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Photoelectrochemical (PEC) water splitting is a strategy to decompose
water into oxygen and hydrogen molecules with the utilization of light energy
and semiconductor photoelectrodes. Hematite (a-Fe203) is a potential
photoanode candidate for PEC water splitting owing to its inexpensive, high
abundance in nature, and suitable band gap (~2.1 eV) under visible light
irradiation. However, Fe2Os still suffers from low PEC efficiency, mainly due
to poor electrical conductivity and limited light absorption.

This thesis proposes methods for developing hematite photoanodes with
improved PEC performance for water splitting. Firstly, additional annealing
in argon atmosphere is employed to enhance the photocurrent response of the
hematite photoanodes. Secondly, a macroporous conductive substrate with
large surface areas is selected for fabricating hematite photoelectrodes.
Finally, the porous hematite photoanode is developed as a membrane
electrode assembly (MEA) for PEC water splitting in two-compartment cells.

Chapter 1 presents a general introduction to solar water splitting,
semiconductor electrodes, and a brief overview of hematite photoanodes.

In Chapter 2, Ti4*-doped Fe203 was prepared by hydrothermal treatment
followed by annealing at 873 K in air and a second round of annealing at 473
K in argon. The two-step annealing process increased the PEC performance of
Ti-doped Fe203 on a fluorine-doped tin oxide (FTO)-coated glass substrate
(FTO/Ti-Fe203) for water oxidation in 0.1 mol L-1 NaOH solution. Ti** doping
was achieved by using TiCls ethanol solutions of various concentrations. The
optimized Ti/Fe atomic ratio in the solution was 3%, which showed the highest
photocurrent densities. The two-step annealed FTO/Ti-Fe203 generated a
photocurrent density of 0.55 mA cm~=2 at 1.50 V vs. reversible hydrogen
electrode (RHE) under simulated one-sun illumination, which was
approximately three times higher than that of the photoanodes annealed in
air. Four-point probe resistivity measurements revealed that the two-step
annealing resulted in a higher electrical conductivity than that of the samples
annealed in air. The conductivity improvements induced by the additional
argon annealing at 473 K were ascribed to the increased donor density, which
was confirmed by Mott—Schottky analysis and diffuse reflectance UV-visible—
near-infrared spectra. The strategy of Ti4* doping and two-step annealing

successfully fabricated Fe2Os-based photoanodes with better photocurrent



density due to high electrical conductivity.

In Chapter 3, three-dimensional (3D) titanium microfiber felt (Ti felt) was
used as a conductive substrate. Compared to conventional two-dimensional
(2D) substrates, such as FTO-coated glass and Ti sheets, the loading amount
of Ti-doped Fe203 on Ti felt was 2—5 times higher for a similar substrate
geometric area. However, the thickness of Ti-doped Fe2O3 on the Ti felt (0.6
pm) was less than that on the 2D substrates. The Ti-felt/Ti- Fe2O3 exhibits a
higher photocurrent density than FTO/Ti- Fe2Os and Ti-sheet/Ti- Fe20s.
Analyses of the incident photon-to-current conversion efficiency (IPCE) and
Faradaic efficiency indicated that Ti-felt/Ti- Fe2Os showed higher PEC
activity for the oxygen evolution reaction than FTO/Ti- Fe2Os. The enhanced
PEC activity is ascribed to the moderate thickness of the Fe2O3s layer, which
contributes to a short electron transport distance. Furthermore, the high
loading of Fe203 on the Ti-felt substrate increased the photocurrent response
at wavelengths near the band edge, even at low light intensities. This study
provides new insights for preparing hematite photoanodes with higher PEC
activity for the OER using a 3D porous substrate, rather than conventional 2D
substrates.

Chapter 4 represents the successful fabrication of a MEA that incorporates
porous Fe20s-based photoanodes integrated with an anion exchange
membrane (AEM). The AEM-PEC system demonstrates water splitting under
visible light irradiation, operating even under low-conductivity and
near-neutral conditions (~1 mS/m and pH ~9), without the need for supporting
electrolytes. The IPCE action spectrum confirms a visible light response
extending up to 600 nm, surpassing that of previous reports on porous
photoelectrodes with solid electrolyte membranes. Importantly, this
AEM-PEC system differs from conventional PEC using liquid electrolytes,
where hematite photoanodes are active only in strongly alkaline solutions.
The combination of porous photoelectrodes and solid electrolyte membranes is
significant for water-splitting reactions without the reliance on electrolyte
solutions.

In summary (Chapter 5), this thesis explored alternative strategies for
enhancing the PEC efficiency of hematite photoanodes. Additional annealing
in an argon atmosphere improves the PEC properties by simultaneously
increasing donor density and electrical conductivity. Furthermore, the use of

3D macroporous conductive substrates enables higher loading and thinner



thickness of the hematite layer, resulting in enhanced PEC efficiency.
Additionally, the AEM-PEC system achieves water splitting in pure water
without supporting electrolytes, overcoming mass-transport limitations
through the synergistic combination of porous photoanodes and solid
electrolyte membranes. This low-cost and straightforward device integration
of porous hematite photoanodes with AEM exhibits promising potential for

advancing sustainable energy production through PEC applications.
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This study has three primary focuses on open waste burning (OWB) study:
the first is the literature review on global and regional scale, the second is the
city-scale study (Semarang City), and the third is on regional-scale study
(Southeast Asia). In the first chapter, a literature review on the OWB study at
a global and regional scale is conducted using systematic literature network
analysis (SLNA), which employed bibliometric and qualitative content
analysis in the review process. The literature review focused on the
environmental and health impact based on the published study, the recent
inventory assessment for OWB study, and factors affecting OWB practices.
The results showed that OWB topics, especially environmental and health
risks, are the concern of researchers nowadays. Besides, severe gaps in the
data-specific country of emission factors must be addressed to better estimate
the emissions and risks of the people around the burned waste. More work on
the OWB field is needed to fill the gaps to reduce the open burning intensity,

especially in SEA countries.

The second chapter presents the temporal pattern of OWB in Semarang City.
Due to a gap in the specific-country data, an inventory assessment is needed
to reduce the climate and health risk impact due to OWB. The transect walk
survey methods were modified from previous methods in India, Mexico, and
Nepal. Only 11.38% of the total waste piles in the transect areas were not
burned during visual inspection. Therefore, the highest burning intensity was
found in the urban area, which is surprisingly different from the previous
finding that peri-urban areas contribute the most to open burning in
Semarang City. Each person can be estimated to burn 1.098 kg of waste daily;
however, a lower number was found in urban areas. The total estimation of
waste burned in Semarang City was 212.94 tons/day, or 12.81% of the total
waste generated in Semarang City in the dry season. This value is higher
than in the rainy season, which was estimated at only 161.17 tons/day.
Approximately 161.17 - 212.94 tons/day of municipal waste is burned in
Semarang City, ultimately accounting for 9.70 - 12.81% of the total waste
generated in the city. The outer peri-urban area cluster contributed the most
to open burning, representing 47.39% of the total open burning incidents in

the dry season.



The third chapter is focused on the health and environmental risks
assessment due to OWB practices. Several laboratory methods were applied to
get a better estimation of the assessment. The result showed that plastic
burning contributed to the highest emission share among waste components,
and annual total emissions due to OWB were estimated at approximately
53,809.66 tons per year. Therefore, the emission of uncontrolled burning
varies on the composition of burned waste. Although the carcinogenic risk was
low, non-cancer disease risk exceeded the standard. Therefore, direct exposure

of residents to OWB may pose significant health risks.

The fourth chapter is about the mitigation scenario of OWB practices in
Semarang City. Based on the number of waste collection sites (WCSs), a
spatial analysis was conducted to optimize the placement of WCS in
Semarang City. This study used the average nearest neighbor and kernel
density (ANN/KD) analysis, spatial multi-criteria decision analysis (SMCDA),
and location-allocation analysis to define the unserved area and analyze the
priority area of WCS development. The results showed that Semarang Tengah
and Semarang Selatan District have a thicker WCS density. Rural and
peri-urban areas need more WCS, which may lead to improper waste
management. There are 32 new potential locations and 84 existing WCS
necessary to pretend its existence. The optimization of WCS may reduce
uncollected waste from 1,080 to 462 m3/day, thus reducing other improper

waste management practices in Semarang City.

The fifth chapter is the regional-based study, which focuses on the
prioritization of actions to reduce the OWB. Several experts are invited to
justify and determine the priority of the mitigation actions. Qualitative
content analysis and SWOT-QSPM methods are used to analyze several
initiatives that have already been taken and the questionnaire survey results,
thus identifying the priority actions to reduce OWB. The results showed that
building the capacity of the national and local authorities or leaders is the
most important thing to solve the OWB problems. Mitigation actions are
needed to reduce the OWB incidents. The results of this study could provide
valuable information for policymakers, especially in reducing the

environmental pollution caused by OWB practices.
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This study compares the circulation of materials and energy in cities to the
metabolic system of life, considers the supply infrastructure as "arteries" and
the processing infrastructure as "veins", and evaluates citizens' willingness to
pay for "electric bicycle sharing" and "hydrogen energy bus", which correspond
to the arterial system of low-carbon cities, and "smart garbage recycling
cabinets", which correspond to the vein system of low-carbon cities, using a
virtual evaluation method. It proposes an evaluation method that contributes
to the formulation of urban policies to achieve carbon neutrality in China.

Chapter 1 summarizes the background and objectives of the research.

Chapter 2 reviews the theoretical background and literature of research
methods, and describes the problems of the hypothetical valuation method,
which is an environmental value evaluation method for urban environmental
policies, and how to deal with them.

Chapter 3 details experimental methods based on virtual evaluation
methods and planned behavior theory, and shows that the spike model, which
1s the best estimation method for environmental value evaluation, is the best.

Chapter 4 uses a virtual evaluation method to analyze the factors that
affect residents' willingness to pay for "hydrogen energy buses" included in
low-carbon urban arteries, and showed that Beijing is willing to pay $0.45 per
ride, and the environmental value of Beijing as a whole is about $430,000 per
day.

Chapter 5 conducts a survey on "electric bicycle sharing" in Weihai City,
Shandong Province, and shows that the willingness to pay for "electric bicycle
sharing" is $0.1 per use.

Chapter 6 evaluates the willingness of residents to pay for a "smart garbage
recycling cabinet" in a low-carbon urban vein in Weihai City, Shandong
Province, and showed that the willingness to pay is $0.8 per household.

Chapter 7 provides conclusions, summaries of each chapter, and policy
recommendations.

This study focuses on the metabolic system of low-carbon cities, gives policy
examples that are positioned in arteries and veins, and evaluates citizens'
willingness to pay and environmental value for them. This series of research
results will lead to the quantification of the environmental value of various
urban policies, contribute greatly to the promotion of low-carbon cities in

China, and provide new knowledge in the field of urban policy.
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Under China’s requirement to attain a carbon peak by 2030, and in the face
of energy consumption dilemmas and environmental crises, decreasing
building energy use has gained a widespread concern. Passive design is a
climate adaptive design method that can save energy and reduce carbon
emissions without using artificial energy resources and effectively improve
the building’s indoor thermal comfort. And climate conditions are a critical
factor in determining the passive design scheme. Climate zoning helps
formulate building energy conservation standards and adapt building energy
conservation technology according to the region. In this research, by using the
spatial interpolation method, the Qinba mountainous area is divided into 5
climatic sub-regions, A1, A2, B1, B2, and C, based on HDD18 and CDD26. In
addition, the relative humidity, wind speed, and solar radiation intensity were
used as supplementary elements for sub-climate zoning. Then, the thermal
neutral temperatures of the 5 climatic sub-regions were calculated through
the questionnaire survey and field measurement. Furthermore, the research
analyzed the sensitivity of passive design parameters in each climatic
sub-region, and determined that the attached sunspace, and heat transfer
coefficients of the exterior wall, roof, and exterior window are effective passive
parameters. Finally, this research employs NSGA-2 and TOPSIS method to
optimize passive design strategies for traditional dwellings in the 5
sub-regions with multi-objectives of improving building energy efficiency,
thermal comfort, and cost-effectiveness. Through multi-objective optimization,
applying effective passive measures could save 60.43%, 58.02%, 62.30%,
65.12%, and 62.59% of annual building thermal loads in sub-region A1, A2, B1,
B2, and C, respectively. The structure is explored as follows:

Chapter 1, Research Background and Purpose of the Study.

Chapter 2, Literature Review.

Chapter 3, Methodology.

Chapter 4, The Climatic Subdivision in Qinba Mountainous Area.

Chapter 5, Field Survey and Traditional Dwelling’ Environmental
Measurement in the Climatic Sub-regions.

Chapter 6, Thermal Comfort Investigation of the Climatic Sub-regions.

Chapter 7, Effectiveness Study of Passive Design Parameters for
Traditional Dwelling.

-14 -



Chapter 8, Multi-objective Optimization of Cost-effective Passive Strategies
for Traditional Dwelling.

Chapter 9, Conclusion and Prospect.
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The retro-reflective coatings can reflect the incoming solar radiation back
along the incidence direction. Compared with the high reflective coatings with
the optical property of diffuse reflection, the coating has greater potential in
reducing the building surface temperature, saving energy, and alleviating the
urban heat island effect. Therefore, the scientific problem of the influence of
the retro-reflective coatings on the regional thermal environment was put
forward. On the one hand, the optical properties of the coatings, including
solar reflectance and retro-reflectance, were studied. On the other hand,
retro-reflective coatings and high reflective coatings were applied on the outer
surface of the model, respectively, the effect of two coatings on the thermal
environment of regional buildings were studied by monitoring the regional
albedos, wall temperatures and air temperatures. In addition, the influence of
building forms on the thermal contribution of coatings and the thermal
performance of coatings in different seasons were further studied. Finally,
based on EnergyPlus software, the influence of building surface reflectance on
building energy load of an enclosed educational building in Qingdao was
simulated. The main works and results could be summarized as follows:

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

In Chapter 2, the literature review of the application of RR-coatings in
buildings were made.

In Chapter 3, the methodology and performance evaluation index were
studied.

In Chapter 4, study on spectral properties of retro-reflective coatings.

In Chapter 5, an experimental comparison on regional thermal environment
of the high-density enclosed building groups with retro-reflective and
high-reflective coatings were made.

In Chapter 6, the influence of the building enclosed forms on thermal
contribution of retro-reflective and high-reflective coatings were studied.

In Chapter 7, an experimental evaluation on thermal contribution of
retro-reflective and high-reflective coatings in an enclosed building in summer
and winter were made.

In Chapter 8, the effect of building surface retro-reflectivity on energy load
and COz emission of an enclosed building.

In Chapter 9, the conclusion and prospect were drawn.
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With the increasing use of antibiotics and the rising concentration of
antibiotics in medical wastewater, the treatment of antibiotics in wastewater
from medical buildings has become increasingly important. To enhance the
efficiency of antibiotic removal in medical wastewater treatment, we proposed
the design of a thicker membrane material with larger interconnected pores.
Additionally, we attempted to synthesize a layer of adsorptive polymer on the
membrane surface to enhance its affinity for antibiotic molecules. Through
this approach, we successfully synthesized polymerization adsorption
membranes (PAM) and tested their performance using Ciprofloxacin (CIP) as
a model antibiotic. The results demonstrated the presence of adsorption
capacity and permeation inhibition for CIP molecules on the PAM.
Furthermore, to meet the demand for selective adsorption of specific types of
antibiotic molecules, we introduced molecular imprinting technology onto the
PAM membrane. This resulted in the synthesis of a Molecularly Imprinted
Membrane (MIM) using CIP as a template. The MIM exhibited significantly
improved absorption capacity and permeation inhibition for CIP molecules.
The structure is explored as follows:

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

In Chapter 2, the literature reviews of antibiotic removal methods were
sorted out and the membrane separation method was finalized.

In Chapter 3, the methodology of the research was purposed, synthesis and
characterization methods were designed.

In Chapter 4, the data resource and membrane performance analysis are
introduced.

In Chapter 5, the synthesis and characterization of PAM is studied.

In Chapter 6, the synthesis and characterization of MIM is studied.

In Chapter 7, the performance comparison between PAM and MIM is
analyzed.

In Chapter 8, the conclusion was drowned.
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With the rapid development of urban rail transit systems, station realms
have become 1important spatial hubs that accommodate various urban
functions and people's daily life. This study takes Xi’an Metro Line 2 as a case
study and combines spatial pattern recognition techniques and spatial
relationship modeling to systematically analyze the spatial distribution
patterns of population activities and functional facilities, as well as the
interactive mechanisms between them. The aim is to provide strategic
guidance for improving the allocation of public resources and enhancing
spatial efficiency in station realms.

In Chapter 1, the research background, previous studies, research questions,
research objectives, research hypotheses, and research content were
introduced.

In Chapter 2, the foundational theoretical research that primarily covers
four aspects: the scope and types of transit station realms, spatial distribution
patterns, spatial interaction relationships, and station realm planning and
development models.

In Chapter 3, a research methodology framework for studying the spatial
distribution patterns of station realms is established, focusing on four
dimensions: methods for defining the scope of station realms, methods for
categorizing station realm types, data processing methods, and methods for
analyzing spatial distribution patterns.

In Chapter 4, using the 16 stations of Xi'an Metro Line 2 as empirical
objects, the scope and types of each station realm are determined. The spatial
distribution characteristics of population activities and functional facilities
within each station realm are identified, and the spatial relationships
between them are explored.

In Chapter 5, the Spearman correlation test is employed to analyze the
correlation between population activities and various functional facilities in
different types of station realms. This analysis provides a quantitative basis
for further establishing regression models.

In Chapter 6, two regression models are established: global OLS and local
GWR. These models provide further insights into the interactive relationships
and key variables between population activities and various functional

facilities in different types of station realms. The regression results are
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discussed in detail to provide insights into the findings and their implications.
In Chapter 7, the research conclusions and innovative points are

summarized, and the limitations of the study are discussed.

- 25 -



MEAEOKREOEE

ARFRSCO B, H PSRRI X OVE L Mk o A 0% Eh & &R i % 0> 22 [ 50 A
PEARRR - MAEMICHE L W oMM ERBRREZHALNCT L2 TH D,
F-. HERBOABMEAMET 2T L OBEICHES X | BN L OE I #
oo N DGR & SRR & OMBAEREZRD . AHEFRE S EZLET LD O
SEERT D,

1 ETIE, oY R, B KOG SCOM A Z ik~ 7z,

2T, MERMEEERE L., R SCOWIE T IER OV A Z LT 5720
DOBEFMA IS A R LT,

F3E T, MR HEE R L, SREL IO, ¥4 7, ERIOMm T —
V. FEAER A =X L0050 D S BFIE T IEGR N O 2 5 LT,

AT, PEMELZTOM T2 52t LT, BHEET —#IC
KoNWT, FBRENHIBRO#PHE X A TEER LT, v VT —RE YT T—X
IZHADWT, ZE B B DT & X F — RN E AT, BREZD O N 0%
B & KR OB oM ORER R E L, Th b OEMMNMERMRE RS-,

5 ETIE, AT~ UMBREEZHWT, FBRELO ANDTEEN L 10 FEEO
fiEk & OMBAZ ST L, [BUFET LV OERIKREAER LT,

6 ETIH, ZHEERMELABEERED OO/ FE (OLS) £ T I/VITHE
WT, HERRYMEEIE (GWR) BT /VICk » TEKR ik L, Bpb 2 A
TONOTES) & AFEEE & OMAEROREZI M Lz, &&ZIC, BURSHT
DFEFANZFES N T, AL OAN LG OBy % K ET H 720 OBIRIES 217>
7=,

BTIETIE, FETELONT-MAEFE LD, BIEE LT,

UL, KPR, M FEBRAZ# Mo I 7 Lb~L s LTESREY T, Of
NG — KRR 2 LA BUE I Mo N D TEE) & A TR & O BAREH 2B 5 2
2T 560 ThHDH, —HOMFENRRIT, YEIHITHLVWIMAEZE5EX 550 TH
D, WTFSBUEDORNIEEFROR A2 SE L, NATEE) & FHlERDOFR~ v F
YT ERETL—ERDLILDTHD, LoT, KXOEHFTIEL (LF) O
FNEZTHERN DD LD LR D,

- 26 -



YATA A TART

ZUHF / . ' o
K4 (ORFE) Siswanti Zuraida (1 > KR 77)
T o OE R (1)

ofr ® B W H242%

PN GAEH H

2023%9H25H

PN G- DA

PACHB A% H1HE Y

AL A S H

Study on recycling of disposable diaper as ecofriendly-concrete
material for the application on building

BB Lwar s U — bk L LTofdste>D U 3 A
7 WAZBEY D AFTE)

P o =

T A T~ N—]

CEIUM 37 K BB LA it (L2%)
FEEZE mH JEE

(AL TS R E BB T3 it (T5))
FELZR &R T

(AL L R E BB T3 it (T5))
#w#hEZLE B

AU TSR BREE AT FT 20 1 (F27))

-27 -




i AEDEF

Using disposable diapers in concrete and cement-based material has become
an alternative to reduce waste capacity and environmental impacts. The
findings of current research conclude that SAP (Super Absorbent Polymer) as
the highest component in disposable diapers could improve the self-healing of
concrete structures, as well increase yield stress values, flexural strength,
plastic viscosity and elastic modulus. However, the current research mainly
elaborated on the microstructure of the materials which makes the
application of the findings become intangible. This doctoral research
investigated the application of disposable diapers to replace the use of fine
aggregates on concrete and mortar. This study is aimed to investigate the
feasibility of materials to be implemented as building components. By
theoretical analysis and experiment, the study analyzes the mechanical
properties of material, elaborates environmental impact and analysis the
source availability of materials, also estimates the utilization of materials for
the construction industry. For broad insight, the study also proposes a
construction system of the materials by prototyping an actual scale of the
house.

In Chapter 1, research background, problem and objectives were introduced
as base of study.

In Chapter 2, theoretical background and literature reviews were
elaborated to find the factors that influence to waste capacity of disposable
diapers, indicators on environmental impact and the building standard.

In Chapter 3, the systematical methodology was introduced by conducting
laboratory experiments, calculating simulation based on database and
prototyping.

In Chapter 4, the results of the laboratory experiment were investigated
with the findings on mechanical properties on concrete and mortar consist
disposable diaper and its improvement, as well comparative study on similar
materials.

In Chapter 5, feasibility study on environmental impact were assessed by
analysis embodied energy, carbon emission and eco-costs.

In Chapter 6, feasibility study on construction system were proposed to find
the proper implementation as building materials by designing the connection

system and prototyping in actual scale of the house.
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In Chapter 7, evaluation on all the findings based on Chapter 4, 5 and 6,
were discussed to conclude the feasibility of using disposable diapers as a part
of building materials component.

In Chapter 8, the main findings of study were summarized and suggestion

for future study.
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Renewable energy has developed steadily in recent years in the context of
energy shortages and safe supply requirements. Since over 40% of total
energy consumption comes from buildings, increasing the self-sufficiency rate
of renewable energy in buildings is critical. While Japan's implementation of
the feed-in tariff in 2011 led to explosive growth in household renewable
energy equipment, the trend slowed as the feed-in tariff price decreased.
Therefore, it is urgent to reduce further the cost of running household
renewable energy equipment. This research focuses on applying machine
learning in optimizing building energy system operations further to reduce
the operation cost of building energy systems and increase the self-sufficiency
rate of renewable energy.

In Chapter 1, Introduction and Purpose of the research.

In Chapter 2, Methodology. Chapter 2 focuses on the key concepts and
methods used in the study.

In Chapter 3, Materials and Data Preprocessing. Chapter 3 provides an
in-depth analysis of the data resources and this study's preprocessing steps.

In Chapter 4, Potential Analysis of the Attention-based LSTM Model in
Building Energy System. Chapter 4 aimed to evaluate the potential of using
an attentional-based LSTM network (A-LSTM) to predict HVAC energy
consumption in practical applications.

In Chapter 5, Operational Optimization for Building Energy Systems Using
Value-based Reinforcement Learning. Chapter 5 presented the proposed
model-based deep reinforcement learning algorithm called Model based
Double-Dueling Deep Q-Networks (MB-D3QN). This algorithm optimizes the
cost-effective operation of a residential house equipped with a grid-connected
PV-battery system in Japan.

In Chapter 6, Operational Optimization for Building Energy Systems Using
Actor-Critic based Reinforcement Learning Considering Real-time Energy
Prediction. Chapter 6 proposed a model-based RL control method considering
real-time prediction values for operation optimization of the residential
PV-battery system. The optimization goals aim at reducing the energy cost of
the microgrid and ensuring that the PV self-consumption ratio is not lower
than the baseline model.

In Chapter 7, Conclusion and Outlook. A summary of each Chapter is

concluded.
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This study focuses on the materialization and demolition processes within
the construction industry, examining carbon emission trajectory and key
driving factors within a city scale. Specifically, representative cities at
different stages of development, namely Hangzhou in China and Kitakyushu
in Japan, are selected to explore the potential for decarbonizing the
construction industry and achieving carbon neutrality. The study takes into
account the synergistic decarbonization with upstream sectors and the
synergistic carbon reduction with downstream waste recycling sectors,
providing corresponding recommendations in light of these perspectives.

Chapter 1 provides an overview of the current global climate change
scenario, investigates the overall carbon emissions and building-related
carbon emissions across different nations. By examining the sources of CECI,
1t underscores the imperative of active support from upstream and
downstream sectors in reducing carbon emissions in the construction
industry.

Chapter 2 aims to provide an overview of the existing research on CECI by
bibliometric analysis and manual review.

Chapter 3 introduces the two research objects and the carbon emission
accounting & analysis methods.

Chapter 4 quantitatively evaluates the CECI of Hangzhou and Kitakyushu.
The analysis tracks the sources of direct CECI and examines the trajectory of
indirect CECI. The LMDI method decomposes the carbon emission increment
into different factors, identifying the influences on CECI changes and
reduction pathways.

Chapter 5 explores the synergistic decarbonization potential of the
construction industry and upstream sectors. A building stock flow model is
constructed to estimate building demand and new construction area under 9
scenarios. A process-based life cycle assessment method is employed to
calculate Materialization Stage Carbon Emissions (MSCE) in the construction
industry. The core influencing factors of MSCE were identified and the
potential for decarbonization in the construction industry is explored.

Chapter 6 delves into the synergy between the construction and waste
recycling sectors in decarbonization efforts. Through a comprehensive

analysis of the waste treatment and recycling process, the carbon emissions of
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the life cycle of C&D waste were evaluated, the potential carbon reduction
contribution of the waste recycling in Kitakyushu were calculated.
Chapter 7 provides a concise summary of the entire thesis and discusses the

future work of research on CECI.
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Evaluating the environmental impact of material selection is crucial to
addressing sustainability issues. Regarding ecological benefits, utilizing wood
as a construction material is the most effective method to reduce carbon
dioxide emissions. Unfortunately, trees grow slowly, threatening the
sustainability of the current wood supply. Therefore, developing alternative
sources of wood is very important, one of which is the utilization of
fast-growing tree species. Albasia (Albizia falcataria) is a fast-growing tree
species commonly found in Indonesian forests and plantations. Besides having
many advantages, such as a short harvest period (4-7 years) and simple site
requirements, the development of albasia is also in line with the Indonesian
government's goal to become the world's largest supplier of lightwood through
the ILCF (Indonesian Lightwood Cooperation Forum) in 2018. However, the
low density, hardness, and strength of albasia wood limit its commercial use.
Therefore, it is essential to improve the density and properties of wood, as
denser wood is frequently preferred for commercial use, particularly in
construction. To enhance the value of fast-growing wood with low properties,
increasing its density in a procedure known as wood modification technology
1s advantageous. This study aims to investigate the potential of sustainable
Indonesian albasia wood as a more valuable wood by improving its physical
and mechanical properties through compressed wood method under high
temperature and pressure.

The following is a brief description of what was done in each chapter. In
Chapter 1, the advantages of wood as a sustainable construction material are
outlined, trends in Indonesian albasia wood are discussed, and wood
modification emerges as a viable strategy for enhancing the properties of
fast-growing wood. In Chapter 2, the literature review aims to provide a
comprehensive and critical overview of albasia, wood as a construction
material and wood modification parameters. In Chapter 3, the research
methodology demonstrates how to collect data, analyze data, and target
research results. The study employs a combination of qualitative and
quantitative methods to collect data, using an ethnographic and experimental
approach, respectively. In Chapter 4, due to the lack of references regarding
the Indonesian government’s new initiative to promote the potential of

Indonesian albasia wood, an in-depth investigation was conducted in a case
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study on the construction workers' community in Sudalarang Village, West
Java, Indonesia. This study used a qualitative method with an ethnographic
study, and the results provided insight into the introduction of wood, wood
sources, language terminology, and the use of albasia wood as a construction
material. In Chapter 5, wood modification experiments were conducted under
high temperature and pressure to determine the physical properties of the
Indonesian albasia board. Different temperatures were applied to albasia
wood (100°C, 120°C, 140°C, 140°C sandwich). The treatment process
influences the properties of density, discoloration, thickness, compression
ratio, equilibrium moisture content, and anatomical properties of the material.
With this procedure, the density can be increased to 0.62 kg/L, an increase of
about 112.78% compared to untreated wood. In Chapter 6, further
experiments were conducted to improve the physical and mechanical
properties of Indonesian albasia wood by optimizing the Voronoi densification
process. The results found that wooden slats with a millimeter structure
resembling a Voronoi pattern may represent a new trend in wooden
architecture. In addition, the albasia Voronoi composite can increase the
density of albasia wood by 211.54%, provide more stable EMC stability,
morphological analysis with improved microstructure bonding that is still
comparable to natural wood, and increase longitudinal compressive strength
by 100.88%, tangential compressive strength by 883.12%, longitudinal
bending strength by 144.05%, tangential bending strength by 859.36%, and
tensile strength about 10 times higher than the control wood. In Chapter 7, a
comparative analysis of the Voronoi wood densification process was conducted
on Indonesian albasia wood and Japanese cedar wood. This study compares
the effects of Voronoi densification on the physical and mechanical properties
of Indonesian albasia and Japanese cedar, two abundant and fast-growing
species from their respective countries. With the same Voronoi wood
densification treatment, the increase in wood density, longitudinal
compressive strength, tangential compressive strength, and bending strength
of wood were significantly greater in Indonesian albasia than in Japanese
cedar. In Chapter 8, the last chapter concludes all the results of the research
and provides recommendation for the future. Based on the results there are
four key findings, they are: 1) Albasia plays an important role in the
construction industry for construction workers in Indonesia although its

application is still very limited; 2) Wood modification experiments under high
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temperature and pressure in this study can improve the density (increased
about 112.78%) and anatomical properties of wood; 3) Besides being a new
trend in wood architecture, Voronoi wood densification can improve wood
density (211.54% increase), longitudinal (100.88% increase) and tangential
(883.12% increase) compressive strength, longitudinal (144.05% increase) and
tangential (859.36% increase) bending strength, more stable EMC, and better
morphology; 4) The effects of the Voronoi wood densification treatment on
increasing wood density, longitudinal compressive strength, tangential
compressive strength, and bending strength were significantly greater in
Indonesian albasia wood than in Japanese cedar wood.

In this study, I argue that the development potential of Indonesia's
abundant and rapidly growing albasia makes it a promising local resource for
the construction industry. In the future, it will contribute significantly not
only to the field of architecture but also to the environment, as the use of
albasia wood will reduce reliance on slow-growing hardwood species sourced
from natural forests. This helps to reduce deforestation and preserve valuable

ecosystems and biodiversity.
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This paper comprehensively investigates multiple properties, including
drying shrinkage, creep, compressive strength, carbonation, and pore
structure of concrete. The study focuses on the utilization of industrial
by-products such as fly ash, GGBS, and biomass fly ash as substitutes for a
portion of cement, the incorporation of recycled fine aggregates, as well as the
properties of geopolymer concrete. The findings demonstrate that the
incorporation of industrial by-products and recycled aggregates yields
concrete that meets strength requirements while exhibiting low deformation
characteristics. These findings hold significant implications for practical
engineering applications. Furthermore, it was observed that geopolymer
concrete exhibits higher strength properties, suggesting its potential as a
high-strength concrete alternative.

CHAPTER 1 RESEARCH BACKGROUND AND PURPOSE OF THE
STUDY focuses on the physical and chemical properties of fly ash, biomass fly
ash and GGBS. In addition, a review of the currently widely accepted creep
prediction equations was carried out.

CHAPTER 2 PREVIOUS LITERATURE REVIEW mainly introduces the
current status of research on fly ash concrete, GGBS concrete and geopolymer
concrete.

CHAPTER 3 A STUDY ON ENGINEERING PROPERTIES AND
ENVIRONMENTAL IMPACT OF SUSTAINABLE CONCRETE WITH FLY
ASH OR GGBS analyzed the deformation properties of concrete containing
some portion of fly ash or GGBS as fine aggregate or cement and introduced a
parameter to capture the effect of fly ash content in the creep prediction model.
The results show that the incorporation of cementitious materials instead of
cement can reduce the creep and dry shrinkage of concrete, and the
introduction of a variable of cementitious materials can effectively improve
the accuracy of the continuation prediction model.

CHAPTER 4 THE EFFECT OF BIOMASS FLY ASH AND LIMESTONE
POWDER ON THE PROPERTIES OF CONCRETE carried out the properties
of concrete with biomass fly ash or limestone power and the relationship
between the compressive strength and pore structure of concrete. The results
showed that, similar to fly ash, the incorporation of biomass fly ash could

improve the pore structure of concrete.
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CHAPTER 5 THE EFFECT OF CEMENTITIOUS MATERIALS ON THE
ENGINEERING PROPERTIES AND PORE STRUCTURE OF CONCRETE
WITH RECYCLED FINE AGGREGATE examined the impact of incorporating
fly ash or GGBS in concrete and its relationship with the compressive
strength and pore structure. The findings indicated that the addition of fly
ash and GGBS to RFA concrete resulted in an increase in its compressive
strength. In terms of drying shrinkage, substituting cement with fly ash or
GGBS substantially reduced the drying shrinkage of RFA concrete. However,
a higher content of cementitious materials (fly ash and GGBS) decreased the
carbonation resistance of RFA concrete. The introduction of FA or GGBS into
the concrete modified its pore structure, leading to a reduction in the volume
of capillaries larger than 0.05um. Pores exceeding 0.05pum in diameter were
classified as harmful pores, those ranging from 0.01pm to 0.05um were
categorized as small harmful pores, while pores smaller than 0.01pm were
considered harmless pores.

CHAPTER 6 THE EFFECT OF FLY ASH AND VARIOUS RENEWABLE
AGGREGATES ON THE CREEP OF CONCRETE analyzed the effect of fly
ash and molten slag fine aggregate on creep. Results showed that the addition
of fly ash in concrete showcased a strain suppression effect. While the impact
on creep strain at a 25% substitution rate of molten slag was relatively small,
an increased substitution rate of 50% exhibited a tendency towards elevated

creep strain.

CHAPTER 7 THE PROPERTIES OF FLY ASH, BIOMASS FLY ASH, AND
GGBS-BASED GEOPOLYMER CONCRETE showed that the mechanical
properties of geopolymer concrete are different from those of ordinary concrete.
The equations of static modulus of elasticity versus dynamic modulus of
elasticity and static modulus of elasticity versus compressive strength of

geopolymer concrete were determined by linear regression analysis.
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The aim of this study is to ascertain the basic scientific problem of the
influence laws and suitability of different PCM thermo-physical parameters
on the thermal performance of lightweight walls under different thermal
boundaries through theoretical analysis, numerical simulation, and
experiment, so as to realize the efficient application of PCM in lightweight
walls. Meanwhile, evaluate the energy-saving potential (cooling and heating)
of lightweight walls using PCM applied to buildings and determine economic
feasibility in different climates/cities.

In Chapter 1, the background and current state of research are described,
and the purpose and content of this paper are determined.

In Chapter 2, the causes of the indoor thermal environment and the heat
transfer process of the envelope were analyzed theoretically, and the
mathematical model and solution method were established. Meanwhile, the
evaluation indexes were proposed.

In Chapter 3, the influence rules of PCM thermo-physical parameters
(phase-transition temperature, location, thickness, latent heat, thermal
conductivity, density and specific heat) on the thermal performance of
lightweight building walls were systematically evaluated.

In Chapter 4, the influence laws and contribution efficiency of different
PCM parameters on the thermal performance of lightweight walls with
different thermal resistances (Rwt) were assessed.

In Chapter 5, the difference, applicability and appropriate parameters for
the application effect of PCM integrated into different directions of walls are
determined.

In Chapter 6, the effectiveness of different kinds/configurations of PCM on
the thermal performance of lightweight building walls in winter and summer
are analysed, and suitable PCM kinds/configurations for both seasons were
proposed.

In Chapter 7, the regulation ability of PCM on the thermal performance of
lightweight building walls and indoor thermal environments in different
seasons with natural environments (no mechanical equipment) were
discussed by experimental measurements.

In Chapter 8, the energy-saving potential (cooling and heating) of PCM
lightweight wall applied to building was obtained and their economic
suitability in different climates/cities were evaluated.

In Chapter 9, the main research results of this paper were summarized.
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The research results can provide reference for decision-makers to select
suitable PCM products in lightweight wall or building in terms of
energy-saving and economics, and provide data support for manufacturers to

develop innovative energy-saving lightweight wall products using PCM.
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In the current era of digitalization and information technology, the rapid
development of technology has a profound impact on architectural design.
Traditional architectural design paradigms are often limited to personal
experience and subjective consciousness, making it difficult to
comprehensively analyze and synthesize various factors and needs. The
emergence of Al technology provides a new approach and method for
architectural design, injecting more creative and sustainable potential into
the design process.

The purpose of this thesis is to explore how Al technologies intervene in the
architectural design process and to discuss the importance and approaches
that drive the paradigm shift towards human-Al collaboration in
architectural design. The research is conducted from two perspectives:
theoretical and practical. At the theoretical level, how Al technologies affect
architectural design through technological evolution is analyzed, as well as
the advantages, disadvantages and trends of different Al networks in
sustainably analyzing and optimizing different kinds of architectural designs.
Further, based on this, the methodology of how to develop a reflection on the
nature of technology and data is discussed. At the practical level, Al methods
that are inventive and capable of performance-based design are constructed
and trained. And the basic process of human-AlI collaborative architectural
design is presented with an empirical study.

Chapter 1 elaborates the research background and research purposes and
presents the research motivation and objectives by introducing the current
status of energy consumption in the B&C industry, resolving the development
of performance-based design, and the interaction and development of Al and
architectural design. The research framework is also organized.

Chapter 2 is a systematic review of recent literature and data analysis. The
aim is to sort out the hot spots of Al technology applications in different
research fields through systematic analysis of research trends combined with
cross-comparative generalization. In other words, the answers to the
aforementioned " Approaches Toolbox" questions are answered in this chapter.
At the same time, the research gaps are summarized to guide the next stages.

Chapter 3 is the methodological chapter. This chapter presents the research

strategies to cope with the above research gaps. It also briefly addresses the
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research methods adopted under these strategies.

Chapter 4 to Chapter 7 present the implementation of the above strategies
in detail. This includes enhancing the performance of model generation
results through empowering of samples, improving model generation
capabilities through data augmentation and generator replacement, and
conducting an empirical study of human-AlI collaborative design processes and
results through practical projects.

Chapter 8, which concludes, summarizes the above overall research from
both theoretical and practical aspects. Meanwhile, the imagination of future
advancement is developed.

The results of this thesis not only provide a theoretical reference and
methodological basis for future research on human-AlI collaborative
architectural design at a broader and higher level but also attempt to explore
new ideas and methods for the field of architectural design during the
evolution of the old and new paradigms, ultimately realizing the purpose of

sustainable development of the B&C industry.
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Against the background of energy shortage and secure supply requirements,
renewable energy has developed steadily in recent years. As most distributed
energy resources (DERs) are accessible in urban areas, interest has increased
in regard to evaluating the potential advantages from introducing virtual
power plants (VPPs) comprised of DERs into such areas. A VPP provides a
solution for improving an energy self-sufficiency rate, as an alternative to
expanding the capacity of a conventional power plant (CPP).

IN CHAPTER 1, the international as well as Japan’s energy situation,
bottlenecks, and historical evolution were analyzed. These factors lead to the
necessity of developing renewable energy sources.

IN CHAPTER 2, a detailed review of the application of VPPs was provided.

IN CHAPTER 3, main research methods and VPP model were introduced.

IN CHAPTER 4, the energy consumption characteristics of buildings in
Higashida area was analyzed.

IN CHAPTER 5, the feasibility of VPPs through the construction of local
renewable energy and energy storage technology in Higashida area was
evaluated.

IN CHAPTER 6, a VPP model consisted of updating high efficiency
appliances, photovoltaic and energy storage systems was proposed. A
comprehensive analysis for assessing the technical, economic and
environmental benefits deriving from the VPP was presented. The
energy-saving potential of a VPP composed of photovoltaic (PV) and energy
storage system (ESS) and high efficiency appliances was explored, based on
historical monitoring data in Higashida Smart Community The economic
performance of the VPP was evaluated based on a payback period and total
life cycle cost analysis.

IN CHAPTER 7, a comprehensive method for analyzing the feasibility of
using a VPP to benefit both the plant and demand sides was proposed.
Considering the imbalance of the benefits between the demand and plant
sides, cooperative game theory was applied to explore the cooperation
potential.

THE CHAPTER 8 is conclusions and prospects. Summarized the

conclusions of each chapter.
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Regulating the landscape configuration of urban green spaces has been
widely accepted as a measure to mitigate the urban thermal environment.
However, research on the thermal environments of urban squares, an
important component of urban green spaces, is still lacking. Therefore, it is
crucial to propose, validate, optimize, and implement measures to alleviate
the thermal environments of urban squares.

This study utilizes the Envi-met model to quantitatively examine the
effectiveness of mitigation measures in urban squares during both winter and
summer seasons. Additionally, an evolutionary game model is employed to
investigate institutional coordination in the process of formulating and
implementing mitigation measures.

Chapters 1 and 2 define key concepts, highlight research gaps, and outline
the objectives of the study.

Chapter 3 introduces the research methodology, including the selection of
research areas and principles of experimental design.

Chapters 4 conduct a statistical analysis of urban squares in Xi'an, China to
1dentify factors influencing the thermal environment of these spaces.
Additionally, a case study is conducted at Yenta Square, involving
microclimate measurements and surveys.

In Chapters 5 and 6, the coverage of key landscape factors is used as a
quantitative indicator for modeling and simulation using Envi-met. The
simulation results are analyzed numerically.

Chapter 7 explores institutional coordination issues in implementing
mitigation measures using an evolutionary game model.

Chapter 8 presents the conclusions of the study.

This study proposed the adjustment interval of landscape configuration to
alleviate the thermal environment of urban square and preliminarily verified
the interaction between landscape factors. Additionally, this study elucidates
the mechanisms influencing the formulation and implementation of
mitigation measures. Our findings not only assist designers in maximizing
the effects of mitigation measures through appropriate configurations but also
aid decision-makers in making informed choices and promoting the

implementation of mitigation measures.

- 59 -



MEAEOKREOEE

ABFEIL., PEEZT 2RI, AFICE L TWAETOBREREELZEMNT S
eIz, #HANDIRGZICE T H2BRERMRLRE L, HE, LFOHMEROR)
RETEEMICHRIEL, F£M2 8 C-BRROKE(ETEEZRET LI EZ2EBN
LTW%, £/, 7y —2ET LV FEEZELT., BRKOKE & EiEiEfe T o)
EHTOWBMANP ST TREL ST L TV D,

B1ETIE, MR E BN ER TN D,

2B TR, #HOBIREICE T B AHRAE L, AFIE TR O HE
SR EERL, BIETIE, WRFEERLTE,

AT, PEELZOMBAE RN gl U, #TH LS ORI
Bh RIFTERZENH L, MERENEE T 7 — MREZITV., AR 2 H T
IR DBBREE DBUR 2 B 57T LTz,

5 E T, BMEHRE S I 2L —a YT MNAMA L, IR AR BT IA
BOBREETTVAEBEL, EAME L ORBRICL D TT VO EMMEEZBFAEL TV
Do

FemTIX, MATAGOBERERFBIERICID LA NN—REFEREEIZEL L.
P TNTHFALA P EETIVEBEL, VIalb—TarE&{Tol, YIal—
Va UREROEFESITIC LD | AF L EFORTIRGIZRB T DMK % E &I
ST L. TH OREMEKMICHAEFERPNFET L2 26T LT,

BTETIE, #Er—ATT VEBEL, BIROEROEBFEIZBIT 5
MO BPAMEEZ ST L, BAKRORE L EARET H70DF— L2537
A= 5N LT,

HEETIL, FETCHLNEMwmEELDO TS,

PLE, ABFEE, PEEZTZRIC, B, A5 48 Uil RS 0 SIREEiE
TR O Fe % EEWITHREE L, b3 5 FEE#R Lo, BFEREIE, #HA
G DO FEDRREFR DO EZ R RRICHEET 2700 MmAZRR L TEY
HHERESBFICKRELS BT 2 2 ERHIfF SN, Ko TRMTOFEF IX1H L (T
T) OFNEZTLERPHLBD LD D,

-60 -



. T iy
K4 (OKE) + WgE (PED

FoALo O R (T

2 HHE251%

A EGHENE S 202349H25H

PG OB AR A% 5 1E %Y

Evaluation on environmental, economic and energy savings of

s f % i B ground source heat pumps in cold region of China
VA
(hEZEERIZE T DB e — MR T OBREM: - RFHE - 4
T )L F—VEIZ B9 5 AElAT5E)
iR A LR

A& om ER

(BTN TSR A E BRBRBE T

IR W (TF)
8 ®mH EE

AETUN TS R P E R R SR Lo dz it (1590)
8 g9V h— NRN—F|

BREL Lt it (15)
B KE B

(AL T SERFEBRER B T2 2% it (T5))

-61 -



i AEDEF

China continues to recommend carbon peaking and carbon neutrality, which
sets the stage for changes in its economic and social development. Ground
source heat pumps (GSHPs) have emerged as a rapidly growing alternative
energy source, particularly suitable for the colder regions of northern China.
This paper provides a comprehensive overview of the adaptability of ground
source heat pumps in cold regions, addresses the challenges associated with
soil thermal imbalance, discusses the optimization of heat transfer pore
spacing, and emphasizes the environmental, economic, and energy efficiency
of ground source heat pumps. Addressing the challenges associated with soil
thermal imbalance and optimizing the spacing of heat transfer boreholes are
key steps in maximizing the efficiency and reliability of GSHPs. the energy,
economic, and environmental benefits of GSHPs further emphasize their
potential for widespread implementation. With attention to technological
advances and policies, GSHPs can be effectively utilized to promote
sustainable development and environmental protection.

The structures are explored as follows:

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

In Chapter 2, the development of ground source heat pump technology and
technical bottlenecks are presented.

In Chapter 3, the basic information of the research object and the main
research methods of this paper are presented.

In Chapter 4, the simulation and monitoring data of the subsurface soil
temperature field of ground source heat pumps are analyzed and studied.

In Chapter 5, the energy efficiency and energy conservation of the ground
source heat pump system are analyzed .

In Chapter 6, the economical and environmental aspects of the ground
source heat pump system are analyzed.

In chapter 7, conclusions and perspectives are summarized.
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China's urban development has shifted from rapid urbanization to stock
development with urban renewal as the main focus, but the backward
facilities and inefficient allocation of public resources in urban villages make
it difficult to support sustainable urban development, leading to a decline in
the quality of life of residents and dissipation of urban vitality. Urban vitality
is an important indicator of healthy and sustainable urban development, and
it is of great significance to study the impacts of urban villages on vitality, to
re-conceptualize the value of urban villages, and to explore the development
path of urban villages for the sustainable development of cities.

This study takes urban villages as an indicator of the specificity of the
urban built environment and uses regression modeling to study the
relationship between urban vitality and the built environment, to explore the
effects of urban form, urban function, and urban villages on vitality, and to
demonstrate the value of vitality embodied in urban villages from an urban
perspective.

The following is a brief description of what was done in each chapter.

In Chapter 1, the urban problems brought about by rapid urban
construction and rough development are raised, the reasons for the emergence
of urban villages and the importance of urban vitality in sustainable
development are outlined.

In Chapter 2, the theoretical basis and current research status of urban
vitality and the urban built environment are introduced. In addition, relevant
studies on urban vitality and urban impact mechanisms are reviewed.

In Chapter 3, I introduce the data sources used in this study and
pre-process the open-source data. The main research methodology of this
paper 1is identified based on the literature study.

In Chapter 4, a comprehensive urban vitality measurement system is
presented. Five indicators are selected from the three main components of
urban vitality - economic vitality, social vitality and cultural vitality - and a
comprehensive evaluation of Shenzhen's vitality is conducted based on
multi-source big data, which reveals that the vitality of the central area of the
city is higher than that of the peripheral areas.

In Chapter 5, the relationship between urban vitality and the influence of

built environment factors is investigated. Twelve indicators were selected as

- 65 -



independent variables. SLM model and GWR model were constructed to
compare the changes of urban vitality with various explanatory variables. The
results show that dense road networks, rich and diverse transportation
facilities, dense commercial facilities, entertainment facilities, and sports and
leisure facilities are beneficial factors that promote urban vitality. However,
urban villages and residential neighborhoods have a negative impact on urban
vitality, while building density has the least impact on urban vitality. The
three aspects of the built environment in this study explain 44.5% of the
variation in Shenzhen's vitality, and there is spatial heterogeneity in the
effects. Finally, strategies to activate urban vitality are proposed.

In Chapter 6, an empirical study of urban village renewal based on vitality
revitalization is presented in the example of Nantou Old Town.

In Chapter 7, the study is concluded and discussed.

In conclusion, this study takes urban villages and urban vitality as the
research object and proposes a quantifiable and replicable framework for the
adaptation of urban villages in Shenzhen. After assessing Shenzhen's vitality
in terms of economic, social, and cultural aspects, a regression model is
developed to analyze the relationship between vitality and the built
environment. Finally, an empirical case study is conducted. It is hoped that
this will deepen the community's understanding of urban villages and provide
a theoretical basis for the long-term revitalization and sustainable

development of cities.
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This research aimed to investigate the interaction between individuals'
pro-environmental behaviors(PEBs) and relocation, bridging the gap in
understanding the relationship between urbanization and environmental
protection at the micro scale and to take the chance of relocation as a window
to enlarge PEBs. To achieve this, the study focused on China, Korea, and
Japan, representing a developing country and two developed countries in Asia.
The research extensively examined relocation from rural to urban areas and
urban to rural areas in these countries. Additionally, different PEBs were
compared and analyzed across different contexts.

Chapter 1: In this chapter, the background of the research was described,
emphasizing the significance of studying the interaction between PEBs and
relocation.

Chapter 2: The existing works and initiatives in the field were reviewed.
Conceptual framework and method were conducted in this chapter.

Chapter 3: It is a preliminary study applying the method, which discussed
the relationship between willingness to pay for quality air and relocation from
rural to urban area in China.

Chapter 4: Through the analysis of the general social survey data from
China in 2018, the research discovered that rural-urban mobility increases
people's willingness to pay for quality air. However, it does not affect their
willingness to pay for renewable energy. The disparities between rural and
urban areas in China were considered, and the significance of urban living
experience in influencing willingness to pay for quality air was highlighted.

Chapter 5: This chapter explores the relationship between the intention to
relocate and pro-environmental behaviors by utilizing surveys in Korea. The
findings indicate that the intention to return to rural areas is not significantly
linked to environmental protection attitudes, but support for rural return
policy is connected to positive environmental attitudes. Moreover, the
willingness to pay for environmental protection is associated with individuals'
recycling behavior. The study reveals a consistent high level of support for
government spending on the environment.

Chapter 6: This chapter examines the relationship between settlement
consciousness and PEBs in Japan, revealing no significant correlation. But

relocation experience was found connected to the habit of turning off
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electricity. Individuals under 50 years old living in small cities or villages
show a higher likelihood of using eco-products. Additionally, the study
observes a trend of people moving from big cities to small cities, which may
contribute to increased eco-product usage.

Chapter 7: This chapter conducts a comparative analysis of PEBs in China,
Korea, and Japan. It compares factors such as urbanization rate, human
development index, migration ranking, and policy differences to identify
similarities and differences among these countries. The analysis aims to
understand how relocation relates to PEBs in different contexts. By
considering the unique characteristics of each country, this analysis provides
valuable insights for policymakers in designing effective environmental
protection policies.

Chapter 8: Chapter 8 provides a comprehensive summary of the research
findings and discusses the limitations encountered during the study. It also
1identifies areas for further research and exploration in the field.

This study is significant as it explores the connection between population
relocation and environmental behaviors. By examining individual
environmental attitudes, behaviors, and policy support in the context of China,
South Korea, and Japan, it fills a research gap at the micro level. The findings
provide valuable insights for the development of effective environmental
protection policies and contribute to global sustainability goals. Additionally,
this study lays the groundwork for future research and decision-making in the

field of population relocation and environmental sustainability.
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This paper takes Shanghai as the research object, evaluates the economic
and environmental effects of hydrogen energy application in different forms in
different fields, and analyzes the potential of hydrogen energy applications in
Shanghai, with a view to providing reference for the development of hydrogen
energy in other cities.

IN CHAPTER 1, the study analyzes the hydrogen energy development
strategies of various countries and regions. And the current situation of
hydrogen energy application and supply in Shanghai is analyzed.

IN CHAPTER 2, analyzes the application methods and application fields of
hydrogen energy, focusing on the application and research status of hydrogen
refueling stations in the transportation field, hydrogen fuel cell cogeneration
systems in the architecture field, and hydrogen-fueled gas turbine in the
energy field.

IN CHAPTER 3, main research models and methodology were introduced.

IN CHAPTER 4, taking a hydrogen refueling station in Shanghai as the
research object, based on the analysis of the all-day hydrogen demand
characteristics of the station, the application effect of photovoltaic-hydrogen
refueling stations is studied and analyzed. Compared with hydrogen refueling
stations, photovoltaic-hydrogen refueling stations have better environmental
and economic benefits.

IN CHAPTER 5, taking an airport terminal in Shanghai as the research
object, based on the load characteristics and prediction analysis, the
application effect of hydrogen fuel cell cogeneration system in the construction
field is studied and analyzed.

IN CHAPTER 6, analyzes the application conditions of hydrogen-fueled gas
turbines, and taking an industrial park in Shanghai as the research object to
study the application effect of coupling hydrogen turbines and photovoltaic
systems.

IN CHAPTER 7, based on the analysis of the scale of hydrogen fuel cell
vehicle application development in Shanghai through SWOT analysis, the
hydrogen energy demand in various fields and the total hydrogen demand in
Shanghai are studied and analyzed.

IN CHAPTER 8, a summary of the previous chapters’ research is provided,

and the future development of hydrogen applications is prospected.
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The paper takes a "human-centered" approach and aims to achieve
"perceived comfort." It applies physiological sensing technology and eye
tracking technology to the study of "perception-space" and quantifies the
unobservable variable of "perceived comfort" through human factors
technology. By analyzing the physiological indicators of different perceptual
states obtained through measurements, and synchronously verifying the
"representativeness" of the changes in various physiological indicators
through subjective questionnaires, comfort states are determined, and
corresponding spatial indicators and parameters are derived. Through
experiments conducted in residential and restaurant spaces, one-way
perceived comfort, room brightness under single functional behavior, spatial
distance, appropriate sound pressure levels, comfortable temperature,
humidity, and the use of warm and safe decorative materials are obtained as
spatial indicators and features.

Chapter 1 Introduces the research background, research objectives, and
significance of the paper, discussing the current research status of domestic
and international studies on elderly architectural spaces under human factor
experiments and the new technology of eye-tracking.

Chapter 2 Establishes a research model for the relationship between
architectural spaces and human perceptual experiences, focusing on
epistemology and methodology, and explores the correlation between
perceived comfort and architectural spaces.

Chapter 3 Focuses on visual comfort and investigates the brightness,
spatial distance, spatial transitions, and color preferences of elderly
residential spaces.

Chapter 4 Aims at auditory comfort and studies the spatial layout and form
of residential and dining spaces in elderly buildings.

Chapter 5 Measures the physical parameters of temperature, humidity, and
air velocity in residential spaces, and simultaneously applies human factor
devices to study the thermal perception state of the elderly and the
comfortable physical environmental parameters in living spaces under
thermal comfort conditions.

Chapter 6 Targets tactile comfort and applies human factor devices to study

the tactile preferences of the elderly.
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Chapter 7 Based on the research results of perceived comfort, corresponding
optimization designs are proposed for the problems found in the surveyed and
experimental elderly residential spaces. This includes recommendations for
window size for visual comfort, recognizable spatial transition scale, and
elderly color preferences; ideal models for double occupancy residential spaces
and dining spaces under auditory comfort goals; physical parameters of
temperature, humidity, and air velocity under thermal comfort; as well as the
selection of tactile materials that are comforting and provide a sense of
security.

Chapter 8 Summarizes the correlation between different sensory organs
and their corresponding relationships in space and discusses future directions
for improving the physical environmental parameters and spatial parameters

of architectural spaces with the goal of perceived comfort.
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In Chapter 1, the background and purpose of the research were elaborated.
In Chapter 2, literature reviews of related studies were sorted out. In Chapter
3, research methods used in this thesis were described. The thesis consists of
three main cores. In Chapter 4, the indoor thermal environment was
investigated in the residential sector, as one of the biggest contributors to
energy consumption. In this thesis, the Japanese traditional house (Minka)
was chosen considering its eminent natural environmental control system in
summer. Measurement and questionnaire were conducted to investigate the
secret of passive cooling of the Minka. The result showed that Doma has a
great influence on passive cooling in the Minka.

In Chapter 5, the indoor thermal in educational buildings classrooms after
AC installation to overcome heatstroke increase among students will be
investigated. In addition, this chapter also investigates the AC energy use
(EU) changes in junior high schools before and during the COVID-19
pandemic, when natural ventilation must be integrated with AC to reduce
airborne virus transmission risk with improving ventilation in the buildings,
while still considering the indoor thermal comfort. The result showed that AC
EU increased significantly during the pandemic when natural ventilation is
used together with AC.

In the first section of Chapter 6, the simulation of indoor air temperature
based on three Doma layouts was carried out as the continuation of passive
cooling design secret exploration based on the Chapter 4 findings. A
simulation of the Doma position was done to find the best position of the Doma
for cooler indoor thermal in the summer. The result showed that the air
temperature in the rooms was lower when the Doma is positioned on the south
side. The idea of passive cooling secret in Japanese Minka is brought to the
design strategy in modelling of the simulation in later section of Chapter 6. In
this section, the simulation of a fully natural ventilated, air-conditioned, and
mixed mode ventilated classroom was carried out with some independent
variables, such as design strategies, AC set-point, air change per hour, and
ventilation pattern (continuous, intermittent, and based on outside air
temperature) as the continuation of energy-saving optimization based on the
Chapter 5 finding. A fully natural ventilated room was simulated to examine

the indoor thermal comfort of the room, while an air-conditioned and mixed
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mode ventilated room was examined to find the comparison of those AC
cooling and heating loads when the AC set-point was set to specify the indoor
thermal comfort in the room. The result shows that indoor thermal comfort in
a fully natural ventilated room could not be reached regardless of the design
strategies, in the summer and in the winter. It also found that continuous
mixed mode ventilated room has higher cooling load than the air-conditioned
room in the summer, and extremely higher heating load in the winter.
However, the cooling and heating load in the intermittent mixed mode
ventilated room was not too high as the continuous mixed mode ventilation. It
could be adapted when natural ventilation is necessary for preventing
airborne disease transmission. While for energy-saving strategy, based on
outside air temperature mix-mode ventilation can be adapted since it can be
reduced to 0.97 times of cooling and heating load in higher AC set-point in
summer, and lower AC set-point in the winter.

In Chapter 7, a discussion of the result and analysis of Chapters 4, 5, and 6
was expounded, and the conclusion of the thesis will be summarized and

elaborated with the problem statement and research questions.
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