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The electric power industry is committed to
providing stable and safe power. Therefore,
the power supply reliability is one of the key
indicators in the performance management
mechanism of the electric power industry,
among which the most important and
adopted by the vast majority of countries are
the “System Average Interruption Duration
Index (SAIDI)” and the “System Average
Interruption Frequency Index (SAIFI).”

However, even though the calculation
formulae are nearly the same, most countries
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A Study on the Analyses and Recommendations of Taipower's Power Supply Reliability Indicators

have their unique definitions of “system
average interruption duration” and “system
average interruption frequency” because

of the diversity of laws and regulations.
This paper explores how the international
organizations, the United States of America
and Japan calculate SAIDI and SAIFI, and
analyzes their definitions and variations to
provide a reference for the evaluation and
management of power supply performance of
the electric power industry.
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Exploring the Recycling Process for Decommissioned Photovoltaic Modules

This report review and analysis of relevant
literature to examine the evaluation of PV
modules waste-volume growth, the potential
of the circular economic deriving from known
recycling PV modules waste technologies,
the recycling technologies trend for PV
EOF modules, the PV modules recycling
regulation and collection systems in the
world. This report also uses patent analysis
tools to explore the development trend of
photovoltaic module recycling technology
from 1995 to 2018. The results show that
the number of assignees and the number
of patents declined from 2015 to 2018.
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And the management and technical data
produced by the patent analysis in this report
may provide the industry as a reference
for evaluating technology development or
commercialization. The EPD announced the
Service Management Information System
on the Recycling of Photovoltaic Module
Waste in 2019. This report simulates the
photoelectric module waste recycling process
in accordance with this System, properly
solves the problem of photovoltaic module
waste, it also contributes to the domestic
promotion of circular economy.
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In January 2017, Taiwan passed the
amendments to the Electricity Act. According
to Article 11 of the Electricity Act: Transcos
& Discos shall set up an electric power
exchange platform based on the principle of
openness and transparency after the power
and grid unbundling subject to the permission
of the electricity industry regulatory authority.
Therefore, Taiwan Power Company has
officially set up a “Preparation group for
energy trading platform” in the May 2018.
There are 5 units of the preparation group
that deal with different tasks in order to
implement the energy trading platform.
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Foreign Information Research and Training Program development on Energy Trading Platform

As stated above, in order to smoothly
promote the tasks of the preparation group
and to cultivate the exclusive personnel for
the energy trading platform, the goal of this
project is to introduce integrated foreign
training programs of electricity markets, to
edit corresponding training materials and to
hold training programs. It is expected that
the members of the preparation group could
possess the fundamental knowledge of the
electricity trading to establish the energy
trading platform with the assistance of the
international consulting group.
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The Survey of Household Electrical Appliances for TPC 2017

Over the past year, due to the social and
economic changes, vendor of household
electrical appliance continues to improve
the effectiveness of household electrical
appliances, sales many newly invented
appliances in market, and the increase of
public consciousness on energy-saving.
These factors will affect the ownership of
household electrical appliances and change
the consumption of electricity of household
electrical appliances, how the consumption
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of electricity will likely change is an issue
worth attention and concerns. This study
uses multiple survey methods( telephone
survey, interview survey, and online survey)
to understand the popularization rates of
household appliances in TPKM, as well as
the use of household electrical appliances by
the public, provides the basis for analysis of
electricity consumption and the formulation of
relevant government energy-saving policies.
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Inventory control is a common pain point
in industry. This is because the quality of
inventory control may affect corporate image,
service quality, operation costs, and the
other important topics. In this project, the key
features related to the demand of essential
materials are analyzed by using the Taipower
business data combined with open data.
Moreover, based on the discovered features,
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A Study of Building TPC Key Material for Internet of Things

the prediction models for essential materials
are constructed using the deep learning
algorithms and then to be tuned for being in
practice. In this project, we also study the
applications and techniques of 10T, especially
relating to electricity supply, for helping
Taipower to evaluate and plan the following
construction of essential material prediction
system.

AEtEENERIET S BHHE
MEIEREZTRIERE] > BETHES
SRAREZIT EESIEERE - BB
RETEWIT > PIHESREMEERE
BRI Z A1 1T o B 15 Bh & BaT(dh
BERMBEMNERERA RN EE >
WMEETRARE R RS HEER
BRAREFABEMANEFESE  RE
B RS RN A IR N > Rt et
NEERNMERETIZIES -

A EXTEMEE RS it HE
SRR 1 AR ER Y Bk A8 2 FE R AR RA X
PIETREEDNT A RKRBER
ARMTEaBEZSE , G5 E88N
HERAINEBFRRERHETE RO
BEEAEMNERKEERXERN TR
D ERKSEEERFEAEIENK
ARETHRARE o

ABRMEIEREEXERTH
MrER R SR AR E TR R R Y 2 37 BAFA AR
AErEERHAEBHRBEZTEE L B
& 37 1% 10 5% 1) = 1% (Support Vector
Regression, SVR) ~ £ /)\48 ¥ {E I X
FEEIZHE T (Least absolute shrinkage
and selection operator, Lasso) * 1 [R
BEIETT (eXtreme Gradient Boosting,
XGB) ~ & E T #% 48 & (Deep Neural
Network, DNN) ~ & %2 HA 50 |8 0 &8 48

BRDMATREZEENERN  RBE
BIP2)



E& (Long Short-Term Memory, LSTM) ~ 1%  &Rl=/\09FEE > UL [EGEHR
& 1 4% 49 B& (Convolutional Neural Network, ! 10000 7% 6" & 7_@J #
CNN) > E9h > I 51 EBZE2E (Transfer  SHI4E RUNE 3 Fivw
Learning) 2R RE R 2/ DBIREIRE © BAaTRBRE

KZEH106 F 11 BEZE 108 F 11 B MAPE 1 39.55% &% 10.21% > W& 1 P/ ©

,\szm% B4 (1) BEAE 90 TERASR ML 2
RO Hp 67 BMEI AT REZENR

19@%?%%%@%% VA TEATBER > B . . .

BREEE KO REUNE 2 Frm 5 (2) 13
B X AR *ﬁ?ﬂztﬂ ENTERFREL

HRg > Kigthipl D iR B 2 8RR ;
(3) 7£ 2017 S P BRI =L Y MAPE H BT DUAS . .
EMER 30% HIHF LB 57 18 » FBEMKEHE .

2017 WP ER 9 MAPE 4 BIP% 18.95% A

BT E
017 % 87
S AERE B
BB » EREBET

[
%
=2
=
EH
2
B
xR

[ )

SHERIBERN QIS PFE (

17.15% ; (4) Kt = 5| EB B2 BB R B 1 EXERIEEERE
A e
5 _LM ‘ III]IL[ 32000
CV? =049 .
ADI=1.32 . IR
B 2 FTREREDEE & 3 E@E %E%i %C’*Mooooﬁga' Yaa)

BREEERERILE

6 TOTAL
e 3 MAPE Z A, Y ERROR  MAPE
i=1 RATE
3955 189599.00 15001612  -10.06 1021
Tl 1261 189599.00 16927432  -1072  10.00
Sl 1573 189599.00 16497426  -12.99 8.79

=p!

ARAR | BIEEELEHRE | BT

Ya, ZF

i=1
189599.00 17608424
189599.00 17690755

189599.00 180709.14

23)

- #BBER HRBELR

TOTAL
ERROR
RATE
-7.13
-6.69

-4.69



— S e EeeE e — () [BERER

R EKOWCERRE

SEEN

AsZ>'<

HIRBEXFIA

SITEEIRFHIASE

Performance Improvement of Blowdown Recovery Membrane Process

In response to the need to improve the
performance of the boiler blowdown recovery
system, some modules have been repaired
to improve the recovery performance, mainly
for continuous electric deionization module,
high pressure pump, monitoring module,
and mixed bed modules. After the reverse
osmosis module has been chemically
cleaned, the pressure difference through the
membrane has been significantly reduced,
and after the continuous electric deionization
module was updated, the quality of the
effluent water has reached above 16 MQ-
cm. The drainage of the reverse osmosis
unit contains some certain concentration

B srzss an 5%

of phosphate. The spirulina cultivation was
conducted to test the feasibility of drainage
application. The analysis items during the
cultivation included the algae concentration,
pH value, the concentration of anions such as
inorganic carbon, nitrate, nitrite, sulfate, and
phosphate, and cations such as ammonium
and magnesium ions. The results of analysis
based on machine learning showed that
phosphate was a secondary priority factor
after carbon source. It was verified that
phosphate in drainage was indeed feasible
for nutrient supplementation of microalgae
culture.
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The Research of Water Recovering from Flash Steam

The objective of this study was to investigate
the feasibility of recovering flash steam
out of flash tank. Conducted in unit one of
Tatan power plant, flash steam recovery
tests showed that the shell and tube heat
exchanger turned out to be the most efficient
recovery module, with the largest volume
of water recovered and the lowest blower
pressure loss. The data analysis was
performed using machine learning methods,
with the result that the recovered water
volume were significantly related to most of
the operating parameters. Nonetheless, it
was negatively related to the type number
of the recovery equipment. After some
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discussions with the power generation
department and the relevant units of the
Datan Power Plant, the international existing
technology based evaluation was assured to
avoid affecting the power supply of the system
due to the risk of in-situ recovery test. It was
verified to recover the water and steam of the
flashing steam by cascading concept, with the
water saving effect of 90% water resources
compared to the traditional water/steam cycle
system, and energy saving effect of 0.13MW
output (0.0325%) increasing. Eventually, the
cascading recover method can indeed be
extended to the existing and newly-built units.
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The Development of the Require Management System for SNFD

The main purpose of this study was to
develop a requirement management system
for the final disposal plan of spent nuclear,
and enhance the data management of
future specialized units. Regarding the
development of requirement management
system, the short-term target is to investigate
the demand of Requirement Management
System(RMS). The mid-term target is to
gradually prototype the corresponding
system applications, and the long-term
target is to establish the guideline of system
application and maintenance. Implementation
of Requirement Management System for

RS B 5k

Deep Geographical Disposal should be a
novel idea suitable for patent application. To
retain the opportunity of manufacturing such
process, we commissioned the patent office
for patent application, and the new patent
was granted hereafter. The implementation of
the prototype system includes management
functions, application functions, and other
functions, with the information platform
implemented with ASP.NET programming
language and SQL Server database. The
prototype system has been constructed and
tested online.
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Technology Assessment of Using Renewable Energy to Transfer CO, into Alcohol

The concentration of carbon dioxide in
the atmosphere has gradually increased.
According to the report by NOAA in
October 2019, the average carbon dioxide
concentration in the atmosphere has risen
to 410.88 ppm. In recent years, there have
been developments of direct and indirect
utilization methods of carbon dioxide. Direct
utilization would use carbon dioxide directly
for food processing, welding, enhance oil
recovery, etc. Indirect utilization is chemical
application, first would convert carbon dioxide
into carbon monoxide, methane, methanol or
other carbon-containing chemicals, replacing
the chemistry come from petrochemical
products.

This study focuses on the conversion of
CO, into methanol. Because methanol is an
important starting material for many high-

FRSEss B 5k

priced chemicals, it can also be used as
a clean fuel or fuel additive, and it can be
converted into aromatics, ethylene, propylene,
and other high-level additives. Most of those
materials come from crude oil, now. There
have opportunity to comprehensively reduce
greenhouse gases and reduce consumption
of fossil fuels by low-carbon methanol if it can
be efficiently convert.

Carbon dioxide can be converted through
heat-, electricity-, photo- and photoelectric
catalysts. Although photo catalysts have
emerging development potential, today's
industrial development of heat catalysts has
a long history and the technology is mature.
Carbon dioxide can be convert into low-
carbon chemical raw materials when the
reaction process combined with solar thermal
energy and reduce the energy penalty.
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Basic Design of Mobile Test Unit (MTU) for Solvent-based CO, Capture and Energy Integration Strategy Study

This research installed a mobile test
unit (MTU) for carbon capture in a coal-
fired power plant of Taipower company to
evaluate the applicability of carbon capture
technology. The MTU adopts chemical
absorption process to capture carbon dioxide
out from flue gas of power plants. Moreover,
solar heating tubes and heat pumps were
integrated to the MTU to reduce thermal
energy requirement of the carbon capture
process as well as to reduce the operating
costs. In this study, the conceptual and basic
design of the MTU have been completed.
The MTU was been installed in a power plant
for on-site tests.

MEA and blended amines were utilized
for chemical solvents in the MTU for tests.
The results show that carbon loadings of
MEA and blended amines are 0.27 mol
CO,/mol MEA and 0.6 mol CO,/mol amine,
respectively. The carbon loading of blended
amines is about double of MEA. In the case
of without heat pump preheating, the energy

B frzss an 5%

consumption of MEA stripping is about 3.7
GJ/t CO,. In the case of with heat pump
preheating, the energy consumption of MEA
stripping can be reduced to about 3.2 GJ/t
CO,. The higher CO, concentration in the flue
gas, the lower the energy consumption of the
carbon capture process. With the assist of
heat pump preheating, the MEA regeneration
energy requirement is about 3.44 GJ/t CO,
at flue gas CO, concentration of about 9.9%.
For the flue gas CO, concentration of 12.7%,
the MEA regeneration energy requirement
can be reduced to about 2.9 GJ/t CO..

The MTU now can successfully capture
carbon dioxide out from flue gas. The purity
of carbon dioxide product is higher than 99.9
vol%, which has met the quality requirements
of reuse subsequently. The MTU will be
utilized as an evaluation platform to study
process parameters to further reduce energy
consumption and operating cost about
chemical absorption on carbon capture
process.
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Research on Carbon Storage Project's Storage Development Plan

The Taiwan Power Company (TPC) is
working on several carbon reduction
researches to meet the requirement of
climate change mitigation. Among all the
carbon reduction methods, geological
storage seems like the mostly possible one
to reach the goal. The concept of geological
storage is to inject carbon into the geological
formation with seal, so the carbon can stay
underground forever, and this method is
widely using by major oil companies.

However, the carbon can only be effective
when the evaluation of the storage project
is done, so there won’t be any carbon leak
through preexisting wells or fractures within
geological stratigraphy and make influence in
the biological habitat. For the sake of reduce
the risk of carbon injection projects, most of
the carbon storage projects around the world
made a Storage Development Plan (SDP)

RS  Bm - 5k

before injection. To understand the framework
of SDPs, this study complied several project’s
SDP. Beside the carbon storage projects in
the other countries, we also re-evaluate the
carbon storage related research projects
of Taiwan, and to compare with the other
SDPs. During the research time period, we
participated the CO, GeoNet conference
in Venice, and get some information of
some major carbon storage projects’ recent
progresses. The result shows Taiwan can
meet the standard of some items in the SDPs
around the world.

We suggest that when we plan to make a
SDP, we can follow the standard of the other
countries. However, due to the different
cultural environment, we have to face more
stakeholders rather than the local residence,
which is what we need to concern in the
future.
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Simulation Platform Establishment for Solvent-based CO, Capture Process

In order to control global warming
trend, people need to effectively reduce
greenhouse gas emissions. Recently,
capturing carbon dioxide from stationary
sources has been considered as a promising
solution. After a long period of research and
development, chemical absorption process
by amine aqueous solutions were proved
the ability to capture CO, out from flue gas.
However, chemical absorption process
comprises various process units such as
absorption, stripping, and heat exchange,
so the design of the carbon dioxide capture
process must consider the integration
between the units, which may increase the
difficulty of design. This study evaluated the
use of chemical process simulation software
to optimize the carbon capture process, with
a view to maximizing the absorption rate
and minimizing the energy consumption of
solvent regeneration.

The simulation analysis platform used in

B sAzss an 5%

this study is steady-state analysis program
,which is commonly adopted in the chemical
industry. The design of each unit also
includes the functions of flue gas and solvent
thermodynamic and kinetic data estimation
and analysis. Using the mass and energy
balance analysis functions onto each process
unit, users can easily change process layout
and quickly obtain the performance and cost
information. With the help of the program,
number of repeated experiments and
investment can be reduced. For the carbon
dioxide capture process, the simulation
platform of this study can be utilized to
analyze the difference of designs on the
energy consumption and operating costs
about the carbon capture process. Intergrated
data and results from small-scale carbon
capture experiments can further evaluate
the performance and cost for large scale
application and reduce the risk.
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Cryogenic Energy of Liquefied Natural Gas Utilizes in Power Plant Efficiency enhancement and CO, Capture Process

Liquefied natural gas (LNG) is an
indispensable option under environmental
protection concerns and increasing demand
of low carbon energy. Proper use of
cryogenic energy of LNG will help to reduce
primary energy usage as well as to reduce
greenhouses emission. For the electric
power industry, common LNG cryogenic
energy utilization methods are cryogenic
power generation by various thermodynamic
cycles, turbine inlet air cooling, and others.
Cryogenic energy of LNG is transformed to
the form of electricity and then send to the
electric power grid.

Higher cryogenic energy utilization efficiency
can be achieved by operating cascade
combined cycles in various temperature
ranges. Moreover, reducing the temperature
difference between hot and cold fluids
in the heat transfer processes of the
thermodynamic cycles can reduce the

B rxss B 5%

irreversibility of the whole cycles. Thus, the
efficiency of the thermodynamic cycle will
be improved. Integrated low-grade heat
from power plants with cryogenic energy of
LNG can recovery much more energy than
conventional cryogenic power cycles. In
addition, turbine inlet air cooling by LNG’s
cryogenic energy also can increase power
output of gas turbine of natural gas combined
cycle power plants.

Most of LNG cryogenic energy is currently
utilized in boil-off gas (BOG) recondensation
process. The process can manage the
pressure of LNG storage tank and improve
the safety of LNG storage and transportation
facility. Therefore, while recovering LNG
cryogenic energy by means of cryogenic
power generation or inlet cooling, proper
BOG management procedure should be
considered at the same time.
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On-site Test of CO, Chemical Absorption Process

The concentration of carbon dioxide in
the atmosphere has gradually increased.
According to the report by NOAA in
October 2019, the average carbon dioxide
concentration in the atmosphere has risen
to 410.88 ppm. It will cause irreversible
consequence for the future if people don’t
care about the increase of Green House
Gas.

In this study, MEA and amine blend solvent
(12.5% AMP and 15% Piperazine) were
used for carbon dioxide capture test. 0.89
M Citric acid + 2.23 M NaOH was used as
the washing liquid to remove SOx in the
flue gas. The SOx concentration in the feed
flue gas can replace about 0.3 ppm from
30 to 40 ppm, providing good flue gas for
the absorption tower. The energy penalty
is about 2.90~3.4 GJ / ton CO, while using

B xss BEm 5

MEA as an absorbent, and it would be
2.41~2.68 GJ / ton CO, while using amine
blend solvent as an absorbent can reduce
16.91+8.22 % energy penalty of MEA.

The CO, heat pump and Evacuated Tube
Collectors (ETC) were used for heat
integration to reduce energy consumption.
The experimental results indicate that the
heat pump can reduce energy penalty
for 14.19+5.43 % while using MEA as an
absorbent and without using ETC. And
the ETC can reduce energy penalty for
11.10£6.01 % (MEA case) and 7.42+4.77
% (amine blend solvent case) while using heat
pump. The best case in this study is using
amine blend solvent as absorbent and the
heat pump and ETC are both turned on, the
energy penalty can reach 2.4 GJ / ton CO,.
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Capture Carbon Dioxide of the No. 9 Machine in Taichung P/S by Pressure Swing Adsorption Technology

The concentration of carbon dioxide in
the atmosphere has gradually increased.
According to the report by NOAA in
October 2019, the average carbon dioxide
concentration in the atmosphere has risen
to 410.88 ppm. It will cause irreversible
consequence for the future if people don’t
care about the increase of Green House
Gas.

This research use Ekime 13X molecular
sieve to separate CO, by screening of solid
carbon dioxide adsorbent in the laboratory
at the first. The 3-Bed-9-Step VPSA CO,
separate process include Adsorption,
Cocurrent Depressurization, Pressure
Equalization, Vacuum, idle, and mix cylinder

RS Bm - 5k

gas to make 15% CO, to make sure this
process is work.

The VPSA carbon dioxide 3-Bed-9-step
separation process will use flue gas after acid
and water removal. In this study, the average
feed concentration of CO, is 12.02 + 1.38%,
the adsorption pressure is about 2.0 barg,
and the vacuum pressure is about -0.8 barg,
the pressure equilibrium pressure is about
0.4 barg, and after a 100-hour separation
procedure, the purity of CO, after separation
can reach 91.66 * 0.64 %. The VPSA process
has been confirmed can continuously and
stably separate carbon dioxide from flue gas
in long term by this study.
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Study on Adsorption Performance of Solid Adsorbent with Different Active Sites

This study compared the CO, capture
performance on different pore size of solid
adsorbent, and the experimental temperature
is 30, 45, and 60 , and using Langmuir model
to calculate the adsorption parameters. The
data show the adsorption capacity of carbon
dioxide is similar. When the adsorption
pressure is 4 bar and the temperature is 30,
the adsorption capacity can reach 1.43+0.02
mol CO, / kg adsorbent.

In order to increase the metal active center in
the solid adsorbent, this part of the synthetic
iron-containing MCM-41, and the result
indicate that, the carbon dioxide adsorption
capacity is higher than MCM-41, it can reach
to 1.50+0.18 mol CO, / kg adsorbent at 30 ,

K Fiess Bw 5%

4 bar, improve the adsorption capacity about
10.34%.

Finally, this study synthesizes the CO, solid
adsorbent by the fly ash of power station.
After the silicon source extracted by 80 for 3
hours, the Al, Si, and Fe were 21.44, 58.52,
and 17.48 % of the fly ash, respectively. And
fusion the fly ash at high temperature (550 or
650 °C ) for 2 hours, then use hydrothermal
synthesis the solid adsorbent. The capacity of
carbon dioxide adsorbent made from fly ash
is higher than Fe-MCM-41. At 30 and 4 bair,
its adsorption capacity can reach to 2.41 mol
CO, / kg adsorbent, increase the adsorption
capacity about 60.58 * 13.74%.
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Research on Coal Ash Diversified Reuse

With the successive conversion of coal-
fired generating units of power plants such
as Linkou and Dalin, the output of coal ash
will be greatly increased. When the existing
capacity of the ash pond is becoming
saturated and the construction permit of
the new ash pond is not easy to pass, the
coal ash recycling route should be planned
as early to avoid the problem of illegally
accumulating in the future and affecting the
operations of power plant.

Current methods of reuse or recycle coal
ashes of domestic and foreign countries
were collected and analyzed. And current

K xEss an 5%

production and of coal ashes in Taiwan market
was specially estimated and discussed.
Testing plan includes (1) evaluating the
feasibility of use of bottom as cement raw
material, (2) obtaining high volume fly ash low
strength concrete mix proportions. At present,
Taipower's own pipe trench backfilling project
has generally used Taipower coal ash, and a
publicity briefing session was held to promote
Taipower coal ash. Possible export of Taiwan
coal ashes to overseas and the requirements
of EIA protection label designated to coal
ashes were evaluated.
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This study used ash-pond coal ash as the
base material to carry out the ratio test,
mechanical test, engineering property test
and small scale of backfill test. The main
purpose for these tests is to evaluate coal
ash as a landfill materials. That is expected
to reduce the cost and environmental impact
caused by landfill and land reclamation. At
same time the ash pond ash can be used
and the storage time of ash pond can be
extended.

The in situ coal ash is taken from the second-

eSS Bm - 5k

stage coal ash pond of Linkou Power Plant.
Its particle size is similar to that of ordinary
sand. It has the characteristics of porosity,
lighter specific gravity, fragility, and low
content of fine particles (less than 10%). The
water content of coal ash is still nearly 30%
after standing for 4 days. This material should
be used as the base material to poduce of
coal ash mixed materials. The proportion of
the coal ash mixed materials should notify the
water contain of the coal ash.
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Study on SCR de-NOx system characteristic and technology in Linkou power plant

Linkou Power Plant is the first power plant
in our company that uses ultra-supercritical
coal-fired thermal power plant. In this study,
we finished the catalyst activity analysis of
unit #1 and unit #2. The catalyst deactivation
index (Kexposed/Kfresh) is about
0.849~0.919. It indicates that the catalyst
still maintains good denitration activity. We
also conducted analysis of catalyst chemical
composition, specific surface area, pore
volume, pore size distribution and surface
microstructure to help explain possible
causes of catalyst deactivation. This study
also conducted historical data statistics
of the operation of the SCR denitration
system, and study the correlation between
the SCR denitration efficiency and the

FREss « BRIk

catalyst activity. The decline trend of the
SCR denitration efficiency is highly related to
catalyst deactivation index. It indicates that
the results of the catalyst activity analysis can
be directly reflected on the SCR denitration
efficiency. The lifetime of general commercial
catalysts is about 3 to 5 years. When taking
circular economy to consideration, catalyst
regeneration has great economical and
environmental benefits. This study conducted
catalyst washing and regeneration test, which
shows that CO, microbubble water has the
best result. When ultrasonic and additive of
NH4VO; are introduced in the process, the
denitration efficiency can be increased from
19.1% to 76.7%.
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Vegetation Analysis and Avian Community Dynamics of Yongan Wetland

Hsingta gas power plant renewal and
reconstruction plan passed the environmental
assessment in August 2019, and decided to
establish an ecological conservation group.
In addition, Yongan wetland completed the
public exhibition and public presentation of
conservation and utilization plan on February
9, 2019. The conservation and utilization
plan is planned to pass the examination
of the Ministry of the interior in May 2020.
Based on the ownership, Taipower company
has the operation and management power
and is supervised by the competent authority.
In order to take into account the value of
ecological services, the distribution of salt-
tolerant native plants in wetland vegetation
is analyzed, and the impact of vegetation

FREss « BRIk

on bird biological resources is discussed
from the perspective of landscape ecology
The feasibility of replanting and replanting
the original species to achieve the goal of
improving biodiversity,.

In response to the fact that the future
development around the wetland is still under
the supervision of the wetland review group,
the Yongan wetland has been improved
due to the reduction of the area, the change
of the landscape, the interference of the
development behavior and the improvement
of the habitat In addition to the feasibility of re
breeding rare plants, this study also analyzes
and studies the bird population dynamics of
vegetation landscape changes.
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Study on Improvement of Tubular Seawater Electrolysis Equipment

In recent years the pipe-breaking rate of
Concentric Tubular Electrolyzer in Taichung
plant has obviously gone up.At first it
was suspected that it was caused by bad
heat-dissipation inside and outside tubes.
At one time using external equipment to
transfer the waste heat produced during
seawater electrolysis process was taken
into consideration.However,through site
investigation, pitting corrosion test, element
analysis, statistics of pipe breaking,
potential measurement and pitting corrosion
stimulation we find that electrolytic
corrosion is the main reason of pipe
breaking.The electrolytic corrosion resulted
from the leakage current triggered by a
seawater spill or using water to clean the
electrolyzer. Consequently we suggest that

FEEss BRIk

the maintenance personnel can either use
the waterproof insulation tape to cover the
position in that the titanium pipe is supported
by FRP crossbeam or check whether the
exterior of electrolyzer is dry before starting
seawater electrolysis.

Essentially the Concentric Tubular
Electrolyzer is Dimensionally stable anode.
So we try to develop the low cost and energy-
saving seawater electrolyzer on the basis
of the technology of self-fabrication anodic
electrode of cathodic protection system.It was
found that ruthenium oxide based coating
without iridium is unstable for seawater
electrolysis.In the future we will continue
to move forward in the direction of self-
fabrication of Concentric Tubular Electrolyzer.
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Study on Results of Combustion of Coal with High Concentration Chloride in Taichung Power Plant

Taichung Power Plant's coal yard uses
recycled water as water for suppressing
dust, and its sources include integrated
wastewater, domestic wastewater, and
simple wastewater treatment. The source of
the simple wastewater is to use the recovery
and filter water from the sinking coal pond
to suppress dust. Previously, the Taichung
power plant found high concentrations of
chloride ions when sampling the sinking
coal pond. At that time, in order to cooperate
with the quality control circle, the source of
chloride ions in the sinking coal pond had
been closed. However, coal containing high
chloride salt might be sent to the boiler for
combustion. Due to the high temperature
reaction, it may cause damage to boiler
equipment, corrosion of pipe wall materials,
and difficulty in handling FGD wastewater
containing high chloride salts. Therefore, the
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Taichung Power Plant entrust TPRI to carry
out a research project in 2018.

This project takes the Taichung Power
Plant as the research target, and we try to
evaluate whether the high concentration of
chloride ions in the sinking coal pond will
have negative effects on the power plant’s
equipment due to the coal combustion. The
research works were completed through the
chloride ion concentration trend, shutdown
accidents, FGD water consumption, chemical
composition of fly ash, and the material
analysis of the boiler tube, etc. In addition, we
have conducted high-temperature simulation
experiments to explore the correlation and
behavior of high-chloride corrosion on boiler
materials. Finally, based on the previous
research results, we propose the benefit
assessment and response stredegies.
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Demonstration and Experimental Study of a Flywheel Energy Storage System for Long Duration Applications

The Flywheel Energy Storage System
(FESS) stores energy by converting the
electricity and the spinning kinetic energy
with a bidirectional power conversion device.
The performance in terms of energy storage
density, energy efficiency, power, and
response time of the FESS is outstanding.
Using mechanical energy for energy storage
has advantages of long cycle life, reliable
operation and low impact to the environment.
In comparison with the electrochemical
energy storage system, the FESS has low
environmental impact and no drawbacks of
chemical corrosion, overheating and over
charge and discharge.

The energy efficiency of the FESS depends
on manufacturing materials, electrical
machines, types of bearing, and the vacuum
chamber housing the rotor. The State of
Charge (SOC) of the FESS can be directly

RS - BM  J5%

calculated by monitoring the rotational speed
of the flywheel which effectively improves the
reliability of the power management system.
Recently, the performance of the FESS has
been improved by combining composite
rotors, magnetic bearings, high-speed motors,
and power electronics technology.

In general, most FESSs can provide high
power instantaneously with short duration.
However, FESSs providing the long charge
and discharge duration for peak shaving and
energy shifting is rare. Therefore, a FESS
with rated power of 8 kW, discharge duration
of 4 hours and 32 kWh energy has been
installed in this study. The FESS is tested
for various technical characteristics, and the
reliability and corresponding performance of
the specification have been demonstrated for
the reference of application in the future.
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Integrated Appication Research of Smart Green Communty and Home Energy Management System (HEMS)- Taking the Domtory Area of Hsinta Power Plant s an Example

The purpose of this project is to cooperate
with the Executive Yuan, Republic of
China(Taiwan) to plan to complete 1000
demonstrations by the end of 2017. It
includes the complete AMI deployment of
the Route A and Route B linkages, as well
as smart user application services, and will
select the Hsinta Power Plant Dormitory as
an extended demonstration field of the Green
Community Project.

The project is focus on aggregate individual
AMI information through Route B to show the
overall electricity consumption information of
the community and of the individual users. It
will explore user's motivation and incentives
of electricity-saving through policy promotion
and incentives demonstration. It is proposed
to establish a "community cloud energy
management" experimental system and
provide four main functions: (1) Community

FARES  Bm - 5k

Energy Management System (CEMS):
electricity consumption information of the
community, user energy-saving competition
rankings, safety monitoring, and Taipower
company policy announcements. (2) Home
Energy Management System (HEMS):
wireless home network, measurement of
real-time electricity, electricity data cloud
query platform, remote control appliances,
and automated demand response to reduce
air conditioning usage. (3) Community WiFi
Internet integration and construction: WiFi
coverage throughout the community ~
Internet service and smart life integration. (4)
User's automated demand response function:
Establish an international model that meets
the OpenADR 2.0b automated demand
response standard and provide a business
model application for demand reaction
aggregators for the future community.
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The Analysis of Program Parameters and Curtail Performance of Aggregator Demand Response

Taipower made a huge progress on
promoting the effectiveness of DR in
2016, contributing to system reliability. For
instance, reserve margin was hit a record
low on 5/ 31/2016, and demand bidding
program curtailed 390MW peak electricity
consumption, which equal to more than 1%
reserve margin rate. However, our power
supply is extremely tight in the next two
years, so government asked Taipower to
recruit more DR capacity to help the system.
Based on the experience of Taipower, it is
very difficult to get more reduction in the
short-term.

According to the international demand
response program design experience, the
Aggregator mechanism can effectively
improve the implementation of response
requirements. Also, Aggregator can
guarantee to provide reliable, immediate
power reduction during the dispatch period.
Therefore, in October 2016, Taipower
launched the "Aggregator Demand Response

FASES B 5k

Service Program", which was the first time to
push forward the aggregator mechanism in
Taiwan. But, unfortunately, the program was
failed and stops at July 2017. In this study,
the detail of specification and contract of the
first Aggregator Demand Response Service
Program are evaluated. The improvement for
next Aggregator Demand Response Service
Program is also suggested.

The last, both demand response program
and Aggregator Demand Response Service
Procurement are restricted the participate
end-user whose contract capacity should
be 100kW above. Although the high voltage
user's considerable amount of inhibition,
but than 50% peak load was caused by
low voltage users. Therefore, in addition to
actively promote the need for high voltage
users to participate DR program, and analysis
the curtailment potential of high-voltage
users, the demand response research on
low-voltage users, should also be gradually
started.
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The Analysis of Program Parameters and Curtail Performance of Aggregator Demand Response

To evaluate and develop the suitable
operating platform and system for Taipower
distribution divisions and every planning unit
in regional business offices, the company
will adopt the existing system information
like DMMS, REMS, NBS, DDCS, FDCS AND
DPIS to reconstruct a set of “Distribution
Planning Integrating Applying System”
It will replace the present complicated
information integrating steps for the planners
by developing the related man-machine
interface and the information needed during
integrating process.

In summary, during the present plan
executive process, the planners will collect
and explore the A style engineer operation
and the way to integrate with DPIS to
understand the current production method

B srzss an 5%

of planning related routine report in every
regional district and develop the most
suitable man-machine interface. Thus they
can automatically adopt the existing system
information production analysis report
and consider distributed generation. After
evaluating the current regional load forecast
software, the planners can integrate and
develop the load forecast and substations
for the operation platform with DPIS and the
software tools for the best plans of feeders.
Then promoting regional load divided
strategy, we can reach the goal of sharing
database, integrating analyzing information
platform to strengthen distribution plan
operation efficiency to meet multiple operation
demands.
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Study on Cost Benefit Evaluation of 200,000 Low-voltage AMI Households

The goal of this project is to finish the
cost benefit evaluation and value added
application planning for the fulfillment
of deployment of 200,000 low voltage
customers AMI in the end of this year. The
proposed project is first to collect foreign
AMI (beside including B route and HEMS )
cases with current situation and outcome.
The establish of cost and benefit evaluation
models for AMI system is then executed by
using parametric representation, matching
local code and environment, as well as
by considering the load characteristics of
customer in order to increase the confidence
of cost benefit analysis. After completing
the entire evaluation model, the simulation
test for state logic of evaluation model will
be examined to justify correctness of logic

eSS B 5k

status and result of proposed method in
different scenario and the relative document
of simulation test needs to provide. The cost
analysis for deployment of AMI system will
be covered with items of MDMS, Head end
system, communication system with A route
and B route, smart meter, and HEMS etc..
The benefit evaluation items are classified by
the direct and indirect effect produced from
different phases of utility, customer and social.
It contains a, metering fee, billing process fee,
illegal electricity loss, peak time generating
cost, investment cost of new power plant
and transmission and distribution equipment,
customer service, energy saving and carbon
emission reduction, time of use metering rate
and demand response mechanism etc..
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Impact Analysis of Open Wye-Open Delta Transformer Connection to Distribution System and Customers

In order to meet various demand from
customers and reduce the impact on
landscape, the power company in Taiwan
adopts open wye-open delta connection
with distribution transformers to supply both
single phase 110/220 V and three phase
220V loads at once. The use of such this
connection can take advantage of high
diversity factor to maximize the efficiency
of the equipment. However, due to the
congenital imbalance with the connection,
this power supply method may deepen the
influence of supplying unbalanced three
phase power and related supply problems.
As power consumption gradually increases,
the usage of distribution transformers in
open wye-open delta connection keeps
growing nowadays, we should have further
discussion its influence of reliability and
efficiency of supplying power in distribution
system and the effect to induction motor and
electronic equipment at customer side.

K Fiess B 5%

Therefore, this project is mainly focus on
analyzing the impact factors of supplying
power with open-wye open delta transformer
connection under present domestic low-
voltage distribution network. Firstly, the detail
of how transformers with the connection
supplies the power is discussed and
compared. Secondly, the feeder model is
built and power flow is analyzed to observe
power loss under variations. Moreover, the
load models of customer equipment, such
as induction motor and electronic load are
built with realistic parameters. The impacts
on the equipment are realized by simulating
with varied voltage. Finally, we have on-line
measurement and analyze the records to
validate the results of simulation. The loss
variation is inferred with both results from
measurement and simulation. Hence, the
results of research can be a reference for
power company to plan or improve the feeder
in the future.
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A Study and Analysis of Warning-Line Color Marking and Style of Distribution Power Equipment

The purpose of this project is to collect utility
warning-line color-marking and distribution
pole-mounted color-marking equipment data
that is currently performed in Japan and
Korea. The collected data include national
standards and warning-line color marking

K fiess Bm 5%

as well as styles of distribution equipment’s
criteria. The results gained from this project
can be served as useful references for
electric utility, anticipating reaching a feasible
way of warning-line color marking and style of
distribution equipment placement.
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A Study on Real-Time Pricing Pilot Program

Because of the maturation of domestic
information and communication technology,
the high-voltage users have fully deployed
advanced metering infrastructure (AMI),
and the Real-time pricing(RTP) has also
been included in work item of the Executive
Yuan’s “Smart Grid Master Plan” . Also,
the simulated electricity trading market
established by the dispatching department
of Taipower can provide the hourly marginal
electricity cost data, which is helpful in
the development and testing of the RTP
program. In the year 2017, Taipower
finished a project of RTP mechanism which
discussed the impediments to the promotion
of immediate electricity prices, and develop
the workable RTP program for Taipower.

However, domestic users don’t have any
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experience in real-time pricing in the past.
If the formal program is directly promoted
without a pilot project, the initial acceptance of
users would not be high. Therefore, through
the way of experimentation, understanding
the user's feedback on the situation and
opinions of the real-time pricing scheme will
significantly benefit the follow-up program
revision. The positioning of this project is to
assist Taipower to develop a real-time price
pilot program and conduct related tests for
high and low voltage users. The contents of
the project include: (1) designing the real-time
pricing pilot programs, (2) the establishment
of real-time pricing pilot platform, (3)
Implementation of real-time pricing pilot
program and analysis its benefits; (4)
Research on RTP implementing strategies.
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Implementation and Application Research of Meter Reading Information System

This study was focused on the analysis
of appropriateness in the meter reading
process and system functionality as Taiwan
Power Company reacts to the advancing of
information technology, and how to respond
to the impacts and changes upon the meter
reading process and organizational structure
from the widespread applications of low-
voltage advanced metering infrastructure
(AMI) in the future.

The study started with the investigation of
the establishment of new meter reading
information system and the impacts and
changes brought upon new meter reading
process and organizational structure.
The current meter reading process and
organizational structure will be analyzed. The
as-is business process model was built using
IDEFO to discover the fundamental factors
for the issues and bottlenecks identified in
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the existing business process and investigate
how to remove bottlenecks and reform
business process using business process
reengineering.

In addition, this study included the
configuration for future data transmission.
The metering data will be encrypted for
uploading and downloading via wireless
network to minimize human intervention
in the metering process. The system will
automatically collect, check and validate
metering data and produce statistics such as
number of households showing anomalies, so
that the error percentage in human operations
is minimized. Finally, a new meter reading
information system will be established. The
data collected and stored in the existing old
system will be eventually transferred to the
new system to test its completeness and
availability.

BEAB R LR R
AB PR EKELARERESE
AAMEERSIAS (413,536 F5)
PRIELIRBHIE 15 24 B
BB 260 A/ NRIE NI
KERABETHTHRELHEHLE
% BEHREMIBREASHE
BRHAERET > BIRTERREN
bR F 4 (HCS) B RE 76 FEUAE
S ERSIERUENKIE B
FRHRTER » SRR E R SR
(e B BTGB ERNTET LT
15> B BABRRBIEBASET
ERERRE ) WA E IR
BENDREHLETRES P RS R
Zh} > A TIERIZIIR § TR -
TR BIEE S B  BAR IE R o

BERABTBE » RRBEHD
B rEREER

RERAR P AMI 75 TUEESR ISR
pRINEs > B ZERATIREYER &
FEBEATREEEE  HRIFE
MIZRSNBAENZHR - EHE
B 3 R BRZRE R AMI 75 T0RE
KB T ARYREARGER
B RFEME A REBH EAEE
HRNERENEEN S —BEM
FUEHE °

BB RARFFAELL - R
RENRFEAEGEERME LT
B RER BIERBAEALR
Emi2 » RBEFRZ - RBYKRE
P RRESFASHER > FR
ANIRERIZEE ZHERXFZRTH
R o« WA RBICEBREIREN
24t UWIESHRIEENER > B
s —ERTFHORBIRIRE

KB RENER > KRFFEE
ERTYIBE

1. AEEMRRER aBARYE
TESEAZ ~ RIRTHEERVELIE DA -



UK RRIEE AMI 2EE R BEHRIEE
TR BT EAET RNE R ENEZ
W{R][AIFE o

2. ZRHGPEEINE £~ TEHYKRER
HIERBABATIRIERE » RABEFKR
Z~ =B RENTERERPEERST
Bl BREATIEERZEEZIRRE o

S EEFHNY REANAZK (BB
NHCS)

KIS RFAFZEEENMYREN RS
FEGHEREE - MERA 0 URRIEND
NBEBRER MR ERERE FER-ET1T;
HERTEMHIFITIHERSRIN  EEANTLIEE
AMEEIE o

KV FREARFAFRBAIERFBABATLIR
B2 (WE 1P ) REFEEERZ ~ =
WREBTBTEERPHERFAEL » FE
ANITEEREEE ZHEREIN » FREIR
TMiEBE  PREEHENRBEYRIEER
REMRABRIZEBIERER > E—F
BIEWREARFIEL BRI RIEERIZ
PO RAAB G E LB ERFIIERE (WE
2 3Fm ) EEHEERBUT -

[pEsRE TR
o, e g

1. RHEPIURT - BCEEREFRARREE
BEEBNTIEL
HRRBEREP T Web ZRIEARTS - BRekE
EBERIRARIFERFEMN > BERYE
BTN E - 2B OFIEFBEFEH
RIRTS © IS BRI ZREEFEAB AR
TEEHRF ' RRFTA B EMR TERE
Time RSP - BE RS > &8H
BRI AR L ERRMZEN » BIREES
BAITIBI ©

2. SEYREHN  BMERZEELME

HHPREBHRERTR (AR ) B
LUK GPS RALGCHE » K EFERTD TR
BT ZIERENE » TREXRFIFEESSE
MZIER °

3. ALTEERME » I—IHEREE

ARG T IRITHRAM ARSI B
PR B ERAREE ~ PIRBIEBAIE  H
NS ERE RIS T ERFMABENCIF
X RKEFRBIFERZTIFUEK o

4. HEFEHTHE

HARMFEHIRITHERR (MCS) E:
Oh > Wik EFEESE LRIRME > 1EA
THRAEEZERITENI I ©

FEZRASIE] 3 NHCS ##IRIEIIEE]

MZEAR | BEEHEENRRE | 1HE ~ RER

i
%
2
=
£
2
B
g

WEEERRANS TESE (B)



— > ieoaEeEE el — (M) NIsRF Fin BEEEEREERTS

ENREIRFS B S EHRRIZE NS

Implementation of Energy Saving Services Integrated Information System

The main task of this project is to build
a new integrated energy saving service
information system to achieve Taipower's
goal of external and internal energy
conservation. In addition, another task is
to transfer the data in the database of
current "user energy saving tracking system"
and "energy conservation system" to the
new integrated system developed in this

FSEss B| - 5k

project."User energy saving tracking system"
is an energy conservation system for external
users including customers with more than
100 kW and resident communities. "Energy
conservation system" is an internal energy
conservation system to supervise and control
the usage of electricity, water, and oil used
by generation, transportation, and distribution
divisions of Taipower company.
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The Development of a Paperless Prototype Application for Assisting Field Service

Nowadays, debt collection in Taiwan
Power Company (TPC) involves a series of
repeating paper works that consume a large
amount of time. By scrutinizing successful
cases from global utilities and applying
ICT, a “Field Service Auxiliary System”

is proposed to curtail the labor forces and
achieve the paperlessness goal. Based on
this system and the needs of field service
employees, this research depicts a future
workflow so as to render the organization
to restructure. This research reveals four
results as follows: (1) After the electricity
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market liberalization, free electricity retail
market diversifies electricity products. (2)
Global utilities are inclined to use prepaid
cards and transfer the unpaid bills to debt
collection companies. (3) Most western
countries’ governments have proposed
essential subsidy programs in order to solve
energy poverty. (4) By applying the “Field
Service Auxiliary System” , the working time
can be reduced, and the missions of work
force can be adjusted, then TPC’s units can
be restructured.
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The Study for the Advance of the User Interactive Platform and Data Mining for User Behavior Modeling

In 2017, Taipower has retrofitted its energy
saving program with a conceptual Rewards
Platform under a research project. With a
membership system and reward points, the
Rewards Platform not only inspire people
to take action, being fun but also urge the
householders to take better control of their
energy use. Yet, this ongoing research
project has accomplished feasibility
and prototype of this rewards platform
mechanism, there are still some features
such as Earn and Redeem points, business
partnership, games programing and Back
End big data analysis remain study.

In view of above issues, the purposes of
this study are to optimize the platform and
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analyze the user's behavior. There are three
parts of this study. First, to reform the policy
of the platform including to expand the
gateways of redeem reward points, launch
creative marketing campaigns and review
the validity period of reward points. Second,
to advance the features of the platforms
including strengthen earn and redeem reward
points mechanism, maintain and optimize the
user interface, and increase the interaction
between users and Taipower. Third, to collect
user’s data, analyze users’ enrollment
behavior, understand households’ energy
consumption behavior, and to establish a
mechanism to evaluate the implementation of
the platform.
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Analyze the Load Characteristics and Enhance Load Prediction Model

This study is aimed to design a load pattern
clustering model of demand bidding, in
order to acquire the load transfer pattern
for those who are participated in demand
bidding. From the model, the load patterns
can be analyze for each representative
cluster participants under different industries.
Moreover, a load forecast model of demand
bidding participants will be established to
seizes the load transfer pattern from different
cluster, and be more precisely to forecast
the load of demand bidding. The indication
of this study is to provide a practical concept
of load transfer after demand bidding for the
dispatchers.

This study presents an approach for
understanding the user clustering and load-
forecasting model, by looking at the DR
implementations from the Netherland, Ireland
and Australia. The literatures covers the pros
and cons of various models and discusses
the uncertainty of data type as well. The
approach aims to provide a future prospect
in developing the DR model and enables
to adjust or modify for Taipower company’s
conditions, therefore in developing an
optimal strategy in Taiwan.

This study have been developed a scheme
to filter the benefit data of the demand

K fAxss an 5%

bidding program. The filtered data have
been clustered into several groups by the
K-medoids method. We also try to analyize
the property of each group. According to the
provided AMI demand data, we rearrange the
data and summarize the information about the
missing data to facilitate understanding of the
data characteristics. Based on the information
obtained, we develop the modeling
methodologies for analyzing the AMI demand
data and have observed some interesting
features for further discussion. In order to
improve the short-term load forecasting of the
total system load, we have clustered the total
load patterns of the year 2017 into 6 clusters
and identified the daily patterns associated
with the clusters. It is noted that there are
two load patterns according to the seasonal
effects in a year, namely the warm and cold
seasons, as well as the weekday types,
such as the regular working days (Monday
through Friday), Holiday days (with Saturday
and Sunday as two cluster patterns). We
have also compared the differences of the
general patterns between year 2017 and
2018 for loads in each cluster in order to be
used for selecting training samples for future
predictions.
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A Study on the DR Cost-benefit Analysis Model and Strategies for Promoting the DR Programs

In order to maintain reliable power supply,
Taipower has long been providing diversified
demand response programs (DR) to
customers. However, there is no cost-
benefit evaluation mechanism to review the
performances of all Taipower’s programs.

In light of the above, this study established
the cost-benefit evaluation mechanism
to review the performance of these DR
programs. This study also collected and
analyzed experiences of the advanced
countries around the world which dedicated
to promoting DR programs (such as the
independent system operators and the
electricity retailing utilities in the United
States, and Japan), and grasped the design
guidelines of DR programs.

Besides, this study provided relevant

FRSESs B 5k

suggestions according to the Electricity Act
that DR can be applied to reserve margin and
ancillary services as the future preparations
for participating in the electricity markets.
Meanwhile, this study included (1)reviewing
the relevant literature of the DR cost-benefit
analysis model and present these models
which can be applied to various types of DR
programs in Taiwan. (2) Establishing the
cost-benefit evaluation mechanism to assess
DR programs in Taiwan. It can examine
the cost-effective and (3)as a reference to
the public in the annual reports of demand-
side management. (4) Ultimately, this study
also proposed DR strategies for Taipower in
different reform stages of the electric industry
and the roadmap for promoting the DR
programs in the future.
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Research on Correction Method for User Industrial Code

C TS AR SR

According to Article 66 of the Electricity
Act, electricity enterprises should prepare
concise monthly reports containing business
situation, power supply and demand, and
financial status, and an annual report within
3 months after the end of business year to be
submitted to electricity enterprise regulatory
authority and central competent authority.

Therefore,the industrial codes establishment
for meter rate lighting service users and the
industrial codes correction for power users
must be conducted in order to compose the
concise monthly report and annual report of
electricity enterprise in compliance with the
regulation of the Electricity Act. In response
to the revision of industrial classification
standard by Directorate-General of Budget,

B rxss B85k

Accounting and Statistics, Executive Yuan
once every 5 years, a set of effective method
for correction of industrial codes must be
established, and the standard operating
procedure required by regular update must
be planned.

In this study the diversified investigation
method is to be used for planning and design
of correction procedure for industrial codes
of power users and collection approach of
industrial codes of meter rate light service
users. The rationality and correctness of
correction method should be verified in
accordance with the census result in order to
establish a set of effective method for regular
correction of industrial codes.
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The Analysis of Market Potential and the Cost-benefit Model of Demand Response in Taiwan

EEEE IR

The DR mechanism in Taiwan was
introduced to deal with the system reliability
from 1979, and is continuously reviewing
and improving its contends of DR programs.
Moreover, the government is often push
Taipower to implement new enhanced DR
programs, the Executive Yuan required
Taipower to review the rational performance

of DR programs, and to proceed the
investigation and feasibility of DR’s potential,
following its “General Inspection to Power
System.”  The purpose of this study is to
understand deeply the potentiality and ways
of load reduction in various industries and to
encourage customers to participate in the DR
programs.
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The Study on the Innovative Business Application Model for the AMI Data

Accroding to the Smart Grid Master Plan
in 2012, automated metering system can
be expected that by 2024, Taipower will
possess the detailed electricity consumption
information of most users, which will have a
great value of data economy.

The main purpose of the study is to analyze
Taipower’s AMI data application and innovate
big data applications, by integrating external
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resources, to increase AMI data application
benefits. We also invite thinks-tanks or
professional teams from the industry to
evaluate the feasibility of innovative business
models and applications, including operation
models and organizations, and relevant
measures. The final planning and trial will at
least include a case of AMI data innovation
commercial applications.
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Research on the Demanding Bidding Platform of Advanced Features

In recent years, although the implementation
of demand bidding measures has grown
substantially, it has greatly contribution to
the relief of power supply. However, in order
to continue to improve, it is expected to
announce a new demand bidding measure
by capacity(capacity bindding program)
in year 2020. Competitive schemes are
new ideas and designs in terms of user
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selection, bidding method and winning logic.
Therefore information system’s support is
urgent. Through the demand bidding platform
information system, we will assist users to
cooperate with the low electricity consumption
to improve execution. The rate and the low
performance, ease the pressure on the
power.
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Customer Service Strategies and Channel Planning for Utility under Deregulated Electricity Market

The research is intended to assist Taipower
in reviewing foreign electricity markets with
current and future plans that are similar to
Taiwan’s electricity market, and analyzing
power consumption, other demand types
and service strategies, which include the
concept and techniques if user classification,
targets of service strategies, implementation
approaches, market channel planning.

FRSEss B 5k

Working in conjunction with Taipower’s
current service strategies and implementation
approaches, we will propose various
applicability of power consumption customer
service strategies for the current stage
and the future, as the key reference basis
for customer service strategy transition for
Taipower in electricity deregulated market.
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Research on lllegal Electrical Activity Detection with High-tension AMI Data and Artificial Intelligence Methods

This research aims to automatically detect
electricity theft with artificial intelligence
(Al) techniques. The system in this
research shows the suspicion level through
analyzing the high-tension advanced
metering infrastructure (AMI) data. The
main contributions of this research are
saving the time of human-monitoring on the
AMI data, providing the priority reference
guide of the field inspection for the Taiwan
Power Company (TPC) and advancing the
successfulness in catching the electricity
theft. In order to accomplish such task,
we integrate a variety of data sources
to construct the detection model for the
electricity theft, including the billing data
(NBS), high-tension AMI data, open data
such as weather, environmental indicators,
as well as the records of suspected

RS  Bm - ik

and confirmed electricity theft. First, we
established the fundamental knowledge
in electricity theft approaches through the
discussions with the electricity specialists,
followed by the data collection plans made
for training the Al models for electricity
theft detection. Lastly, there are two Al
models proposed in this research, named
the supervised capacity prediction ANN
model and the unsuperviesed electricity use
behavior GMM model, respectively. The
records of confirmed electricity theft and their
corresponding NBS and AMI data are used to
validate the usefulness of the Al models. The
results show that the Al models can detect
the starting time of electricity theft. As for the
future goals, we will improve the Al models
according to their limitations learned in the
current stage.
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Optimization Approach to the Promotion Tools for Energy Saving and Demand Side Management

This project “Optimization approach to
the promotion tools for energy saving and
demand side management” will collect
and study foreign cases about promotion
of DSM programs, customer interaction
and utilities best material design website
examples for improving the user experience
of taipowerdsm-clinic website. For the low
voltage AMI deployment, the target is 300
million units in 2024. The big data gathered

n AZmsE - B0 1555

from smart meters can provide better
understanding of end customer behavior and
facilitate residential customer segmentation
precisely. This project will improve customer
engagement platform, taipowerdsm-clinic
website, to use smart meter data insights, like
residential load curve profile, to deliver the
useful message at the right time to the target
end customer.
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Research on the Impact of User Industrial Code Correction on Demand Response Market

In accordance with Article 66 of the Electricity
Act, electricity enterprises should prepare
concise monthly reports, and an annual
report within 3 months after the end of
business year to be submitted to electricity
enterprise regulatory authority and central
competent authority.

MOEA has made the announcement in
accordance with the Electricity Act that,
since January 2018, various electricity sales
statistical data of meter rate lighting service
and power users of concise monthly and
annual reports of electricity retailing utility
enterprise must be filled out in accordance
with the latest industrial classification
standard (version 10) announced by
Directorate-General of Budget, Accounting
and Statistics, Executive Yuan.Taiwan Power
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Company completed the correction and
collection of the industrial code for power
users and meter rate light service users in
December 2018.

By reviewing domestic and international
power-related literature, the industry
classification is the basis for the analysis of
power usage characteristics. The impact of
the transformation situation of industries of
power users may extend to demand response
potential, energy management, and load
forecasting. This study uses the data from
demand response market potential survey
to analyze the impact of the transformation
situation of industries of power users on
the forecast of the participation intention of
demand response program as a reference for
future power related research.
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The Study on Implementing Real-Time Pricing Simulation Model by Applying Big Data Platform

Because designing real-time pricing rate
includes many costs and usage data, in the
past, Taiwan Power Company used Excel for
analysis and processing of related data, and
lacked the assistance of big data databases.
Therefore, this study used system data,
customer-related data, electricity fixed,
and variable costs, and other related data.

FAFREE

Furthermore, by analyzing the methods
and processes of different real-time pricing
design, the real-time pricing design process
is built into the big data database. Moreover,
this study designed adjustable parameters
and importable interfaces to increase the
flexibility of the electricity price simulation
model developed by the SAS visual analysis.
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The Study on Rate Design and Load Impact Assessment of Critical Peak Pricing

The Critical Peak Pricing is one kind of
dynamic pricing, which is similar to Time-of-
Use Pricing , but the rate is more flexible. The
results of the literature show that the peak
load suppression effect is more significant
when Time-of-Use Pricing combined with
the Critical Peak Pricing.Therefore, this
study reviews the structural design of the

current Critical Peak Pricing, including the
total execution hours, the execution hours
per event, duration periods and rates. In
addition, the review measures must examine
the effectiveness of their implementation.
This study uses the Difference in Difference
method to estimate the peak load reduction.
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A Study on NIALM Technology for Smart Grid Application

NIALM(Non Intrusive Appliance Load
Monotorung) is a way to disaggregate the
real time power consumption data of smart
meter into power consumption of indivisual
appliance by using Al(Artificial Intelligence)
technology. It provides residential customer
detail information of power usage to improve
energy saving. Also, NIALM facilitates utility
company measuring the capacity of specific
equipment on specific time to validate the
performance of demand response program
without installing any additional power
measuring device. By this way, third parties
can execute Demand Response more

B ixss BEm 5%

efficiently by reducing the time of finding
target customer for load shedding.

This project firstly surveys the latest
trend of NIALM technology in literature,
then develops the NIALM disaggregation
model, which performance is validated in
30 residentials. According to the results of
performance evaluation and the surveyed
successful business model developed in
abroad commercial companies, this project
will finally propose the best business model
of application in NIALM and the promoting
roadmap for the TaiPower Company.
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Research on the Plan of Upgrading and Functional Expansion of Electricity Billing Invoicing System

This project uses the business process
reengineering and information strategy
planning methods to implement the following:
(1) Plan the needs of future power purchase
functions at the level of process, function
and data, coordinate demand response, and
time of use price to achieve low peak load. It
has been integrated into a set of customer-
oriented, high-efficiency and comprehensive
integrated power sales business and
customer service system with the purpose of
selling electricity.

(2) Based on the actual needs of the
business unit's integrated back-end
information system business (accounting
system, customer relationship management

FEEss « BRIk

system), after the analysis, plan the best
strategies, processes and functions, and
develop forward-looking, holistic information
needs.

(3) For the environment after the upgrade
of software and hardware in the New Billing
System, in accordance with information
concentration, resource sharing services,
simplification and standardization, a complete
planning of the functional and architectural
aspects of the system is made.

(4) Study and evaluates the hardware
upgrade of New Billing System for
performance, capacity, scalability, and will
proposes budget estimation and feasible
bidding specifications.
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Development of an Intelligent Fault Location System for Transmission Lines

With the increasing demand of electricity, the
area of transmission networks is expanding
widely and becoming more complicated
with time. Therein, with an eye to achieving
a compromise between the construction
costs of power grids and the environmental
protection and prettification, a large quantity
of transmission lines composed of overhead
lines in conjunction with underground cables,
overhead lines (or power cables) with
different line- (cable-) parameter sections,
and three-terminal hybrid transmission
lines are gradually added into the systems

B rxss 80755

in foreign countries and in Taiwan, that
causes more difficult problems on fault
location issues. Accordingly, how to locate a
fault accurately so as to reduce the service
restoration time as soon as possible after
the fault occurrence on a transmission line,
and how to construct an intelligent, user-
friendly and easy-operation fault location
system, become a considerable-concern and
critical topic for electrical engineers of power
companies and academia today. To this end,
the purpose of the current project is going to
make a breakthrough.
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The Application of Big Data on Transmission Equipment Maintenance System

Taiwan Power Company (TPC) has
established and used the “Transmission
Facility Maintenance and Management
System Platform” (TFMMS). Each power
supply operation office already successively
built the relevant transmission equipment
data into TFMMS for query and management
of the various related data. This project
intends to extend the previous results,
incorporate and plan the requirements
of departments including power supply and
transmission line management. Enhance
and refine the function of the TFMMS.
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TFMMS consists of Equipment Account
Management Subsystem, Scheduling
Management Subsystem, Signing Operation
Subsystem, Malfunction Management
Subsystem, Public Facility Pipeline Data
Exchange Management Subsystem, as
well as System Management Subsystem.
This project will establish a new GIS map
platform, combined with the latest map
resources information, integrated with
the transmission equipment life cycle
maintenance management records, to
achieve the composite query function.
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Development of Low Voltage AMI Communication System Test Tool and Related Technology

=

Smart metering is one of the most important
infrastructures of TPC. All of the high-voltage
customers of 26,000 households have been
completely rolled out in 2015, which about
60% of the energy usage can be accounted
for. Currently, TPC is actively implementing
smart meters for low-voltage customers, and
about 200,000 meters have been installed in
the end of year 2024. It is expected that one
million meters will be installed by 2020 and 3
million by 2024, accumulatively. About 80%
of the energy usage is to be accounted for by
then.

The performance of AMI is one of the
crucial factors of whether the system
is to be successful. Therefore, one of
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the principles in designing of the meter
is to separate the metering unit and the
communication unit. With the pluggable
design, the communication is dealt with by
the professional communication vendors, and
the most suitable communication technology
can be selected with different installation
locations.

However, the problem of above method is
the integration and interoperability between
the interfaces of different units. Hence, we
have established standardized interfaces
and developed related AMI communication
testing platforms, including meter and back-
end MDMS simulators, to aid the future
development of AMI in Taiwan.
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The Study of AMI Key Management System Deployment

@

According the request from Excutive Yuan,
Taipower Company is actively deploying
200,000 low-voltage Advanced Metering
Infrastructure(AMI), including smart meters,
data concentrator unit, communication
networks and control centers. And the
relevant control commands and meter data
are transmitted over the communication
networks, directly facing the threat from
the Internet. Therefore, in response to the
government policy "Information Security is
belong to National Security", the security of
AMI system is particularly important.

In order to reduce the security risks of the
AMI system, the most obvious method
is to control the access rights of the AMI
system and encrypt all transmitted data.
In order to achieve this goal, a key set for
access and encryption must be installed in
each meter, and using a key management
system to generate, distribute, update,
and revoke the keys of all meters for the
confidentiality, integrity and authenticity of
data transmissions.

The purpose of this project is to establish
this key management system and to devise
a complete key management mechanism,
and to develop the communication interfaces
between the key management system and
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other AMI system members, such as the HES
of the communication company, the MAM of
the Taipower control center, and the Taipower
near-end operating software used in each
district.

In addition, in order to enhance the security
of the key management server, this project
will also analyze the feasibility of importing
the HSM (Hardware Security Module),
which could generate keys and encrypt data
independently of the server and protect the
keys stored in the database to comply with
NIST IR 7628 recommendations.

After completing the planning and construction
of the key management system, the ensuing
issue is the stability and reliability of the
system. Therefore, we will conduct relevant
stress tests on the completed system to see
if it is suitable for the extreme use situation
of 200,000 AMI systems. At the same time,
by simulating the extreme use situation of
3 million AMI systems, we can understand
the bottleneck of the existing system as the
direction of future system upgrade. Finally,
we will assist various telecommunications
vendors to complete the integration of key
management related APIs to ensure that our
planned key management specifications are
compatible with the AMI system.
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The Study of Low-Voltage AMI Communication Technology Evaluation Platform and Mechanism

The performance of communication plays
a critical role in the success of AMI system.
As a result, the low-voltage AMI of TPC is
decided to separate the metering unit and
the communication unit, and aim to improve
the quality of meter communication. TPC
has a lot of experience in the metering
industry, and has knowledges on the
manufacturing process, functionalities, and
inspection methods. However, we are still
in the beginning phase regarding meter
communication, and do not have a lot of
understandings regarding vendor’s abilities.
Therefore, before large-scale tendering, it
is necessary to have an official evaluation

FREs  Bm - ik

process. Those vendors who passes the
process will be given a approval document,
and will be invited for bid when related tender
opens.

A comprehensive evaluation process is
studied, and an evaluation instruction is
drafted for vendors reference. The instruction
clearly defines how interested vendors
should cooperate, schedule planning of the
evaluation, evaluation items and standards,
etc. An AMI communication evaluation
platform that is created in another project is
used in this evaluation process for testing and
report generation.
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A Penetration Study of the Information Security in Smart Meter

This research mainly focuses on the
information security penetration testing of
TPC's low voltage smart meter system which
includes the penetration testing on smart
meter devices and the AMI communication
system. It can be divided into the
information security assessment on the AMI
measurement units and the communication
modules between Route A and B, building
an AMI communication security inspection

B rxss B 5%

platform, analyizing the Federal Informatioin
Processing Standard (FIPS) Publication 140-
2 and Cryptographic Algorithm Validation
Program, security function analysis on the
AMI firmware upgrading, digital forensics,
and the Functional Requirements on the Key
Management System. Based on this study,
we can construct an AMI penetration platform
to provide reference for TPC's future smart
meter.
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The Advanced Study of Dynamic Thermal Rating System for Tranmission Line

In order to realize the smart transmission
plan, this project investigate the method
of increasing the transmission capacity.
According to the power associations in the
world, including the IEEE, JCS, and CIGRE,
the relevant standards are formulated
based on heat equation of conductor. And,
the dynamic thermal rating (DTR) method
is proposed to effectively increase the
transmission capacity with real-time data.
The project is studied according to the
planning needs and progress. There are six

B rxss 80755

points in the report. First, comparison and
exploration of DTR and static thermal rating
(STR). Second, discussion of DTR formula
and parameter. Third, collecting research
and application of foreign electric industry
and manufacturers related to dynamic
capacity. Fourth, design and verification of
loT technology introduced into high voltage
system. Fifth, design and verification of
DTR equipment. Last, development of
applicvcation mansgement platform.
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Design and Construction of a SCADA System for Lanyu Power Plant

The plan has completed the construction of
the "Lanyu Power Plant Monitoring System".
The system itself is roughly divided into
three major blocks: (1) unit and power data
acquisition system (2) human-machine
interface system (3) database reporting
system. Units and power data acquisition
system use PLC to capture units 1, 2, 3,
4,4, 5, 6, and power1, 2 etc. Information.
The human-machine interface system is to
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establish a visual drawing control screen on
the monitoring server, so that the attendant
can grasp the generating and power supply
status of the unit in real time. The database
report system is to establish a database,
store historical operating data, and establish
various reports, so that management
departments can grasp the operating status
of the power plant.
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Design and Construction of a SCADA System for Ludao Power Plant

The plan has completed the construction
of the "Lyudao Power Plant Monitoring
System". The system itself is roughly divided
into three major blocks: (1) unit and power
data acquisition system (2) human-machine
interface system (3) database reporting
system. Units and power data acquisition
system use PLC to capture units 1, 2, 3, 4,
4, 5,6, 7, 8,9, and power etc. Information.
The human-machine interface system is to
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establish a visual drawing control screen on
the monitoring server, so that the attendant
can grasp the generating and power supply
status of the unit in real time. The database
report system is to establish a database,
store historical operating data, and establish
various reports, so that management
departments can grasp the operating status
of the power plant.
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Research on Status Analytics System for Distribution Power Grid

Renewable energy resources play an
important role in modern power grids.
However, due to their intermittent and
uncertain nature, power system planning
and operations become more challenging
than before. In recent years, Taipower
has implemented a Distribution Planning
Information System (termed as DPIS), for
distribution system planning and impact
analysis of renewable energy. However, the
current system just conducts steady-state
analysis while dynamic state estimations
(or the time-series state estimation) are
not available under current Taipower
environments.

There are many factors need to be
considered for supplying power to distribution
system. The various districts and load
types will vary greatly with time, and the
practical load usage may also be different
from the load data recorded in the DPIS.
Therefore, with the construction of the smart
grid, the importance of developing the state
analysis system for distribution system is
increasingly important with the records from
the measurement unit on transmission line
or at the end of the node, so as to assist
operators to manage the dynamics of the
feede. Moreover, the system could meet the

needs of improvement of reducing reactive
power, elevating power factor, managing
stable supplying voltage, and offering load
transferring strategy to improve power supply
reliability and performance of distribution
system.

The objective of this project is to provide
real-time dynamic state estimations of
distribution systems by integrating the
operation data of substations, the switch
status from distribution feederautomation
systems, and the power output of the
renewable energy.

The contents of this project include the

following issues:

1. Real-time dynamic state estimations and
power flow analysis

2. Build the GUI with real-time operation
information of each feeder.

3. Evaluate the optimal path for load transfer.

4. Analyze the reactive power profile of
the distribution systems by integrating
historical data and simulation results
obtained from the developed software.

5. Evaluate and demonstrate the developed
software by extensive field tests of two
substations located in central or southern
Taiwan.
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Research on Three Phase Unbalance Analysis and Harmonic Analysis in a Distribution System

The objective of the project is to improve
the three phase imbalance of distribution
feeders by applying the distribution mapping
management system (DMMS) to support 3-®
load below analysis. The feeder network can
be constructed by retrieving the attributes of
distribution components, which have been
stored in the database and can be updated
according to the engineering works in the
field. The 3-® current unbalance of feeders
and line sections can be simulated based on
the power consumption of customers served.
To enhance the accuracy of computer
simulation, the phasing of line sections will
be identified with the assistance of engineers
of Kaohsiung District, which will be used to
verifying and update the attributes in DMMS.
The developed micro phase measurement
unit (WMPMU) is applied for field measurement
of distribution transformers to identify their
phases and correct the corresponding
attributes of the DMMS in Taipower. The
3-® unbalanced of feeder loading will be
analyzed by using the 3-® currents of feeder
outlet and each service section. To derive
the model for 3-® unbalanced improvement,
the present strategy adopted by Taipower will
be reviewed and the rules to determine the
phasing charge of distribution transformers
and rephasing of lateral conductors be
identified.

After developing the new strategy for
enhancement of 3® current balancing,
several distribution feeders in Kaohsiung
District will be selected for testing. Sample
customers and distribution transformers will
be chosen for measurement of hourly loading

FRSES B 5%

so that typical load patterns of each customer
class can be derived. Besides, the key factors
which cause the 3® current imbalance of
distribution feeders will be investigated.
According to the replacing of distribution
transformers and section laterals proposed by
this study, the field work will be executed. The
measurements of 3® current of distribution
feeders and laterals will be conducted to
verify the improvement of 3® unbalance with
the proposed strategy.

In recent years, the rapid development of
power electronic technology and distribute
generation system (DGS) has been widely
applied in the industry; the increasing use of
non-linear load has caused harmonic current
to inject into power system. The effects of
current harmonic distortion caused by non-
linear load and DGSs are also measured to
verify the effect in this project.

Due to the voluminous data involved in a
distribution system, it will be very tedious
and difficult to perform the system analysis
by retrieving the system data from paper
maps. This project will develop the man
machine interface to generate the network
of distribution feeder very efficiently. The
computer simulation for 3® unbalance study
will be performed to investigate the causes
of 3® unbalance in distribution systems. The
rules to be proposed in this research project
to improve the 3® unbalance of distribution
feeders will provide effective tools to help
distribution engineers to enhance system
operation by improving the phase current
balance of distribution feeders and service
sections.
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Construction and Simulation of Grid Harmonic Impedance Model for Offshore Wind Field

The large offshore wind farm is connected
to the onshore substation through a
number of kilometers of submarine cables
and large transformers. The combination
of the reactance of the transformer and
the capacitance of the cable may cause
harmonic resonance effects at specific
frequencies, resulting in grid voltage
harmonics at the connection point. It may
cause damage to the equipment. Therefore,
it is very important to study the harmonics
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between the offshore wind farm and the grid.
This project uses the DIgSILENT software to
construct the impedance model for the grid-
connected substation, and performs sweep
analysis on the 161kV busbar at the grid
connection. The equivalent impedance and
phase angle of the grid at each frequency
would be simulated.The analysis results can
provide wind farm operators as the basis for
wind farm filter design to improve the power
quality after grid connection.
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Application of Energy Storage System for High Proportion of Renewable Energy in Taiwanese Power System

®

React to the influence of global warming,
Taiwan has promoted wind power and
solar energy in recent years. The goal is to
increase the proportion of renewable energy
annually, and the proportion of renewable
energy will reach 20% in 2025. However,
renewable such as wind and solar have
intermittent problems. As the proportion of
renewable energy increases, the stability of
the power system will have a serious impact.
According to this, this paper analyzed energy
storage system necessity and requirement to
each stage of renewable energy development
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in the Taiwan power grid through collecting
relevant thesis related to the application of
energy storage system connected into the
power grid and simulation. After simulation
and analysis, this project suggests TPC:(1)
if the purchase capacity of Fast Response
Sourse(FRR) ancillary services is 300MW
in 2025. Under this situation, the purchase
capacity of Auto Frequency Control (AFC)
ancillary services should be over 550MW. (2)
The ramp rate of renewable energy should be
limited below 15% per minute.
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Installation Requirements and Conditions of Low-Voltage Surge Protection Devices on the AC and DC Sources in Various Voltage Level Substations

®

This paper is aimed at the installation
requirements and conditions of low voltage
surge absorbers, namely surge protection
devices (SPD), on the AC and DC sources
low voltage system in various voltage level
substations. The main task is to survey
the surge voltage on the AC and DC low
voltage source systems under lightning,
switching surge and ground fault situations,
and to review the surge voltage suppression
performance of SPD. Electromagnetic
model of substation is constructed for the
simulation of surge voltage on low voltage
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source circuits, where the lightning, switching,
and ground fault at different points with and
without SPD are considered. Furthermore,
switching surge voltages on low voltage
source circuits in a extra high voltage
substation are measured and comparison
between measurement and simulation
results is made. Thereby, the performances
of existent SPD are reviewed, and the
installation opportunity, best location, wiring
manners, and specifications of SPD are
proposed for the planning and design of SPD
on low voltage source system in substation.
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Tashan #1~ #8 Smart Power Plant Import IEC 61850 Build Research

IEC 61850 is the international standard
for power automation communication
networks and systems. It is also the basic
standard for smart grids and the future
trend of power automation communication
standards for power companies around the
world. It is also an important standard for
the future development of Taiwan Power
Company smart grid. The international trend
of the smart grid core specification IEC

eSS  Bm - ik

61850 policy, and help information system
development and data transmission interface.
This study in the Kinmen Tashan Power
Plant 1-8 unit introduced IEC 61850 related
standards. The conversion of generator set
data from OPC Server to meet IEC 61850
information model and communication
standard package. Build a system that
conforms to the standard and conduct actual
verification.
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Testing and Real-Time Simulation for Power Equipment

B REARBE DT

=1 100N

With the rapid economic development and
increased power demand, the stability of
power supply has been more significant. The
security and reliability of power equipment
are related to the system stability. Therefore,
this paper aims to introduce the cases of
testing and real-time digital simulation of
power equipment, including the 345kV
transmission line, Taiwan to Penghu

B srzss an 5%

submarine cable and generator of Wangda
power plant. By means of the technology
of real-time digital simulation to build the
power system model. The simulation results
are compared with the measured data to
verify and adjust the model. Using proposed
method to formulate solutions and provide
prevention suggestions for power equipment.
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Expanding Management Information Platform for Secondary Substation Maintenance

A stable power supply system is an important
index of economic development and high
quality of life. Taiwan Power Company
has been committed to constructing
high-density electricity transmission and
distribution networks all over Taiwan in past
years. To maintain a system that reliably
transmits power to all users, regular facility
inspection by professional engineers is
essential. These frontline engineers, to
implement document digitization, need a
fully-functioning information system, along
with information-based processes and user-
friendly interfaces. Integration of information
technology will not add to their workload;
instead, it will help to effectively record all
inspection data and ensure proper operation
and enhance efficiency.

This research aims to expand functions of the
existing Management Information Platform
for Secondary Substation Maintenance by
adding features like a mobile device App
for electronic process inspection, a more
comprehensive crew dispatch system,
accident management, retired equipments
management, circuit breaker management,

RS B 5k

and equipment maintenance. These
new features could significantly enhance
maintenance efficiency and track trends in
secondary substation facilities. Moreover,
the expansion project can help to reconstruct
database schemas and relationships, after
which data can be converted to build an
appropriate index that facilitates queries
and analysis. This research also plans to
develop an Android Application for secondary
substation maintenance with RFID on mobile
devices, which offers more convenience
to site personnel in their inspection and
maintenance routines.

In order to satisfy information security
requirement, the newly-developed information
system will check the security of the source
code by code review tools to avoid future
anomaly attacks. The pressure test is adopted
to check whether the information system
could work properly while handing mass
amounts of connections. The penetation
testing is also used to check if the security
quality of the whole information system meets
standards.
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Root Cause Analysis of Cracked Locking Ring in Nan-Pu Power Station GT11 Generator

e

In 2018, generator of Nan-Pu power station
GT11 discovered cracks in the locking
ring. In order to investigate the cause of
the locking ring cracks, the Nan-Pu Power
station commissioned TPRI to analyze the
root cause of the locking ring cracks. In
this project, first we collect relevant data,

RS - B %

and establish a locking ring analysis model
based on the drawing data. Then, we perform
centrifugal stress analysis, modal analysis,
and metallographic analysis. Based on the
analysis results, the cause of the locking ring
cracks was found. And we propose a solution
for it.
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Root Cause Analysis of Cracked Furnace Pipe in Da-Lin Power Station Unit 5

Rear pass steam cool front Wall of the
No.5 boiler in Dalin power plant broke
several times. Even if the the broken pipes
were strengthened by iron plate, it was still
ineffective. When the pipe breaking event
occurs, it will inevitably affect the operation
of the unit. Therefore, improving the problem
of broken pipe is the current important task
for the power plant. The project first went
to the scene to collect relevant data, and
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established a furnace tube analysis model
based on the dimensional drawing, followed
by thermal stress analysis, modal analysis
and metallographic analysis, trying to find
the cause of the cracked furnace tube and
seeking the solution for it.
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The Stress Analysis of BFPT 9" Stage Moving Blade Tire Wire in Taichung Power Station Unit 5~8

The last stage rotating blade of Boiler Feed
Pump Turbine (BFPT) in Taichung power
station unit #5~8 was broken several times.
Especially, the tie-wire is frequently broken.
The broken tie wire is repaired by wielding
and we hopes to evaluate its safety. We
collect design information and operation
data, measure the geometry of the last
stage rotating blade and the rotor, construct
the solid model of blade and rotor and then
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analyses the model by finite element method.
Considering the centrifugal force only, we
conduct the stress and modal analysis.
Finally, we compare the difference in stress
distribution and modal between the normal
unit and the repaired unit. The results show
that wielding repair of the broken tie-wire
can restore the original stress state of the
last stage. However, the original resonance
problem still exists after repairing.
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Analysis of Boiler Vibration in Hsieh-Ho Power Station Unit 1

The De-NOx systems of Hsieh-Ho Station
Unit 1 were renewed in 1999. Since outage
in July 2001, sever boiler rumbling has
occurred at high loads. This Low-frequency
rumbling may have potential impact on
operational safety. Limited to high vibration
problem, Hsieh-Ho Station Unit 1 could
not successfully generate power at full
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load and the load has been further reduced
below 400MW in recent years. It has a
significant impact on summer power supply.
We measured vibration signals in the field,
perform spectrum analysis and numerical
simulation to clarify the causes of excessive
boiler vibration and successfully improve the
problem by combustion adjustment.
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Material Degradation Tracing of Shinta Power unit 2 Boiler

Eie bt 5T

The unit 2 boiler of Shinta power plant
has been running more than 36 years.
Key components of high-temperature and
high-pressure section which had been
detected widespread degradation during
the overhaul in 2015 had been investigated
again in 2017. Besides of on-site replication
and hardness measurement, work also
by laboratory analysis of cutted tube
samples. Although the research found no
abnormalities of components needed to be
repaired immediately, through meticulous
evaluation including creep rupture test and
sensitization measurement, it has been
confirmed sectional tubes of water wall and
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final superheater outlet should be replaced.
In addition to providing suggestions on both
materials maintenance and water quality
management in different sections, this
research confirmed the correlation between
component degradation and the operating
temperature and pressure, it is also found
that the boiler has existed biased heat flow
and post-combustion phenomena which
local components have been exposed
higher temperature. It is recommended to
clarify the relationship with operation control,
and consider reviewing and execution of
combustion regulation to mitigate degradation
of components.
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A Simulated Study on Operating Performance for Ultra-supercritical Coal-fired Power Plant with Carbon Capture System

&

To mitigate the spread of global warming,
emission of carbon dioxide should be
reduced. Most countries in the world have
set their goals for CO, reduction in different
phases. The regulation of greenhouse gases
reduction of our country was also approved
by legislators in June 2015.

The objective of this research is to develop a
model of existing ultra-supercritical coal-fired
power plant with carbon capture system to
simulate its operating performance under off
design conditions. Some parametric studies
have been carried out in this research, such
as various types of coal, various carbon
capture rates, and various regeneration
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energy of solvent.

For 90% carbon capture rate, results show
that the net power will decrease 27.67% and
net efficiency will decrease 11.35% but net
heat rate will increase 38.26%. Emission
strength of carbon dioxide will be reduced
from 828.2 kg CO,/MWh to 112.4 kg CO,/
MWh based on the net power generation.
Based on 90% carbon capture rate, as
regeneration energy of solvent decreases
from 3.489 GJ/t CO, to 2.0 GJ/t CO,, the net
power will increase 8.06% and net efficiency
will increase 2.39% but the net heat rate will
decrease 7.45%.
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A Study on Simulation of Combustion Flow Field for Pulverized Coal-fired Boiler

In order to comply with environmental
protection emission standards, it has become
more and more common for Taipower's
pulverized coal-fired boilers to do co-firing
in recent years. When pulverized coal-
fired boilers use coal with low ash melting
point for combustion, slagging will be
more serious. It will affect unit operation
efficiency. To improve this situation, we
need to assess the variations such as boiler
design, coal quality conditions, and operating
parameters. In addition to test burning,
simulation tools developed based on physical
laws, combustion modes, and numerical
calculations are indispensable analysis. It
can help us to understand the combustion
flow field of the boiler and do further analysis.
Similar research have done in the past,
however, this plan expects to enhance the
computer simulation ability of the pulverized
coal-fired boilers. This is because the
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increase of computer processing efficiency,
changes in boiler operation and coal
purchase.

The goal of this research is to enhance the
computer simulation ability of combustion flow
field simulation technology for pulverized coal-
fired boilers. The feasibility of the established
combustion model and computational fluid
dynamics software is verified by a small
test furnace. And then simulate combustion
flow field of pulverized coal-fired boiler with
different coals. The developed simulation
program can be applied to different types of
pulverized coal-fired boilers in the future. It
will help us shorten the time of test buring and
change the parameters of boiler operations. It
aslo can assist us understanding the related
problems arising from the combustion of
pulverized coal-fired boilers and assist in
seeking solutions.
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Evaluation and Investigation of Combustion Adjustment Testing for Reducing Furnace Rumbling on Hsieh-Ho Unit 1

The De-NOx systems at Hsieh-Ho Station
were installed and completed in 1999.
Since July 2001, severe furnace rumbling
has occurred at high loads, especially on
Unit 1. The station had provided resources
to mitigate the problem but rumbling still
occurred at times when the loads were over
380MW. In the first half of 2018 rumbling at
high loads was reduced with combustion
optimization and the causes of rumbling were
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identified. A series of combustion adjustments
proved that Unit 1 could maintain steady
operations at 400MW and the amplitude of
furnace rumbling was reduced to 120pum
within 20% of the critical values 600um, and
the load can be further increased potentially.
After the combustion adjustments Unit 1
released some pressure from the company’s
power dispatch situation.
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Configuration and Analysis of a Real-time Optimization Mode! for Reducing Fumnace Rumbling on Hsieh-Ho Unit 1

This plan uses the software (Ultramax,USA)
for boiler operation optimization analysis
to build a "real-time operation optimization
model" in the unit fixed load range of
380MW to 400MW. In the first half of 2018, it
successfully assisted Unit 1 to complete the
task of optimizing the combustion adjustment
and vibration reduction of the boiler; The
main improvement results are as follows:

(1) Complete the parameter impact analysis
in the optimization model of the boiler of the
Unit 1, and clearly analyze the influence of
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the five operation input parameters on the
operation results such as furnace rumbling,
Opacity, NOx, etc. of the boiler.

(2) The built-in real-time operation
optimization model allows analysis of various
operation dataset and provides the boiler
optimization operation setting group in real
time. It is expected that it can be applied to
the operation of unit 3/4 boilers at Hsieh-
Ho Power Plant in the future, which will be
of practical help to reducing the high-load
furnace rumbling and NOx.
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In order to enhance the credibility of
experiments , Chemical testing section
introduced the Environmental Analysis
Laboratories (EAL) management system and
the ISO / IEC 17025 laboratory management
system. In 1992, " Environmental laboratory
" approved by EAL certification. Accredited
scope includes 7 items in water, and 7 items
in Toxicity characteristic leaching procedure

I

( TCLP ). Also in 2007, "Materials Laboratory"
approved by Taiwan Accreditation Foundation
(TAF) certification. Accredited scope includes
10 elements in Carbon and Low-Alloy Steel,
7 items in Copper Wires, 9 element in 300
series of Aluminum Alloy, Coating Mass in
Hot Galvanized articles, and Mercury content
in Coal.
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The major test content of Oil and Coal
Testing Section is the inspection of fuels
such as coal, fuel oil, natural gas, etc., the
test of oil products such as insulating oil,
lubricants, hydraulic fluid, grease, etc., and
analysis of SF6 gas and dissolved gas-in-oil
and calibration of gas detectors for electrical
power equipment. In addition to ensuring

XA -

quality compliance with specifications, these
relevant data are further applied in fault
diagnosis of electrical power equipment,
lubricating oil monitoring and tribological
failure detection. And through the utilization
of these diagnostic results to improve the
efficiency of asset management of Taipower's
equipment.
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The core business of high-voltage testing
section includes: (1)Testing of power
equipment, including transformer, arrester,
fuse, and switchgear, (2)Inspection of
testing power equipment for civil use,
including transformer and switchgear, (3)
AC dielectric withstand test for power cable,

(4)Measurement of tand for power cable,
(5)Measurement of partial discharge and
diagnosis, (6)Calibration service for high
voltage measuring system in Taiwan, (7)
Periodical maintenance of 15kV power cable
in power plant, (8) Test of insulating gloves
and operating rods.
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The electricity meters and instrument
transformers are the bill measuring devices
of Taipower company. The major works of
ElectricityMetering Section are performance
tests, including the electricitymeters and
instrument transformers standard calibration,
periodicaltest, acceptance test and type
test. The quality of tests is a matter of great
concern to income of Taipower company.

e

the expected objectives are all successfully
reached in the year of 2019 . Aactively
participate in AMI (Advanced metering
infrastructure)system of taipower build
the technical discussion and planning, in
accordance with the schedule finished the
high-voltage communication upgrade and
Established all low-voltage communication
test platform.
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1. To establish and maintain TAF standards
of electrical quantity.

2. Testing of I.E.D. and protective relay
system in power plants and distribution
stations.

3. Period calibration of QC instrument and
acceptance tests for newly purchased
measurement equipments.

A

4. Tests and maintenance of electrical
measurement instruments.

5. Testing of control instrument and SCADA.

6. Period calibration of monitoring devices at
substations.

7. High Voltage Insulating Tester calibration
and maintain.
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The task of Power Apparatus Testing
Section is to assist Taipower and other
companies with executing the new build
electric Commissioning test, put-in service
electric test, and maintenance electric test
to assure the quality in compliance with

I

specification. The under test apparatus
includes Generators, Transformers, Circuit
Breakers and Transmission line, etc. Test
items include insulation, voltage withstand,
partial discharge, winding sweep frequency
response and dielectric frequency response
test, etc.
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