units, low-load coal-fired units, and coal-fired units combined with CCS.
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Preliminary Study on Technical Feasibility of Reusing the Power Plant By-product Hydrogen

for Power Generation
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Abstract

Hydrogen energy and fuel cell technology have the characteristics of both power generation and
energy storage. At the same time, it is a power generation technology that can achieve zero pollution.
The combined cycle generators of Datan Power Plant use seawater electrolysis to produce sodium
hypochlorite to prevent marine organisms from growing on the circulating cooling water tubes and
equipment. So far, the hydrogen derived from seawater electrolysis is directly released into the
atmosphere. If the discharged hydrogen can be effectively used as a fuel source and combined with fuel
cell power generation system, it will be a potential energy utilization and clean power generation
technology. This project takes the seawater electrolysis equipment of Datan Power Plant as the main
research subject, and studies the technical feasibility of reusing the by-product hydrogen for power
generation. Through case studies on reusing the by-product hydrogen for power generation, laboratory
simulation tests, on-site investigation/evaluation and small-scale test verification, a design evaluation
was proposed based on the above results, and a real-site equipment was designed to verify the feasibility
of the technology. Based on the current research results, it is believed that the technology has
application potential but needs continuous improvement to expand its application scope.
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Research on Recycling and Remanufacturing of Lithium-Ion Battery Cathode Materials
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Abstract

In recent years, lithium-ion batteries have become one of the emerging power sources. Due to their
high energy density, they are currently widely used in portable electronic products, electric vehicles
and various energy storage systems, causing the demand for lithium-ion batteries to increase year by
year. In the context of limited resources, if high-value cathode materials containing rare metals can be
recycled and reused, it will not only reduce environmental damage, but also create sustainable value.

This study uses the hydrometallurgical method to recycle spent LiNipsCoo202 (NC82) cathode
material and transform it into the next-generation cathode material of higher capacitance LiNip 9C0¢.10:
(RC-NC91). In the experiment, the waste cathode material was dissolved and filtered by adding acid
and reducing agent, and the concentration of the recovered metal solution was determined by MP-AES
and EDTA complexometric titration. After chemical extraction to remove impurities, it was then
synthesized to a cathode precursor Nip.9Coo.1(OH), by a chemical co-precipitation method. After mixing
with lithium hydroxide hydrate and sintering at high temperature, a new cathode material of
LiNig9Co¢.102 (RC-NC91) cathode material was obtained. The physical and electrical properties of
RC-NC91 were tested and compared with LiNig9Co0o.102 (NC91) synthesized using pure chemical raw
materials. The results showed that the performance of the two was quite consistent.
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Improvement of Chemical Coagulation Boron Removal System
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Abstract

The goal of this project is to utilize existing wastewater treatment facilities of power plants that
adopt traditional chemical coagulation procedures to achieve improved boron contamination removal
efficiency in wastewater. This article discusses the effectiveness of two types of reagents in removing
boron contaminants under different treatment conditions, hoping to improve the removal efficiency
without changing the existing treatment equipment.

Calcium hydroxide is used as a treatment agent to remove boron contaminants by using it to form
calcium borate precipitation with boron ions in wastewater, or to produce a co-precipitation effect with
calcium sulfate. When boron and hydrogen peroxide coexist in water, perborate ions will be further
produced under appropriate pH conditions, which can greatly improve the removal rate of boron
contaminants. The chelating agent method is based on the fact that the cerium compound in the
chelating agent has a higher affinity for boron ions under a specific structure. Compared with calcium
hydroxide, it has better selectivity when producing chemical reactions. In addition to reducing the
production of additional sludge, it can also reduce boron contaminants to a lower concentration, which
can reduce the burden on the resin in the later stage.

The process of this research project is divided into three parts. First, cup and bottle tests were used
in the laboratory to explore different chemicals and treatment conditions. Then, small ion exchange
resin units were connected in series to simulate the actual treatment procedures on site. Finally, the test
conditions were actually applied to the existing treatment units on site for testing, and the optimal
parameters were found and provided to serve as a reference for power plants’ future operations.
Experimental results show that compared to the calcium hydroxide method, the chelating agent method
has better selectivity and boron removal efficiency, and the amount of sludge produced is lesser.
Considering the overall chemical cost and the later sludge cleaning freight, the chelating agent method
is a more suitable treatment process.
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New Trends in the Use of Membrane Systems for Ultrapure Water in Power Plants
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Abstract

Water treatment systems play a vital role in power plants. Whether it is the cooling system, boiler
water or wastewater, stable water quality directly affects power generation efficiency, equipment life
and environmental protection. Power plants require large amounts of water for cooling and heat
exchange. Improper water quality may lead to scaling, corrosion and other problems. The new power
plant water treatment system has been changed from traditional ion exchange resin to Reverse Osmosis
Membrane and CEDI electrodeionization membrane blocks, which can ensure stable water quality
without the use of chemicals. It can not only improve power generation efficiency and the safety of
working environment, but also reduce complexity and the impact on the environment. All in all, the
improvement of water treatment systems has become an important factor in promoting the sustainable

development of the power generation sector.
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Application Potential and Challenges of Geographical Information System (GIS) in Ecological

Inspection System : Taking Taipower’s Yongan Wetland Practice as an Example

TR LA ERE A

Hung, Chien-Hen Wang, Pei-Shang

B

FEERAEY SRR ARG AR S H T &SR T o LR EE C R B ST
Fyrp AT ZJ6EE T A » P EEAG(GI) N A FER S ~ i R L= R &2
77 B HE RIS AR RE BRI < FIREE ~ PR SR ) e B B S B AL P o A SR
Rt iE P K [ HH 3% - 2RET GIS FE G VB AR E B TV I EpkE > WLl EE|AFIRE
RHRIAE EHE BB > o RN ERIEE - VIR EE AT - B LT B S IR 5 5
JE T Z B R o WTFEERIR o GIS A& Rl R =038 > EAERKNEHEBIS SIS (E -
RN AL B DA OR Bl e P P B S A 0 o AT — P PR AL ~ RSk - A s B
EER T M 2R - Wl RIS 2 (B L BB 2 oK IR RE ) Z ZRAL Rt
Hgss -

Abstract

In the context of global biodiversity loss and increasing nature-related risks, the ecological
impact system has become an indispensable governance tool in development activities. Among
various tools, Geographic Information System (GIS) has the ability to integrate, analyze, and
visualize spatial information, and has been gradually used in the interpretation of ecologically
sensitive areas, the formulation of conservation strategies and the assessment of development
impacts. This study explores the potential and challenges of GIS in Taiwan’s ecological inspection
operations from two aspects: institutional background and technical application, and takes
Taipower’s long-term independent research on Yongan Wetland as an example to analyze its practical
experience in data collection, habitat hotspot mapping, buffer analysis for construction avoidance,
and interdisciplinary integration. The results show that GIS not only provides technical support for
the system, but also plays a key role in promoting cross-departmental collaboration, knowledge
institutionalization, and adaptive decision-making within the company. Based on the above efforts,
this project puts forward opinions and suggestions on institutionalization, technology development,
talent cultivation and enterprise practice, etc., hoping to provide reference for the optimization of
Taiwan’s ecological inspection system and the deepening of Taipower’s sustainable governance
capabilities.
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A Preliminary Study on the Feasibility of Using Coal Ash as Biofilter Media
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Abstract

Coal ash is a by-product produced during the coal-fired power generation process. It is divided
into fly ash and bottom ash. The bottom ash has coarser particles and a porous surface. Although it can
be used as low-strength pellets, its utilization value is comparatively low and it is not easy to remove
in large quantities. Therefore, it is necessary to develop other reuse methods. Since bottom ash itself is
a porous material, this study attempts to compare bottom ash with generally commercially available
volcanic rock filter material to explore the possibility of using bottom ash as a biofilter media.
Experimental results show that bottom ash has certain feasibility as a biofilter media. It can be used as
a culture substrate to allow nitrifying bacteria to attach to decompose the ammonia nitrogen produced
during fish farming and to maintain stable water quality. The effect is equivalent to that of commercially
available volcanic rock filter material. In the future, in addition to studying the differences in the
effectiveness of bottom ash produced by different processes as filter material, it can also be compared
with other filter material on the market to further clarify the safety and application value of coal ash in

aquaculture and ornamental aquariums.

BR#EsE (Key Words) : Ji /K (Coal Ash) ~ JiE K (Bottom Ash) ~ £ #7144 (Biofilter Media) ~ f%1{L1E
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Technical Feasibility Study on Using Ground Bottom Ash as a Mineral Admixture for Concrete

A g * L
Chiu, Zhi-Yong Wu, Wen-Jian
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Abstract

This study aims to explore the applicability of ground bottom ash (GBA) from Taichung Power
Plant as a mineral admixture for concrete, with a view to improving the application value of dry bottom
ash and solving the problem of insufficient fly ash supply. First, referring to the fly ash particle size
value in Taichung, the particle sizes of the ground bottom ash (D50) were determined to be 16.31 um
and 11.56 um respectively, and then it was confirmed whether the ground bottom ash could meet the
requirements of CNS 3036. The results showed that the surface of the ground bottom ash is irregular
and porous, requires about 1% more water than that of fly ash, and the activity index exceeds 80%. The
fineness of both ground bottom ash met the physical and chemical requirements of CNS 3036 F-grade
fly ash standards.

When ground bottom ash (compared to fly ash) is used to partially replace cement to make
concrete, it can be found that the compressive strength development trend of the ground bottom ash
specimens is consistent with that of fly ash, and the test group has a higher strength increase compared
to the control group specimens. In this study, a thermogravimetric analyzer was used to evaluate the
decomposition temperature of calcium hydroxide, and then the loss-on-ignition (LOI) method was used
to estimate the calcium hydroxide content of each sample. The results showed that when the curing age
of the specimen increased from 28 days to 91 days, the calcium hydroxide content in the control group
tended to increase, while the test group containing fly ash and bottom ash decreased instead. It is
speculated that this is due to the consumption of calcium hydroxide by the Pozzolanic Reaction.
Therefore, it is determined that after moderate grinding, bottom ash can undergo the Pozzolanic
Reaction in cement-based materials and can be used as a substitute material for fly ash. Moreover,
materials with smaller particle sizes after grinding have higher strength in concrete specimens.
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Research on the Application of Alkali-activated Slag-bottom Ash Concrete Incorporating Waste
Alkali Liquid

Chang, Yi-Chang Wu, Cheng-You Chang, Shu-Wei
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Abstract

In this project we use fly ash aging combined with granulated blast furnace slag powder to develop
a low-carbon gel, and use bottom ash to replace fine aggregates to slow down the setting of concrete.
Then, the alkali-activated slag-bottom ash concrete incorporating waste alkali liquid was produced and
used in the production of compressed concrete paving unit, and sent to Taiwan Inspection Technology
Company (Taiwan SGS) for testing. The test results show that the compressive strength of the
compressed concrete paving unit can reach 600 kgf/cm? (higher than the A-grade standard of 320
kgf/cm?), and that of the permeable concrete paving unit can reach 300 kgf/cm?.

In the future, fly ash aging quality control technology can be further developed, so that the most
appropriate aging conditions can be given to fly ash from different power plants or according to the
required concrete properties. Additionally, any industrial waste that is rich in amorphous
aluminosilicates and has low calcium content, such as FRP and waste glass, can be processed in this

way.
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