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I. Outline of the Project

i . Project Title: Research and Development for water reuse
Country: Kingdom of Thailand . . .
technology in tropical regions

Issue/Sector: Environmental ) ) ) .
. Cooperation Scheme: Technical cooperation project
Management —Water Pollution

Division in charge: Global Total cost(estimated at completion of the Project) JPY
Environment Department 390,000,000

Period of Cooperation: May 2009 — September 2013

Partner Country’s Implementation Organization: Environmental Research and Training Center (ERTC),
Chulalongkorn University (CU), Kasetsart University (KU)

Supporting Organization in Japan: University of Tokyo, Waseda University, Ritsumeikan University,
Tohoku University, Yamagata University, Kanazawa university

Related cooperation: Mahidol University, Asian Institute of technology (AIT)

1. Background of the Project

With advancing industrialization, urbanization, and motorization, Thailand is facing many
challenges such as conserving vulnerable water resources; ensuring safe, clean water; and protecting
water quality. The Thai government, at the initiative of the Ministry of Natural Resource and
Environment (MNRE), is aiming to fundamentally solve these problems, stating in its Water Vision that
it will "ensure sufficient water supply throughout the country by 2025 through water management with
citizen participation, with the aim of achieving effective, sustainable and fair water use." Still, urban
and industrial water resources remain vulnerable. Policies to promote efficient use and reuse of water
are needed.

Purifying untreated wastewater in Thailand will solve its water pollution issues and increase the
number of easily accessible water resources—the first steps in the country's sound water management
efforts. It is with this in mind that the Thai government requested the Project for “Research and
Development for Water Reuse Technology in Tropical Regions” (hereinafter referred to as “the
Project”) as part of Science and Technology Research Partnership for Sustainable Development
(SATREPS). The Record of Discussions (R/D) was signed and exchanged on March 31st, 2009 prior to
the start of the Project in May 2009.

In the wake of the October 2011 flood, which occurred while the Project was underway, the
revised R/D was signed in June 2012, extending the Project period by six months (to be completed by
September 30th, 2013).

2. Project Overview
(1) Project Purpose
Appropriate water reuse technology is newly developed for wide application with an

establishment of institutional framework for effective management in Thailand.

(2) Outputs
Output 1: Institutional Framework for research, development and promotion of water reuse technology

is developed.
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Output 2: New energy-saving (or net energy-balanced) decentralized water reclamation and reuse
system is developed to practically install for in-site operation.

Output 3: New water reuse technology with resource production (or GHG emission reduction) is
developed to practically install for on-site operation.

Output 4: Effective management and monitoring system for community-based water reuse is developed.

(3) Inputs
[ Japanese side]
Long term experts | 2 persons Short term experts 12 persons
Trainees received | 54 participants Local costs Approx. JPY 118 million

Equipment supply | Approx. JPY 123 million

[ Thai side]
Counterpart (C/P) | 27 persons

Equipment Approx. THB 4.4 million (ERTC and KU. CU unknown)

Local costs Approx. THB 10.4 million (ERTC: THB 8.0 million, KU: THB 2.4

million. CU unknown.)

Cost of office space, fuel and lighting

I1. Evaluation Team

Members of | Mr. Hideo Noda, Leader; Director of Environmental management Div. 1, Global

Evaluation Environment Department, JICA (Japan International Cooperation Agency)

Team Mr. Shun Nesaki, Cooperation Planning; Assistant Director of Environmental
management Div. 1, Global Environment Department, JICA

Dr. Kotaro Inoue, SATREPS Evaluation; Principal Fellow, JST(Japan Science and
Technology Agency)

Mr. Hiroyuki Abe, SATREPS Evaluation; Senior Staff, Research Partnership for
Sustainable Development Div., JST

Mr. Kunio Nishimura, Evaluation and Analysis; Advisor, ICONS Inc.

Period of 16/June/2013 — 28/June/2013 Type of Evaluation: Terminal evaluation

Evaluation

II1. Overview of evaluation results

1. Review of accomplishments
(1) Activities

Although project activities were interrupted by the flood in October 2011, most of the activities
planned in R/D were implemented by extending the Project period for six months.

(2) Outputs achieved

a) Output 1: Almost achieved
WRC(Water Reuse Center) which has mandate for conducting research and development of
technology on wastewater treatment and water reclamation appropriate for reuse in tropical
region was established.




A comprehensive database of potential end users and technologies in the field of water reuse has
been established on website.
One guideline of water reuse on selection of water reuse technology, risk assessment
methodology, water quality improvement by disinfection and water quality will be proposed by
the end of September 2013.
Three (3) technical seminars for end users and four (4) workshops were organized. One seminar
will be organized in July 2013, and will be completed by the end of September 2013.

b) Output 2: Almost achieved
Research on IT-OD-MBR (Inclined Tube-Oxidation Ditch-Membrane Bioreactor) process and
TSIT-MBR (Two-Stage Inclined Tube Membrane Bioreactor) process for the treatment of the
high-rise building wastewater recycling at CU was demonstrated on pilot-scale and bench-scale
experiment.
Research on the Single and Two-stage AD (Anaerobic Digestion) system for the food waste and
the sewage sludge at CU was developed. The energy saving/recovery efficiency has been
determined.
Number of academic publications is twenty-one (21): ten (10) on itMBR (Inclined
Tube-Membrane Bioreactor) and eleven (11) on Phosphorous recovery.
The applications of two (2) patents are under preparation (to be filed by the end of September
2013).
The technology developed under Output 2 drew media attention. The counterpart at CU was
covered twice by both TV and radio stations and seven times by newspapers.

¢) Output 3: Achieved
The short/long term experimental data demonstrating optimum operating condition to achieve
the highest organic removal efficiencies and the resource yield under the controlled condition for
the reclamation of the industrial wastewater was revealed on bench-scale experiments by the
photo-bioreactor.
The short/long term experimental data demonstrating optimum operating condition to achieve
the highest organic and the toxic compounds removals and the minimum membrane fouling
under controlled condition for the leachate treatment has been clarified on the bench-scale
experiments by itMBR-RO. In addition, it has been developed on pilot-scale in the Leamchabang
landfill.
Twenty-one academic papers were submitted.

d) Output 4: Almost achieved
Water Quality Information Platform (WQIP) in Chao Phraya River Basin has been provided with
score for each parameter on the website so that people without expertise can understand water
quality.
Idea of WQIP spread to the related public organizations through the workshop.
Aquatic plant species in the tropics which have the capability of high peroxidase and H202
activity were selected. The removal performance of PPCPs (Pharmaceutical and Personal Care
Products) by the selected tropical plants was studied.
The current situation and perceptions of the greywater reuse and water quality from various
sources of greywater were revealed by questionnaire survey and water quality monitoring. The

greywater treatment units were set up and data of the reclaimed water quality was obtained.
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Appropriate water reuse scenario for agricultural activities and residents around the Bang Pa-In
Industrial Estate was proposed based on a health risk assessment.

Number of the academic publications is one hundred and eight (108): twenty-two (22) in WQIP
Working Group (WGQ), forty eight (48) in the Constructed Wetland WG, fourteen (14) in the
Greywater reuse WG, ten (10) in the Pathogens WG, five (5) in the Human Ecology WG and
nine (9) in the Economic WG.

(3) Project Purpose: Almost achieved
Seven (7) new technologies have been developed by the experimental study.
Four (4) on-site water reuse systems have been operated for the demonstration.
WRC has been established at ERTC.

2. Summary of evaluation results

(1) Relevance: high.
As the Thai government states in the national plan such as The Eleventh National Economic and
Social Development Plan (2012 - 2016), it is promoting efficient water management through close
collaboration between local administrative organizations and communities, and the water reuse
activities in the Project conform to Thai policies.
Agricultural districts in Northern Thailand have experienced water shortages during dry seasons
in recent years. The project has been developing useful new technology at the water purification
plant in Briram Province.
The Project has also been consistent with Japan’s Country Assistance Policy for Thailand (2012)
which prioritizes environmental management, and with related Japanese government policy such
as Innovation 25 (Science and Technology) which promotes science and technology in diplomacy.
Therefore, the Project is highly relevant to the policies of both the government of Japan and
Thailand.

(2) Effectiveness: high.
Regarding the three indicators for Project Purpose, there were seven initiatives (target: six)
associated with water reuse technology, four initiatives (target: three) associated with water reuse
demonstration, and WRC (target: establish WRC) was officially set up. Therefore, all indicators
were accomplished.
Output 1 is designed to contribute to the formulation of the framework for R&D management in
water reuse and the establishment of WRC for R&D of technology as well as the water quality
information platform for Thailand. WRC is expected to conduct R&D of technology on
wastewater treatment and water reclamation for reuse in tropical regions and to distribute useful
information related to the quality/quantity of water in the selected sites. Both Output 2 and
Output 3 contributed sufficiently to R&D of new technologies in CU and KU, respectively.
Output 4 which consists of six (6) working groups in the 6 sub-sectors, has contributed to Thai
C/P of ERTC to strengthen their academic knowledge, technical skills and management of R/D
through their activities in the respective sub-sectors. Therefore, it is confirmed that the four
Outputs, including the implementation of capacity building and promoting network among ERTC
and Thai universities and the establishment of WRC in ERTC, are all necessary and sufficient
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3)

4

(%)

conditions to achieve the Project Purpose.

Efficiency: high

The flood in 2011 suspended project activities and spoiled some of the stored biosamples.
However, an extension of the Project period for six months after a proper review of the action
plan enabled most of the plan to be implemented.

Input from both Japan and Thailand was qualitatively and quantitatively relevant, and has been
efficiently utilized. The equipment was delivered later than anticipated in the first project year
due partly to a misunderstanding among project personnel regarding the timeframe for equipment

procurement. This, however, did not crucially affect the progress of the Project.

Impact

Positive impacts are described below. No negative impact was found.

ERTC C/P made a presentation of the Project outcome to the subcommittee on water reuse
organized by the Pollution Control Department in 2013 and they showed interests for the Project
and DEQP (Department of Environmental Quality Promotion, MNRE) representatives were asked
to continuously participate in the future subcommittee meetings.

CU C/P was invited to the Industrial Estates Authority of Thailand to provide technical advice on
a Master Plan for wastewater reuse for industrial estates in Rayong Province.

Water reuse in Thailand is getting more recognized with definition as “direct and indirect water
reuse” through the Project. For example, CU C/P was invited by BMA to explain the developed
MBR technology and co-digestion process as one of the key solutions for realizing Green City
Bangkok project.

Sustainability: moderate

Policies: The government of Thailand recognizes solid waste disposal and wastewater as critical
issues in Thai society. Thai government puts stresses on the management of integrated urban
environment by using innovative technology for wastewater and solid waste management with the
3R principles (reduce, reuse and recycle). Therefore, the government of Thailand is expected to
continue 3R activities of wastewater under the water control policy.

Institutions: Organizations: RTC plays an important role in conducting seminars/workshops on
water issues for the third countries such as Lao PDR, Cambodia, Myanmar, etc. WRC established
by the Project in ERTC is expected as a R&D of water reuse technology for Thailand as well as
for other counties in tropical regions.

Financing: As the annual budget of ERTC has been gradually increased during the Project, this
tendency is expected to continue. For WRC, a budget of 10 million Baht from 2013 to 2015 is
secured.

R&D: The researchers of ERTC, CU and KU as well as other R&D institutions and Thai
government recognize R&D and dissemination of technology as the important keys to the solution
of not only water reuse/reclamation but also the global issues. Therefore, R&D for water reuse
technology in Thailand will be continued after the termination of the Project.

Society: It is expected that publications, seminars, and the media will enhance the Thai people's
understanding of water reuse.
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3. Factors driving positive effects
(1) Planning factors

The Project has a relative flexibility in nature, and both Thai C/P and JICA experts could conduct
works at their own interests and develop their own capacities. Despite the fact that both sides have to
carry not only the Project activities but also their routine and other responsible works with busy
schedule, such flexibility in the Project planning allowed the researchers to study applicable knowledge
and perform collaborative works.

(2) Implementation process factors

In the first half period of the Project, JICA experts stayed long and in the second half period of
the Project, the Project leader frequently visited Thai C/P in order to smoothly implement all activities
of the Project.

4. Problems and problem factors
(1) Planning factors

The number of Research Assistants (RA) is insufficient to carry out activities of the Project.
Furthermore, some RA could not work long time for the Project. When one RA quitted the job, the
Project had to look for a new RA.

(2) Factors associated with implementation process
After the severe floods hit in October till December 2011, the period of the Project was extended
for six (6) months. The floods caused electricity shortage and thus damaged some samples in the

refrigerator.

5. Conclusion
In the Project, collaboration of stakeholders resulted in successful development of new water
reuse technology suitable for tropical regions.
WRC was established in June 2013 as an organization aimed at continual R&D of water reuse
technology. It is expected that WRC will implement R&D on water reuse and publicize relevant
information in order for the outcomes of this Project to be inherited by WRC.
The Project was extended for six (6) months due to the suspension of project activities affected by
the damage from the floods in 2011, however, both C/Ps and JICA experts put all efforts to
overcome the damage, therefore, the extension of the Project was at minimum. According to the
Supplementary Indicators, Output 1, 2 and 4 have been almost achieved, while Output 3 has been
fully achieved, and as a whole the Project Purpose has been almost achieved since some of the
Supplementary Indicators are yet to be attained.
Judging from the view point of the five criteria, relevance, effectiveness and efficiency are
considered high and impacts of the Project is expected to be large to a certain extent while
sustainability of the Project will be secured though continuous efforts by the Thai side with the
initiative of DEQP to promote WRC.

6. Recommendations

Development of a work plan for the Water Reuse Center (WRC)

X1V




As a result of Output 1, WRC was officially established in June 2013. WRC is an internal division
under ERTC headed by Director of ERTC. There are mainly three (3) expected functions for WRC
namely, (i) Continuous effort for Research & Development of Water Reuse Technology and
Management, (ii) Technology Transfer including distribution of knowledge/skill/technology to public,
municipalities, commercial sectors, industries, and neighboring countries, and (iii) Water reuse
promotion and network. Considering those expected functions, ERTC is recommended to develop a
Master Plan of WRC by the end of the Project with supports from CU and KU, which addresses

following issues.

(1) Research and development

Through the Project, C/Ps of CU, KU and ERTC strengthened joint research structure and
provided fruitful research outcomes under Output 2, 3, and 4 and also deepened understanding towards
importance of R&D. Therefore, mechanism or plan for continuous joint research work, which includes
financial arrangements needs to be developed. Furthermore, ERTC needs to strengthen research
partnership with other academia or research institute, both domestic and international, to deepen or
extend water reuse technologies. WRC may find candidates for joint researches through networking
mentioning below (iii). Evaluation of developed technologies should also be a part of R&D.

(2) Support program
Through the Project, high-rise buildings, commercial sectors, factories, showed interest towards
developed technologies by the Project for their potential application to their needs. However,
WRC needs to present detail costs of developed technologies to attract more attention and
proceeds further steps towards practical application to municipalities, commercial side and
industry.
ERTC has already conducted a training on On-Site Wastewater Treatment in May 2013, to which
25 Thai factories participated, utilizing demonstration of constructed wetland and decentralized
wastewater treatment plant at ERTC. As expectation seen from private factories, it is
recommended for WRC to play an important role to provide information, knowledge, skill,
technique to Thai local factories.
Likewise, utilization of demonstration plants can be useful tool to have interaction with
stakeholders. The developed demonstration plants are (a) [IT-OD-MBR system, (b) TSIT-MBR
system under Output 2, (c¢) integrated membrane (itMBR-RO) system for water reclamation at
MSW landfill site under Output 3, (d) Artificial Wetland, (e¢) Greywater reuse and (f) Sand
filtration system under Output 4.
A result of Output 4, it is found that people have limited knowledge on or pay little attention to
quality of water considering health risk. By promoting Water Reuse Guideline and WQIP
complemented by QMRA (Quantitative Microbial Risk Assessment) and other related research
work, awareness activities can be progressed.

(3) Network
a) Domestic Network
Through the Project, network among CU, KU, ERTC was developed, however, in order to

address water reuse related issues, strengthening of network among various Thai stakeholders is
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essential. Therefore, it is recommended for WRC to organize roundtable discussions or coordination
mechanism to encourage more communication among other departments under MNRE than DEQP
especially Pollution Control Department (PCD) and Department of Water Resources, Ministry of
Industry, Ministry of Interior, Ministry of Agriculture, Ministry of Health, Ministry of Education,
Bangkok Metropolitan Administration, local government, Industry Side (Thai Federation of
Industry), Commercial Sectors (especially Restaurants, Hotels, Shopping Centers), and so on, before
the end of the Project. For start off, it is recommended for WRC to organize a round table discussion
among stakeholders before the end of the Project. Since ERTC is a member of Sub Committee for
Water Reuse, it is recommended for ERTC to lead the subcommittee’s discussion by addressing
water reuse related issues to appropriate members in official manner.
b) International Network

ERTC has a plan of establishing network among neighborhood countries such as Laos,
Myanmar, Cambodia, by sharing developed technologies, result of analysis by conducting a seminar
in August 2013, which is a great opportunity both as a kick off to start regional networking and for
C/P to be lecturers to strengthen their capacity. By using that opportunity, ERTC is recommended to
hear needs from neighbor countries and seek possibility of research collaboration to consider WRC

to be a regional focal point for research & development of water reuse.

7. Lessons Learned

The Project had successfully set up detailed indicators titled “Supplement to the indicators on
R/D” dated on 17th August 2011 after the Mid-term review study. Supplementary Indicators contributed
to smooth monitoring of the Project as a communication tool among C/Ps. Supplementary Indicators
also helped the Team to review achievement of outputs and project purpose.

Therefore, in future, SATREPS project can refer to this supplement and it is encouraged to set it
up. Timing of setting up detailed indicators can be before or after the mid-term review, since by that
time, as projects have certain progresses, projects can identify clearer and more specific targets to be

achieved.
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1—-3 RTHFMAEDORHIE

No. Date Contents
1 | June 16 | [Mr. Nishimura] Arrival in Bangkok
Sun.
2 | June 17 | 09:00 JICA Thailand Office (Confirmation of Schedule)
Mon. 11:20 Interview with Mr. Masahiro Okada, JICA Expert
13:10 Interview with Mr. Mesak Milintawisamai (Project Manager), ERTC
14:10 Interview with Mr. Panja Yaithavorn, ERTC
15:10 Interview with Ms. Suwanna Tiansuwan (Project Director), Director, ERTC
16:10 Interview with Dr. Variga Sawaittayotin, ERTC
3 | June 18 | 09:10 Interview with Dr. Daisy Morknoy, ERTC
Tues. 10:10 Interview with Mr. Suitap Srilachai, ERTC
11:00 Interview with Mr. Jittima Jarudacha, ERTC
13:40 Interview with Dr.Chart Chiemchaisriand Dr. Wilai Chiemchaisri, Dept. of
Environmental Engineering, Faculty of Engineering, Kasetsart University
16:00 Interview with Dr. Chavalit Ratanatamskul, Dept. of Environmental
Engineering, Chulalongkorn University
4 | June 19 | 08:30 Interview with Mr. Jatuporn Buruspat DG, DEQP, Mr. Sakol Thinagul Deputy
Wed. DG, DEQP
13:00-14:30 Visit ERTC
5 | June 20 | AM Preparation of Draft Joint Evaluation Report
Thurs. 15:20 Interview with Dr. Kazuo Yamamoto (Project Leader), JICA Expert
[Mr. Abe, Mr. Nesaki] Arrival in Bangkok
6 | June 21 | [Mr. Abe, Mr. Sutiab and Mr. Okada] Visit Buri Ram Project Site
Fri. [Mr. Nesaki and Mr. Nishimura]
10:00-14:30 Collective Meeting with ERTC/CU/KU C/Ps on Achievement of the
Project
14:30-1530 Discussion with Dr. Mornthip and ERTC/CU/KU C/Ps on possible
measurement for sustainability of the WateR-InTro Project
7 | June 22 | [Mr. Abe, Mr. Sutiab and Mr. Okada)]Visit Buri Ram Project Site
Sat [Mr. Nesaki and Mr. Nishimura] Preparation of Draft Joint Evaluation Report and M/M
8 | June 23 | [Dr. Inoue] Arrival in Bangkok
Sun
9 | June 24 | 08:15 Interview with Dr. Hana Furusawa, JICA Expert
Mon 09:00 Visit Research Site : CU (itMBR Plant)
PM Visit KU Project Site at Leam Chabang (itMBR-RO Plant)
10 | June 25 | [Mr. Noda]Arrival in Bangkok
Tues 09:00 Internal meeting in Japanese Team
13:00-16:00 Collective Meeting with ERTC/CU/KU C/Ps on Joint Evaluation Report
17:30 Interview to Dr. Sakakibara, JICA Expert
11 | June 26 | 09:00 Discussion between Thai and Japanese members of the Terminal Evaluation
Wed Term on Joint Evaluation Report

[Mr. Sakol Thinagul, Dr. Chongrak Polprasert, Dr. Monthip Sriratnana Tabucanon,




Ms. Attaya Memanvit]
13:00-17:00 Finalization of Joint Evaluation Report with ERTC/CU/KU C/Ps
17:00 Report to JICA Thailand Office
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09:00 Joint Coordinating Committee, Signing of Joint Evaluation Report.

Departure from Bangkok
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2. HEEER

MINUTES OF MEETINGS
BETWEEN
THE JAPANESE TERMINAL EVALUATION TEAM
AND
THE AUTHORITIES CONCERNED OF THE GOVERNMENT OF THE KINGDOM OF
THAILAND ON JAPANESE TECHNIAL COOPERATION
FOR THE PROJECT FOR
RESEARCH AND DEVELOPMENT FOR WATER REUSE TECHNOLOGY IN TROPICAL
REGION

The Japanese Terminal Evaluation Team (hereinafter referred to as “the Japanese Team”), organized
by Japan International Cooperation Agency (hereinafter referred to as “JICA”), headed by Mr. Hideo Noda,
visited the Kingdom of Thailand (hereinafter referred to as “Thatland™) from June 16 to June 27, 2013, for
the purpose of conducting the Joint Terminal Evaluation on the technical cooperation for the project for
Research and Development for Water Reuse Technology in Tropical Region (hereinafter referred to as “the
Project™).

During its stay in Thailand, the Team had a series of discussions and exchanged views and opinions
with authorities concerned of Thailand on the Project,

After intensive study and analysis of the activities and achievements of the Project, both sides agreed

upon the matters referred to in the attached hereto.

Bangkok, 27 June, 2013

);;t//u—-\ @"”V}

Mr. Hideo Noda M. Jatuporn Buruspat
Leader Leader
Japanese Terminal Evaluation Team Thai Terminal Evaluation Team
Japan International Cooperation Department of Environmental
Agency (JICA) Quality Promotion
Ministry of Natural Resources
and Environment
Attachment Joint Terminal Evaluation Report



THE JOINT TERMINAL EVALUATION REPORT
ON
THE JAPANESE TECHNICAL COOPERATION FOR
THE PROJECT FOR RESEARCH AND DEVELOPMENT FOR
WATER REUSE TECHNOLOGY
IN
TROPICAL REGIONS

June 27,2013

Joint Terminal Evaluation Team
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2.

General Terms

c/p
cu
DEQP
ERTC
JICA
ST
KU
MNRE
PCD
R&D
R/D
SATREPS

TICA
WateR-InTro

WRC

Technical Terms

AD System
I-MBR
It-OD-MBR-RO

It-OD-MBR
MF

QMRA
TSIT-MBR
WQIP

Abbreviation and Acronyms

Counterpart Personnel

Chulalongkorn University

Department of Environmental Quality Promotion, MNRE
Environmental Research and Training Center, DEQP, MNRE

Japan International Cooperation Agency

Japan Science and Technology Agency

Kasetsart University

Ministry of Natural Resources and Environment

Pollution Control Department

Research and Development

Record of Discussions

Science and Technology Research Partnership for Sustainable
Development

Thailand International Development Cooperation Agency

The Project for Research and Development for Water Reuse
Technology in Tropical Regions

Water Reuse Center

Anaerobic Digestion System
Inclined Tube-Membrane Bioreactor

Inclined Tube-Oxidation Ditch-Membrane Bioreactor Reverse
Osmosis
Inclined Tube-Oxidation Ditch-Membrane Bioreactor

Microfiltration

Quantitative Microbial Risk Assessment
Two-Stagelnclined Tube Membrane Bioreactor
Water Quality Information Platform



1. INTRODUCTION
1-1 Objectives of the Terminal Evaluation
The Japanese Technical Cooperation for the Project for “Research and Development for Water
Reuse Technology in Tropical Regions™ (hereinafter referred to as “WateR-InTro” or “the Project™) started
in May 2009 along with the Master Plan in the R/D which was signed in March 31, 2009. However, due to
damage caused by heavy flood damage in October and November 2011, the date of termination of the
Project has been extended from the end of March 2013 to the end of September 2013(ANNEX1). As
written in the R/D, Joint Terminal Evaluation of the Project was conducted before the termination of the
Project with specific objectives as follows:
I} To review the progress of the Project and to evalvate the achievement in accordance with five
evaluation criteria namely, relevance, effectiveness, efficiency, impact and sustainability.
2) To provide recommendations on the Project regarding measures to be taken for the remaining period
and the post-project period, especially for ensuring the sustainability of the Project.
3) To extract lessons learned from the Project implementation for other similar projects.

1-2 Members of the Terminal Evaluation Team
The Joint Terminal Evaluation Team (hereinafter referred to as “the Team™) consists of the

following members:
<Thai side>
Name Job Title 2 Organization
1 {Mr. Jatuporn Buruspat Director General Department of Environmental Quality and Prametion,
Ministry of Natural Resources and Environment
2 |Dr. Chongrak Polprasert  |Professor Department of Environmental Engineering, Faculty of
Engineering, Thammasat University
3|Dr. Monthip Sriratnana  {Senior Advisor Commission on Environment and Natural Resources,
Tabucanon Office of the Parliament
4 1Ms, Attaya Memanvit Development Planning and Monitoring Branch, Thailand International
Cooperation Officer |Development Cooperation Agency, Ministry of Foreign
Affairs
<Japanese side>
Name Time for Evaluation Job title/Qrganization
1|Mr. Hideo Neoda Team Leader Director, Environmental Management Division 1,

Environmental Management Group
Global Environment Department, JICA
2 |Mr. Shun Nesaki Cooperation Planning  [Assistant Director,

Environmental Management Division 1,
Environmental Management Group
Global Environment Department, JICA

31Dr. Kotaro Inoue SATREPS Evaluation (Principal Fellow, JST
4 Mr. Hiroyuki Abe SATREPS Evaluation |Senior Staff, Research Parinership for Sustainable
Development Division, JST
5 [Mr. Kunio NISHIMURA |Evaluation and Advisor, ICONS Inc.
Analysis

1-3 Scheduie of the Terminal Evaluation Team
The schedule of the Team is as follows:

No. Date Contents
1 June 16 | [Mr. Nishimura] Arrival in Bangkok
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Sun,
2 June 17 | 09:00 JICA Thailand Office (Confirmation of Schedule)
Mon. 11:20 Interview with Mr, Masahiro Okada, JICA Expert
13:10 Interview with Mr. Mesak Milintawisamai (Project Manager), ERTC
14:10 Interview with Mr. Panja Yaithavorn, ERTC
15:10 Interview with Ms. Suwanna Tiansuwan (Project Director), Director, ERTC
16:10 Interview with Dr. Variga Sawaittayotin, ERTC
3 June 18 | 09:10 Imerview with Dr. Daisy Morknoy, ERTC
Tues. 10:10 Interview with Mr. Suitap Srilachai, ERTC
11:00 Interview with Mr. Jittima Jarudacha, ERTC
13:40 Interview with Dr.Chart Chiemchaisriand Dr. Wilai Chiemchaisri, Dept. of Environmental
Engineering, Faculty of Engineering, Kasetsart University
16:00 Interview with Dr. Chavalit Ratanatamskul, Dept. of Environmental Engineering, Chulalongkorn
University
4 June 19 | 08:30 Interview with Mr. Jatuporn Buruspat DG, DEQP, Mr., Sakol Thinagul Deputy DG, DEQP
Wed. 13:00-14:30 Visit ERTC
5 June 20 | AM Preparation of Draft Joint Evaluation Report
Thurs. | 15:20 Interview with Dr. Kazuo Yamamoto (Project Leader), JICA Expert
[Mr. Abe, Mr. Nesaki] Arrival in Bangkok
6 June 21 | [Mr. Abe, Mr. Sutiab and Mr. Okada] Visit Buri Ram Project Site
Fri. {Mr. Nesaki and Mr. Nishitura]
10:00-14:30 Cotlective Meeting with ERTC/CU/KU C/Ps on Achicvement of the Project
14:30-1530 Discussion with Dr. Mornthip and ERTC/CU/KU C/Ps on possible measurement for
sustainability of the WateR-InTro Project
7 June22 | [Mr. Abe, Mr. Sutiab and Mr. Okada)fVisit Buri Ram Project Site
Sat [Mr, Nesaki and _Mr, Nishimura] Preparation of Draft Joint Evaluation Report and MM
8 June 23 | [Dr. Inoue] Arrival in Bangkok
Sun
9 June 24 | 08:15 Interview with Dr, Hana Furusawa, JICA Expert
Mon 09:00 Visit Research Site : CU (itMBR Plant)
PM Visit KU Project Site at Leam Chabang (itMBR-RO Plant)
1¢ | June25 | [Mr. Noda]Arrival in Bangkok
Tues 09:00 Internal meeting in Japanese Team
13:00-16:00 Collective Meeting with ERTC/CU/KU C/Ps on Joint Evaluation Report
17:30 Interview to Dr. Sakakibara, JICA Expert
11 | June 26 | 09:00 Discussion between Thai and Japanese members of the Terminal Evaluation Term on Joint
Wed Evaluation Report
[Mr. Sakol Thinagul, Dr. Chongrak Polprasert, Dr. Menthip Sriratnana Tabucanon, Ms. Attaya
Memanvit]
13:00-17:00 Finalization of Joint Evaluation Report with ERTC/CU/KU C/Ps
17:00 Report to JICA Thailand Office
12 { June 27 | 09:00 Joint Coordinating Committee, Signing of Joint Evaluation Report.
Thurs Peparture from Bangkok

2. OUTLINES OF THE PROJECT
2-1 Background of the Project
Southeast Asian countries located in tropical regions often suffer from droughts in the dry season

and floods in the wet season, Furthermore, rapid economic growth and industrialization in the countries

have negatively caused various environment problems, including water pollution, water shortages and

limited access to safe water. The promotion of 3R (Reduce, Reuse and Recycle) of water resources in each
of urban, industrial and rural sectors is necessary for conservation of the vulnerable water resources,

improvement of access to safe water and preservation of water quality. WateR-InTro aims at conducting, in

collaboration with Thai and Japanese research institutes, R&D of water reuse technologies which

contribute to the 3R of water resources in Thailand and other tropical countries.

WateR-InTro also aims at achieving and disseminating the of project outcomes to Thai by

establishing a “Research and Development Center for Water Reuse Technology in Tropical Regions™ and
capacity development of Thai researchers for R&D through this collaborative project.
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2-2 Summary of the Project

WateR-InTro has been carried out along with the Master Plan (ANNEX1). Overall Goal, which
stipulates expected situation in three to five years after the completion of the Project, was not set following
JST-JICA Guidelines of SATREPS.

The Project Purpose and Outputs are as follows:

2-2-1 Project Purpose
Appropriate water reuse technology is newly developed for wide application with an
establishment of institutional framework for effective management in Thailand.

2-2-2 Outpats

Output 1: Institutional framework for research, development and promotion of water reuse technology is
developed.

Output 2: New energy-saving (or net energy-balanced) decentralized water reclamation and reuse system is
developed to practically install for on-site operation.

Output 3: New water reuse technology with resource production (or GHG emission reduction) is developed
to practically install for on-site operation.

Output 4: Effective management and monitoring system for community-based water reuse is developed,

2-2-3 Duration of the Project
The duration of the Project is four years and five months from 11" May, 2009 to 30™ September,
2013 with 6 months extension as agreed upon revised R/D signed on 26® June 2012.

3. METHODOLOGY OF EVALUATION
3-1 Method of Evaluation

The Team conducted questionnaire and interviewed the counterpart personnel (C/P) and the JICA
experts as well as Thai officials concerned with the Project. The Team analyzed and evaluated the Project
from a viewpoint of five evaluation criteria according to the method of Project Cycle Management (PCM).

3-2 Method of Data Collection and Analysis
3-2-1 Method of Data Collection
The Team collected necessary data/information in the following manners:
(1) Collection of relevant documents from the WateR-InTro Project
(2) Questionnaire survey to C/P and JICA experts
(3) Key informant interviews with C/P and JICA expetts
(4) Field visits to selected sites

3-2-2 Method of Analysis

The Team assessed the Project from the viewpoint of the following five evaluation criteria with
organizing the collected data Evalvation Grid (ANNEX2).
1) Relevance:

The extent to which the Project Purpose is consistent with the Thai government development
policy as well as the Japanese Government policy on development assistant to Thailand, and needs of the
beneficiaries of the Project.
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2) Effectiveness:
The extent to which the Project has been achieved its Purpose by clarifying the relationship
between the Project Purpose and Outputs.

3) Efficiency:

The extent to how economically resources/Inputs (funds, expertise, time, etc.} are converted to
results/Outputs with particular focus on the relationship between Inputs and Outputs in terms of timing,
quantity and quality.

4) Impact:

The Project effects on the surrounding environment in terms of technical, socio-economic,
cultural, institutional and environmental factors. The Project impacts are assessed from cross-cutting
aspects according to positive or negative effects caused by the Project.

5) Sustainability

Sustainability of the Project is assessed in terms of political, organizational, financial and
technical aspects by examining the extent to what the achievements of the Project would be sustained or
expanded after the termination of the Project.

4. ACCOMPLISHMENT OF THE PROJECT

The Team reviewed the progress of the Project in accordance with (1) the Master Plan (Version
1), (2) the Supplement to the Indicators agreed at the 3@ JCC in August 2011 (hereinafter referred to as
“Supplementaty Indicator™), and (3) Revised Plan of Operation (Version 3) as Appendix [ of the revised
R/D signed on 29" June, 2012. The progress of activities carried out after the Mid-term Review up 1o the
Terminal Evaluation is summarized as follows.

4-1 Inputs
The Inputs of the Project along with the Master Plan (Version 1) are as follows,

4-1-1 Japanese Side
{1) Dispatch of Experts
2 long-term experts as Project Coordinator, and 12 short-term experts including Leader, Sub
Leader, Research Coordinator and experts in the field of Appropriate Water Reuse Technology and
Effective Management and Monitoring System for Community-based Water Reuse have been
dispatched to the Project for 176 times, and the period of total dispatch is around 89 Man/Month
(ANNEX 4).

(2) Training in Japan
A total number of 27 C/P have been dispatched for trainings in Japan including a long-term
training of Ph. D course for one (1) C/P in the University of Tokyo (ANNEX 4).
(3) Provision of Equipment
Equipment equivalent to approximately 45.90 million THB (123.24 million Japanese Yen) was
provided (ANNEX 4).

(4) Operational Cost in Thailand



A total amount of approximately 43.68 million THB (118.25 million Japanese Yen) as of June
2013 was shouldered {ANNEX 4),

4-1-2 Thai Side
(1) C/Pand Other Staff
A total of 27 C/P have been assigned to the Project (ANNEX 5), while 14 Research Assistants
(RA) at ERTC, CU and KU have been allocated with JICA’s budget. In addition, Ph. D and Master’s
degree students in CU (8) and KU (9), 17 in total, have assisted the Project. Moreover, the Project has
collaborated with Mahidol University and Asian Institute of Technology (AIT) for Output 4.

(2) Provision of Facilities
The necessary office space and facilities for the Project have also been provided (ANNEX 5),

(3) Equipment
Equipment equivalent to approximately 3.54 million THB (9.67million Japanese Yen) has been
provided (ANNEX 5).

(4) Operational Cost
The cost for operation has been shouldered by ERTC, CU and KU in the form of consumable
goods, communication expense, travel expense and ete. (ANNEX 3),

4-2 Progress of Activities
A number of activities were carried out through the joint efforts of Thai Counterpart Personnel
(C/P) and JICA experts. Those achievements are as follows:

Activities as PO (Version 3) | Major Achievements to date
Activities under Qutput 1
1-1 Development of R&D Center for Water Reunse R&D Center at ERTC has been set up by the name
Technology at ERTC of Water Reuse Center (WRC), including the

institutional rules/plans, the structure, the human
allocations, the office room, etc. DG of DEQP
endorsed the structure of WRC. ERTC Director
plays as the Director of WRC. DG of DEQP
endorsed the structure of WRC. Work Plan will be
ready by the end of Sep 2013 including followings.

1) Purpose of WRC establishment
- Conduct R&D (including technology evaluation)
- Promote water reuse
- Technology Transfer (including trainings)

2) Staff Allocation

- Permanent staff; 3 persons (plan)

- Assistant; 3 persons

- Administration. Staff; 2 persons

3) Budget

- 10 million Baht for 3 years (Oct. 2013 to Sep.

2016) from financial burean (approved )

- 1 Research proposal of 10 million Baht was
approved for 3years.

- Other individual research proposal needs to be

approved by National Research Council for R&D

(every year)
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1-2 Establishment of technical information database of
water reuse technology

1-3 Development of a best practice of water reuse
system

1-4 Promotion of information on water reuse
technology and the Project

The technical information database for potentiat

end users on the water reuse was established on the

website.

- 6 categories: Supermarket, Hotel, Restaurant,
Municipality landfill, Factory, Building

- URL:softwaterthai.co.th/waterreusecenter

The guideline on selection of the water reuse
technology, the risk assessment technology, the
water quality improvement by disinfection and the
water quality will be proposed by the end of
September 2013.

By using the guideline, end users (commercial,
“agriculture, local government, people, etc.) will be
able to select necessary and appropriate technology
including best practices.

CU/KU/ERTC evaluated 7 technologies developed
by the Project and evaluation activities must be
done continuousty.

Dissemination of guideline not only to researchers
but also to people for water reuse by the end of
September 2013.

Three (3) technical seminars for the end users and
suppliers and four (4) workshops on the water
reuse technology and the Project were held.

Activities under QOuiput 2

2-1 Planning and Preparation

2-2 Implementation of bench-scale and pilot-scale
experiments

2-3 Implementation of prototype system for wastewater
reuse of commercial building

2-4 Implementation of experimental work on
phosphorus recovery system

2-5 Optimization of procedures for long-term operation
and development of maintenance management

The new energy-saving (or net energy-balanced)
decentralized water reclamation and the reuse
system was prepared to select some sites of the
experiments.

The research on IT-OD-MBR process and
TSIT-MBR process for the treatment of the
wastewater recycling at the CU buildings was
implemented. The bench-scale experiment was
cartied out at the basement of Faculty Engineering
building and the pilot-scale experiment was carried
out at the high-rise building at CU.

The research on the Single and Two-stage AD
systems for the food waste and the sewage sindge at
the CU buildings was implemented. Due to TICA
rule not to use private commercial building, the CU
buildings were chosen for the research of the
Project.

The phosphorous absorbent media using the nano
technology was developed and the report was
compiled.

The optimization of the procedures for the
long-term operation was obtained. The maintenance
management was developed by the ITZOD-MBR,
TSIT-MBR and Single/Two-stage AD systems.

Activities under Qutput 3

31 Development of integrated anaerobic photo-bioreactor with MF membrane
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3-1-1 Laboratory and bench-scale experiments to
determine optimum operating conditions for
photosynthetic bacteria growth, effects of
membrane separation, biomass yield

3-1-Z Construction and eperation of pilot-scale
photo-bioreactor with MF unit at sclected food
factory

3-1-3 Optimization and evaluation of process
petformance

The short term experimental data demonstrating
optimum operating condition to achieve the highest
organic removal efficiencies under controlled
condition for reclamation of the industrial
wastewater was revealed on the laboratory and the
bench-scale experiments by the photo-bioreactor in
Kasetsart University (KU).

The construction was canceled due to the constraint
of TICA rules.

The process performance was optimized and
evaluated by the above experiments. The report was
compiled.

3-2 Development of itMBR-RO for leachate treatment

3-2-1 Bench-scale experiments to determine optimum
operating condition for organic waste flushing,
membrane bioreactor operation and RO
performance

3-2-2 Construction and operation of pilot-scale
itMBR-RO unit at a selected solid waste disposal
site

3-2-3 Optimization and evaluation of precess
performance

The short/long term experimental data
demonstrating optimum operating condition to
achieve the highest organic and toxic compounds
removals and the minimum membrane fouling
under controlled condition for the leachate
treatment has been clarified on the bench-scale
experiments by itMBR-RO.

The research for itMBR as pilot-scale was
conducted in Nonthaburi solid waste disposal site.
As the waste water of leachate retention pond
disappeared, the research was carried out Leam
Chabang, The itMBR unit was constructed in the
Leam Chabang solid waste disposal site and the
R&D for itMBR-RO has been carried out in its site.
Regarding to nonthaburi, as the pond reserved
water, the research restarted and coflected data.

The process performance was optimized and
evaluated by the above experiments. This result was
reported in “Research Activity Report”.

3-3 Development of global warming mitigation system in waste water treatment

3-3-1 Implementation of experimental work

Laboratory-scale photobioreactor study was carried
out. The report was compiled.

Activities under Quiput 4

Activities under Qutputd consist of the following six (6) Working Groups (WG):

(a) Water Quality Information Platform (WQIP) WG
(¢) Greywater reuse WG

(d) Pathogens WG (€) Human ecology WG

(b) Constructed wetland WG
(f) Economic WG

4-1 Review and analysis of existing data and
information in pilot area

4-2 Installation of necessary facilities for monitoring
and monitoring activities

4-3 Development of water quality information platform

10

Questionnaire and interview surveys were
conducted in the selected areas, and the results were
analtyzed.

Note; Correspond to WG (a), (c), (d), (e) and ()

Done.
Note; Correspond to WG (a), (b), (c), (d), (¢) and
o

The website for the water quality information in the
basin of Chao Phraya River has been developed.
Note; Correspond to WG (a)
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4-4 Study on the risk assessment of water quality on | Done.

health and ecology Note; Correspond to WG (d), (e) and ()
4-5 Examination of economic impact of introduction of | Done.
water reuse technology Note; Correspond to WG (f)
4-6 Design and optimwm water reuse system in pilot | Done.
area Note; Correspond to WG (b), (6), and ()
4-7 Installation and operation of water reuse system ‘Water reuse system was installed and operated as
follows.

1) Wetland was constructed at ERTC.

Water purification by 30 aquatic plants was

examined and their capability of high peroxidase

and H202 production was found out.

2) Greywater treatment was installed at Infantry
Division 11,

3) WWTP was constructed in Buriram.

Note; Correspond to WG (b), (¢) and (f)

4-8 Development of health risk assessment model of | Health risk assessment model of reused water will
reused water (in Japan) be completed using result of 4-4. 2 scenarios have

been developed by 4-4. 1 scenario for retention

pond was already completed. Another scenaric wiil

be completed by the end of September 2013,

Note; Correspond to WG (d)

4-3 Achievement of the Project

The Project has both indicators for the Project Purpose and Outputs as indicated in the Master
Plan (Version 1) and the Supplementary Indicators agreed on the 3% JCC in August 2011, The
Supplementary Indictors are more specific because they reflect the actual activities of the Project.

The Team observed the following achievements of the Project (ANNEX 2).

4-3-1 Output
The achievements of the Outputs of the Project are as follows:

Output 1: Institutional framework for research, development and promotion of water reuse technology is
developed.

Water Reuse Center (hereinafter referred to as “WRC”) for Research and Development of
Technology was established under ERTC on 12™ June, 2013. The Output 1 of the Project has been almost
achieved in the following reasons.

1) WRC which has mandate for conducting research and development of technology on wastewater
treatment and water reclamation appropriate for reuse in tropical region was established.

2) A comprehensive database of potential end users and technologies in the field of water reuse has been
established on website.

3) One guideline of water reuse on selection of water reuse technology, risk assessment methodology,
water quality improvement by disinfection and water quality will be proposed by the end of September
2013.

4) Three (3) technical seminars for end users and four (4) workshops were organized. One seminar will be
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organized in July 2013, and will be completed by the end of September 2013,

Output 2: New energy-saving (or net energy-balanced) decentralized water reclamation and reuse system
is developed to practically install for on-site operation.
Research on IT-OD-MBR process and TSIT-MBR process for treatment was demonstrated at CU.
The new energy-saving decentralized water reclamation/reuse system for food waste and sewage sludge at
CU has been implemented. The Qutput 2 of the Project has been almost achieved in the following reasons.

1) Number of researchers and students participated in the Project is eight (8).

2) Number of academic publications is twenty-one (21): ten {10) on itMBR and eleven (11) on
Phosphorous recovery.

3) The applications of two (2) patents are under preparation.

4) Research on IT-OD-MBR process and TSIT-MBR process for the treatment of the high-rise building
wastewater recycling at CU was demonstrated on pilot-scale and bench-scale experiment.

5) Research on the Single and Two-stage AD system for the food waste and the sewage sludge at CU was
developed. The energy saving/recovery efficiency has been determined.

6) Phosphorous absorbent media using the nano technology has been selected,

7) CU C/P received two (2) interviews by television, two (2) interviews by radio programs, seven (7) by
niewspaper.

Output 3: New water reuse technology with resource production (or GHG emission reduction) is
developed to practically instal! for on-site operation.

The bench-scale experiments by the photo-bioreactor for the industrial wastewater and by
tMBR-RO for leachate water were finished. The Output 3 of the Project has been fully achieved in the
following reasons.

1) Number of researchers and students participated in the Project is twelve (12).

2) The short/long term experimental data demonstrating optimum operating condition to achieve the
highest organic removal efficiencies and the resource yield under the controlled condition for the
reclamation of the industrial wastewater was revealed on bench-scale experiments by the
photo-bioreactor,

3) The short/long term experimental data demonstrating optimum operating condition to achieve the
highest organic and the toxic compounds removals and the minimum membrane fouling under
controlled condition for the leachate treatment has been clarified on the bench-scale experiments by
itMBR-RO. In addition, it has been developed on pilot-scale in the Leamchabang landfill,

[ Output 4: Effective management and monitoring system for community-based water reuse is developed. _|
The water quality information of Chao Phraya River Basin was provided with score for each

parameter in Thailand. The questionnaire on the usage of greywater for the residents was conducted and its

results were analyzed. The Qutput 4 of the Project has been almost achieved in the following reasons.

1) Number of the academic publications is one hundred and eight (108): twenty-two (22) in the Water
Quality Information Platform (WQIP) Working Group (WG), forty eight (48) in the Constructed
Wetland WG, fourteen (14) in the Greywater reuse WG, ten (10) in the Pathogens WG, five (5) in the
Human Ecology WG and nine (9) in the Economic WG.

2} Water Quality Information Platform (WQIP) in Chao Phraya River Basin has been provided with score
for each parameter on the website so that people without expertise can understand water quality.
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3) Idea of WQIP spread to the related public organizations through the workshop.

4) Aquatic plant species in the tropics which have the capability of high peroxidase and H,O, activity
were selected. The removal performance of PPCPs by the selected tropical plants was studied.

5) The current situation and perceptions of the greywater reuse and water quality from various sources of
greywater were revealed by questionnaire survey and water quality monitoring. The greywater
treatment units were set up and data of the reclaimed water quality was obtained,

6) Appropriate water reuse scenario for industrial estates and agriculture were proposed based on health
risk assessment.

7) Water resources and uses in the selected households in Klong Jik municipality were revealed.

4-3-2 Project Purpose

Project Purpose; Appropriate water reuse technology is newly developed for wide application with an
establishment of institutional framework for effective management in Thailand.

New appropriate water reuse technology has been developed. WRC was established at ERTC for
the purpose of (a) Implementation of R&D (including technology evaluation), (b) Promotion of water reuse,
(c) Technology Transfer (including trainings). The Project Purpose has been almost achieved from
following reasons.

1) Seven (7) new technologies have been developed by the experimental study.
2) Four (4) on-site water reuse systems have been operated for the demonstration.
3) WRC has been established at ERTC.

5. PROJECT IMPLEMENTATION PROCESS
The followings are major findings on implementation process by the Team.

1) Planning of Research Activities under Output 4 with High Initiative by That side.

At the beginning of the Project, the main objective under Output 4 was set to be “development of
decentralized wastewater treatment technology®. After a series of discussions, several detailed and
need-oriented research proposals were developed, then selection of those proposals was done by the Project.
ERTC C/P actively involved in those processes and were also highly committed for the implementation of
selected research activities by challenging and considering the development of practically applicable
technologies for problem solving for those who are and will be suffering from water shortages. This
process could be done since ERTC C/P have rich expetiences of research planning and implernentation
supplemented by JICA experts’, especially the Project Leader’s, devotion to the Project. As a result,
localized but advanced treatment technologies were developed.

2) Communications among Members and Management of the Project

JICA experts and C/P made mutual visits to discuss and share the research and development
activities of the Project. Due to the distance between each C/P organizations in Thailand, as well as
between Thailand and Japan, JICA experts and C/P usually communicate by e-mails, telephones and etc. As
a typical practice, few JICA experts arrived early morning in Thailand, carried out their activities with C/P
only for a few days, and returned to Japan. A part of C/P suggested longer visits and more face-to-face
discussions to enhance communication,

JICA side and Thai side held JCC meetings several times and periodical /irregular meetings for
sharing conducted/future activities and solving problems whenever occurred during the implementation of
the Project. Remarkably, after the severe flood in October 2011, the Project held meetings to discuss how to
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overcome the damage with minimum extension of the project period. Accordingly, the Project amended
the plan of operation and revised R/D.

-1%JCC meeting  22™ March, 2010 (Agenda) Progress of the Project

-2 JCC meeting 4™ May, 2011 (Agenda) Mid-term review, Modification of R/D

-3 JCCmeeting 17" August, 2011  (Agenda) Supplement to the indicators on R/D

- 4™ JCC meeting 28™ March, 2012 (Agenda) Progress of the Project, Modification of PO

-stjcc meeting 17" December, 2012  (Agenda) Progress of the Project

- 6% JCC meeting 27" June, 2013 (Agenda) Terminal Evaluation of the Project

The periodical/irregular meetings concerning management and technical maiters were held upon

necessity, The agenda of these meetings were mainly concerning preparation of symposium/workshop,
preparation of field survey, presentation and discussion on the results of research activities, preparation of
next plans, report of the progress of the Project, and etc.

3) Human Resource Development
Through the works mentioned below, C/P have found incentives to commit to the Project and had
opportunities to share what have been developed in the Project.

(a) Organizing Seminars and Workshops, Presentations at Academic International/Domestic Conferences
The Project has actively distributed information related to the Project to the public by organizing
seminars and workshops, publicizing information in mass media such as radio, TV and newspapers, and
having JICA experts and C/P making presentations at academic conferences.
The Project held six (6) seminars and workshops. Both Thai and Japanese researchers presented
5 times at the international conferences and over 65 times in Japan (ANNEX 12, 14).

(b) Publication of Academic Papers
JICA experts, C/P and Ph. D/Master’s degree students willingly presented the academic papers
based on their own R&D and experimental results on academic journals, magazines, or international
conferences. A total of 24 papers in English and 6 papers in Japanese were presented (ANNEX 7).

6. EVALUATION RESULTS BY FIVE CRITERIA
6-1 Relevance

Relevance of the Project is evaluated to be “High”,

The Project has been consistent with Thailand’s needs for water reuse. The government of
Thailand has executed the national plan such as “The Eleventh National Economic and Social Developiment
Plan (2012 - 2016)” which states “Promoting efficient water management through the close collaboration
between local administration organizations and communities”, Furthermore, Thai government has put
more emphasis on water quality management after the recent severe floods and droughts., The Project has
been developing useful technologies for those who suffer from water shortages, such as agricultural
farmers in northeastern part of Thailand.

‘The Project has also been consistent with Japan’s Country Assistance Policy for Thailand (2012)
which prioritizes environmental management, and with related Japanese government policy such as
Innovation 25 (Science and Technology) which promotes science and technology in diplomacy. Therefore,
the Project is highly relevant to the policies of both the government of Japan and Thailand.

6-2 Effectiveness
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Effectiveness of the Project is also evatuated to be “High”.

Output I is designed to contribute to the formulation of the framework for R&D management in
water reuse and the establishment of WRC for R&D of technology as well as the water quality information
platform for Thailand. WRC is expected to conduct R&D of technology on wastewater treatment and water
reclamation for reuse in tropical regions and to distribute useful information related to the quality/quantity
of water in the selected sites. Both Output 2 and Output 3 contributed sufficiently to R&D of new
technologies in Chulalongkorn Usiversity (CU) and Kasetsart University (KU)), respectively. Output 4
which consists of six (6) working groups in the 6 sub-sectors, has contributed to Thai C/P of ERTC to
strengthen their academic knowledge, technical skills and management of R/D through their activities in
the respective sub-sectors, Therefore, it is confirmed that the four Qutputs, including the implementation of
capacity building and promoting network among ERTC and Thai universities and the establishment of
WRC in ERTC, are all necessary and sufficient conditions to achieve the Project Purpose.

6-3 Efficiency

Efficiency of the Project is also ¢valuated to be “High”.

The Inputs from both Japanese and Thai sides which are summarized in the above chapter, “4.
ACCOMPLISHMENT OF THE PROJECT” are recognized by both JICA experts and Thai C/P as
necessary for smooth implementation and effective management of the Project. Although the delivery of
some equipment was delayed and the catastrophic flood occurred during the Project, all equipment
provided through the Project has been used efficiently for the Project activities such as various monitoring
and data collection.

At the time the flood in 2011, the Project was reexamined properly and was extended for six
months to recover damages by the flood such as loss of samples kept in the refrigerator.

6-4 Tmpact

Some positive impacts have been generated through the Project, while no particular negative
impact was observed.

ERTC C/P made a presentation of the Project outcome to the subcommitiee on water reuse
organized by the Pollution Control Department in 2013 and they showed interests for the Project and
DEQP representatives were asked to continuously participate in the future subcommittes meetings.

CU C/P was invited to the Industrial Estates Authority of Thailand to provide technical advice on
a Master Plan for wastewater reuse for industrial estates in Rayong Province.

Water reuse in Thailand is getting more recognized with definition as “direct and indirect water
reuse” through the Project. For example, CU C/P was invited by BMA to explain the developed MBR
technology and co-digestion process as one of the key solutions for realizing Green City Bangkok project.

6-5 Sustainability
The sustainability of the Project is evaluated to be “Moderate”. The sustainability of the
Project is considered by the Team in multiple aspects as follows.

1) Policy aspect

The government of Thailand recognizes solid waste disposal and wastewater as critical issues in
Thai society. Thai government puts stresses on the management of integrated urban environment by using
innovative technology for wastewater and solid waste management with the 3R principles (reduce, reuse
and recycle). Therefore, the government of Thailand is expected to continue 3R activities of wastewater
under the water contro! policy.
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2) Institutional aspect

ERTC plays an important role in conducting seminars/workshops on water issues for the third
countries such as Lao PDR, Cambodia, Myanmar, etc. WRC established by the Project in ERTC is
expected as a R&D of water reuse technology for Thailand as well as for other counties in fropical regions.

3) Financial aspect
As the annual budget of ERTC has been gradually increased during the Project, this tendency is
expected to continue. For WRC, a budget of 10 million Baht from 2013 to 2015 is secured.

4) R&D aspect

The researchers of ERTC, CU and KU as well as other R&D institutions and Thai government
recognize R&D and dissemination of technology as the important keys to the solution of not only water
reuse/reclamation but also the global issues. Therefore, R&D for water reuse technology in Thailand will
be continued after the termination of the Project.

5) Social aspect

Through the Project, lack of knowledge on water quality by general public was identified.
However, the Project could, to a certain extent, draw aftention from the people by communicating with
scientific data from the water quality analysis. Therefore, by continuous efforts to address the issues by
organizing workshops, seminars and awareness raising activities, it is expected that people’s positive
attitude/mind toward water reuse would be gradually promoted through publications and official
information in Thailand.

6-6 Factors enabling the realization of positive effects
(1) Factors related to planning

The Project has a relative flexibility in nature, and both Thai C/P and JICA experts could conduct
works at their own interests and develop their own capacities. Despite the fact that both sides have to carry
not only the Project activities but also their routine and other responsible works with busy schedule, such
flexibility in the Project planning allowed the researchers to study applicable knowledge and perform
collaborative works.

(2) Factors related to implementation process

In the first half period of the Project, JICA experts stayed long and in the second half period of
the Project, the Project Teader frequently visited Thai C/P in order to smoothly implement all activities of
the Project.

G-7. Factors obstructing the realization of positive effects
(1) Issues/factors related to planning

The number of Research Assistants (RA) is insufficient to carry out activities of the Project.
Furthermotre, some RA could not work long time for the Project. When one RA quitted the job, the Project
had to look for a new RA.

(2) Issues/factors related to implementation process
After the severe floods hit in October till December 2011, the period of the Project was extended
for six (6) months. The floods caused electricity shortage and thus damaged some samples in the

16

W



refrigerator.

7. CONCLUSIONS

From the findings of the joint evaluation study as shown in the previous chapters, the Team
conciudes that the Project had successfully developed appropriate mew water reuse techmologies in
collaboration among ERTC, CU, KU and JICA Experts and remarkably established a new institutional
framework of WRC for effective water reuse management in Thailand.

The Project was extended for six (6) months due to the suspension of project activities affected
by the damage from the floods in 2011, however, both C/Ps and JICA experts put all efforts to overcome
the damage, therefore, the extension of the project was at minimum. According to the Supplementary
Indicators, Output 1, 2 and 4 have been almost achieved, while OQutput 3 has been fully achieved, and as a
whole the Project Purpose has been almost achieved since some of the Supplementary Indicators are yet to
be attained. The remaining indicators, such as development of water reuse guideline, database of water
reuse technology, water reuse scenario with health risk assessment, organizing a regional workshop in
August 2013, and etc. are expected to be completed by the end of the Project.

Judging from the view point of the five criteria, relevance, effectiveness and efficiency are
considered high and impacts of the Project is expected to be large to a certain extent while sustainability of
the Project will be secured though continuous efforts by the Thai side with the initiative of DEQP to
promote WRC. The Team concluded that the Project will achieve its project purpose by the end of the
project period, therefore, the Project will be successfully finished in September 2013.

It is expected that WRC under ERTC will conduct R&D on water reuse and disseminate the
information related to “water reuse” and that the outcome generated by WateR-InTro should be succeeded
to WRC,

8. RECOMMENDATIONS AND LESSONS LEARNED
8-1 Recommendstions
Development of Work Plan for Water Reuse Center

As a result of Qutput 1, WRC was officially established in June 2013. WRC is an internal
division under ERTC headed by Director of ERTC. There are mainly three (3) expected functions for WRC
namely, (i) Continuous effort for Research & Development of Water Reuse Technology and Management,
(ii) Technology Transfer including distribution of knowledge/skill/technology to public, nmunicipalities,
commercial sectors, industries, and neighboring countries, and (iii) Water reuse promotion and network.
Considering those expected functions, ERTC is recommended to develop a Master Plan of WRC by the end
of the Project with supports from CU and KU, which addresses following issues.

@ Research & Development of Water Reuse Technology and Management

Through WateR-InTro, C/Ps of CU, KU and ERTC strengthened joint research structure and
provided fruitful research outcomes under Qutput 2, 3, and 4 and also deepened understanding towards
importance of R&D. Therefore, mechanism or plan for continuous joint research work, which includes
financial arrangements needs to be developed. Furthermore, ERTC needs to strengthen research partnership
with other academia or research institute, both domestic and international, to deepen or extend water reuse
technologies. WRC may find candidates for joint researches through networking mentioning below (iii).
Evaluation of developed technologies should also be a part of R&D.

(i) Technology Transfer
Through WateR-InTro, high-rise buildings, commercial sectors, factories, showed interest
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towards developed technologies by the Project for their potential application to their needs. However, WRC
needs to present detail costs of developed technologies to attract more attention and proceeds further steps
towards practical application to municipalities, commercial side and industry.

ERTC has already conducted a training on On-Site Wastewater Treatment in May 2013, to which
25 Thai factories participated, utilizing demonstration of constructed wetland and decentralized wastewater
treatment plant at ERTC. As expectation seen from private factories, it is recommended for WRC to play an
important role to provide information, knowledge, skill, technique to Thai local factories.

Likewise, utilization of demonstration plants can be useful tool to have interaction with
stakeholders. The developed demonstration plants are (a) IT-OD-MBR system, (b) TSIT-MBR system
under Qutput 2, (c) integrated membrane (itMBR-RO) system for water reclamation at MSW landfill site
under Output 3, (d) Artificial Wetland, (¢) Greywater reuse and (f) Sand filiration system under Qutput 4.

A result of Qutput 4, it is found that people have limited knowledge on or pay little attention to
quality of water considering health risk. By promoting Water Reuse Guideline and WQIP complemented by
QMRA and other related research work, awareness activities can be progressed.

It is recommended that WRC’s role of Outreach activities to be clearly reflected in to DEQP’s
Work Plan.

(iii) Water reuse promotion and network
(@ Domestic Network

Through WateR-InTro, network among CU, KU, ERTC was developed, however, in order to
address water reuse related issues, strengthening of network among various Thai stakeholders is essential.
Therefore, it is recommended for WRC to organize roundtable discussions or coordination mechanism to
encourage more communication among other departments under MNRE than DEQP especially Poliution
Control Department (PCD) and Department of Water Resources, Ministry of Industry, Ministry of Interior,
Ministry of Agriculture, Ministry of Health, Ministry of Education, Bangkok Metropolitan Administration,
local government, Industry Side (Thai Federation of Industry), Commercial Sectors (especially Restaurants,
Hotels, Shopping Centers), and so on, before the end of the Project. For start off, it is recommended for
WRC to organize a round table discussion among stakeholders before the end of the Project. .

Since ERTC is a member of Sub Committee for Water Reuse, it is recommended for ERTC to
lead the subcommittee’s discussion by addressing water reuse related issues to appropriate members in
official manner.

{b) International Network

ERTC has a plan of establishing network among neighborhood countries such as Laos, Myanmar,
Cambodia, by sharing developed technologies, result of analysis by conducting a seminar in August 2013,
which is a great opportunity both as a kick off to start regional networking and for C/P to be lecturers to
strengthen their capacity. By using that opportunity, ERTC is recommended to hear needs from neighbor
countries and seek possibility of research collaboration to consider WRC to be a regional focal point for
research & development of water reuse.

8-2 Lessons Learned

Setting Specific Indicators

WateR-InTro had successfully set up detailed indicators titled “Supplement to the indicators on
R/D” dated on 17 August 2011 after the Mid-term review study. Supplementary Indicators contributed to
smooth monitoring of the Project as a communication tool among C/Ps. Supplementary Indicators also
helped the Team to review achievement of outputs and project purpose. Therefore, in future, SATREPS

Mhiromma~
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project can refer to this supplement and it is encouraged to set it up. Timing of sefting up detailed indicators
can be before or after the mid-term review, since by that time, as projects have certain progresses, projects
can identify clearer and more specific targets to be achieved.

(End)
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