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論 文 の 要 旨 
Abstract of thesis 

The objective of this research is mainly to find an effective and economic way to recovery nutrients and energy from sewage 
sludge by using hydrothermal technology. Nowadays, the growing serious environmental issues accompanied by 
energy and resources exhausted are increasingly becoming the main survive crisis as human beings. The author 
pointed out that sewage sludge treatment and resource and energy recovery technology is of great ongoing. In 
this study, hydrothermal treatment (HTT) as an emerging method was applied to recover nutrient especially 
phosphorus (P), as well as energy from both domestic sewage sludge and industrial sludge. The main purpose 
of this study was to fully evaluate the nutrient recovery potential and energy yield of HTT. The dissertation is 
divided into 5 chapters. 

In chapter 1, the author gave a literature review on current disposal and treatment methods for sewage 
sludge. And then the author introduced the previous studies related to the hydrothermal technology for sewage 
sludge. Existed problems for current HTT of sewage sludge were discussed as well. At last, the main objectives 
of this research were presented. 

In chapter 2, the author investigated the effects of minerals on P immobilization during HTT in order to get 
a deep understand between P and minerals during HTT. Ferric (Fe), calcium (Ca) and aluminum (Al) ions, which 
were used as flocculants during wastewater treatment process, were added into the sludge to probe the effects 
on P speciation in hydrochar and mechanisms involved during HTC. All the three kinds of metal ions 
demonstrated significant effects on P immobilization, among which Al was the most efficient effector, yielding 
93% and 96% of P immobilization respectively at 5 and 10 mmol of Al mineral additives. Both Al and Fe rather 
than Ca promoted the formation of non-apatite inorganic phosphate (NAIP) and reduced the amount of apatite 
phosphate (AP) in the hydrochar. Whereas Ca addition made significant contributions to AP content. Moreover, 
results from this study indicate that Al-P is the primary existing form in the hydrochar. 

In chapter 3, struvite precipitation technology was evaluated by the author and used for P recovery from 
HTT liquid products. Results showed that HTT at 200 °C for 30 min favored phosphate release achieving 



phosphate concentrations at 579.98 mg-P/L. In the subsequent struvite precipitation, the optimum condition for 
P recovery was determined at pH 9 and Mg/P molar ratio of 1, realizing P recovery of 92% from the hydrolysate 
in addition to struvite purity of 84%. The produced struvite was confirmed by FTIR and XRD analysis, which 
fulfills the related standards. 

In chapter 4, HTC of anaerobic granular sludge (AGS) was investigated at different temperatures (160 - 
240 °C) regarding the distributions of C, N and P in the hydrothermal products to maximize the utilization 
efficiency of AGS. Elemental composition and fuel characteristics of the hydrochar were evaluated. Results 
indicated that the percentages of C in hydrochar increased from 43.79% to 49.81% with the increase in HTC 
temperature, while N showed an opposite trend, decreasing from 9.58% to 5.49%. The higher heating value of 
hydrochar increased up to a maximum of 24 MJ/kg at 240 °C from 20 MJ/kg at 160 °C. However, the hydrochar 
yield decreased remarkably from 62% to 32%. As a result, the highest net energy output was about 6.86 MJ/kg 
achieved at 160 °C. Results from the van Krevelen diagram suggested that dehydration and decarboxylation 
reactions occurred during the HTC of AGS. In addition, the thermogravimetric analysis implied that the 
combustion of the produced hydrochar could be completed in two phases rather than the one phase as the raw 
AGS. With regard to other resources utilization, HTC was proved to be effective for AGS to immobilize and 
recycle phosphorus. The increase in HTC temperature exerted a limited effect on P distribution, resulting in 
less than 5% being released into the liquid at all tested HTC temperatures. Most of P were immobilized into the 
produced hydrochar where the bioavailable P fractions > 80%.  

In chapter 5, the author gave brief conclusions and future research perspectives for this study. These 
conclusions were helpful in the aspect of P and energy recovery from sewage sludge. A large-scale pilot study for 
HTT of sewage sludge could be built up based on this study. 

Results from this work imply that the HTT of sewage sludge could provide a novel and effective solution for 
reduction in energy costs of wastewater treatment or nutrients recovery simultaneously. Nutrients in sludge 
were redistributed by using hydrothermal technology. A part of P was released into the hydrolysate which could 
be recycled by struvite precipitation. High purity struvite can be achieved from sewage sludge, which could be 
used as slow-release fertilizers. Meanwhile, the hydrochar produced from HTC of sewage sludge could serve 
different application purposes (e.g. fuel or soil amendments). This study provides an alternative method to 
alleviate the concerns on increased sludge production rate and the secondary pollution caused by it. Further 
research efforts are still necessary on maximization of energy and/or nutrient recovery from sewage sludge by 
using HTT.  

 
審 査 の 要 旨 

Abstract of assessment result 
In this research, hydrothermal treatment of sewage sludge was investigated regarding the nutrients and 

energy recycle from sludge. A novel integrated process of hydrothermal pretreatment with struvite precipitation 
for P and N recovery from sewage sludge was developed. Struvite precipitates can be recycled from the 
hydrothermal liquid by optimizing the reaction conditions. The recycled struvite can be used as controlled 
release fertilizers, which is much safer and efficient compared to land application of sewage sludge. The solid 
products (hydrochar) also exhibit great potentials as fertilizers which contains abundant bioavailable P. The 
detailed combustion behavior and hearing values of hydrochars were evaluated. At lower temperature, the net 
energy output was about 6.86 MJ/kg. In addition, the author indicated that the hydrochar was a cleaner fuel 
compared to the sewage sludge due to the less N content in hydrochars.  

The final examination committee conducted a meeting as a final examination on 20th July, 2018. The 
applicant provided an overview of dissertation, addressed questions and comments raised during Q&A session. 
All of the committee members reached a final decision that the applicant has passed the final examination.  

Therefore, the final examination committee approved that the applicant is qualified to be awarded the 
degree of Doctor of Philosophy in Environmental Studies. 


