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Japan’s ambitious water research 
programme makes progress – Part 2
This is the second part of an update on Japan’s ambitious eight-year R&D initiative with an overall budget of Japanese 
Yen 4.5 billon (US$38 million). The programme has been underway since 2009 covering a wide range of innovative 
water-related technology and systems development. 

The CREST water use research area programme – Innova-
tive technology and systems for sustainable water use 

consists of a total of 17 projects. The duration of research 
projects typically spans five years, with each having a 
budget of approximately Japanese Yen 200-500 million 
(US$1.7 to 4.2 million) per project. With over 600 scientists 
and engineers working in these CREST water research 
activities, the whole system works like a “virtual research 
institute” under the direction of research supervisors Dr 
Shinichiro Ohgaki and Mikio Yoda assisted by the Area 
Advisors (see Table 1 in Part 1, July/August 2015 issue). 

In the July-August 2015 issue of Asian Water, we looked 
at three out of the selected 17 projects. In this article, we 
will examine four more.

 WATER USES IN METROPOLITAN AREAS AND WATER QUALITY 
ASSESSMENT AND MONITORING 
This project (#7) aims to re-examine the current urban 
water use system and to propose a new one adapted 
to future climate change. In the new system, each wa-
ter resource is properly allocated to each water use by 
considering the balance between supply and demand. 
This requires information on the available amount and 
detailed quality of various water resources. Urban water 
use strategies suitable for two river watersheds are being 
studied; the Arakawa River in Japan and the Red River in 
Vietnam. The distinctive feature of the project headed 
by Professor Hiroaki Furumai is its comprehensive and 
multiphasic approach. It consists of five different research 
groups: Water Quality Assessment, Watershed Water Re-
sources, Urban Rainwater Management and Use, Urban 
Groundwater Management and Use, and Urban Water 
Use Design. 

Progress
The Urban Water Use Design group developed original 
software for scenario generation and assessment of 
basin-scale water use system which incorporated other 
group’s outcome such as future surface water, ground-
water, rainwater, and reclaimed water use potentials. In 
the software, a multi-objective optimization program, as 
well as a multi-objective assessment model of basin-scale 
water use system, is implemented, and scenario clusters 
are automatically generated by the following steps: 
1. Region-specific prerequisites, either the current or pre-

dicted future conditions depending on the purpose of 
the scenario generation, are input to the software.

2. Scenario clusters according to different sets of weigh-

ing factors are generated. Here, respective sets of 
weighing factors reflect preferences of different stake-
holders.

3. Evaluation indicators including economic, environ-
mental and water quality aspects of respective sce-
narios are presented on cobweb charts.

These Pareto-optimal scenarios are supposed to 
enhance discussion among stakeholders with different 
preferences for the above-mentioned various aspects, 
and to contribute to consensus-building for the direction 
of the basin-scale water use system.

Future Development
Future quantity and quality of available water resources 
considering climate change will be provided. Then, 
designing methodology for a sustainable urban water 
use system will be proposed for water-resource manage-
ment and water utility sectors to establish shared targets 
adapted to climate change and make action plans for 
the future. 

INNOVATIONS IN AGRICULTURE FOR SUSTAINABLE WATER 
RESOURCES
An innovative water management system is being devel-
oped with decentralised water reclamation and cascad-
ing material-cycle through interdisciplinary research to 
overcome such water quality issues in agricultural areas 
as nitrate pollution of groundwater due to fertilisation, wa-
ter pollution by livestock and human excreta, and water 
pollution by wastes from agro-industries. The project (#6) 
is being led by Professor Taku Fujiwara.

Progress
A catch crop effectively absorbed the accumulated fertil-
iser in the topsoil of cropland and reduced nitrate leaching 
and N2O emission. In addition, the harvested biomass of 
the catch crop can be utilised for L-lactic acid fermenta-
tion and phosphorus recovery, thus realising a voluntary 
collection of the harvested catch crops in an agricultural 
area. A decentralised differentiable treatment system for 
livestock and human excreta has also been developed for 
minimising water pollution and resource recovery. By the 
separate treatment of pig and human manure, valuable 
slow-release fertiliser of methylene urea was successfully 
prepared from urine solutions. Also, rapid and selective 
removal of sulfonamide antibiotics in livestock urine using 
the high-silica zeolite HSZ-385 was also achieved. In ad-
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RE-EVALUATING THE ARAKAWA WATERSHED IN JAPAN
In Japan, with rapid industrialisation, urban water 
demand has been continuously increasing. In the 
Arakawa watershed, which supports the Tokyo and 
Saitama areas, a design methodology was devel-
oped for urban water use based on predicted avail-
ability of water resources in the future. New findings 
on water quantity and quality evaluation methods, 
consumer acceptance of self-owned water re-
sources including rainwater and reclaimed water 
were integrated so that the design methodology for 
sustainable urban water use could be adapted to 
climate change.

To design urban water use properly, it is impera-
tive to quantitatively evaluate the frequency and 
severity of drought. We predicted future drought 
conditions compared to the current average rainfall 
using output from five Global Circulation Models 
(GCMs). The outputs from the GCMs were dynami-
cally downscaled with the combination of pseudo 
global warming method and the Weather Research 
and Forecasting Model. 

A higher frequency of drought is anticipated in 
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the future for the Arakawa watershed. During the period 
from 2060 to 2070, the annual rainfall is predicted to be 
75% below the current average. The frequency evaluation 
of the annual rainfall below 75% of the current average 
using outputs from the five Global Circulation Models 
is shown in Figure 5. The higher variation of precipita-
tion under climate change also affects the recharge of 
groundwater and surface water flows. In the case of a 
highly varying rainfall pattern, the rainwater harvesting 
potential is decreased. Furthermore, global warming is 
deteriorating reservoir water quality; whereas, more fre-
quently occurring heavy rainfall causes higher turbidity 
of surface water resulting in additional treatment cost to 
meet the required water quality.

To reduce pressure on withdrawal of surface water and 
groundwater, reclaimed water and harvested rainwater 
should be utilised to supplement the demand. Water treat-
ment cost, natural resource consumption, environmental 
impact, and several other evaluation factors need to be 
considered to optimise effective water use. Furthermore, 
the whole structure of the water use needs to be exam-

ined from source to use, and wastewater reclamation and 
reuse. It is also important to determine each component 
of water purification and supply, sewage collection and 
treatment, and water reclamation with the given con-
straint conditions of the maximum water intake and water 
demand. Various unit values for the evaluation indicators 
were given for each component of water supply and 
wastewater treatment. Finally, a design methodology was 
proposed for urban water use in which the multi-objective 
optimisation model was used to develop diverse water 
use scenarios. A discussion on the developed scenarios 
amongst the involved stakeholders leads to a sustainable 
urban water use system for the future (See Figure 6).

The relationship between the evaluation indicators 
and components of the water use system is modelled 
with the given constraint conditions of the maximum 
water intake and water demand. With a set of weighting 
factors of evaluation indicators, scenarios (alternatives) of 
the water use system are automatically developed using 
multi-objective optimisation.

dition, TiO2/high-silica zeolite composite was synthesized, 
and it was applied to the removal of sulfamethazine (SMT) 
antibiotic from water. A synergistic model that included 
the interaction between the zeolite and TiO2 in the com-
posite clarified that over half the SMT was decomposed 
through the synergistic reaction. 

As for the combined treatment of cattle manure, it 
was experimentally demonstrated that rapid and high 
N2O emission was triggered by denitrification when the 

oxygen level was dropped during intermittent aerated 
composting. Controlled incineration of cattle manure 
demonstrated that the emission factor for N2O was much 
higher than the previously accepted value of 0.7% gN2O-
N/g-N, and the proposed value will be accepted by 
IPCC in IPCC Fifth Assessment Report. As an example of 
cascading material-cycle of wastes from agro-industries, 
beneficial utilisation of yuzu (Citrus junos) peel improved 
the commercial value of cultured yellowtail fish. The 
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MITIGATION OF NITRATE CONTAMINATION USING A CATCH 
CROP 
The nitrate contamination of groundwater due to ex-
cessive fertilisation of agricultural land has become a 
significant problem all over the world. In addition, salt 
exclusion by flood irrigation, which is necessary to prevent 
salt accumulation in greenhouses increases nitrate leach-
ing to groundwater and induces abrupt emission of nitrous 
oxide (N2O). Appropriate management of fertilisation and 
catch crop cultivation have been applied to overcome 
these problems, and harvested catch crops are generally 
plowed in as the green manure. 

An innovative concept simultaneously mitigating ni-
trate contamination of groundwater and gaining valuable 
products was proposed in Figure 7. The research team uti-
lised catch crops to clean the remaining excess nutrients 
from the topsoil in a greenhouse and then flooded the 
soil to remove the residual salts. It was demonstrated that 
the 50-day cultivation of dent corn (Zea mays L., KD731) 

followed by temporal flood ir-
rigation significantly reduced 
the leached mineral nitrogen 
by 89–91% in summer, 87–89% 
in spring, and 61–82% in winter, 
and it also significantly reduced 
the N2O emission by 68–84% in 
summer. The catch crop system, 
however, requires long periods 
(catch crop cultivation plus a 
few weeks of soil drying after 
temporal flood irrigation), mak-
ing it difficult to apply to the ac-
tual cropping practice. Hence, 
the research focused on the 
extremely large amount of tran-
spiration of dent corn with the 
expectation of accelerated soil 
drying by pre-harvest temporal 
flood irrigation. Pre-harvest tem-
poral flood irrigation successfully 
shortened the implementation 
time of the catch crop system 
by accelerating soil drying, and 
simultaneously decreased the 

electrical conductivity and nitrate nitrogen concentration 
of the soil solution owing to root uptake. 

Harvested catch crops are transformed into valuable 
products: 80% of phosphorus was successfully extracted 
from the harvests by soaking in water. Biomass and nu-
trients recovered from the harvests were utilised for non-
sterile simultaneous saccharification and thermophilic 
L-lactic acid fermentation. The L-lactic acid yield of 0.33 
g g-1 based on native biomass weight indicated that the 
recovered nutrients functioned as the nutrients for prolif-
eration of L-lactic acid bacteria. 

In conclusion, a novel catch crop system is successfully 
developed in this project, and simultaneously mitigating 
nitrate contamination of groundwater in an agricultural 
area and also profitable products are gained. The social 
and economic problems in the implementation of this 
system to the actual farming area should be discussed 
in future studies.

beneficial utilisation of fish processing wastewater as a 
fish feed additive was also demonstrated.

Future Development
A modelling approach is applied to the above-mentioned 
innovative water management system for evaluation. The 
viable way to adapt this system both socially and eco-
nomically to the actual area is also examined. The latest 
results and future perspectives for adapting this system 
to the actual areas were presented at the AGRO’2014 
conference in November 2014 in Kochi, Japan.

WATER QUALITY MONITORING NETWORK SYSTEM
Information on the concentration of biological and chemi-

cal contaminants in tapwater is of great importance not 
only in the developing countries, but also in the most 
modern cities of the industrial world. Thus, a network 
of analytical systems capable of delivering spatial and 
temporal feedback is needed.

The goal of this research (Project # 13) led by Professor 
Ryo Miyake focuses on the development of a low-main-
tenance and sensitive water quality monitoring system. 
Although current sensing platforms are very sensitive, they 
are neither inexpensive nor small footprint. One of the 
main aims of this research is the development of a technol-
ogy that would allow for achieving a high sensitivity but 
without scarifying small size and low cost of manufactur-
ing. To achieve this goal, research is made to implement 
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the cutting-edge achievements in microfluidics, sensing 
techniques, and 3D-printing to push detection limits of 
the existing miniaturized systems. Moreover, sophisticated 
microfluidic chips will be developed which, in the past, 
usually required a troublesome fluidic and electronic 
interface, and bulky external equipment. But this novel 
approach will shift this paradigm.

Progress
Integration of the multiline evaporative sample concen-
trator made of silicon-glass with a 3D-printed manifold was 
successfully proven in this research. A follow-up design of a 
sample processing system was proposed in which by using 
rapid prototyping techniques, the sample concentration 
chip was embedded within a 3D-printed microfluidic cir-
cuit board that delivers additional functionality: sample 
concentration, in-loop recirculation, pumping, and simul-
taneous detection.

The versatility of 3D-printing technology allowed devel-
oping a complete system to monitor the minute concen-
trations of hydroxylamine in drinking water, in which fast 
prototyping techniques are merged with low-cost optical 
detection and low-power sample handling methods.

Future Development
Software development, use of sophisticated control algo-
rithms, automation of measurement and concentration 
process are a significant part of future development. The 
prototype of those monitors will be implemented in situ to 
check both the analytical performance and the stability 
under fluctuating circumstances.

DEVELOPMENT AND APPLICATION OF MEMBRANE 
TECHNOLOGIES
A novel wastewater treatment and water reclamation sys-
tem named the Integrated Intelligent Satellite System (IISS) 
is being developed (Project # 5) which can be applied 
to the regions suffering from severe water shortages. The 
basic concept of the IISS led by Professor Shin-ichi Nakao 
is the integration of multiple decentralised wastewater 
treatment plants where membrane bioreactors (MBR) 
with or without nanofiltration/reverse osmosis (NF/RO) 
membranes are installed using information technologies. 

Surface modification of commercially-available 
membranes using polymers that prevent adsorption of 
organic matter is one of the most effective ways to obtain 
low-fouling membranes because fouling is just an adsorp-
tion of materials onto surfaces. Even though the concept 
is simple, it is not realistic to try all the polymers that can 
be synthesised for the surface modification. Thus, a novel 
design approach has been demonstrated for a potential 
polymer that has low-fouling property, which estimates the 
free energy profiles when an organic matter approaches 
a surface made by the polymer by using computational 
chemistry. Due to the expensive computational cost, the 
calculation model developed is simplified; however, the 
methodology successfully predicted several polymers 
that would have low-fouling properties. The membranes 
modified as per the model were not fouled at all even 

though they filtered aqueous solution containing 1,000 
mg/L of proteins. This remarkable achievement is highly 
valued by researchers all over the world.

Progress
1. A novel MBR plus NF/RO system has been developed. It 

was demonstrated that an MBR with high MLSS (~15,000 
- 20,000 mg/L) can be operated stably to reduce 
sludge wastage. A novel fouling-suppression system 
in MBR utilising an electrostatic force was constructed.

2. A novel low-fouling membrane was developed whose 
surfaces were modified with a betaine-based polymer 
or a non-ionic polymer. Also, an ozone micro bubble-
assisted sludge disposal system was developed.

3. A safety assessment method was developed for treat-
ed water. This involved the development of a novel 
cell-growth-based experimental system for evaluat-
ing the safety of the treated water. The safety of the 
treated water was investigated using IISS.

4. An operation support systems was developed. This 
involved the study of the wireless system that can 
help the integration of the decentralised wastewa-
ter treatment plants. TMP and TMP-jump prediction 
models were developed based on cheminformatics. 
A methodology to install IISS in a new region was also 
developed.

5. A model that can consider the optimum decentralised 
system based on data of the amount of wastewater 
and water demand in each area was developed.

6. A demonstration plant was developed in Chengdu, 
China, which demonstrated the applicability of IISS.

Future Development
Demonstrating the effectiveness of IISS should be contin-
ued not only in China, but also in other regions suffering 
from severe water shortages.

Toward practical uses
Although the low-fouling membranes developed by this 
research are excellent ones, there remain some practical 
issues to be solved. The developed membranes actually 
exhibit low-fouling properties when used in MBRs, but 
they are fouled to some extent. Complete prevention of 
fouling should be pursued. Another issue is the durability 
of the membranes. If the membranes are used in the re-
gions suffering from severe water shortages, the systems 
should be operated with no special maintenance for at 
least several years. Research activities are now focussing 
on these important issues.

TOWARD SUCCESSFUL IMPLEMENTATION
As discussed in the previous sections, the CREST water 
program has been conducted with the aim to contribute 
to innovative science and technology, to solve problems 
in society, and to contribute to industries and enterprises 
under the larger framework of “Science in Society and 
Science for Society”. 

The study of the water environment involves truly 
broad spectra from fundamental to applied research in 
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solving problems encountered in society and its policy 
formulation as well as development and a detailed de-
sign of physical systems. Also, water research objectives 
are widely diversified as exemplified in the selected 17 
projects. From the research practitioners’ point of view this 

is an area where there are so many attractive research 
topics. This is also the area where broad perspective on 
the topics as well as strong scientific evidence is required 
so that the solutions will be relevant to the society and 
also implementable. AW

WATER QUALITY MONITORING NETWORK WITH WIRELESS 
COMMUNICATION AND MINIATURE ANALYSERS
People have various needs for their water supply including: 
dependable water, safe water, good-tasting water, and so 
on.  If the people’s needs are met, then their water wast-
age will be minimised. To achieve these goals, a regional 
monitoring network of water quality should be proposed. 
The core piece of equipment in the monitoring network 
is a tailor-made analyser suitable to be installed on site 
and monitored online. However, to develop such a cus-
tomised analyzer, considerable effort and investment are 
required. Thus, a model-based design technique, which 
allows us to create simulation models interactively and is 
used widely in the automobile industry, is introduced to the 
design process of the water analyzer. The Water Quality 
Monitoring Network with Wireless Communication and 
Miniature Analysers is shown in Figure 8. The shape/size 
can be optimised efficiently by using the analyser model 
(refer to Figure 8, No. [1]). The final configuration is trans-
ferred to a rapid fabricator, so-called, 3D printer (refer to 

Figure 8, No. [2]). In this manner, the lead time from the 
initial design to the first prototyping is significantly reduced 
from an order of months to a few days.

In conventional water analysers, rigid peripherals, 
such as high performance pumps, precise valves and 
flow controller, are implemented to stabilise the inside 
flow against the onsite fluctuations (such as water-supply 
pressure, and temperature). This prevents the analysers 
from further miniaturisation and minimalisation. A new 
measurement method was proposed to eliminate them 
by using the analyser model. The raw data including the 
fluctuations are transmitted via a wireless network to a 
central personal computer (PC) (refer to Figure 8, No. [4]). 
At the PC, a numerical simulation, with assimilating the 
analyser model into the fluctuated data, gives the correct 
measurement of the original water quality. Consequently, 
the peripherals to stabilize the inside flow are no longer 
necessary. Thus, a small and minimal analyser can be 
realised (refer to Figure 8, Nos. [3], and [5]).


