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i AEDEF

Filter pack is a convenient and useful device in sampling atmospheric
components including particulate matter and gaseous compounds. The typical
and the most common assembly is a four-stage filter pack, which consists of
four in-line filter papers to collect particulate matter and gaseous compounds.
Particulate matter is collected by the first filter and gaseous compounds is by
the subsequent filters. In other words, gaseous compounds pass through the
particulate matter collected by the first filter before reaching its designated
filters. This mechanism leads to the most serious disadvantage of the device,
being artifact, i.e. the error during sampling operation. Nitric acid gas (HNOs3)
1s an important gas in both atmospheric chemistry and the scavenging of
nitrogen from the atmosphere, and its concentration needs to be determined
precisely. On the other hand, there is no commercially available device to
determine the HNO3s concentration in ambient air. In such a situation, filter
pack is frequently applied to measure the ambient HNO3s concentration all
over the world. However, HNOs3; concentration determined by the filter pack is
highly affected by sampling artifact. This study provides an assessment on the
artifact of HNOs in the filter pack in different approaches (using a four-stage
filter pack and in the employment of multi-stage filter packs).

In the first part, a validation method for HNO3s concentration to correct the
sampling artifact and the chlorine loss in ambient air was proposed. A
one-year of daily samples collected by a four-stage filter pack was taken into
consideration. Three parameters were introduced to evaluate the loss of
ambient HNOs3 step-by-step: 7otal NOs = NO3~ + HNOs, “Initial” HNO3 = HCI
—nss-Cl + HNOs, and “Primary” HNOs = “Initial” HNOs — (a/(1-a)) NOs, (a:
the loss rate of NOs in the dissociation of NH4NO3). “Primary” HNOs
concentration, representing the concentration of HNO3 before receiving the
comprehensive impact from both sampling artifacts and chlorine loss reaction
from the atmosphere, showed a distinguished seasonal pattern in comparison
to “Initial” HNOs and HNOs determined directly from the four-stage filter
pack. This result indicated the seasonal characteristic of the comprehensive
impact on HNO3s concentration, which showed the strongest affect in spring.
My proposed approach via “Initial” HNOs and “Primary” HNOs can be applied
to a validation on the HNO3 concentration accumulated by the common

four-stage filter pack method in the past.



Secondly, the artifact on HNO3 was considered in a sampling campaign
including the simultaneous employment of the original four-stage filter pack
and a five-stage filter pack, which can eliminate several gas-to-particle
reactions causing sampling artifacts. Sampling artifact on HNO3s
concentration was detected due to the difference in HNO3 concentration
between the two systems. Besides, the existence of ambient H2SO4 in the
survey site was revealed and observed more frequently in summer (August)
than in winter (January). Trajectory analysis was applied to identify the
source of H2SO4 in summer and SO; released from a domestic volcano was
responsible for the ambient HaSO4, while in other seasons except summer, SO2
was carried to the survey site by northwestern airmasses.

Finally, the thesis was wrapped up as conclusions; (1) the development of
methodology for the precise determination of HNO3(g) concentration in the
filter pack and the existence of HaSO4(p) in the ambient air. In addition, the
future prospects were described as a potential for further improvements in the

methodology.
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Methane metabolism involves diverse groups of bacteria and archaea, which
are responsible for the biological decomposition of organic matter under
certain anoxic conditions. Recent advances in environmental omics revealed
the phylogenetic diversity of novel microbial lineages, which have not been
previously placed in the traditional tree of life. This study aimed to verify the
key players in methane production, either well-known archaeal members or
recently identified lineages, in brackish water sediments of the Onga River,
northern Kyushu, and in peat soils collected from the Bogatsuru wetland.
Based on an analysis of the microbial communities using 16S rRNA gene
sequencing and molecular cloning of the functional gene, McrA, a marker gene
for methanogenesis, members of Methanosarcinales were only detected in
brackish water samples based on the 16S rRNA gene amplicon, while the
taxonomic classification of the functional genes showed the existence of
diverse archaeal lineages, particularly hydrogenotrophic
Methanomicrobiales. Furthermore, yet-uncultivated methanogens such as
Verstraetearchaeotan, Methanofastidiosales were also detected, indicating
the importance of hydrogen-dependent methane generation from methanol,
methylated amines, and dimethyl sulfide. Estuary methane production might
be conducted by more phylogenetically widespread archaea than previously
thought. For peat soils, methanogenic archaea belonging to
Methanomicrobiales, Methanosarcinales, Methanobacteriales, and
Methanomassiliicoccales were detected in anoxic peat soils, suggesting the
potential of CH4 production in this natural wetland. Interestingly, the
“Candidatus Bathyarchaeia”, archaea with vast metabolic capabilities and
widespread in anoxic environments, was highly observed in subsurface peat
soils (up to 96% of the archaeal community) based on microbial gene
quantification by qPCR. Interestingly, we discover partial fragments of the
MecrA gene, belonging to the Bathyarchaeia, based on the functional gene
search from an unassembled metagenome of the peat soil, as well as the
closely related group that divert from the well-known McrA-containing
methanogenic archaea. Methane-metabolizing archaea that possess McrA
have been thought to be restricted to only the phylum Euryarchaeota (now
classified into 3 phyla, Halobacteriota, Thermoplasmatota, and

Methanobacteriota). Our metagenome-assembled genomes (MAGs) analysis



provides gene-based evidence of the diversity of divergent McrA-containing
archaea outside of the Euryarchaeota, reported only once in 2015 from a
microbial metabolism research. These findings emphasize the importance of
discovering archaea members outside of the Euryarchaeota lineage that may
have significant functions in the wetland biogeochemical cycle and the

consequence of our interpretation on the origin and evolutionary history of the
McrA and MCR complex.
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This study investigated the effects of transboundary transport and local
meteorological conditions on air quality in Kitakyushu, the northern part of
Kyushu, Japan. The presence and sources of anthropogenic/non-sea-salt
inorganic chloride (nss-Cl) in ambient air were studied at the survey site, a
suburb of Kitakyushu. By applying the four-stage filter pack system, samples
(both particulate matter and gaseous species) were collected daily (24-hour
sampling) over one year (December 2016 to November 2017).
Anthropogenic/nss-Cl concentrations were generally low and were detectable
for only 263 days (approximately 72% over one year). Anthropogenic/nss-Cl
concentrations above 20 nmol-m™3 were observed over 50 days, and the 72-h
backward trajectory results suggest a strong correlation with transboundary
transport in the west/northwest rather than with domestic/local emissions
from waste incineration, coal combustion, and volcanic eruptions. The PSCF
and CWT results indicate that northeastern and southern China, Mongolia,
Russia, and the Sea of Japan were important potential source areas for
anthropogenic nss-Cl at the survey site.

On the other hand, the atmosphere's stability is an essential parameter in
controlling air pollution. This study monitored local air pollution problems by
measuring atmospheric methane concentrations. Methane concentrations
around urban and suburban areas were also investigated based on (1) CH4
fluxes/emissions, (2) vertical profiles of air temperature, and (3) land use.
Methane fluxes/emissions from automobiles were not ignored in the heart of
industrialized cities, although it was not a significant contributor globally; in
addition, the contribution of landfills related to wind direction. In contrast,
CH4 fluxes/emissions were a mixture of CH4 from automobiles and rice
paddies in suburban areas. The atmosphere in the urban center area was
stable at ca. 200 m, during daytime and even in the summer; this elevated
temperature inversion layer prevented air pollutants and the air itself from
vertical mixing/diffusion/transportation; meanwhile, the atmosphere in the
suburbs formed the grounded temperature inversion layer at night in the
summer. Interestingly, it was not formed in winter all day, likely because of
the strong wind velocity due to the monsoon. Land use also influenced the CH4
concentrations; especially in suburban areas, where rice fields remained

undeveloped. The CH4 concentrations increased significantly from midnight to

-10 -



early morning in summer, while the atmosphere was stable.

Finally, the thesis was wrapped up as conclusions; (1) the impact of the
transboundary transportation on nss-Cl component and (2) the influence from
the local meteorology on the air pollution in Kitakyushu, Japan. In addition,

the future prospects were also described.
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Because of urbanization and climate change, the water environment faces a
terrible vulnerability trend. This study focused on the evaluation of the water
environment in China and identified the effects of social-economic factors
using recent statistical methods.

Chapter 1 stated the objectives of this study and Chapter 2 summarized the
literature regarding integrated water resource management and relevant
indicators. New indicators for assessing urban water vulnerability were
introduced in Chapter 3 and used for analyzing the temporal change in two
large cities in Shandon Province and the urban part of the provinces in China.
This analysis showed that the fluctuation of the indicators across provinces
was larger than in previous studies that used province-level data. In Chapter
4, the new indicators considered both development pressure and management
capability, namely urban resource stress, urban development pressure, urban
ecosystem health, and urban management capability. Four province-level
municipalities, Beijing, Tianjin, Shanghai, and Chongqing, and their
neighboring provinces were studied. Vector autoregression models were used
for analyzing spatial-temporal characteristics of the urban water resource
management indicators. Regression analysis was used to study the relevance
of the indicators under the urban water environment and the spatial
correlation of the indicators. Chapter 5 showed results from analyses of
agricultural water stress, its influencing factors, and the influence of
urbanization. The study areas consisted of 30 cities in four provinces in North
China: Beijing, Tianjin, Hebei, and Shandong. Spatial agglomerations of
urban and agricultural activities affected agricultural water stress. Chapter 6

concluded this study and provided policy implications.
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With the acceleration of economic development and urbanization in China,
wastewater generation has sharply increased. The wastewater system begins
to change from “emphasizing the sewage, despising the sludge” to
“emphasizing both the sewage and sludge”. With the stricter emission
standard and waste management policy in China, the landfill of sludge
disposal is expected to be restricted in the future. Previous studies mostly
focused on the environmental and economic performances of the sewage
sludge recycling system, in which sewage sludge is solid waste by a biological
treatment of wastewater. The State Council of China published the first
relevant industrial policy in 2015. Subsequently, relevant policies including
technological guideline, emission standards and subsidy are promulgated
from 2015 to 2020.

However, policy impacts and comparative analysis integrating
environmental, economic, and social performances of the applications to the
potential resource recovery were ignored. Therefore, this dissertation
considered the following: (1) environmental and economic performances of
sewage sludge recycling scenarios, such as sludge-to-electricity, fertilizer,
building material, and biogas, were evaluated by life cycle assessment and life
cycle cost approaches by replacing the traditional and similar commodities on
the market with a system expansion. (2) The whole life cost of these scenarios
was applied to include externality, which represents the monetization of
emissions to integrate environmental and economic impacts. Major pollutants
that contributed to the external costs of these scenarios were identified. The
net present value of each sewage sludge recycling scenario was compared,
which provided the basis for technology improvements and policymaking. (3)
Through a life cycle cost of policy scenario analysis, we found that waste
disposal subsidy was more vital for sewage sludge recycling system than the
corporate income tax and environmental protection tax. Based on this, an
evaluation system of sewage sludge recycling system integrating environment,
economy, and policy aspects were proposed.

In previous studies, researchers have investigated a variety of approaches
to the environmental and economic analysis of sludge treatment and recycling
systems but lack universal law of different capacities for environmental

impact and economic of sewage sludge recycling system. The aim of the study
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1s the analysis the scale effect of sewage sludge recycling with different
technological selections on the environment and economy. Moreover, to
achieve carbon neutrality, the cost-benefit impact of introducing a carbon
trading mechanism into sewage sludge recycling was analyzed. The avoided
carbon emission by by-production of sewage sludge recycling system becomes
a part of the income of sewage sludge recycling system via selling carbon
emission quota. The results show that the break-even scale of incineration,
aerobic composting, used in material (brick), and anaerobic digestion are
54,899, 6707, 48,775, and 4425 t/y, respectively. The break-even scale of each
system decreased with the introduction carbon trading system to the sewage
sludge recycling system. These findings could provide some fundamental and
technical information for the decision-making of sewage sludge recycling
systems.

Finally, the environmental and economic evaluation system of sewage
sludge recycling system, which focuses on energy and resource recovery, is
constructed considering the technology selection, the implementation of scale,
and introduced carbon trading mechanism. The policy analysis proves the
market potential under the support of relevant policies. The evaluation
system provided references for governments and industries and promote the

construction of “zero-waste” city with the wastewater system.
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The shock containing free jet emerging from a convergent-divergent nozzle
with circular or elliptic shape at the exit has been investigated experimentally
and theoretically. In the experimental investigation, the blowdown wind
tunnel is used to generate supersonic jets from a round Laval nozzle with a
design Mach number of 1.5 followed by a cylindrical duct with an inner
diameter of 10 mm, and length of 50 mm. Density measurements, and internal
flow feature of the jet have been conducted using a rainbow schlieren
deflectometry combined with the computed tomography to observe the
three-dimensional structure of overexpanded and underexpanded jets. The
effect of cylindrical duct on jet flow properties are examined. Contour,
1sopycnic visualizations and favorable flow characteristics of the cylindrical
duct exit surface are also shown and discussed to compare the analytical
results.

In the theoretical analysis, a modified vortex sheet model taking viscosity
into account has been proposed. The first Fourier mode of eigenvalues
expansion, and recurrence relations with orthogonal properties of Bessel’s
functions for circular jet and Mathieu functions for elliptic jet are executed to
evaluate the explicit solution for inviscid and viscous jet respectively. The flow
characteristics through convergent-divergent cylindric and elliptic nozzle
such as centerline pressure and density, density contours, density mesh have
been calculated for the inviscid and viscous jet separately. Comparing with
the Tam’s and Emami et al.’s models, the results of modified model for both
circular and elliptic jets are exhibited quantitatively good agreement with the
rainbow schlieren deflectometry. The shock-cell spacing, and size measuring
of elliptic jets have also been examined theoretically by aspect ratios (4R),
nozzle pressure ratios (NPR) and design Mach numbers (M) arbitrarily and
favorable output is shown in first time by comparing with the Rao’s
experiment for AR = 7.72. Finally, it has found that the modified elliptic model
1s presented more effective flow than the circular flow from their comparison.
The calculated theoretical results may contribute to future investigate of the
internal shock structure for large aspect scale, design of the advanced
aircrafts with vessels, and so on where the effect of screech tones or noise,

leakage, exhaustion, and plumes are momentous.
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This study selects Hangzhou, Zhejiang Province, and Qingdao, Shandong
Province, were selected as cities for the study, and environmental value
indicators for three low-carbon strategies were established and evaluated
using the conditional value approach for assessing the willingness-to-pay
amount. The study also examines the factors influencing public willingness
to pay and the factors that predict each variable of willingness to pay. It will
contribute to the construction of low-carbon cities in China and the
formulation of related policies.

Chapter 1 : Background and purpose of the study. This paper introduces
the importance of building low-carbon cities in the current international
context and describes the lack of research on the willingness to pay and
environmental value assessment of low-carbon cities in China.

Chapter 2 : A review of the literature on the environmental value of urban
low-carbon measures and virtual market valuation methods is summarized.
First, the review of the literature identifies common data collection and
estimation methods, from which a broad and stable set of research methods
1s selected. The rest of the paper identifies gaps in the literature so far and
introduces means to fill them. The goal is to improve the accuracy of the
evaluation of research results and to contribute to future research.

Chapter 3 : There are two parts. The first part describes the rationale for
low-carbon urban measures with environmental value, environmental value
assessment methods, shortcomings of the assessment methods and how to
deal with them, and the theory of planned behavior. It provides the
theoretical basis for the study. The second part of the paper details the
experimental methodology of the study. The virtual market valuation method
and the theory of planned behavior will be introduced. Using a spike model
based on the above method, the zero-response group was asked additional
questions, and a lower bid price was offered to see if the respondents would
accept it. Respondents who refused to pay again were then determined to
respond with a protest. The protesting respondents were excluded from the
sample, and the method was used to improve the virtual market valuation
method. The goal is to improve the accuracy of the evaluation results.

Chapter 4 : Low-Carbon City-Building Measures in Hangzhou, China-

Assessing the Willingness to Pay for Vertical Greening Specific figures were
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obtained for the environmental value of the Hangzhou Low-Carbon City-
Building Measure in Hangzhou, China, with a willingness-to-pay of $104.12
for vertical greening. The environmental value is $268 million.

Chapter 5 : Low-Carbon City Creation Measures in Hangzhou, China-
Assessing Families' Willingness to Pay for the Construction of Battery
Swapping Stations. Specific figures were obtained for the environmental
value of the Hangzhou, China Low-Carbon City Creation Measure. The
willingness to pay for the construction of the battery Swapping station is
$59.35. The environmental value is $240 million.

Chapter 6 : Assessing Families' Willingness to Pay for CO2 Emission
Reductions and Environmental Protection Measures in Urban Qingdao,
China. The willingness to pay for CO2 emission reduction and environmental
conservation measures in urban areas is compared with the willingness to
pay for CO2 emission reduction and environmental conservation measures in
urban areas, and the factors influencing this willingness are discussed. The
willingness to pay for environmental conservation measures in urban areas
1s $42.55, while the willingness to pay for CO2 emission reductions is $43.50.
The results of the comparison show that individuals' perceptions of policies
have a significant impact on their willingness to pay for the construction of a
low-carbon city. Respondents were found to be more willing to pay for CO2
emission reductions than for environmental protection.

Chapter 7 : Conclusion, summary of the chapters and policy
recommendations. This study first evaluates the public's willingness to pay
for low-carbon measures in Chinese cities and examines the factors
influencing willingness to pay. Second, further assess the environmental
value of these measures. The study also makes a significant contribution to
the development of low-carbon cities in China and the quantification of the

environmental value of related measures.
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The indoor environment has a great influence on the physical and mental
efficiency of the resident. On the other hand, infants lack autonomy in terms
of thermal adaptive comfort behavior. Hence, to provide a suitable indoor
environment for children, the evaluation of indoor thermal comfort and the
cognition of children’s thermal comfort by teachers engaged in nursing work
are more important. Through a questionnaire survey of teachers, this
research analyzed and compared the relationship between teachers’ thermal
adaptation behavior and children’s thermal sensation. Compared with the
traditional fixed-point measurement method, a method of wearable sensors
for children was proposed to measure the indoor temperature distribution in
summer and winter. Finally, this research proposes measures to improve the
architectural design of the nursery to create a comfortable thermal
environment for young children. The structures are explored as follows:

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

In Chapter 2, literature reviews of children's thermal environment were
sorted out.

In Chapter 3, research methods of questionnaire survey and measurement
on children’s facilities of the research were described.

In Chapter 4, the results of the questionnaire showed that nursery teachers’
thermal adaptation behavior may not be based on children’s thermal
sensations and the thermal environment in the classroom is not always
comfortable for children.

In Chapter 5, the actual thermal environment of a nursery school classroom
was evaluated. The results of traditional measurement methods and wearable
sensor measurement methods showed that there are horizontal and vertical
temperature differences in the classroom in both winter and summer.

In Chapter 6, the actual thermal environment conditions in a nursery
school classroom were evaluated based on the thermal model. The results
showed that depending on the place and behavior of the children in the
classroom children may have different thermal experiences.

In Chapter 7, measures to improve the design of the nursery school building
are proposed.

In Chapter 8, the conclusion and prospects were summarized.
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The involvement of robots in building construction is already a global
trend. Compared with the current stage of construction in which a large
number of people are involved, the stability of the robot construction process
will greatly affect the construction efficiency and construction accuracy, thus
1) reducing the impact on the environment, saving natural resources and
other obvious advantages of natural environmental benefits and 2) reducing
construction costs, reducing the economic and environmental benefits of
artificial use. In this thesis, a reconstruction of a completed wooden building,
from the design process, construction process to the final evaluation of
construction efficiency, is proposed for the construction of a wooden building
with stationary robots and mobile robots. The construction method of two
continuous building components for the robot static and beyond static
workspace is discussed, and the construction experiment of the wooden
building is completed using the construction method.

Based on the experiment, 1) an innovative way to build a wood-frame
building that satisfies the robot's construction logic and 2) the mobile robot's
ability to accurately assemble building components in space, including the
ability to align them with existing components on site, were addressed.
Ultimately, the completion of this experiment and its construction evaluation
demonstrated: the superiority of mobile robot construction over manual
construction in terms of reduced manual use and increased construction
efficiency. The structures are explored as follows:

In Chapter 1, RESEARCH BACKGROUND AND PURPOSE OF THE
STUDY, the background and application status of the research were
elaborated.

In Chapter 2, LITERATURE REVIEW OF ROBOTIC CONSTRUCTION,
the history and current limitations and challenges of robotics construction
research.

In Chapter 3, METHODOLOGY, the methodology of the research was
purposed, and the objectives of the study as well as the tools of the study was
described.

In Chapter 4, CASE STUDY 1: STATIONARY ROBOT CONSTRUCTION,
1s the reconstruction process of a wooden building by a stationary robot and

explores digital construction strategies and processes.
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In Chapter 5, CASE STUDY 2: MOBILE ROBOT CONSTRUCTION, the in-
situ construction simulation experiment of a complete wooden building as an
example to explore the possibilities and challenges of continuous building
construction that exceed the static workspace of robots.

In Chapter 6, CONSTRUCTION EVALUATION, manual construction was
compared with robotic construction in terms of both time efficiency
evaluation and construction quality evaluation.

In Chapter 7, CONCLUSION AND PROSPECT, the experimental results
and the conclusions and prospects of the study were summarized.

In the paper, through stationary robot construction experiment and mobile
robot construction experiment demonstrate the far-reaching potential of
implementing robotic construction directly on the building site. The
integration of digital design and automated construction is at the core for
automated building fabrication and robotic construction, which
fundamentally expands the scope of traditional building construction and
introduces an assembly logic for robotic automated construction to the

industry.
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As the global population grows, energy consumption and environmental
issues are a growing concern worldwide. Not only do large buildings need to
be considered for energy efficiency, but smaller buildings such as individual
homes are also being incorporated into national energy efficiency programs.

This study focuses on an improved method for Trombe walls: installing
insulated panels on the inside and using vents at the top and bottom to
connect the inner and outer air layers to the interior space. Temperature-
controlled DC fans are installed in the upper vent to steadily control air
circulation, forming a composite Trombe wall system with dual circulation of
the inner and outer air layers. The composite double- circulation Trombe wall
system is then analyzed and optimized to achieve the best energy efficiency
and indoor thermal comfort.

The structure of the thesis is as follows.

Chapter 1 is the background and purpose of the study. The current status
of global energy use and demand as well as Japan's energy and
environmental policies are presented, illustrating the role and prospects of
passive buildings in the contemporary energy context.

Chapter 2 is a literature review of Trombe wall systems, detailing the basic
principles and classification of Trombe walls, and providing a detailed review
and summary of existing application strategies for composite Trumbull walls
and summer Trombe walls. It also summarizes the commonly used
optimization parameters of the Trombe wall system and the metrics used for
evaluation.

Chapter 3 is the methodology of the study, including the introduction of the
actual measurement and simulation software and methods. In this study, the
simulation software THERB for HAM was mainly used to compare the
results with those of the real measurements and to conduct subsequent
optimization experiments.

Chapter 4 is a basic study of the composite double-circulation Trombe wall
system. First, the actual measured data are analyzed and compared with the
simulation results to verify the feasibility of the software. The simulation
software is used to compare the classical Trombe wall house and the
composite double-circulation Trombe wall house, and it is found that the

double-circulation Trombe wall has better energy efficiency, but still has
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limitations in terms of solar collector efficiency. Then parameters such as
glass performance, fan efficiency, interior wall material and thickness were
selected to study the effect of energy consumption of composite double-
circulation Trombe wall system. It is found that the use of winter insulating
LOW-E double glazing, higher fan rate, and interior walls with higher
thermal resistance can lead to higher efficiency of the composite double-
circulation Trombe wall system, which can save about 52.3% of the thermal
load after optimization than before optimization again.

Chapter 5 discusses the effect of the glazing surface ratio in the optimized
composite Trombe wall system. Temperature and PMV-PPD are used as the
main evaluation criteria for indoor thermal comfort, and indoor energy
consumption is compared. It was found that the larger the proportion of
glazing surface in the optimized composite Trombe wall system, the higher
the energy efficiency, but at the same time the more likely the indoor
overheating phenomenon. Under experimental conditions, the indoor
overheating phenomenon is eliminated when the ratio of glass surface to
indoor area is below 0.4.

Chapter 6 discusses the utilization of the composite double-circulation
Trombe wall system in summer. The first part focuses on the effect of the
ventilation pattern, where the ventilation of air from the interior to the
exterior through the air layer of the Trombe wall system is more beneficial to
the interior cooling in summer. The second part discusses the effect of
thermal storage wall materials, comparing concrete materials, concrete
combined with PCM materials in different locations and water walls to
investigate the thermal performance and thermal comfort in summer and
winter. The study found that PCM not only improves energy efficiency, with a
total annual load reduction of 18.3% compared to concrete, but also improves
indoor thermal comfort.

Chapter 7 presents the conclusion and discussion of this study and future
work.

This paper presents an improved composite Trombe wall system that is
simple and inexpensive to build. It is simple to use even in small buildings
such as houses. From the environmental and economic point of view, it can
reduce the air conditioning load in Kitakyushu, Japan or other hot summer
and cold winter regions and can make a significant contribution to the global

environment.
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i AEDEF

This research aims to understand and evaluate the outdoor thermal
performance of urban parks. There are five points to be determine, they are:
1) visitor perception and expectation of urban park; 2) relationship between
personal variables (age, gender, and body proportion) and outdoor thermal
comfort; 3) relationship between micro-meteorological and personal
variables; 4) performance of thermal and physical environment; and 5)
significant factor of urban structure (physical environment) variables which
affects the outdoor thermal comfort in urban park.

Chapter 1 Introduction

This chapter consists of background, problem statement, research
objectives, scopes and limitations, structure of research and research
framework. The method to develop this idea is viewing current trend related
to urban parks development. Urban problems in Indonesia and Japan are
shown as the background of this study. The topic leads to the outdoor
thermal comfort studies in urban parks as an important strategy and
effective way to solve the environmental problems. This research justified the
aim to investigate to what extend the outdoor thermal comfort can be used to
evaluate the quality of urban parks.

Chapter 2 Literature Review

This chapter provides information gathered from literature review which
elaborates the classification of urban parks, the influencing factors, motives,
and barriers of outdoor thermal comfort, and the relationship between
outdoor thermal comfort and vegetation in urban green open spaces. Urban
park are now not only viewed as recreation and leisure facilities, but also as
an important part of the broader structure of urban development and climate
change.

Chapter 3 Research Methods

This chapter aims to describe the way of data collection, data analysis, and
the target of results. There are two types of data, the primary and the
secondary data. The field measurement data such as air temperature (Ta),
relative humidity (RH), and wind speed (v) are categorized by the primer
along with questionnaire data. Meanwhile, the secondary data are including
weather station, urban policies, published journal papers, conference papers,

and so on. The data analysis methods used in this study are descriptive,
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distribution, correlation, numerical and computational simulation, and
systematic review.

Chapter 4 Outdoor Thermal Comfort in Three Urban Parks in Indonesia

This chapter aims to determine the quality of thermal comfort which can
be adopted by the city of Bandung, Indonesia. Sampling type used for this
study is a non-random sampling with purposive sampling technique. The
result found that the hypothesis is correct. People adaptation to the thermal
quality as a whole is quite good. Most respondents accept thermal
performances. Satisfaction of shading, sunlight, and wind is also good.
Average value of PET on urban parks in Bandung is in the range of 22.9°C to
25.1°C which i1s lower than the cities in other tropical countries. The most
influence factor to the TSV value is RH.

Chapter 5 Visitor Perception and Expectation in Urban Park

This chapter aims to understand the visitor perceptions and expectations
of urban park. The study analyzes based on questionnaire from 425
respondents. The result found six essential variables: 1) “Playing with
children” is the most popular; 2) Tourists living closer to the area frequently
visit; 3) Park’s existence is important; 4) The importance and the distance to
the park is related to sense of place; 5) Tourist preferences are affected by
seasonality; 6) The most favorite expectation is the availability of water
facilities.

Chapter 6 Relationship of Age, Gender, and Body Proportion to Outdoor
Thermal Comfort

This chapter aims to investigate relationship between the age, gender, and
body proportion and outdoor thermal comfort based on TSV value. This
research used questionnaire paper. The relationships were analyzed by the
multivariate analysis method. The result shows that there is no significant
correlation of age, gender, and body proportion to TSV. Well-protected
privacy’s character of Japanese people may affects the number of question’s
response of age, height, and weight by visitor. From the total respondent,
64.5% has full personal data (age, height, and weight).

Chapter 7 Relationship between Micro-meteorological and Personal
Variables of Outdoor Thermal Comfort in Urban Park

Data were gained from field measurement and questionnaire survey. Data
analysis used JMP statistics and RayMan model software. Result shows that:

1) most of respondent were feeling comfort with the thermal, wind, and
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humidity performance. Sensation of thermal, wind flow, and humidity were
mostly neutral; 2) acceptability and satisfaction level were positive; 3)
satisfaction for shading, were mostly dissatisfied, except winter. For the
sunlight and wind, mostly satisfied; 4) most significant variable for PET is
Tmrt; 5) most influential variable for TSV, WFSV, and HSV is Ta; and 6)
strongest relationship is between TSV and PET.

Chapter 8 Simulation of Thermal and Physical Environment in Urban
Park

This chapter aims to determine urban structure and outdoor thermal
environment performance and relationship between these two factors. Data
were collected by field measurement, observation, and computer simulation
through ENVI-met software model.

There result shows that: 1) median SVF value is high and Park’s surface
has low albedo; 2) outdoor thermal comfort is statistically not comfortable in
summer and autumn, but very comfort in winter and spring; 3) correlation
between PET and urban structure factors and between Tmrt and urban
structure factors are significant.

Chapter 9 Conclusion and Recommendation

This chapter summarize whole discussion into several conclusions and
recommendation. There are five key findings, they are: 1) The visitor
perception and expectation is related to emotional experience and
satisfaction of facilities; 2) There is no significant correlation between
personal variables and outdoor thermal comfort; 3) Most influential micro-
meteorological variable for the PET is Tmrt; 4) Outdoor thermal comfort is
statistically not comfortable in summer and autumn, but very comfortable in
winter and spring; and 5) Most significant factor of urban structure is sky
view factor (SVF).
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i AEDEF

In the post-industrialization century, and with the impact of social crisis
such as COVID-19 when more activities pour into the residential area
leading to a significant change in the use of electrical appliances, which
affect the household energy use, household energy tends to become the main
share instead of the industrial sector. Japan and Vietnam belong to Asia-
Pacific region where total energy end-use is expected to account for 52% in
2050. To overcome the urgent need on household energy saving, this study
simultaneously assesses the multiple influences of household determinants,
housing design, and physics characteristics on energy end-use. The proposed
research herein first aims to investigate the effects of all influencing factors
on household energy consumption and to evaluate their complex
relationships under different situation. Hybrid modeling combing physics-
based modeling and data-driven modeling is the state-of-the-art approach to
be considered for energy forecast, while factor analysis has the potential for
sorting the weight of factors. Discussion on the final results imply cognitive
changes for consumers where the visualization of energy efficiency
optimization can be easily captured so that environmental sustainability will
be closer than ever. The brief of each chapter is as follows:

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

In Chapter 2, the literature reviews of household energy end-use and its
determinants were studied.

In Chapter 3, the methodology of hybrid approach and path analysis was
sorted out.

In Chapter 4, the data resource and correlation analysis in Japan and
Vietnam are introduced.

In Chapter 5, the sensitivity analysis showing influence levels of housing
factors and household behaviors in Japan is evaluated.

In Chapter 6, the Path analysis that discussed about the impact of
household factor and housing factors in Vietnam is presented.

In Chapter 7, the comparison of household energy end-use based on
different climate zones, housing design and occupant behaviors is examined
in Japan and Vietnam.

In Chapter 8, the conclusion and prospect were drawn.
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i AEDEF

Urban water scarcity has seriously restricted the economic development of
society and threatened human life. On-site reuse of rainwater and graywater
by decentralized water reuse systems in buildings can significantly alleviate
the deterioration of urban water scarcity. A hybrid rainwater-graywater
system (HRG) is a superior water-saving system, and it can simultaneously
reuse rainwater and graywater in buildings to avoid the limitation of
separately reusing these waters. However, the implementation of HRGs is
still in infancy and the feasibility, limitation, and its optimizing method of
such systems in buildings are still an unexplored domain. Therefore, in this
research, we commit to proposing the simulation models for evaluating and
optimizing the optimal performance of HRGs to accurately and efficiently
implement such systems in buildings. The structures are explored as follows:

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

In Chapter 2, the configuration and components of HRGs were introduced
and the optimal HRGs were determined.

In Chapter 3, an integrated model for evaluating the performance of HRGs
was proposed based on the water balance model and the accuracy of the
integrated model was verified.

In Chapter 4, the environmental performance and economic benefit of
HRGs in public buildings were evaluated and the advantage and limitations
of implementing such systems were summarized.

In Chapter 5, a dimensionless parameter model was proposed to generally
determine the optimal scenario of implementing HRGs in a region, without
the requirement of individual evaluation for each building in that region.

In Chapter 6, an economic optimization model for improving the economic
feasibility of HRGs was proposed based on the cooperative game. The results
show that this framework can significantly improve the economic benefit of
HRGs without frequent increases in local water tariffs.

In Chapter 7, the conclusion and prospects were summarized.
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® The research aim of this study:

This study aims to find some efficient and economic strategies for
traditional dwellings in northeast of Sichuan hills, China to lower their
energy demand. In addition, energy-saving effects and economic performance
need to be simultaneously assessed since the economic development of the
research region is relatively backward, therefore we carried out the thorough
works on tech-economic evaluation of each energy-saving strategy.
Eventually, we obtain a set of effective and economic energy-saving strategies
and the research results can provide valuable references for decision-makers
to select appropriate energy-saving strategies to reduce the energy demand of
traditional dwellings, lower the economic burden for renovation and save
more money.
® The research contents of this study:

In Chapter 1, Research Background and Purpose of the Study, we reviewed
the energy consumption situation for the world and China, then we explained
the climate background and the challenge of lowering energy consumption in
this region. Based on the previous related background of the research region,
we clarified the purpose, significance, and research structure of this study.

In Chapter 2, Literature Review, we reviewed a lot of previously published
studies to find appropriate energy-saving strategies. The related research on
applying insulation systems, phase change material (PCM), and solar
radiation to reduce the energy demand of buildings were reviewed.

In Chapter 3, Methodology, we introduced the detailed information about
traditional dwellings in this research region and the base model for
discussion based on the field investigation. We also clarified the calculation
process of all of the research methods we used, including the core formula for
EnergyPlus, the principle of orthogonal experiment design (OED), and the
thorough calculation process of analysis of variance (AVOVA), and the
calculation method to obtain the dynamic investment payback period (DPP)
and economic benefits.

In Chapter 4, Thermal Performance of the Tested Building, we analyzed
the recorded data of the actual tested building, and we calculated the
theoretical values of some basic thermal indicators of exterior envelopes.

Moreover, we also simulated the indoor air temperature throughout the
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whole year. The experimental, theoretical, and simulated results show that
the present thermal performances of the exterior walls and roofs of the tested
building do not meet the design requirements proposed by the related energy
efficiency standard.

In Chapter 5, Determine Insulation Thickness of Exterior Envelopes for
the Traditional Dwellings in Northeast of Sichuan Hills, we derived the
calculation method of the optimum economic thickness of insulation
materials for building exterior walls in the research region. We also ranked
the importance of all of the factors which could affect the optimum thickness.
Furthermore, we discussed the correlation between the optimal economic
thickness of insulation materials for roofs and that of exterior walls. Results
show: (1) Polyurethane foam (PU) is the preferred insulation material among
these five commonly used insulation materials in this region.; (2) Among
eleven influencing factors only heating degree-day (HDD) shows highly
statistically significance; (3) The optimum thickness of roof insulation
material is 1.5 times of the optimum economic thickness of walls insulation.

In Chapter 6, Parametric and Economic Analysis of Phase Change
Materials (PCM) on Energy Saving for Traditional Dwellings in Northeast of
Sichuan Hills, we analyzed eight parameters of PCM to investigate their
effects on the annual energy demand of traditional dwellings. Results show:
(1) Recommended PCM with the optimal combination of parameters is able to
reduce 21.81% of annual energy demand. (2) Thickness, phase transition
temperature radius, latent heat, and specific heat have a positive correlation
with the energy-saving performance of PCM, while there is a negative
correlation between the thermal conductivity and its energy-saving effect,
and density doesn’t present the regular link with annual energy demand. (3)
Thermal conductivity, density, and thickness are the three crucial
parameters affecting the economic benefits of PCM application.

In Chapter 7, Passive Application of Solar Energy for Traditional
Dwellings in Northeast of Sichuan Hills, the energy-saving performances of
Trombe wall (T-wall) and on-top sunspaces (OS) were assessed. Results show:
(1) The thickness of air cavity for T-wall has minor influence on the energy-
saving effect of T-wall, 50mm of air cavity thickness is recommended for this
study region; (2) For on-top sunspaces strategy, the energy-saving rates of
the annual energy demand grows with the increase of the glazing area; (3)

Shade control can greatly decrease the cooling load for both T-wall strategy
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and OS strategy.

In Chapter 8, Tech-economic Analysis of Comprehensive Energy-saving
Strategies, we obtained 15 strategies based on four individual strategies
proposed before, and we evaluated their energy-saving potential, investment
payback period, and economic benefits. Additionally, we assessed the
influence of building orientation. Results show: (1) Although building
orientation has some impacts on their effects, these strategies still have a
broad application prospect in this region. The angle of building north and
actual north is within +30° has less impact on the energy demand; (2) The
most economic strategy for this region is combining insulation materials and
on-top sunspaces, the corresponding economic benefit can up to 347 CNY/m?2
(= 51.8 USD/m?2) and 412.8 CNY/m2 (= 61.6 USD/m?2) for the base model and
tested building, respectively.

In Chapter 9, Conclusion.
® The significance of this study:

1. Derive the formula for calculating the optimum economic thickness of
insulation materials used for exterior walls, and calculate the optimum
thickness of five commonly used insulation materials. Results can be directly
adopted by residents, engineers, or decision-makers for this region.
Additionally, rank the important degree of influencing factors of optimum
economic thickness of insulation materials and determine the most
significant influencing factor. This exploration is rare in the previous
relevant work. Results can provide some new insights into the energy-saving
retrofit and offer some data references for residents and policy-makers.

2. Evaluate the energy-saving and economic potential of phase change
material (PCM) utilization in this region, and determine three crucial factors
affecting the economic benefits of PCM. Results can help decision-makers
comprehend the application effect of this innovation materials and provide
useful economic references for them.

3. Determine the optimal parameters for each energy-saving strategy, and
propose the most economic retrofit strategy for traditional dwellings in this
region. Results can help residents or decision-makers select the relatively
appropriate energy-saving strategy to retrofit the traditional dwellings in

this region, and thereby decrease the energy demand of the building.
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1. By comparing the heating conditions of traditional residential buildings
with or without the new passive system, the heat load reduction when
adopting the new system in winter was estimated.
2. In the absence of solar radiation, the heating effects of the ordinary
heating system and the new passive system were analyzed. The purpose was
to calculate the heating rate, the time required, and the decrease in the
annual heat load of the building.
3. Considering the presence or absence of solar radiation, the new system
was compared to the ordinary heating of residential buildings to simulate
and calculate the change in indoor temperature, heating efficiency, heating
time, and the value of the annual building heat load.
4. Through software simulation computation, the appropriate use time of the
whole year after adopting the new system was estimated.
5. According to the standard minimum value of indoor thermal comfort
temperature, under basic heating, the total time to meet the minimum value
of the comfort standard throughout the year was calculated. Compared to the
use of the new system with or without solar radiation, the total time to meet
the lowest value of the comfort standard throughout the year was estimated.
Chapter 1

This chapter mainly introduces the research background, research
purpose, research overview and innovation points. With the development of
economy, the energy consumption of Chinese traditional residential buildings
increases year by year, resulting in energy waste. According to relevant
literature, passive heating studies mainly improve the thermal insulation
performance of the envelope, use renewable energy, biomass combustion and
other technologies, but there are few studies on the combination of the
utilization of solar energy technology and residents' living habits. Using solar
energy technology combined with heat from cooking to raise indoor
temperatures. On the one hand, the waste heat generated by cooking can be
reused. On the other hand, using solar energy can greatly reduce energy
consumption.
Chapter 2

This chapter selects 12 villages in southern Shaanxi as the key research

object. Conduct field research on traditional houses. Based on the analysis of
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the general situation of southern Shaanxi, the cultural and historical
development of residential houses, indoor thermal comfort and other
conditions, it is found that the indoor temperature of traditional residential
houses in winter is low and the indoor thermal comfort is poor.
Chapter 3

This chapter mainly introduces the relevant research theories and
methods. The research principles mainly include heat transfer principle and
application, effective temperature, thermal sensation PMV-PPD index. The
research methods mainly include field investigation, data collection,
summarization and Ansys software simulation. By using relevant theories
and methods, this paper simulates the temperature, humidity, wind speed
and other values of traditional houses in southern Shaanxi in winter. The
accuracy of Ansys software is verified by calculating the coefficient of
determination R2, and the value is greater than 0.8.
Chapter 4

This chapter analyzes the space, technology and function of the houses in
southern Shaanxi, and summarizes the inheritance elements of the houses in
the three aspects of space, technology and function, combined with the
influence of the special natural environment and social conditions in
southern Shaanxi. It provides a strong support for the passive heating design
of traditional residential houses.
Chapter 5

Using the characteristics of wall heat storage, the heat of the flue gas
generated by cooking is stored, and the heat is transferred to the room to
heat the indoor temperature. Through the simulation of cooking heating wall
system, without solar radiation, the indoor temperature is increased to 9.7°C,
and the heating efficiency is 2.34°C/h. With solar radiation, the indoor
temperature is increased to 12.2°C and the heating efficiency i1s 3.54°C/h.
Using the cooking and heating system, the heat load of the building was
reduced by 1104kW/h and 440kW/h throughout the year with or without solar
radiation.
Chapter 6

The working principle of the new system is not only to use the heat
generated by cooking to heat the wall to increase the indoor temperature, but
also to use the additional sunlight to absorb solar radiation, thereby

increasing the heating efficiency and prolonging the heating time. With solar
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radiation, the temperature in the basic heating room was 6.5°C, and the
heating efficiency was 0.23°C/h. After adopting the new system, the room
temperature after equilibrium was 9.16°C, and the heating efficiency was
4.09°C/h. When the heated cooking wall and additional sunlight system were
used, the thermal load of the building decreased by 1436kW/h during the
whole year (with solar radiation). The thermal load of the building decreased
by 735kW/h throughout the year (without solar radiation).
Chapter 7

This chapter mainly introduces the optimization of the cooking heating
wall and the additional solar room system, and analyzes the influencing
factors of the cooking heating wall and the additional solar room system.
Through analysis and comparison, it is concluded that the main influencing
factors of the system are glass window material, thickness, and window-to-
wall ratio. Through software simulation, it is shown that the minimum
annual energy consumption is 5523.24kW/h when ordinary insulating glass
is used as the glass material. When the depth of the additional sun room is
120mm and 1500mm, the annual energy consumption is 7325.68kW/h and
7753.25kW/h. When the window-to-wall ratio is 0.7 and 0.6, the annual
energy consumption is 5468.95kW/h and 5132.69kW/h.
Chapter 8

The full text is summarized and the goals of future research are proposed.
The research aim of this paper was to put forward a cooking heating wall
system with an additional sunlight room, focusing on the analysis of the
impact of this system on improving the indoor temperature. It was verified
that this system is effective for indoor heating in residential buildings. The
ratio of walls to other elements is also an important factor affecting the
heating of the system. In future research, this viewpoint can be used as the
main research direction. First, the main elements affecting the indoor
temperature can be determined based on the local geographical environment
and climatic conditions to further determine the proportion of walls and

major elements, so as to optimize the system.
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The construction industry has always been an important part of human
economic activity. As time goes on, building techniques and construction
methods are changing. However, with the increasing acceleration of social
development, traditional construction methods have reached their limits.
Both in China and Japan are facing the problem of aging population
structure and low birth rate. The human demand for complex forms of
construction is growing, yet experienced workers are in short supply. The
construction industry continues to undergo industrial upgrading, while the
rise of digital design and the widespread use of robotics point the way to the
future of the construction industry. We hope to explore the possibilities of
parametric design and robotic automated construction through two practical
projects. We also explore the factors affecting the application of robotic
automated construction technology by building an evolutionary game model
to provide a policy reference for the government, construction companies and
public universities. The structures is explored as follows:

In Chapter 1, The background and purpose of the study are described.

In Chapter 2, The literature review on parametric design and robotic
automated construction was compiled.

In Chapter 3, A tripartite evolutionary game model was developed for the
interest-demand relationship between the government, construction
companies and public universities to explore the influencing factors affecting
the implementation of robotic automated construction.

In Chapter 4, An evolutionary game model was developed for the
government, construction companies' interest-demand relationship under the
influence of COVID-19.

In Chapter 5, A rapid interactive design method based on parametric
design is introduced, and the importance of parametric design for improving
the design process is presented.

In Chapter 6, A case study of collaborative human-machine construction of
complex structures using robotic arms is presented, allowing inexperienced
laymen to build quickly, efficiently, and accurately with the help of robotic
arms and digital design solutions.

In Chapter 7, The conclusion and prospect were drowned.

The implications and contributions of this paper are as follows.
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An evolutionary game model is used to analyze trends in the strategic
choices and behavioral predictions of stakeholders (government, construction
companies, and higher education institutions) for the introduction of robotic
automated construction under normal conditions and under the influence of
COVID-19, and a new method for predicting stakeholder behavior is
proposed. It also proposes an on-the-fly interactive design process based on
parametric design and develops a cost-effective and efficient design-on-
demand approach to reduce design rework. In addition, a collaborative
human-machine construction process is proposed to enable inexperienced
workers to construct complex structures efficiently and accurately with the
assistance of robots, combining the benefits of robotic automation and
manual labor, thus enabling a wider market application of robotic automated

construction.
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In general, this thesis starts with the development of new flotation
equipment to bring fly ash up to industrial standards by reducing the carbon
content. And by comparing the properties of the modified fly ash after
flotation under different conditions, an optimum flotation time and additive
content was found. After those the mechanical and physical properties of
concrete with different fly ash and recycled aggregates content are measured
by different experiments, compared with normal concrete and an attempt is
made to find out the connection between some of these properties. In the
experiments, concrete with recycled fine aggregate added was used and the
effects of different contents of recycled fine aggregate in ordinary fly ash
concrete were compared. Porosity experiments were also carried out and
correlation analysis was used to try to find the correlation between porosity
and compressive strength or drying shrinkage. By the results of compressive
strength, drying shrinkage, static modulus of elasticity and dynamic modulus
of elasticity of concrete with the addition of recycled fine aggregate and
modified fly ash, and predicted values of drying shrinkage of high strength
concrete, it can be concluded that the properties of concrete are indeed
related to each other and some prediction equations for compressive strength
and drying shrinkage are obtained by fitting experimental data based on the
specification standards of each country. Finally, the properties of high-
strength concrete with the addition of modified fly ash and recycled fine
aggregates were studied, and the predictive equations found in the literature
were fitted to the experimental values to obtain predictive equations for
drying shrinkage that can be applied to such concrete. Those above results
show that the application of MFAS prepared by the flotation method to
concrete 1is feasible.

CHAPTER 1 RESEARCH BACKGROUND AND PURPOSE OF THE
STUDY focuses on the production of fly ash and the hazards, briefly
describes the classification system of fly ash, and discusses the development
status of the flotation method of fly ash.

CHAPTER 2 PREVIOUS LITERATURE REVIEW mainly introduces the
current status of research on fly ash concrete at home and abroad. The
development of fly ash decarbonization technology is reflected through the

development of fly ash flotation method and the international utilization of
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fly ash.

CHAPTER 3 RESEARCH METHOD mainly describes the experimental
methods of this study. It includes the development process of the flotation
method and the design of the concrete mix ratio introducing the development
method of the new equipment.

CHAPTER 4 DEVELOPMENT OF FLOTATION DEVICE FOR REMOVING
UNBURNT CARBON IN FLY ASH FOR USE IN HARDENED
CEMENTITIOUS MATERIALS concluded that: We developed a prototype
device for removing unburned carbon from fly ash by means of the flotation
method and examined the operating conditions of the device ex-perimentally.

CHAPTER 5 EFFECT OF INCORPORATING FLY ASH AND RECYCLED
FINE AGGREGATE ON PROPERTIES AND CUMULATIVE PORE VOLUME
OF CONCRETE concluded that: Incorporating RFA or low amount of FA as
into concrete reduces its initial strength, but the compressive strength of
concrete incorporating an appropriate amount of FA can reach that of
concrete without FA as the age of concrete increases or the W/B ratio
decreases.

CHAPTER 6 A STUDY ON PROPERTIES, STATIC AND DYNAMIC
ELASTIC MODULUS OF RECYCLED CONCRETE UNDER THE
INFLUENCE OF MODIFIED FLY ASH concluded that: The relationship
between the compressive strength and static modulus of elasticity is
recommended by an equation derived based on the formula of each national
standard.

CHAPTER 7 STRENGTH AND DRYING SHRINKAGE OF HIGH-
STRENGTH CONCRETE WITH RECYCLED AGGREGATES USING FLY
ASH WITH THE FLOTATION OF DECARBONIZATION concluded that: By
comparing the predicted formulas of various countries, the predicted formula

of ACI is the closest to the actual value of this experiment.
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Design decision-making process can be complicated and immense.
Considering the high level of uncertainty during early phase architectural
design process, designer often neglect design parameter that could mitigate
future building performance and environmental impact. Utilizing generative
design algorithm and genetic optimization for the management of
contemporary data-driven and performance-oriented architectural design is
prevalent. Due to their computationally intensive nature, it can be
challenging to use them to optimize environmental potential and structural
considerations that are affected by the geometry and the material employed.
This thesis focuses on the deployment of parametric approaches and
generative exploration and optimization processes to optimize design
objectives related to environmental performance indicators. Exploration
mechanism should be considered as an option for identifying and finding
design solutions with better performance efficiently and effectively. In this
thesis, we propose techniques for achieving the best design solutions during
early-phase architectural design process, investigating the objectives of
environmental indicators together with the study of design parameter’s role.

The thesis consists of four main bodies. In Chapter 4, the experiments were
meant to develop a methodology for investigating daylight performance and
its relationship with glazing ratio, overhangs, louver shading, and room
orientation. The chapter offers a novelty in iterating a common feature such
as overhangs, louvers, glazing, and orientation to optimize daylight
performance in specific regional contexts such as Sydney; Australia, Jakarta;
Indonesia, and Birmingham; U.K., into three experiments. First experiment
implemented design exploration experiment for Jakarta showed
improvement in the useful daylight illuminance (UDI) by about 13.1%
compared to the benchmark model. In the second experiment, a
computationally developed benchmark model increase UDI by about 2.58% to
about 6.17% depending on which type we prefer. In the best winter
performance, the heating energy was improved by 3.36%. In the third
experiment, study for Birmingham showed UDI improvement by about 80%
and energy consumption by 28%. Study for Jakarta show UDI improvement
by 146.26% and energy consumption by 3.26%. The Sydney case study, UDI
improved by 79.48% and energy consumption by 2.99%. Parameter Spacing
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and Blade size were found to be the most influential parameters driving
design objectives in almost all the sensitivity analysis studies.

In Chapter 5, the experimentations characterized an approach for
improving the configuration of a material with a long-standing and well-
known reputation, the expanded metal sheet that was designed as a shading
device, to demonstrate that the utilization of this material can improve
daylight provision and serve as an alternative material for shading devices.
The study provides an innovative way of investigating a well-known,
inexpensive, and long-standing reputable material, expanded metal sheet, as
a solar shading device with its daylight performance. Given the context of
Japan's sky conditions, the best expanded metal configuration and daylight
performance were successfully identified and proven to merit the daylight
requirements of LEED v4 Daylight credits. The experiment on the expanded
metal reveals that in Japanese Industrial Standard (JIS) G3351 grating type,
the XG13 and XG14 are the most preferable types for UDI, while the XG24 is
the best type for daylight glare probability (DGP) and from the fitness
function calculation. XS91 is the best for the view objective. Aperture was
negatively correlated with UDI. Furthermore, undergoing a comprehensive
investigation of daylight from 3176 generated design solutions, the best
design solution was solution number 1728, reducing annual sunlight
exposure (ASE) by up to 100% and improving UDI by up to 50%. Focusing on
daylight glare probability (DGP), the optimization achieved a reduction in
DGP by 38%. In this chapter, Strand and Height are found to be the most
influential parameters driving the objectives.

In Chapter 6, we developed a parametric and optimization platform to
observe the building geometry-affected potential for optimizing outdoor
thermal comfort and reduce energy consumption. The purpose of this chapter
was to examine how the geometry of a two-story wooden house with a novel
geometry that uses the Reuleaux triangle as its base profile affects the
universal thermal climate index (UTCI) situated in the Orio District,
Kitakyushu, Japan. The study provides significance in finding the best
twisted Reuleaux triangle cylinder geometry to respond to the climate of
Kitakyushu, Japan. The results revealed insignificant improvement in one-
day based simulation with 0.07°C improvement in UTCI, 0.02 kWh/m? in
surface radiation, and 0.01 kWh/m?2 in the site radiation. However, in this

chapter, a contradiction emerges where the analysis toward the annual cost
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showed that the improvement was not guarantee the energy consumption
efficiency.

In Chapter 7, the experiment investigated the relationship between the
design parameters of a novel Hyperboloid wooden structure to the structural
and daylight objectives. The study provided a novelty in the structural
investigation and cost efficiency of a unique Hyperboloid wooden structure
made of 105 mm x 105 mm x 4000 mm Japanese cedar, together with the
identification of the best glazing size and position that performed the best
daylight situation. The optimization and exploration yielded 10,098 solutions
in structural analysis and 406 solutions in daylight exploration and
successfully dragged the pareto front and the fitness function calculation
individuals to the searching area in the population fields. Applying fitness
function calculations, the nine best solutions were ranked and the tendency
between parameters and objectives was revealed. Besides, design exploration
in the daylight simulation has been successfully observed the ten best
solutions performing optimum UDI in the summer and winter period.

The research contributes to the field of computational architecture design
by providing insight into how form finding leads to design goal optimization
and a method for examining the link between design parameters and design
objectives at various scales of the design project. By understanding the
relationship and trend between parameters and design objectives in the
context of early-phase architectural design, design goals can be
quantitatively justified, and the optimal solution can be attained. For
instance, the information of a particular louver, expanded metal
configuration, or building geometry can be beneficial for designers,
manufacturers, users, and regulators in recommending the proper
configuration based on the regional context to achieve future energy
efficiency and optimize daylight and energy consumption, which can have a
long-term positive effect on human health, the economy, and the natural

environment.
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In the context of the guiding principles of current Chinese rural
construction have shifted from increasing "quantity" to improving "quality,"
with the goal of preserving rurality and fostering a benign and sustainable
interaction between urban and rural areas, this study selects the most
important component of the rural settlement environment - the houses, or
domestic space inside - as the research object to investigate the transregional
differences and transepoch evolutionary processes. Within in the study area
of western Zhejiang province.

In order to address the vagueness of architectural research, Space Syntax
theory is adopted for a quantitative comparative analysis on spatial
configuration features, which is a set of plane topology relationship formed
by the user's behavior patterns, and the underlying sociocultural logic. SSPS-
based semi-structured questionnaire statics analysis is also employed as an
examination on the results.

This study focuses on two main issues. The first is the interpretation of the
traditional residential buildings' very subtle differences, which can be so
easily overlooked or hidden by stereotypical representations. Through a
three-step analysis (Relative value analysis, Genotype analysis and
Regression analysis on primary spaces and the whole entity), not only the
nuance of spatial characteristics of traditional rural houses is represented,
but also a framework for scientific and quantitative analysis on related
problems is proposed. The second is how rural domestic space has changed
over time. In order to ascertain the consistency and change in the spatial
organization pattern, a four-step syntactic analysis is used, and the study
attempted to identify the associated rural sociocultural background.

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

In Chapter 2, literature reviews of Space Syntax theory and relevant
research conducted on domestic space is elaborated and summarized.

In Chapter 3, methodology and case selection principles are explained and
research process and framework were established.

In Chapter 4, comparative study on two types of domestic space in
traditional dwellings in Jinhua and Quzhou was carried out to display the
tacit regional characteristics.

In Chapter 5, comparative study on domestic space of rural houses of five
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periods in Quzhou was conducted to show the revolution in spatial
organization patterns.

In Chapter 6, the conclusion and discussion.

The dissertation is being completed with the aim of preserving the
"prototype" in traditional space through syntactic interpretation on regional
features, and at the same time to pursue a sustainable and indigenous
residential spatial pattern through conducting extensive research on the
transformation on local domestic spaces, with the aim of discovering a
residential space model that both meet the needs of modern life and embody

the Chinese regional cultural paradigm.
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With the rapid development of industrialization in Zhejiang province and
the change of rural residents' lifestyle, a large amount of domestic and
industrial wastewater is generated in rural areas. The wastewater treatment
1s more complicated than urban wastewater treatment, so the pollution of
water environment is more serious. Based on this, this paper takes the rural
areas in Zhejiang province as the research object, analyzes the rural water
resources and their utilization characteristics, studies the water resources
system problems, and forms the "sustainable development" based on the
rural water environment pollution control and water resources planning
method proposal. The structures is explored as follows:

In Chapter 1, the background and purpose of the study were elaborated.
Literature reviews of water resources planning were sorted out.

In Chapter 2, the theory and method of constructing a water quality model
and the investigation and experiment on wastewater recycling are developed.

In Chapter 3, the current situation of water pollution and rural sewage
treatment system in Zhejiang province is analyzed. Policy measures and
treatment difficulties are pointed out, and suggestions are made for the
realization of rural sewage resources.

In Chapter 4, taking Shangyu as an example, based on the survey data of
water resources and water environment, point pollution sources and surface
pollution sources, water function zoning was implemented and the estimation
of pollutant input was analyzed.

In Chapter 5, analyzed the requirements and uses of wastewater recycling
and typical technology for wastewater recycling. Studied the use of
membrane separation technology in the recycling of water resources and the
conversion of salt in wastewater into resource. And the electrodialysis bipolar
membrane technology was applied to the high-salt leachate recovery process
of Shangyu rural landfill.

In Chapter 6, taking Shangyu as an example, the current status of water
supply and drainage is analyzed. New sewage scale and area as well as the
amount of construction work for the main sewage pipe and the main network
of the sewage system is proposed.

In Chapter 7, the conclusion and prospect were drowned.
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The mechanism, characteristics and efficiency of a new
vertical flow labyrinth (VFL) device for treating various
wastewaters
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Due to high ammonia nitrogen and complex water quality characteristics,
landfill leachate has caused significant difficulties in leachate's biological
treatment. Therefore, it is essential to develop an efficient and energy-saving
leachate natural treatment process. In addition, printing and dyeing
wastewater is one of the leading industrial wastewaters with large output,
strong alkalinity, high chroma, high organic concentration, complex
components, and poor biodegradability. The textile industry is one of the
most intensive industries in chemical products whose wastewater contains
hazardous dyes, pigments, dissolved/suspended solids, and heavy metals.
Hence, it is essential to effectively treat the wastewater generated by those
industries before releasing wastewater into the environment. Though textile
wastewater treatment has made tremendous progress, the advanced
treatment methods should be improved further to make them economically
viable and friendly. Based on this, starting from landfill leachate and sand
washing wastewater, this paper uses a new vertical flow labyrinth (VFL)
device to investigate the effect of seasonal temperature on water quality
degradation performance. On this basis, the superiority of the VFL unit and
the anaerobic/anoxic/aerobic (AAQO) process in the treatment of sand-washing
wastewater was compared.

Chapter 1 is the research background and purpose of the study.

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

Chapter 3 is the research methodology. The designing process and the
experimental process of the conjoint analysis has been shown in this chapter.
Chapter 4 is to analyze the microbial community structure of the sludge

samples in the anaerobic, anoxic, and aerobic sections of the long-running
VFL unit for the treatment of landfill leachate of by metagenomic sequencing
technology.

Chapter 5 is to analyze printing and dyeing wastewater treatment by
anaerobic reactor, VFL, and AAO.

Chapter 6 is to analyze the Simpson index of each stage of the VFL device
which is smaller than that of the AAO process.
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Chapter 7 is to introduce the VFL application in Jilin Province of China.
Chapter 8 is a selection analysis of VFL as a sewage treatment technology
in green buildings’ application.

Chapter 9 is the conclusion and policy implication.
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Study on Evaluation Methodology of Urban Waste
Management Policies by Beijing Residents based on
Contingent Valuation Method and Theory of Planned
Behavior
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The disposal of municipal solid waste has become the cause of major
environmental problems in major cities in China, and Beijing is facing more
validated problems, so it was chosen as the target city for this study. After
analyzing representative sustainable urban factors, the relationship between
environmental, social and economic factors related to how municipal solid
waste is recycled and the intention to implement other government policies
was assessed using a virtual evaluation method to infer Willingness to Pay
(WTP) was inferred. It also investigates the factors that influence the
public's willingness to pay and analyzes the factors that predict each variable
of willingness to pay.

Chapter 1 introduces the current problems of general urban waste
management. The most important thing that needs to be done in the process
of urban waste disposal is the separation and recycling of waste before
disposal, which not only improves the efficiency of waste disposal, but also
reduces the environmental pollution of living areas.

Chapter 2 summarizes the literature review on sustainable cities and
societies, identifies the positive effects that urban general waste
management can have on the environmental, social, and economic
components of sustainable cities, and discusses citizens' acceptance of and
propensity to pay for urban general waste management, relying on the
virtual valuation method and the theory of planned behavior. And a
preliminary analysis of the payment and compensation benefits of urban
general waste management is provided.

Chapter 3 examines the non-market economy nature of urban general
waste management from the literature review of the virtual valuation
method and the theory of planned behavior, and explains the relationship
between the amount citizens are willing to pay and the price they are willing
to pay for non-market economy behavior.

In Chapter 4, an experimental method based on a basic survey and
questionnaire in Beijing is used to predict the basic understanding and the
amount citizens are willing to pay for the classification of urban general
waste. Through the results of the questionnaire, we find that 62.7% of
Beijing citizens refuse to pay for the classification of urban general waste
management, and among the target population who choose to pay, the age

group is located between 20-30 years old, and those who have a university
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degree Among those who chose to pay, those in the 20-30 age group and those
with university degrees had a higher tendency to pay.

In Chapter 5, summarizing the respondents with better willingness to pay
in the previous chapter, we selected college students in Beijing universities to
conduct a survey on the behavioral tendencies and willingness to pay for
solid waste disposal on campus. It was found that students' behavioral
tendency is mainly influenced by behavioral intention, behavioral attitude,
subjective intention and perceived behavioral control, and higher education
and younger people are more receptive to the new policy. Through the
analysis of the survey data, the reason for refusing to pay is the lack of
concern for the urban environment, indicating that the lack of awareness of
the respondents about the general waste management in the city leads to the
action tendency and not strong.

In Chapter 6, a questionnaire survey was conducted to understand the
willingness of citizens in major areas of Beijing to pay for garbage collection
systems. Based on the hypothesis evaluation method and the Theory of
Planned Behavior model, specific willingness to pay and prices were better
predicted in the presence of increased environmental concerns, and it was
found that nearly 70% of the respondents were willing to pay US$49.93 per
person per year for garbage collection equipment. The reason for refusing to
pay would be because of the lack of transparency and disclosure of
government utility charges.

Chapter 7 presents policy recommendations for general urban waste
management in Beijing, showing the importance of promoting
environmentally friendly urban policies and transparent and open charging
systems for sustainable urban and social development in Beijing. Using
Beijing as an example, the above study examines how virtual evaluation
methods can be used to develop urban policies that contribute to sustainable
urban and social development in China, and demonstrates the effectiveness
of this approach.

This research predicts the willingness to pay of Beijing citizens for
municipal solid waste waste management, using Beijing as an example, and
proposes an extended model based on the contingent valuation method and
the theory of planned behavior. Based on this extended model, it
contributes to the development of new low-carbon policies in Chinese cities

and socially sustainable cities, and proves its effectiveness.
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Comprehensive Analysis of Population-Economy-Space
Urbanization in the County-level Areas before and after

Wenchuan Earthquake
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Urbanization, as one of the most important indicators to evaluate the
development level of city, usually means huge migrant of population from
rural area into the urban area, secondary and tertiary industry replace the
primary industry as the major economic industry, large land transfer into
built-up area. In other words, based on the connotation of population
urbanization, economy urbanization, space urbanization, we could deepen the
knowledge of urbanization by comprehensive analysis. In particular, a
comprehensive analysis of urbanization development under the context of
destructive earthquakes is more conducive to enriching our understanding of
the objective rules of urbanization development under extreme
circumstances.

This study aims to explore the temporal distribution and difference of
urbanization and its subsystems before and after the Wenchuan earthquake
(Richter scale 8.0) in county scale. Based on the connotation of urbanization
from dimension of population, economy, space, the assessment system of
urbanization is proposed. Furthermore, coupling degree model and coupling
coordination degree model are also proposed to evaluate interrelation
between these three subsystems of urbanization and overall coordination of
urbanization, respectively. In addition, the statistics analysis methods and
triangle model are employed to test the stages difference and urbanization
mode difference. The data of indicators are in the period from 2001 to 2017,
which was collected from the authoritative China Statistical Yearbook.
According to the time span, the whole time period is divided into three
stages, pre-earthquake stage (2001 to 2007), reconstruction stage (2008 to
2010), post-earthquake stage (2011 to 2017). According to official report,
these most severely affected counties of the Wenchuan earthquake,
Wenchuan, Shfiang, Qingchuan, Pingwu, Pengzhou, Mianzhu, Maoxian,
Dujiangyan, Beichuan, Anxian, are selected to show the empirical results.

In Chapter 1, INTRODUCATION, the background and significance of the
study are presented from followings: overview the world trend of
urbanization development and natural disaster, review of previous studies,
purpose and content structure.

In Chapter 2, METHODOLOGIES, URBANIZATION ASSESSMENT
SYSTEM, EVAULATION MODELS, data sources and statistics analysis
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methods are introduced. Moreover, comprehensive urbanization index system
1s proposed. In addition, coupling degree model, coupling and coordination
degree model, and triangle model are all presented in this chapter.

In Chapter 3, OVERVIEW OF SOCIAL ECONOMY DEVELOPMENT AND
DISASTER BACKGROUND AND POLICIES, taking these most severely
affected counties as the research object, social economy development before
the Wenchuan earthquake are introduced. Disaster loss, such as direct
economy loss, population loss, houses loss, land loss, and paired-
reconstruction policies are presented in this chapter.

In Chapter 4-6, COMPREHENSIVE ANALYSIS OF URBANIZATION IN
COUNTY LEVEL, population urbanization, economy urbanization, space
urbanization, population-economy-space urbanization are firstly examined on
temporal distribution characteristics and stage features. Furthermore,
interrelationship degree between three subsystems, overall coordination of
urbanization is also tested to show the relationship and quality of
urbanization on time period features and stage characteristics. Moreover, to
show difference before and after the Wenchuan earthquake, all these indexes
are analyzed by T-test and paired T-test to show whether there is statistics
difference between different periods and different stages. At last,
urbanization-led mode variation are also evaluated. In addition, all these
indexes are test both in county level and region level.

In Chapter 7, major conclusion of each chapter has been summarized.
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