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In this study, a functional material was developed for capturing substances
in the air, which is a polypropylene microfiber nonwoven fabric with polymer
brushes by radiation-induced graft polymerization. The target substances to
be captured in the air were acetone, a volatile organic compound (VOC), and
wheat germ lectin (WGA) as a model protein of hemagglutinin, a spike protein
on the surface of influenza virus.

In the case of acetone, metal ions were immobilized into polymer brushes
for adsorbing acetone gas, noting that metal complexes are advantageous for
sensing in the recent sensing field. According to the candidate compounds in
the Cambridge Crystal Graphic Data Center (CCDC) database for a ligand
that can adsorb acetone gas in a metal-bound state, 4-picolylamine (4-AMP)
was selected as the ligand which has a similar molecular structure of the
compounds. The 4-AMP was introduced with an average molar conversion of
63%, and the maximum copper ion immobilization density was 0.51 mmol/g.
The copper ion immobilized microfiber nonwoven fabric (4-AMP-Cu MNWF)
showed 50% removal rate out of 4 L of 50 ppm acetone gas at 170% degree of
grafting (dg). The amount of acetone adsorbed on the 4-AMP-Cu MNWF was
0.04 mmol/g-4-AMP-Cu.

In the case of WGA, since hemagglutinin on the surface of influenza
membrane specifically recognizes sialic acid glycans on the surface of human
upper respiratory tract cells, sialic acid glycans were simulated by
introducing sialic acid into the polymer brush. For sialic acid-loaded
N-acetylneuraminic acid microfiber nonwoven fabric (NANA MNWF), 118.2 ng
of 200 pg lectin was adsorbed when the dg was 87%, and the maximum
adsorption rate was 59.1%. NANA MNWF showed the same amount of
adsorption at dg of 40-100%, while the amount decreased at dg of more than
100%.
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Since the mid-19th century, when industrialization began, the Earth's
temperature has risen and the trend towards global warming has continued.
It is a widely acknowledged fact that the main cause of global climate change
is the excessive emission of greenhouse gases (GHG) into the atmosphere from
human activities, which are six gases including carbon dioxide (CO2), nitrous
oxide (N2O) and methane (CHy4). This warming has caused glaciers at the
poles to melt, resulting in a rise in sea levels and, indirectly, in abnormal
rainstorms, droughts and increased desertification. Climate change is a
common challenge for all mankind, and it has become a common task for all of
us. Governments have made commitments to reduce emissions, and
developing countries are under more pressure from social, economic, and
environmental factors. The situation in China is that there are still
deficiencies in many areas due to the late start, such as basic theoretical
research, the establishment of a database of relevant information, public
awareness and knowledge, and the development of engineering technologies.

As a result of urbanization, cities are growing larger and more people are
living in them, consuming more resources (fresh water, energy, etc.) and
producing more municipal waste (wastewater, solid waste, etc.). It will cause
significant harm to the urban environment when municipal waste is not
managed properly. The urban wastewater system (UWS), containing
municipal waste treatment facilities (wastewater treatment plants, sludge
treatment plants, etc.), play an important role in achieving sustainability by
reducing environmental pollutants and increasing resource recycling.
However, conventional wastewater and waste treatment processes consume
large amounts of fresh water, energy, and chemicals as well as release GHGs
to atmosphere, which are the main sources of GHG emissions. In developed
countries, energy consumptions of the UWS occupied 3% of the total energy
consumption in the society. The CO2 emissions, N2O emissions, and CH4
emissions from the UWS account for 4%, 3%, and 5% of total emissions,
respectively. In China, GHG emissions from the UWS contributed 1.3%-4% of
total society's GHG emissions.

In the context of the global response to climate change, the transformation
of wastewater treatment plants into energy supply plants has become a trend,

as wastewater is rich in renewable resources that can be recycled (e.g., heat,



reclaimed water, nitrogen, and phosphorus recovery from sludge recycling,
etc.), and practical experience in this area includes the Strass wastewater
plant in Austria, the NEWs in the Netherlands, the NEWater in Singapore,
etc. The "New Concept Wastewater Treatment Plant" in Yixing, China, is also
a new attempt and exploration.

A systematic and comprehensive evaluation of the GHG emissions from the
UWS is the basic work for its progress towards sustainable development.
However, there has not been a comprehensive evaluation system for
quantitative GHG emissions from the UWS, due to some reasons such as
complex generation mechanisms, a wide range of technological options, and
the many industries and sectors involved. In other hand, centralized systems
are widely used in cities because of the economic scale. In developing
countries, however, the urbanization can result in WWTPs needing to be
expanded during their operational phase, technically upgraded, and relocated
further away from the city center. There are few previous studies on the
balance between economics of scale and decentralization, quantifying the
environmental impact of both and solving the problem of how to choose
between them, especially for community-scale wastewater treatment
integrating reclaimed water use.

Life Cycle Assessment (LCA) provides a theoretical framework for
quantitative GHG emissions estimation and optimization of the UWS due to
its advantages of systematization, quantification, standardization, and
universality. Therefore, this study improved a GHG evaluation system with a
basic framework of LCA for the UWS, which takes wastewater as the study
target and its system boundary starts when the wastewater enters the
collection system (urban sewer system) and ends when the wastewater-based
reclaimed water is used by potential users and the sludge is finally disposed of
or recycled. The LCA in this study considers two aspects that can affect the
GHG emissions results from UWS, which are the technology options (see as
Chapter 4) and the site location (see as Chapter 5).

Nine alternative scenarios of wastewater and sludge treatment were
analyzed to evaluate the GHG emissions from treatment technology options.
The results shown that direct GHG emissions and indirect GHG emissions
caused by electricity consumption are key contributors. Total GHG emissions
in all scenarios ranged from 58-127 kt CO2-eq. per year. The SBR-Incineration

scenario has an advantage in terms of low GHG emissions, while



AAO-Composting is the scenario that results in maximum emissions. The
direct N2O emissions and emission caused by electricity consumption are the
main GHG emissions sources, and the sum of the contributions of two sources
exceeds 70% in all scenarios. In addition, the results highlighted that not
considering direct fossil CO2 emissions may cause deviations in the estimation
of GHG emission.

Previous studies of environmental assessment of WWTPs with different
implementation scales have mostly focused on energy consumption, with the
aim of examining the correlation between energy intensity and
implementation scale. In the model developed in this chapter 3 and 5,
consideration is given to factors such as building material consumption,
transport energy consumption, and construction energy consumption in
addition to energy consumption. This paper analyses the comparison of the
environmental loads of an urban community-scale wastewater treatment
system integrating recycled water use, in the case of two management
strategies (decentralized system and centralized system). The decentralized
wastewater treatment system (DWWT) is another option for treating
wastewater and reusing effluent of the communities, with an advantage of not
requiring a pipeline system, even though it is generally not considered to have
economies of scale. The results show that: 1) CWWT consumes only 20% of the
electricity of DWWT in its operation phase, but consumes 14 times more
chemicals and 158 times more fresh water than DWWT; 2) pipeline system
supporting CWWT contributes 65% of total GHG emissions during the
construction phase; and 3) the critical distance is 56 km when applying 300
mm internal diameter reinforced concrete pipes (RCP), and is shortened in
scenarios where thicker RCPs are used and replaced with prestressed

concrete cylinder pipes.
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This study investigated and optimized the energy-saving and
environmental conditions of coastal rural houses in Qingdao during winter.
Through in-field survey and experimental simulation, the characteristics of
rural houses, the indoor thermal environment and the status of air quality
were analyzed. The renovation method of winter energy-saving and
environmental improvement of Qingdao coastal rural houses was carried out
from two aspects of envelope renovation and passive solar house design by the
realistic problems.

In chapter one, Background and Purpose of This Study, the development
opportunities and status issues of rural houses in China and the coastal rural
areas of Qingdao were introduced, and the purpose and significance of this
study were proposed.

In chapter two, Literature Review of Energy-saving and Environmental
Improvement in Rural Houses, the research status of energy-saving and
environmental improvement in rural houses during winter was reviewed in
terms of thermal comfort, air quality, and energy-saving design of rural
houses in various countries.

In chapter three, Methodology of In-site Survey, Experiments, and
Simulations, mainly included: methodology of survey and measurement,
experimental principles of building envelope thermal improvement and
numerical simulation software, and principles of building thermal
environment, which provide the theoretical and methodological basis for the
improvement of winter indoor thermal environment and energy-saving design
of rural houses in the following chapters.

In chapter four, Status of Coastal Rural Houses and Indoor Environment in
Qingdao, through field measurements and questionnaires, the construction of
rural houses in Qingdao was investigated to identify the current heating
methods and envelope forms of rural houses, and to find out the problems in
indoor thermal environment and air quality, which provided first-hand basic
research information for the subsequent creation of suitable human living
environment and energy-saving houses.

In chapter five, Thermal Performance Enhancement of Building Envelopes
by Using Crop Straw, five different types of straw materials for filling the

hollow bricks were selected for controlled tests to investigate the application
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and efficiency of different types of straw materials on the thermal
performance improvement of envelopes. It aimed to select the optimal straw
material which will provide data which will support for the next envelope
modification.

In chapter six, The Energy-saving Improvement for The Rural Houses by
Numerical Simulation, a model of a typical rural house in Qingdao was
established. The energy-saving renovation options for envelopes were
explored in combination with the energy-saving materials identified through
experiments in chapter five. The thermal insulation performance and energy
efficiency of the external walls, roofs and external windows of different
solutions were simulated and analyzed by EnergyPlus software. Following the
simulation, the suitable energy-saving renovation options for envelopes were
proposed.

In chapter seven, Application of Passive Solar Room to Improve Indoor
Thermal Environment in Winter, the design strategy of the additional solar
room was proposed in relation to the status of rural houses. Additionally, the
thermal insulation performance and energy efficiency of the additional solar
room were simulated and analyzed by EnergyPlus software in order to select a
cost-effective design option for the solar heated room.

In chapter eight, the whole summaries of each chapter and the future

prospects were presented.
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Chapter 1 intends to construct the initial background and form the first
delineation of thematic and instrumental approaches. The research
background is elaborated from three aspects: pattern, digital development,
and form beauty. The pattern has a long development period and covers a wide
range. The presentation method is rather limited. Due to the limitations of
technology, traditional Chinese patterns are only presented by the
two-dimensional. Under “digital technology”, the design has more possibilities
and openness. The boundaries of formal beauty are no longer limited. The
early study of patterns remains on a single theme the traditional methods of
inheritance are simple. The possibilities of combining technology and art are
not fully exploited. So, the objective of the research is to explore the possibility
of traditional patterns based on digital design and support the inheritance of
traditional culture.

Chapter 2 intends to construct two parts of the cultural background and
technology of the research project. The whole process of pattern development
1s sorted out through literature study, with figures and texts. No matter what
kind of pattern, it is a development process from simple to complex. The
development of patterns and the replacement of dynasties, people's lives, and
foreign cultures are related. Patterns represent specific connotations. With
the emergence and development of digital technology, the product of
architecture is not only buildings and space. It is also the development of new
knowledge, organization, and technique. The technology available affects the
language of architecture, bringing a huge cultural shift from multidisciplinary
to interdisciplinary design processes.

Chapter 3 intends to clarify the approach to research taken within the
thesis by elaborating on an architectural research methodology that is based
on the objective of the thesis. Through three fields study of graphic analysis
studies, digital design experiments, quantitative analysis on teaching
feedbacks, and online data analysis, a mixed-method research strategy is
applied in this thesis. Pattern research and digital design research are carried
out layer by layer based on three methods, to the theme of the study, which is
evolving around how we think and understand traditional things and
architecture practice, it ought to be relevant to several aspects of the

profession.
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Chapter 4: This chapter introduces the characteristics and analysis
methods of pattern graphics and then extends it to the composition methods of
traditional Chinese patterns, including individual patterns, continuous
patterns, etc. The compositional characteristics of Chinese traditional
patterns are influenced by Chinese philosophical thoughts and contain unique
meanings of elements. Traditional patterns of skeletons also have Chinese
characteristics, including Taiji skeletons and Jiugongge skeletons. All of these
provide the theoretical basis and graphic logic for the later operation
experiment.

1) Pattern analysis provides a method. The logic of pattern graphics is
mostly based on visual cognition. The first step in visual cognition is orderly
and simple. Find the mathematical relationship among them by simplifying
and cumbersome analysis.

2) Analyzing the composition of traditional Chinese styles in this way, it can
be found that the composition method has developed from the original single
mode to four directions, and the expressions tend to be complicated and
diversified in the way of mirroring or copying. Extending to the next step,
whether we can apply this technique to digital operations based on this
construction model.

3) In terms of skeleton logic, graphical analysis and drawing can show that
a single element has skeleton logic in its composition, including the modulus
relationship and position relationship of geometric patterns in the skeleton,
the logical relationship of element placement. At the same time, it also
considers the principles of balance, unity, and order in traditional Chinese
thought. This multi-factor embedded framework allows designers to think
more broadly and maintain control over the entire design.

Chapter 5: This Chapter focus on the process of the combination of
Architecture Design and traditional culture, revealing the possible design
form of digital modeling-based traditional pattern conception. Take the
traditional pattern as a prototype. Abstract and transform the essential
elements. Combine the regenerated model with the existing old building. The
experiments are based on traditional pattern graphics. First step: Confirm the
graphic logic and modulus relationship behind individual patterns and
continuous patterns from their essence. Describe the relationship or structure
from the accurate perspective of graphics. Complete the interpretation from

graphics to diagrams in the design. Under digital technology, the designers try
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to transform complex and multi-category information into measurable
numbers and data. Complex patterns are embodied, realistic, and refined into
single elements which can be used for design. It is a process from complex to
simple. Then, through software processing, digital models are more sculptural.
Designers use digital technology to break the standard interface orthogonal
relationship of building. They try to apply shapes with free-form surfaces and
irregular morphological interfaces to structures. Extremely complicated
geometric forms under the control of parameters constitute a variety of visual
effects with limited components. The use of these complex components in
architecture makes the building more contemporary and impactful. That is, it
demonstrates the value of multiple aesthetics and sociality. It is a process
from simple to complex.

1) In terms of design, advanced digital technology and sculpting software
has changed the designer’s original scope of practice and thinking method,
optimized the designer’s understanding and insight, and become a medium
that reflects human complexity thinking.

2) Students can have more precise insights and a deeper understanding of
new concepts. The whole process integrates the use of an aesthetic sensibility
concomitant with highly developed design ability. It is a systematic thinking
logic to prevent the effects of habitual processes. Students should realize that
design equals energy, enthusiasm, excitement, and inspiration. To cultivate
personal aesthetic ability from the elementary stage is the sustainability of
education and learning.

3) This novel pedagogical framework explores the complete cycle of
architectural design. It represents a methodical approach to “cells to organ,
organs to systems, systems to new speciation”, providing students with the
necessary technical skills.

Chapter 6: This chapter focuses on the analysis of the process. First, it
analyzes and describes the recruitment information of the units designed by
316 and the 784-questionnaire survey. The empirical analysis proved the
necessity of digital design in the learning process. 153 of the 784 participants
participated in the course. Based on feedback, it proved that the combination
of digital design and traditional patterns can create structural thinking for
design inspiration. Major efforts have been made to promote the inheritance
and attention of traditional patterns. In this chapter, through the

questionnaire survey before and after the course participation, and the
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feedback analysis of the participants, we can find:

1) In professional work and professional learning, the requirements for
digital technology and digital software are constantly improving, which is also
an inevitable demand for the development of the industry; however, many
colleges and universities in China do not systematically carry out teaching in
this area; students are self-study There are also great difficulties in the
process, and there is no suitable way or systematic learning.

2) The importance and attention of students to traditional culture and
traditional patterns will be significantly improved through the results of the
questionnaire survey, which reflects the students' sense of identity with
traditional things. This kind of teaching philosophy has a deep understanding
of cultural thoughts through deep participation.

Chapter 7 : Digital technology, not simply as a design tool but as a design
medium, enables human designers and their social-cultural settings to
produce unknown ideas during the design thinking process. As we believe the
digital age will change the design world even more dramatically than it has
done so far, we ask what else can the digital medium stimulate or associate in
regard to creative design. According to the above studies of the combination
of tradition and modernity, breaking the circle of research will play a possible
role in pursuing design creativity in the future. The graphic analysis is used
in both the personal and social-cultural thinking of architectural design.
Because of digital breakthroughs, new possibilities of design will inevitably
excite new ways to perceive domain knowledge. New ways of thinking and
making domain knowledge will inevitably excite variations, extensions, and
the as yet unknown. Consequently, the transitional processes for
problem-finding/solving and the novice/ expert/creator might have other
alternatives that are as yet to be defined. In summary, the new set of the
design framework relates to the redefinition of domain knowledge for both

personal and social/cultural design thinking.
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The study focused on the urban landscape visual quality evaluation of
Shenyang, China. The visual quality evaluation model of Shenyang urban
landscape was constructed at the macro, meso and micro levels. It was
supposed to provide theoretical reference for the development of Shenyang
urban landscape. In the first chapter, the background and significance of the
research was described. During the urbanization process of china, the built-up
areas of the urban have expanded rapidly. The overall environment of
urbanization changed from spatial increment period to stock period during the
urbanization rate growing slowly. But the visual quality of the environment
was declining in some cities. There were some destructive constructions,
which causes visual landscape pollution. It was supposed to further improve
the quality of urban human settlements landscapes by evaluation of urban
visual quality more scientific. In second chapter, the concept of visual quality
was introduced. The trend of visual quality evaluation were summarized.
Meanwhile, theory and application of urban landscape visual quality
evaluation was expounded. The four paradigms of landscape visual evaluation
were summarized. The visual landscape control methods in some developed
countries were combed. The progress in applied research were analyzed. In
third chapter, main research methods of visual quality of urban landscapes
were introduced. It included field questionnaire survey, Baidu street view
image acquisition (BSV), scenic beauty evaluation(SBE), semantic differential
method (SD), semantic segmentation technology based on deep learning
(deeplabv3+), balanced incomplete block design-law of comparative
judgment(BIB-LCJ), etc The fourth chapter content is as follows: In this
chapter, the visual quality of the Shenyang urban core area streetscape was
evaluated from macro level. The study used Baidu map api to extract bsv
images and then built a semantic segmentation network deeplabv3+ by
computer deep learning and training, applying the method to semantically
segment 634 sample collection points with a total of 5072 streetscape photos
in the core area of Shenyang. The results of the semantic segmentation were
organized into 5 indices and they indicated the public perception. In addition,
150 topical samples were chose from the acquired bsv panoramic images,
based on SBE method, they were evaluated their streetscape visual quality by
combining VR panorama. Then the landscape quality of the 150 topical
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samples and their related characteristics were conducted correlation and
regression analysis by using SPSS software in order to construct a model of
urban streetscape evaluation. Finally, on the basis of the evaluation model,
the visual quality of each street in the core area of Shenyang was calculated
by combining the characteristic indices of other sample collection points and
drew a map of the visual quality of the streets in the core area of Shenyang.
The fifth chapter, at the macro level of the city, the visual quality of the
waterfront park was evaluated. Urban waterfront park are an important area
of urban living environment. In this chapter, we obtained photographs of
landscape from Hunhe river waterfront linear park and the South Canal
waterfront park, the visual quality of the waterfront park was evaluated the
basis of the SBE method and SD method. The principal components of the
landscape characteristics were extracted, a regression model of the visual
quality and the landscape characteristics was established. Results show that
the natural feature and the formal feature have a positive influence on the
visual quality in waterfront parks, and the man-made feature has a negative
impact on the visual quality. The six landscape characteristics are sense of
seclusion, ecology, intactness, uniqueness, unity and vitality, which are the
main factors which affect the visual quality. This study puts forward
improvement measures for the waterfront park, and the results can be applied
to the planning, construction, and management of waterfront parks. The sixth
chapter at the meso level of the city evaluated the landscape visual quality of
Shenyang historical and cultural district. Shenyang Fangcheng historical and
cultural district, Shenyang Imperial Palace and Shenyang station historical
and cultural district were chose for the research site, they obtained sample
landscape photos by three ways: On-site photography, VR, and BMSV, then
using the SBE method to evaluate the LVQ. We applied the method of On-site
photography to obtain 82 sample photos for SBE analysis in the Shenyang
Fangcheng historical district, the result showed that the LVQ of the historic
street was good because the historical buildings in the street improved the
overall LVQ of the street; the residential street was bad due to the old
buildings and messy street environment reduced the overall LVQ of the street.
In the research of Shenyang Imperial Palace, the panoramic image data of 18
nodes in Shenyang Imperial Palace were obtained through the VR cloud on
the Quanjingke website. They were stored in the computer and connected with

the VR device and using this method for SBE analysis. The results showed
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that the LVQ was better in the south and central of Middle area, the northern
of Middle area was bad. The main influence factors of LVQ were the Green
Space Factor, building color and building maintenance. In the research of
Shenyang station historical and cultural district, BLV image data was used to
obtained sample and a total 49 nodes were collected sample 360° panoramic
photos for SBE analysis. The results indicated that the high-quality nodes
were focus on the Shengli South Street and Nanjing North Street, which were
dominated by historic functions; the low quality nodes were mostly
concentrated in Minzhu road and its nearby areas which was mainly
residential functions. In the Shenyang station historical and cultural district,
the historical atmosphere and high GSF can effectively improve the LVQ,
however, higher pedestrian and vehicular flow will reduce the LVQ. In the
Shenyang historical and cultural district, building, color and vegetation are
the main influences factors on the LVQ, the LVQ could be improved by
effective control of building and color as well as enhancing the Green Space
Factor. The seventh chapter took residential areas as the research object to
explore the landscape visual quality at the micro level. The value of aesthetic
Law of Comparative Judgment (LCJ value) was obtained by BIB-LCJ method.
The LCdJ values of three types landscape spaces in four residential areas were
analyzed and the landscape elements impacting the visual landscape quality
of residential areas were obtained. According to the LVQ comparison. In
residential areas, LVQ of Longhu was good, LVQ of Vanke was normal, LVQ of
Jindi was bad. In landscape space, road space > field space > green space. The
study found that the green space and field space have high improvement
potential. Meanwhile, the landscape elements impacting landscape space
were analyzed, The optimization strategy of the landscape elements for
residential areas was proposed. The eighth chapter. Summarizes the

conclusions of the each chapters.
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System modeling is one of the fundamental issues in practical applications
where dynamic characteristics are required for system design and analysis.
Sometimes the system dynamics vary with time. Sufficient information such
as the model structure, time difference, cannot be extracted from the
experimental data by the conventional methods. Therefore, effective system
modeling should work well under these complicated conditions to satisfy the
practical requirements. This work focuses on the new approaches to deal with
such system modeling problems based on information in time and frequency
domains, and their applications in time-varying channel identification and
localization system.

In the time-varying system, if the variation is too fast, most of the
conventional methods fail to track the variation satisfactorily unless the prior
information is available. It requires an efficient approximation of the fast
varying parameters under less variation information, for example, a sum of
cosines of various frequencies. Moreover, the insufficient frequency
components of band-limited signals will lead to ambiguities in parameter
estimation. As a result, the accuracy of the localization system for
band-limited signals degrades largely.

This thesis illustrates how to solve the identification problem of insufficient
data in system models. For the rapid time-varying system with less variation
information, using the orthogonality of the trigonometric functions, more
time-domain variation information can be obtained by estimating the
coefficients of the cosine series with respect to each degree of the cosine
harmonic term in a recursive manner. For the localization system with
insufficient frequency components, the frequency-domain information with
phase and spectrum is used, and a time-domain information evaluation is
considered for the time difference estimation.

The thesis contains the following six chapters as follows.

Chapter 1 first introduces the significance of system modeling and gives the
general account of the system identification and its applications, respectively.
Then, the existing methods for system identification and their methods under
insufficient data conditions are summarized. At last, challenges are listed
from the modeling perspective.

Chapter 2 gives some basic mathematical formulas and reviews the main
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preliminaries for time-varying model, parameter approximation based on
cosine series, Gibbs effect at the rapid changing points, multi-path model, and
multi-path interference.

Chapter 3 proposes a new recursive algorithm for the system with rapid
variation but less variation information. The recursive identification using
cosine series based approximation is introduced to remove the discontinuity of
the model parameters by expanding the varying parameters into even periodic
functions to remove the Gibbs effect at the time window edges. Numerical
experiments exhibit the effectiveness of the proposed method, and it has a
higher convergence rate than the conventional methods.

Chapter 4 proposes the extension of identification of time-varying model.
Some efficient approximation is used to reduce the computational complexity.
The weight factor is imposed on the output and parameters to reduce the
series degree. And a smoothing technique is considered to reduce the influence
of the noise term. Moreover, to mitigate the fluctuation caused by Gibbs effect
in the parameter estimates, the compensation of time-domain variation
information through detecting the rapid changing is introduced. The
experimental results validate the effectiveness of the proposed method, and it
can track the true time-varying parameters faster than the conventional
methods.

Chapter 5 proposes a localization system using multi-path model for
band-limited signals. The function with phase and spectrum information is
designed. Moreover, a time-domain information evaluation based genetic
algorithm is introduced to avoid ill-conditioned numerical optimization.
Simulation results confirm that the proposed algorithm performs with some
advantages over the other conventional algorithms.

Chapter 6 concludes the thesis and gives future works. To conclude, this
thesis shows the system models for the problem of insufficient data and
proposes new approaches based on information in time and frequency domain.
Numerical simulation results demonstrate the effectiveness of the new
approaches. In future work, sparse identification will be considered to deal

with the problem of insufficient data.
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In the context of energy shortages and safe supply requirements, renewable
energy has been developing steadily in recent years. Among them, the power
sector plays an important role in energy conservation and emission reduction.
The development of renewable energy can not only reduce the use of fossil
energy, but also increase the rate of energy self-sufficiency. However, Japan's
current energy self-sufficiency rate is only 8%. After the implementation of
the FiT system in 2011, renewable energy has experienced explosive growth.
Among them, photovoltaic (PV) and wind energy have shown a leading
position in growth. PV and wind energy are also called variable renewable
energy because of their variable power generation characteristics. Their
large-scale introduction affects the stability of the grid, this research
therefore is dedicated to studying the interaction between renewable energy,
power demand, power grid, and energy storage system to maximize the use of
VRE. The structures are explored as follows:

In Chapter 1, the research background and purpose of the renewable energy
development status is elaborated.

In Chapter 2, the literature reviews of renewable energy and the evaluation
indicator used in this paper are sorted out.

In Chapter 3, the methodology of the research was purposed, and evaluation
indicators of VRE integration in power grid are studied.

In Chapter 4, the data resources and energy conversion analysis are
introduced.

In Chapter 5, the impact of PV and wind on the public electricity supply
system when they are introduced into the grid is evaluated.

In Chapter 6, the impact of COVID-19 on the reduction of electricity
demand is studied in this paper. Besides, we also analyzed the influence of
load changes on VRE integration.

In Chapter 7, the economic and potential analysis of electricity storage
system with massive integration of VRE are explained.

In Chapter 8, the conclusion and prospect are drowned.
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Due to the improvement of people's living standards, uptake of
multi-functional household appliances, electricity consumption accounts for a
rising ratio in the proportion of primary energy usage. To address the primary
energy shortage problem, Japan has implemented a series of policies and
measures for residential energy conservation and emission reduction. Among
them, the home energy management system (HEMS) as a hub connecting
users and power companies to realize energy visualization has been widely
studied. The aim of this study is to optimize the economy and environment of
smart house by comparing different energy system combinations, so as to
achieve the purpose of energy conservation and emission reduction. The
structures is explored as follows:

In Chapter 1, background and purpose of the research were elaborated.

In Chapter 2, literature reviews of home energy management system were
sorted out.

In Chapter 3, methodology of the research was purposed, load forecasting
and energy consumption simulation method was studied.

In Chapter 4, the characteristics of residential energy consumption in Jono
zero carbon area were investigated and analyzed.

In Chapter 5, the economy and environment of different energy supply
systems in smart house were compared and analyzed. The results show that
hybrid fuel cell and photovoltaic system has a better environmental
performance, but hybrid heat pump and photovoltaic system presented an
economic advantage.

In Chapter 6, the economic and potential analysis of energy storage
equipment in residential energy system with HEMS is analyzed. The results
indicate that energy storage equipment can optimize the economy and
environment of residential energy system to varying degrees.

In Chapter 7, the role of HEMS in the interaction between electricity
market and user load and future development suggestions is explained. The
results provide policy suggestions for the future Japanese government’s
promotion of RTP strategy.

In Chapter 8, the conclusion and prospect were drowned.
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China's building energy conservation study and implementation are mainly
concentrated in urban areas, but according to 2016 statistics, the rural
population accounts for 42.65% of the total population, and the potential for
energy conservation in rural housing is huge. However, the importance of
energy consumption in rural residential buildings needs to be increased.
Chinese rural houses are mostly courtyard-style independent houses. This
type of house has the characteristics of small interaction between houses,
strong flexibility in renovation, and easier use of the natural environment to
develop passive energy conservation. Therefore, rural houses have great
potential for energy saving. In this study, firstly, using wind speed, wind
direction and turbulence intensity values as evaluation indicators, the
ventilation performance of villages with complex architectural layouts was
studied. SKE, RNG and RKE solvers are used in the CFD-3D steady-state
Reynolds average Navier-Stokes (RANS) to simulate the wind environment of
the village. For the simulation of the rural wind environment with complex
building layout, it is necessary to evaluate the steady-state simulation solver
in detail to verify its accuracy. Therefore, taking a village with a complex
architectural layout in Shuhe Town, southern Shaanxi as a study case, three
steady-state simulation solvers are used to evaluate the ventilation
performance of the village. Compare the simulated data with the measured
data to find the most suitable solver for this kind of village wind environment
simulation. The results show that the SKE solver should be the first choice for
simulating wind environment distribution.

Secondly, the cold alley between buildings were used for the first time as an
energy source for passive cooling and ventilation. Traditional houses in Shuhe,
China were used as a case study. The cold air in the cold alley is ventilated by
hot pressure and is introduced into each room by the accumulation effect of
the corresponding patio, which greatly improves the indoor ventilation
efficiency.

Finally, based on the original cold alley ventilation and cooling, a further
in-depth study was carried out. To have better ventilation and cooling effect in
the room, connect the two sides of the patio to the room with air pipes to
improve the cooling efficiency. Study variables include the presence or absence
of wall heat radiation (WHR) and verify the importance and influence of wall

heat radiation on indoor conditions. The cold air trapped in the new system
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forms an air partition wall, which effectively blocks the direct influence of
solar radiation on the room, reduces the heat transfer rate of the residential
wall, and consumes part of the heat. In winter, based on the use of air ducts as
supporting members, a glass roof is added to the patio to improve the heat
storage capacity of the patio and turn it into a constant temperature heater to
heat the interior of the building.

Chapter 1: Introduced the research background, research purpose,
expounded the literature review related to this research, and proposed the
innovative points of this research.

Chapter 2: Explains the reasons for the generation of traditional
settlements, the geographical location and natural environment of the
traditional settlements. Summarized the cultural and social characteristics of
southern Shaanxi. The architectural distribution and architectural
characteristics of the research case are introduced.

Chapter 3: Three research methods of this research are introduced. The
steady-state simulation accuracy of the CFD software was verified, and the
most suitable simulator for simulating the settlement wind environment with
complex building distribution was selected.

Chapter 4: Summarizes the cooling mechanism of cold lanes in traditional
settlements in southern Shaanxi and proposes how to use traditional cold
lanes in modern buildings.

Chapter 5: Introduced the ventilation characteristics of traditional
settlements, the passive energy-saving mode of traditional houses, and the
application of traditional energy-saving methods in modern buildings.

Chapter 6: A new passive cooling and energy saving mode based on cold
lanes is proposed, and the total energy saving of this new system in one year
and the time suitable for use are calculated.

Chapter 7: Summarize the full text and put forward some goals for future

research.
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2015 41T Sustainable Development Goals (SDGs) 23K & S 4L CLAK, BUFR
NGO 7217 T < RHMEZEICH VTS SDGs IZxt 3 2 WV AHLANMEL TV 5D,
F 72, &5 (Environment), f:% (Social), # 37} > 2 (Governance)® 3 2D
LRGN HWSD ESG HENE 2 51250 T, RES#IL ESG ~O Y
MAEEBMIRT I ENRRDOLNTND, ZTOFMTIELE LT, BRKkEFOLIZ
SR EINIES (SROL: Social Return on Investment) i FH FH 412388 2 T
DO, RHEFEE L THENIT SN TWARY, E72BRE EEO XD RSk iRmEE
SRR PRI IV T SROL A S 7= FHNTZL < o<, £ OmEHATaEMEIC
DWTHIMRFER L E T H 5,

XTSDGs ®DI—/L 6 TlX T _TDO A& DK EHFHALORHRRENE & Bt 7] #E
RERAEMRT S 2ERBITON TR, RIS E LEICR T 5] 22 4kK
WEL Y AT LD K - EAPREIZ > TWD, A FRUT TE, MORET
VT REE EFRERIC ., FESFEIEOATE R YK DOUERIZ septic tank(FF BFE) &
WD Z ENRN—RHITH S, Lo L septic tank (E, FEEERFICKEDRELES
Z(GHG)®°, & BOD Z & oK Z EHEBRE ISP T 5 Z LN BEES TV D,
Z Z THER D septic tank (2R T, AAROEMN TH 2 LIl OB ARSI S L
TWo,

AW TIX, A2 R T OTHITE T D AETERYE AR H O B 12 m T T
septic tank & LI ORI - A2 OFNFIEZ BRET Lo, £ septic tank
EHIREDT A T A I NTEAAL ML, ZENZED GHG HfHEZ KO,
BRENREH L, £ 70—V R —)LOHERERMZEIMTFETH D
LIME3 (LIME (. life cycle impact assessment method based on endpoint
modeling OWg) % W T, GHG LA DEREZE A 5 b 7= B EE B3l 217 - 7=,
EHITA  RRIUTIZBWTHERAD septic tank & H AKX O F LA IZHRH#L L 72
Tl 2 :%2 L2, SROTI 2 H W TRl L 72,

AWFFEIC & 5 LCA OfE R, septic tank 705 D GHG HEH E X LD 1.8 %
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WD ENTREENT, £72 LIMES |2 X 25 O4E 5. septic tank DERIEH
B ERL 1.04USD/A - 4, /LA 1% 0.47TUSD/N - & 72 o7z, DFEVBEFD
septic tank Z VLA ICEE 2 5 & K 1% DEREEENRB I N DHFER & o7,
& b2 LIME3 #Hfif SR 2 BRI B O S B L 6, ZoMitha~0F e s
DT SROIL p#r&iT>72, TDOFEF, SROL X 1.2 EEENERHD L END 1.0
Z b\l o7z,
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This research presents a new and comprehensive approach, which defines "a
rural house with its yards" as the basic unit of rural residence (RBN) and
constructs an appropriate model for this unit passive energy-saving technologies
according to the requirements of rural life. A theoretical framework is established
to analyse the formation of the basic unit and considers the RBN as similar to a
biological cell with its general internal structure. This approach provides a
suitable concept for the analysis of the formation and composition of rural
residences and propose a method to integrate passive energy-saving technologies
with the other aspects during the early design stage. Northern Zhejiang is taken
as an example for the field investigation, and for the construction of an abstract
model and menu for rural residences. The study of two important cases has been
conducted to demonstrate the accuracy of the model and menu. The results show
that renovation based on this menu and new approach results in a clear
improvement in the thermal comfort. And the aim of this research and new
approach is to provide a reference model for rural construction.

In Chapter 1, PREVIOUS STUDY AND PURPOSE OF THE STUDY. Firstly
presents the situation of China's rural building energy consumption, then states
the challenges for China's rural building energy efficiency in five aspects, finally
1llustrates the motivation and purpose of this research. In addition, the related
studies have been reviewed.

In Chapter 2, THEORETICAL SURVEY AND NEW APPROACH. Firstly the
concept and approach for rural construction was introduced. It presents a new and
comprehensive approach, which defines "a rural house with its yards" as the basic
unit of rural residence (RBN) and constructs an appropriate model for this unit
passive energy-saving technologies according to the requirements of rural life.
Then the prototype theory, the bioscience theory and the strategy of passive
energy-saving technology were introduced separately. Finally a theoretical
framework was established to analyse the formation of the basic unit and
considers the RBN as similar to a biological cell with its general internal
structure.

In Chapter 3, INVESTIGATION AND ANALYSIS. In this part, firstly analysis
results of Northern Zhejiang including geography, climate, local resources and
economy were presented. Then the passive energy-saving technologies which are

suitable in Northern Zhejiang to improve the thermal performance of buildings
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have been simulated test by Weather Tool. Finally the investigation results of two
important villages were expounded, which indicate the existing issues of the rural
houses in Northern Zhejiang.

In Chapter 4, THE BASIC UNIT OF RURAL RESIDENCE. Firstly we built a
main functional prototype according to the survey data in Chapter 3. Then
different functions are arranged on the plan, which can be changed into different
forms according to different needs in five aspects. Meanwhile, vertical and
horizontal tunnel spaces are set up in the prototype design.

In Chapter 5, DESIGN MENU OF RURAL RESIDENCE. On the basis of the
main function prototype built in Chapter 4, this section uses the principle of
topology to design a "design menu" of various forms through factors such as cavity
space, composite exterior walls, and topography.

In Chapter 6, CASE STUDY OF A TYPICAL RURAL HOUSE’S RENOVATION.
In this part, a case study of a typical house in Anji County, Northern Zhejiang
was used to demonstrate the accuracy of the model and menu. Firstly, a field
measurement exercise was conducted in the building, followed by computer
modeling work using open-studio software to simulate thermal performance. Then
after renovation according to integrated optimization design in reality, anther field
measurement exercise was conducted. Subsequently, both the two calculated
values were compared for validation purposes. The results show that renovation
based on this menu and new approach results in a clear improvement in the
thermal comfort.

In Chapter 7, CASE STUDY OF A TRADITIONAL TUBULAR HOUSE’S
RENOVATION. In this part, anther case study of a traditional tubular house in
Deqi County, Northern Zhejiang was also expounded. Firstly, a series of
experimental measurements were carried out, focusing on the characteristics of
the tubular house and the current situation of the thermal comfort, to provide the
basis for the study. And the field investigation about modeling parameters of
tubular house and a questionnaire survey about living schedule of 121 households
were conducted. Then a typical tubular house was built in Open-Studio. Several
energy consumption simulations were conducted throughout the winter and
summer by combining different renovations. Finally the analysis of all the result
was conducted. The results also show a clear improvement in the thermal comfort.

In Chapter 8, CONCLUSION AND OUTLOOK. The conclusions of whole thesis
were deduced, and the future work of optimization of rural residences in Northern

Zhejiang was put forward.
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Songhua River Basin located in Northeast China, owning a total area of
55.68 square kilometers. The Songhua River Basin is the third largest basin
in China, after the Yangtze River and the Yellow River. The water quality of
Songhua River seriously affects the ecological environment of the basin. It is
urgent to scientifically plan pollution sources, improve water quality and
ensure residents’ water safety according to the economic development of
Songhua River Basin. Based on studying typical pollutant removal methods in
Songhua River Basin, this paper studies the pollution source planning in
Songhua River Basin. Finally, some suggestions are put forward to solve the
pollution sources in Songhua River Basin. Two efficient removal methods of
main pollutants are found in this paper, which are not limited to the Songhua
River Basin, but also applicable to the pollution control of other waters.

In chapter 1, Research background and purpose of the study is present. This
paper mainly focuses on the source distribution of persistent pollutants in
water and sediments of Songhua River Basin and typical representative
pollutants removal. The whole Songhua River Basin is selected as the
research target. According to the density of industrial layout and regional
population density, the basin is divided into Heyuan sub region
(Changbaishan Tianchi Baishan reservoir), upstream sub region (Baishan
reservoir Fengman) and middle and lower reaches sub region (Fengman
Songnen intersection), which basically represents different regional
environmental types of Songhua River Basin. Although there are many
research that report on Songhua River Basin, a small area or some sections of
the river is studied, and there are few reports on the overall research of the
basin. This paper studies the overall pollution source distribution.

In chapter 2, current situation of urban development and pollution source
distribution in Songhua River Basin is present. The key factories in the
Songhua River Basin mainly come from Heilongjiang and Jilin Provinces. The
number of enterprises in the two Provinces accounts for 84% of the whole
basin, and they are mainly located in 13 prefecture level cities, accounting for
more than 80%. They are the main control areas. The key industries are
agricultural and sideline processing, papermaking, beverage manufacturing
and petrochemical industry. They are the main contributors of heavy metals

and toxic organics in Songhua River, and the proportion of high-risk pollution
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sources is relatively high.

In chapter 3, Through the analysis of monitoring data, the main pollutants
in Songhua River Basin are obtained. At the same time, the effective removal
methods of main pollutants are studied through experiments. Through the
total amount control of pollution sources, the variation law of water quality in
typical sections of Songhua River Basin is studied, and some suggestions on
water environment protection are put forward. The experimental method and
seasonal Kendall test mathematical model used in this paper are introduced.
Monitoring Status and Data of Water Pollution In Songhua River Basin.
Research Route and Analysis Method. Based on the data of pH, DO, COD,
heavy metals, NH3-N and other water quality monitoring indicators of 11
sections in Songhua River Basin from 2016 to 2019, the trend, periodicity and
fluctuation of water quality monitoring indicators and the contribution of
water quality indicators to water quality categories are analyzed.

In chapter 4, Analysis and Removal of Major Pollutants Heavy Metals. The
content and pollution degree of heavy metals in surface sediments of Songhua
River Basin in different periods (dry season, wet season and flat season) were
compared and studied. It was proved that the addition of nano zero valent iron
accelerated the removal of lead, chromium, and nickel. The best removal
efficiency of Cr reached 95.5%. The highest Pb and Ni removal is 89.63%,
96.64% when temperature is 40°C, reaction time is 540 s, and nano zero
valent iron is 10 g/L.

In chapter 5, Analysis And Removal Of Main Pollutant Ammonia
Nitrogen.Taking Songyuan City, a major city in Songhua River Basin, as an
example, this chapter investigates and analyzes the main sources and
removal methods of non-metallic pollutants. In this chapter, horse manure is
selected as the main pollution source of ammonia nitrogen, The influence of
alkali on the gasification of horse dung at 560°C, 25 MPa was investigated.
The results show that LiOH addition increased H2 fraction and the gas yield.
The precipitated alkali in the reactor still showed high catalytic effect on the
subsequent gasification of horse dung without further adding the alkali. A
novel 4-lump kinetic model for horse dung in SCWG including feedstock, CH4,
CO, and CO2 lumps is proposed.

In chapter 6,, Study On The Change Law Of Water Quality In Songhua
River Basin. Based on the trend of water quality monitoring index values, it is

found that the water quality of Songhua River Basin shows a good

-59 -



development trend as a whole during the study period; Through the periodic
study of water quality monitoring index values, the periodic changes of pH,
dissolved oxygen, permanganate index and ammonia nitrogen in a calendar
year in Songhua River Basin are studied and expounded; Through the study
on the fluctuation (randomness) of water quality monitoring index values, the
probability distribution of four indexes in different periods is calculated,
which can provide reference for the estimation and prediction of index values.

In chapter 7, Study On The Relationship Between Water Quality Category
And Water Quality Index Value And Total Amount Control Of Pollution
Sources. This chapter puts forward reasonable suggestions on pollution source
control through the analysis of the contribution of water quality indicators to
the change of water quality categories, the sensitivity analysis of water
quality categories to water quality monitoring standards, the accessibility
analysis of water quality objectives, the key points of water environment
protection, the analysis of main pollution sources and the research on the
total emission control of pollution sources.

In chapter 8, Conclusion and Prospect. The research conclusions and

suggestions for the next work are put forward.
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With the aging world and the improvement of people's living standards, the
quality of elderly life is gaining more attention. The nursing home as an
important carrier for the life of the elderly, the reasonable configuration and
composition of its spaces have become a subject that needs to be explored.
Based on Japanese nursing homes, this paper explores the spatial
configuration and spatial layout in the modern nursing homes in two
directions. The one direction is to summarize typologically the composition of
functional spaces in Chapter 3 and the location relationship between the key
functional spaces in Chapter 4 in modern Japanese nursing homes. The aims
are to capture what functional spaces need to be provided and how big these
functional spaces are required to support the life of the elderly in a modern
nursing home, and to understand the organizational approaches of the
designers in the layout of these functional spaces. The other direction is to
explore the spatial layouts of modern Japanese nursing homes from a logical
perspective within the theoretical framework of space syntax in Chapter 5 and
6, seeking to contribute to a better understanding of nursing home
morphology.

The results indicate that nursing homes are not just assemblage of
individual spaces but intricate pattern of organized space, governed by rules
and conventions about the size, configuration, and spatial layouts of spaces,
which kinds of the spaces should be equipped, which activities go together,
how large of the space is appropriate and where guests are received.

In Chapter 2, we illustrate the sources of data and the selection of subjects
for the study. Thus, it is shown that the data are reliable and representative.

In Chapter 3, in terms of functional space composition, the results as
shown: (1). To constitute a complete nursing home, rooms, activity space,
common bathroom, common toilet, and staff space are essential; (2). The room
with 18 m2, which is equipped with toilet, dresser and storage is the most
popular to be used; (3). The most important function of the activity space in
the nursing home is as a dining room; (4). The kitchen and the office are the
most prominent places where the staff work in the nursing home; (5). On the
average, the reference ratio of area zoning within the nursing home tends to
be closer to 24:13:8.5:3.5:1 (Private space: Transition space: Common space:

Staff space: Service space).
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In Chapter 4, in all floors, the position of shared space and entrance should
have buffer space, such as hall or relative short corridor, which can keep a
certain privacy and keep convenience at the same time. In most nursing home,
strip type i1s chosen as the plan type.

In Chapter 5, in terms of spatial configuration, the case studies show that
the spatial organization of nursing homes exhibits two types of frame
structure: weak spatial frame and strong spatial frame, which provide
residents with a very different experience of wayfinding. However, the
structure of the nursing home space is one of relatively weak spatial
differentiation. Spatial organization in the form of mechanical solidarity is
often used in nursing homes. Service spaces, or even activity spaces, to which
people come in most cases because of the function of these spaces, rather than
the natural gathering of residents to these spaces in their daily movements.

In Chapter 6, in the horizontal plane, the corridor is one of the most
important transition spaces where residents' flows intersect. So, the layout of
the corridor therefore has a great influence on the layout of the space within
the plan of the nursing home. The studies show that changing the number of
corridor or corridor combination of corridor has a greater impact on
wayfinding of the residents in the plan than changing the spatial distribution,
the residents can find their destinations more easily in the plan consisting of
fewer corridors. A design principle for the nursing home is to improve
accessibility of the spaces by minimizing the use of corridors within the plan
or using ring-corridor when the corridors increase and then to maintain an
even plan design by adjusting the spatial distribution.

The architecture educators, particularly those who are interested in the
design of nursing homes, may benefit from this study. The design of a nursing
home should be based on a human-centered philosophy and aim to provide the
best possible living experience for the residents. However, the design process
of a building is certainly influenced by many factors such as local regulations,
the requests and preferences of the residents, investors’ requirements,
building regulations, etc. The final building that is presented to us is created
by the architects after balancing all these factors. Finally, the article clarifies
typologically and logically the composition and order of spaces in modern
Japanese nursing homes, giving us a deeper understanding of the principles of
nursing home design. The expectation is to generate enlightening information

and guidance for designing nursing homes in the future.
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The main purpose of this research is to promote regional economic
development through the introduction of talents and new technological
innovations. A constant supply of novel ideas and contributions from all
economic sectors is required to further the sustainable development of
regional economic. Therefore, there is a growing need for talents and
innovation to activate the regional development. Improving urban
environmental attributes has been proved as a effiencial approach to attract
graduates from Northeastern China and water pollution was the most critical
attribute with the highest relative importance (43.6%). Similarly, it was
explored that entrepreneurs’ preferences on entrepreneurial ecosystem which
is always regard as a special kind of region located in a city. Entrepreneurs
are willing to accept a smaller funding scale to get the opportunity to develop
in cities with higher gross domestic product. Moreover, an innovation that
applied tourists’ social media data to improve souvenirs has been proven to
effectively improve the sales of souvenirs in the region and further promote
regional economic development.

Chapter 1 is the research background and purpose of the study. Research
background was conducted to reveal the international and domestic
background, and purpose of the study was addressed.

Chapter 2 is the review of previous literature. It has been analyzed that the
research on talents attraction stragies of different countries, regions and
cities. It 1s notable that there are still some research gaps that need to be
studied.

Chapter 3 is the research methodology. The designing process and the
experimental process of the conjoint analysis were shown in this part.

Chapter 4 is attracting graduates for cities by improving urban
environmental attributes. Water pollution was regard as the most important
urban important environmental attribute for graduates from Northeast region
of China.

Chapter 5 is attracting entrepreneurs for entrepreneurial ecosystem (EE)
by improving the attributes of the place where EE is located.

Chapter 6 is promoting regional economic development through enhancing
tourists’ willingness to purchasing souvenirs. The behavior of tourists on

social media proved to be a reference for commercial strategies used in
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souvenir sales.
Chapter 7 is the conclusion and policy implication. The results in every
chapter were summarized and some reliable strategies were proposed to the

policy makers and governments.
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Owing to the continuous growth in the world's energy demand, the problems
of energy consumption, greenhouse gas emission, and environmental pollution
have become increasingly prominent. At present, countries all around the
world have implemented energy-saving and emission reduction measures to
achieve carbon neutralization. The distributed energy resource (DER) system
1s a high-efficiency energy system that can promote energy-saving and
decrease carbon emissions. However, the implementation of DER is still
hindered, mainly due to improper maintenance management and unsuitable
installed capacity. Maintenance management is a key element for the
equipment or system to complete its function during the production cycle.
Each component has a different operation and maintenance mode. Inadequate
resources for maintenance management or poor maintenance strategies will
lead to equipment or system failures and losses. The choice of installed
capacity and operating strategy affects the economy, energy efficiency and
environmental protection of DER. If the installed capacity is too large, it will
lead to higher investment costs and energy consumption. If the equipment
capacity is too small, it will lead to high system operation cost. Therefore, it is
necessary to select the appropriate equipment capacity according to the
energy demand of the user. Therefore, the focus of this research is on the
equipment maintenance and system optimization of DER. In the maintenance
optimization stage, a maintenance priority assessment method is used to
allocate maintenance management resources based on the assessment results
to help managers develop reasonable maintenance strategies and reduce
maintenance costs. In the system design optimization stage, the capacity and
operation strategy of the system is optimized for the energy demand of users
to achieve the purpose of improving economic benefits and promoting energy
saving and emission reduction.

In Chapter 1, REASEARCH BACKGROUND AND PURPOSE OF THE
STUDY. The present situation of DES is investigated and the technologies
that can be applied to DES are introduced. And the purpose of this study is
proposed.

In Chapter 2, LITERATURE REVIEW OF THE DISTRIBUTED ENERGY
RESOURCE SYSTEM. Research advances in the evaluation performance and

maintenance management of DER systems are reviewed. DER 1s a complex
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system consisting of multiple devices that can provide multiple energy sources,
and its configuration design and maintenance management determine the
performance of the system and are the main research focus of DER. Therefore,
the previous literature is reviewed.

In Chapter 3, THEORIES AND METHODOLOGY OF THE STUDY. In this
section, the methodological study and the mathematical model were presented.
And the system models are established. Also, the economy benefit, energy
consumption, carbon emission reduction and maintenance management of the
equipment of DER are analyzed. In addition, the simulation models and
algorithms used in the follow-up study are provided.

In Chapter 4, INVESTIGATION ON REAL OPERATION DATA OF
DISTRIBUTED ENERGY RESOURCE SYSTEM. The management of DER
system in Kitakyushu Science and Research Park (KSRP) were investigated
and analyzed in terms of operation status and maintenance management
strategy.

In Chapter 5, LIFE CYCLE ASSESSMENT ANALYSIS OF DISTRIBUTED
ENERGY RESOURCE SYSTEM. Based on the analysis of the operation
status of the DER system in chapter 4, this section proposed a life cycle
assessment method to evaluated the DER system performance. The
comprehensive benefits of DERs were analyzed in terms of economic benefit,
energy consumption and environmental performance compared with
conventional energy systems (CES), respectively.

In Chapter 6, STUDY ON MAINTENANCE OPTIMIZATION OF
DISTRIBUTED ENERGY RESOURCE SYSTEM. The maintenance strategy
of the DES system in KSRP is analyzed and optimized. The main power
generation units of the DER system in KSRP includes fuel cell and gas engine.
Each generator has associated equipment, absorption chiller, heat exchanger,
cooling tower, cooling pump, etc. The failure modes, failure causes, and failure
effects of the components were investigated; and severity (S), occurrence (0),
and detection (D) factors were evaluated. The maintenance strategy was
optimized to improve maintenance and reduce the risk priority number (RPN).
The results can be used as a reference for component maintenance
optimization.

In Chapter 7, COMPREHENSIVE PERFORMANCE ASSESSMENT AND
OPTIMIZATION OF DISTRIBUTED ENERGY RESOURCE SYSTEM.

Different configurations of equipment will affect the performance of DER. In
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this section, a comprehensive performance assessment based on the economy,
energy and environmental performance was proposed to optimize the system
to find the optimal capacity. And discussed the impact of different electricity
price mechanisms on the development of DER. The comprehensive evaluation
index (CPI) was established based on economy, energy and environment
performance, and a configuration optimization model of the DER with the
maximum CPI as the goal was established by genetic algorithm (GA). Then,
the development potential of the DER was evaluated by analyzing the
economic saving, energy saving and carbon reduction performances.

In Chapter 8, CONCLUSION. The whole thesis of each chapter has been

presented.
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