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Chapter 1 describes the background and purpose of the research. This study deal with a
shoaling problem occurring around the entrance of a navigation channel at Miyazaki Sun Marina
in Miyazaki Port. The marina authority sometimes closes the channel for several months due to
an unexpected sedimentation phenomenon that obstructs safety navigation. Dredging works
have been repeated since the opening of the marina facilities. The cost for the dredging works
has a great impact on the management of the marina, and it is needed to get rid of this shoaling
problem. This study aimed to show the drastic solution to this problem by analyzing field data
and conducting numerical simulations.

Based on the field data, Chapter 2 discussed the characteristics of depth change along the
navigation channel of Miyazaki Sun Marina. The depth monitoring data measured every day
along the channel were analyzed to investigate the short-term tendency of the depth change.
Furthermore, the bottom sounding data measured every year outside the channel were also
analyzed to investigate the area that causes sedimentation phenomenon at the marina entrance.

The daily data, it is short-term data, have been measuring by the marina authority at 26 points.
The annual data, it is long-term data, have been measuring to monitor the sea bottom topography
inside the whole area of Miyazaki Port, and this study used the long-term data from lines No.-
28 to No.-40. Those lines cover the area from marina entrance to in front of an artificial beaches.

This study applied a linear regression analysis to both data to grasp the tendency of the depth
change. Large deviations of the short-term data were observed at the marina entrance in
comparison with the data deviations inside the channel. This indicates that waves and currents
actively change the sea bottom topography at the marina entrance. Another reason is the
dredging work. The water depth increases once by dredging, but the depth decreases soon due
to the sedimentation effect.

The linear regression analysis was also applied to the long-term data from 2008 to 2018. The
area between No.-28 and No.-40 was divided into 6 regions, and the change of the sediment
volume in each region were calculated. The increasing tendency of the volume around the north
of the marina entrance was faster than other area, and the volume changes were also larger. This
means that the area seems to be a source that causes shoaling phenomenon. The sediment
transport is also affected by the configuration of structures. Judging from above results, this
study assumed that the curving section of the marina breakwater is causing the sedimentation at
the marina entrance. This assumption was confirmed in Chapter 4.

This study conducted a numerical simulation in order to reproduce the hydrodynamic
phenomena near the marina entrance. Chapter 3 described the details of a three-dimensional
numerical model, Delft-3D. Boundary conditions such as wave height, wave period and wave
direction were obtained from field data measured from 2010 to 2019 at the offshore of Miyazaki
Port. This model includes many free parameters. The calibration of those parameters and the
validity of the numerical result were confirmed in this chapter.




With using the numerical model, Chapter 4 compared the performances of three
countermeasures that could be a drastic solution to this sedimentation problem. First one is a
measure that removes the curving section of the marina breakwater. Second one is a measure
that constructs a 300m jetty that traps the sediment transport from the source area to the marina
entrance. Third one is a measure that relocates the marina entrance to the east of marina area.
Furthermore, this study cleared the relationship between this sedimentation problem and the
beach restoration program that has been implementing on the north of the marina.

The sedimentation at the marina entrance could be eliminated by removing the curving section of the
marina breakwater. However, this causes higher waves enter into the channel, and they obstruct safe boat
operation. The Jetty only reduced the sedimentation volume a little, because the sediment transport from
other area could not be ignored. This study concluded that the relocation of the marina entrance could be
a drastic solution to mitigate the sedimentation problem. This study also showed that the beach
restoration works on the north of the marina have little effect on the sedimentation problem at marina
entrance.

Chapter 5, furthermore, mentioned the effect of sea level rise due to climate change on the
sedimentation problem near marina entrance. This study employed the severest scenario, RCP8.5, and
assumed wave conditions and an initial water depth were set on the numerical boundary. As the sea level
rise, the shoaling area near the exiting marina entrance changed a little, and the sedimentation volume
tented to be relaxed. On the other hand, the sea level rise has little effect to the sedimentation near the
relocated marina entrance.

Chapter 6 summarized the results obtained in this study.
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This thesis analyzes the solar to gas conversion concerning the operation parameters under
actual field operation and provides the potential conversion efficiency in Japan based on the
outdoor test, performed at University of Miyazaki.

The first chapter introduces the basic knowledge and general introduction to proceed to the
next chapters. It includes the concept of the system, objectives of the research, and outlines of
this thesis.

The second chapter provides an approach to the solar to gas conversion system, installed at
the University of Miyazaki, Japan. The concept of outdoor solar to hydrogen and solar to
methane systems is described in detail. Additionally, the components of actual solar to gas
conversions such as concentrator photovoltaics, the DC/DC converters, the electrochemical
cells, and the methanation system are provided. The experimental procedures and attempts to
perform the methanation system are fully described. The methanation system was investigated
on sunny days and cloudy days. The operation parameters and methane concentration were
analyzed. It also describes the estimation methods for solar to methane conversion efficiency.
The concept of methanation energy consumption is outlined in this section. In this approach, the
system provided CO2 conversion efficiency of 97.6%, and solar to methane conversion
efficiency of 13.8% at the reactor’s operating temperature of 260 °C.

The third chapter focuses on a detailed analysis to better understand the power consumption
of the methanation system on hydrogen generation. To improve the system with less energy
consumption, the factors increasing its consumption are reviewed. Although the heat released
during the reaction maintains the reaction and reduces power consumption, extreme heat can
result in catalyst degradation. Therefore, it is crucial to decrease the heat without increasing the
power consumption while improving the methane concentration. The reaction rate is mainly
dependent on the flow rate of the feed gases and the main factor of the reaction heat.
Furthermore, hydrogen from the electrolysis process is provided to the methanation system.
Therefore, in this section, the influence of hydrogen flow rate on the energy consumed by the
Sabatier reaction is highlighted. In addition, methane concentration is analyzed at various
hydrogen generation rates. It is also important to improve or maintain the methane concentration




while minimizing the operation temperature and power consumption. This study achieved a
methane composition of 98.4% at the operating temperature of 220 °C under controlled
hydrogen flow.

The fourth chapter proposed an approach to estimate the potential solar to hydrogen and
solar to methane conversion efficiencies of 837 places in Japan. It is important to identify the
efficient system providing a high conversion on the intended locations before realizing the
outdoor implementation. Based on the outdoor optimum results, Nationwide’s annual solar to
gas conversion efficiency from two types of the flat-PV module is proposed and approximated.
The simulation concept to approach the conversion efficiencies of each part is fully described.
The nationwide forecasted results are provided in graphs. In addition, the types of PV that can
provide efficient solar to gas conversion in Japan are discussed in this chapter.

In the fifth chapter, the results were summarized and concluded. It also discusses the
potential to improve the system in the future.
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In Tanzania, a large part of the population are rural smallholder farmers who depend on
crop farming as primary economic activity. These farmers face three major problems. First, most
of these farmers cannot afford to buy quality agricultural inputs (fertilizers and seeds), therefore
the Tanzanian government issues paper-based subsidy vouchers to farmers for buying the inputs
at half price. However, challenges like misuse of the vouchers by some government officials
(stealing and favoritism in allocation) and lack of trust (difficulty of verifying paper vouchers’
authenticity) have resulted into low crop productivity for the farmers as they fail to receive the
quality agricultural inputs as well as loss of government funds. Second, most of these farmers
rely on government agricultural officers who visit them in the villages to provide crop protection
information (such as how to control emergent and outbreak crop diseases and pests, as well as
the latest research, regulations for pesticides and fertilizers). However, these officers are few
and cannot reach all the farmers and hence farmers fail to make critical farming decisions on
time, which leads to low crop productivity. Third, due to lack of access to market information,
most of these farmers sell their crops to middlemen at lower and exploited prices and hence
don’t get enough profits. The objective of this study is to develop and evaluate three information
systems which help Tanzanian rural farmers access the quality agricultural inputs, protect their
crops better and sell their crops directly to buyers at market prices and get better profits.

This dissertation is organized into 5 chapters. Chapter 1 introduces the study and includes
problem statement, backgrounds, objectives, research hypotheses, research questions and scope.
Chapter 2 consists of the literature review with existing systems and related studies and their
weaknesses as well as the proposed systems and their strengths. Chapter 3 consists of the
materials and methods including research design, blockchain methods such as SHA-256 (Secure
Hash Algorithm) and ECDSA (Elliptic Curve Digital Signature Algorithm), deep learning
methods such as LSTM (Long Short-Term Memory) network, user requirements analysis (use
case and sequence diagrams and functional and non-functional requirements), system designs
(architectural, detailed data and user interface designs), coding, testing and maintenance.
Chapter 4 consists of experimental evaluation results. Chapter 5 consists of the discussions,




major contributions and conclusions.

First, I have developed and evaluated Agricultural Input Voucher System which stores and
allocates digital subsidy vouchers (instead of paper-based vouchers) to farmers in the
Hyperledger Fabric blockchain network which can be accessed through mobile phone’s SMS
(Short Message Service) which is accessible and affordable to Tanzanian smallholder farmers.
The blockchain network uses SHA-256 method which prevents misuse of the vouchers by
ensuring immutability of the transactions which issue, allocate, exchange and redeem the digital
vouchers and ECDSA method which ensures trust of the vouchers by verifying transactions
which issue, allocate, exchange and redeem digital vouchers. Key findings reveal that, the
proposed system is effective and meets performance demands of Tanzanian farmers and that,
Raft has better performance (low latency, high throughput and more memory and CPU
efficiency) than Kafka consensus protocol. Also, the proposed Hyperledger Fabric blockchain
network has higher performance than existing mining-based Ethereum blockchain networks.

Second, | have developed and evaluated Crop Protection Information System which partly
uses LSTM deep learning model to provide farmers with latest, reliable and instant crop
protection information. This system automatically replies to farmers’ requests for the latest crop
protection information in SWAHILI language through SMS or a Web system. Key evaluation
findings reveal that, the proposed system can provide farmers with crop protection information
at lower cost (500 times cheaper) than the existing Tigo Kilimo system. Furthermore, the
proposed deep learning model is effective in understanding and processing SWAHILI natural
language queries for crop protection information with an accuracy of 96.43%.

Third, | have developed and evaluated Farmers Market Information System, which
automatically replies to farmers’ requests for market prices of crops through SMS. This system
also allows farmers to access crop buyers’ details and crop demand reports through SMS and
crop buyers to access crops’ market prices, farmers’ details and crop demand reports through
SMS or Web. Key evaluation findings reveal that, the proposed system helped farmers to get
improved incomes and access market information in shorter times and helped farmers and crop
buyers to sell and buy larger quantities of crops respectively. Also, young people can learn and
use the system more easily than old people and users can easily learn and use the system if they
can read and write in the SWAHILI language regardless of their education levels.

The major contributions of this study include novel blockchain network and deep learning
models, novel methods of using SMS to query blockchain network and deep learning models
using MySQL triggers and a new SWAHILI dataset for deep learning research.
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