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Summary of Terminal Evaluation

1. Outline of the Project

Country: Sacialist Republic of Vietnam | Project Title: The Project on Establishment of
Carbon-Cycle-system with Natural Rubber in Socialist Republic

of Vietham
I ssue/sector: Environmental Cooperation Scheme: “Science and Technology Research
Management Partnership for Sustainable Development” (hereinafter referred to
as“SATREPS”).
Division in Charge: Environmental Total Cost: About JPY 370 Million (an ODA part only)
Management Division 2, Environmental
Management Group
Period of Cooperation: Partner Country’s I mplementing Organization:
Ministry of Education and Training(MOET), Vietnam
April 2011 to March 2016 (5 years) Hanoi University of Science and Technology(HUST), Vietnam

Rubber Research Institute of Vietnam (RRIV)

Supporting Organization in Japan:

Nagaoka University of Technology (NUT), Japan,

National Institute for Environmental Studies (NIES), Japan,
Tokyo National Collage of Technology (TNCT), Japan
Kure National Collage of Technology (KNCT), Japan

Other Related Organization:

1-1. Background of the Project

Natura rubber (NR), isolated from para-rubber trees (Hevea brasiliensis) is a promising plant resource in
Asia. Asthe only industrially-used plant-based rubber, natural rubber continues to be an important material
for vibration insulators and tires of large-size vehicles and airplanes, as well as some medical products, even
though various synthetic rubbers have been developed. Approximately 11 million tons of natural rubber was
produced in the world in 2012, and demand of natura rubber is still high due to its specific physica
properties that synthetic rubber does not have. Approximately 15 million tons of fossil fuel-based synthetic
rubber was produced in 2012, which is estimated to cause an enormous amount of carbon dioxide emissions.

Cultivation of para rubber trees is estimated to sequestrate 330 million tons of carbon dioxide per year,
therefore replacing synthetic rubber with natural rubber is expected to reduce much carbon dioxide
emissions. On the other hand, natural rubber contains protein substances that cause the latex allergy and
disturb chemical modification, therefore its deproteinization is essential to expanding its use and avoiding
protein-caused alergy.

On the basis of the above background, the Government of Vietnam requested the Government of Japan to
implement technical cooperation to establish a carbon-cycle system by development of nanotechnology for




production of high-performance rubber and highly functional polymer in order to expand natural rubber
usage and establishment of efficient processing system and usage of wastewater and waste rubber wood
under the framework of SATREPS.

1-2. Project Overview

(1) Project Purpose:

Capacity of Hanoi University of Science and Technology (HUST) and Rubber Research Ingtitute of Vietnam
(RRIV) will be enhanced on the technologies to realize sophistication and expansion in application of
natural rubber and environment-friendly natural rubber production.

(2) Outputs

Output 1: A novel evaluation method of natural rubber is developed.

Output 2: High performance rubber is developed.

Output 3: High functional polymer is developed from natural rubber.

Output 4: Technology to produce bio-fuel from rubber waste woods is devel oped
Output 5: Advanced treatment technology of rubber industrial wastewater is devel oped.

(3) Inputs (as of the time of evaluation)

1) Japanese side

(i) Personnel:

- Long term experts: In total, 3 long-term experts have been dispatched until mid of November 2015.

+ Short-term experts: In total, 15 Japanese short-term experts research group (A total of 130 trips and 726
days)

(i) Local operational costs:

+ As of the end of September 2015 (second quarter Fiscal Year of Japan), a total amount of USD
833,379.36 was spent for local operational cost of the Project. The expense was comprised mainly of
transportation and consumabl es (reagent chemical), allowance, seminar/workshop and so on.

(iii) Provision of Equipment:

+ The total costs for the equipment was JPY 186,528,246 plus JPY 6,096,061for shipping. The main items
are a Nuclear Magnetic Resonate (NMR), a centrifugal machine for a test plant for deproteinization of
NR, apilot reactor for wastewater treatment system and so on.

2) Vietnamese side

(i) Personnel:

- Besides 2 personnel of Project Director and Project Manager, a total of 41 researchers have been
designated in to the 5 Research Groups.

(ii) Provision of Project office and Research Facilities:

OHUST
+ A Project Coordination office and Research Facilities, 6 laboratories/ facilities and cost for renovating

labs.
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+ Construction cost 10 billion VND (JPY 73 million) for a new building for Rubber Center for Science

and Technology (hereinafter the Center).

@RRIV

+ A laboratory and a site for the pilot scale reactor of wastewater treatment system and a working space
for Japanese short-term exerts were proved by RRIV in Binh Duong Province.

3) Local cost:

* In total 7,771,864,372 VND of operationa costs were borne by MOET up to September 2015 for
transportation, consumable materials (latex and chemicals), workshops, water and electricity.

2. Evaluation Team

<Member>
Mission Name Organization
Japanese side
L eader Mr. Naoki MORI Deputy Director, Environmental Management Group,
Global Environment Department, JICA
Cooperation Mr. Daichi BAN Program manager, Environmental Management Team
Planning 2, Environmental Management Group, Global
Environment Department, JICA
SATREPS Research | Dr. Kotaro INOUE Principal Fellow,
Supervisor Japan Science and Technology Agency(JST)
SATREPS Mr. Hiroyuki ABE Senior Associate Research Supervisor,
Evauation Analysis Development of International Affairs,
SATREPS Group, JST
Evauation Anaysis | Ms. Jun KAKINUMA | Consultant, Earth and Human Corporation
Viethamese side
Leader Dr. Tran Van TOP Vice President,
Hanoi University of Science and Technology
Evaluation member | Dr. Phan Trung Deputy of Department of General and Inorganic
NGHIA Chemistry, School of Chemical Engineering,
Hanoi University of Science and Technology

Duration of the study : November8- 21, 2015
Type of Evaluation: Terminal Evaluation Study

3. Results of Evaluation

3-1. Summary of Achievements

3-1-1. Outputs

The tables below show the achievement by the Project toward attaining agreed performance indicators
shown in the Plan of Operation (PO) :
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Output 1: A Novel evaluation method of natural rubber is devel oped.

(Achieved)

Indicator 1-1

A draft of anew standard for natural
rubber is submitted to the Directorate
for Standards, Metrology and Quality
(STAMEQ) of the Ministry of Science
and Technology.

» Drafts of anew standard (written in Vietnamese) for
evauation of low-protein Natural Rubber (NR) were
prepared, which was submitted to Vietham Standards and
Quality Institute, Directorate for Standards, Metrology
and Quality, Vietham (TCVN).

Indicator 1-2 » Preparation of the draft of corresponding 1SO was
A draft of corresponding ISO is completed.

prepared.

Output 2: High performance rubber is devel oped.

(Achieved)

Indicator 2-1 » Both of deproteinized NR and protein-free NR were

Technology for process of industrial
application for highly deproteinized
natural rubber with less than 0.02
w/w % of nitrogen is devel oped.

produced in Lab scale at HUST.
» The nitrogen content of protein-free NR resulted in
below 0.005 w/w %.

Output 3: Highly functional polymer is developed from natural rubber.

(Achieved)

Indicator 3-1
Polymer of more than 0.1 S/cmin
proton conductivity is developed.

» Polymer electrolyte membrane with nanomatrix channel
through sulfonation of natural rubber grafted with
polystyrene was prepared, whose proton conductivity was
0.29 S/cm in laboratory experiments implemented by
Japanese experts and Vietnamese students in Japan.

Output 4: Technology to produce bio-fuel from rubber waste woods is devel oped.

(Achieved)

Indicator 4-1

A decomposition process using
microorganisms achieves more than
50% of saccharification rate.

» Consequently, akaline treated rubber wood was highly
saccharified by Trichodermareesel cellulase that isthe
potent cellulase producer and the degree of
saccharification was over 50%.

Output 5: Advanced treatment technology of rubber industrial wastewater is developed.

(Achieved)

Indicator 5-1
Developed wastewater treatment
system is satisfied the effluent

» Thefinal effluent of proposed Up-flow Anaerobic Sludge
Blanket Down-flow Hanging Sponge (UASB-DHS)
system achieved contents of Vietnamese effluent standard

Xiii




discharge standard of Vietnam. B* by apilot reactor at RRIV as bellow.

Indicators of water Standard Results of
quality ClassB experimentsby a
pilot
pH 6-9 75
BOD5 (mg/L) 50 28
COD (mg/L) 250 11
Total Suspended
] 100 16
Solids (mg/L)
Total
_ 60 60
Nitrogen(mg/L)

*QCVN 01-2008/BTNMT 2008

It was found that the results of pilot scale test have not
been stable due to the change of temperature and amount
of wastewater, so the research activities are ongoing
continuously.

Indicator 5-2 » The UASB reactor treating natural rubber processing
Both recoveries of rubber resources wastewater obtained from Thanh Hoa Province achieved
(residual rubber) and methane (60% 80% of methane recovery rate. It is possible to use as
recovery based BOD) from the renewabl e energy.

wastewater are achieved.

3-1-2. Achievement of Project Purpose:
The table below shows the achievement by the Project toward attaining agreed performance indicators
shown in the PO:

Project Purpose: The capacity of HUST and RRIV will be enhanced on the technologies to realize
sophistication and expansion in application of natural rubber and environment friendly natural rubber

production. (Achieved )

Indicator 1 » According to the Final Report of the Project submitted to
Papers are publicized in science JST (the end of August 2015, in total 84 papers were
journals. publicized in science journals (73 in international and 11 in

Japanese respectively). 16 were submitted as the joint
research papers between Vietnam and Japan.
» Reported the number of publications and presentations
were as follows;
- 19 Other publications
- 430 Presentations ;234 in ora
196 in poster
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Indicator 2 > Natural rubber division was established under the

A natural rubber study divisionis Chemical Society of Vietnam on 18" of November 2015.
established in an existing academic School of chemical engineering in HUST became a
society in Vietnam. member of Vietham Rubber Association on the same day.

3-2. Summary of Evaluation based on the Five Criteria
Results of five criteria evaluation are summarized in five ratings. The highest rate is “very high”, and
followed by “high”, “fair”, “low” and “very low”.

(1) Relevance: High

- It is consistent with the Vietnam's policy promoting establishment and advancement of technology on the
natural rubber and its industry (Vietham's National Plan of the Natural Rubber 2015-2020). In line with
the policy, production of the natural rubber in Vietham has been rapidly growing in recent years, and this
Project will contribute value added processing and waste wood and water treatment of natural rubber.

» The Project also consistent with Japan’s “ Country assistance policy for the Socialist Republic of Viet Nam”
(2012), Ministry of Foreign Affairs (MOFA) in Japan, Oneisthe priority areas of the policy is*promation
of economic growth and international competitiveness’ and addressing threats on climate changes relating
“environmental issues.”

» The close relationship between HUST and NUT was established through the joint research programs and
exchange the researchers before the Project.

(2) Effectiveness. High

- Asfor scientific achievements, al the indicators of outputs and project purpose have been achieved.

+ Research capacity of HUST has been strengthened through collaborative research, postgraduate education
and short-term training of HUST members and students in NUT, and on-the-job training on operation and
maintenance of research egquipment in HUST. As aresult of such capacity development activities, HUST
has made contributions to 24 joint academic presentations, 16 joint publications, and numerous
symposiums (40, of which 8 were held in Vietnam).

(3) Efficiency: Relatively High

- It was reported from the Project that procured equipment by JICA has been utilized well generaly.
However, according to the answers of questionnaires, a few hindering factors were found regarding
provision of equipment which affected the efficiency of the Project.

+ NUT and HUST have been collaborating exchange of researchers by double degree program, which has
contributed to accept young researchers and postgraduate students in NUT. Also the Project sent 6
Vietnamese students to Japan, 1 student had Master Degree and 2 students had Doctor Degrees, the
remaining 3 students also expect to receive Doctor Degrees.

* RRIV has been collaborating research activities not only with G5 but also G4 for taking samples of
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microorganisms. In addition RRIV has a close relationship with Viethamese Rubber Association because
both offices are located in Ho Chi Minh City.

* The Project was designed for integrated devel opment from high standard of rubber products to wastewater
treatment system. The cycle of process made the Project efficient utilization of the outputs. However, the
huge distance between the pilot sitesin Hanoi and Ho Chi Minh City has posed challenge to the efficiency
of research activities. Especially transportation costs for law materia (latex) from Ho Chi Minh and
wastewater from Thanh Hoa Province for experiments between the two sites have been one of the main
burdens of the Project.

(4) Impact : Relatively High
<Prospect for achievement of the overall objective (application of developed technologies and materials in
Vietnam and in other countries)>
- Itisdifficult to say with confidence that the technologies developed by the Project will be adopted by the
rubber industries in Vietnam and in other countries in foreseeable future. Status and prospect of respective
technology are asfollows:
1) New standard of natural rubber and its evaluation method
* The Project has organized two TCVN-1SO meetings on the new standard of NR, which has attracted
wide interests from stakeholders of quality control of NR. Furthermore, the Project is communicating
with Malaysian and Thai stakeholders in order to validate the methodologies as an international
standard.
2) High performance rubber
+ Protein-free latex developed by the Project has a potential demand at the globa level due to its
allergen-free characteristics. The Project has been working on development of rubber gloves in
collaboration with a private Viethamese company.
Some companies, both in Vietnam and Japan, have aready started R& D for the use of high performance
rubber developed by the Project under the agreements.
3) Highly functional polymer
+ The Project has developed high functional polymer mainly in Japan. According to the interview with G3,
the impact of this research has been emerged for human resource development. The results of study
were published in science journals. One student received the Doctor Degree from the research program,
it is expected the student will continue the study for development of highly functional polymer in
HUST.
4) Technology related to production of bio-fuel from waste rubber wood
+ The Project has developed new bacteria, fungi, enzymes and process for degradation of waste rubber
wood, which are potentially useful for bio-fuel production. The knowledge obtained from the research
has been disseminated to under graduate students of HUST. However, it is unclear how such
technologies will be adopted by industriesin Vietham or in other countries.
5) Technology of industrial rubber wastewater treatment
+ The Project has conducted a workshop in January 2015 at RRIV to disseminate information on

XVi




wastewater treatment technology to private companies. Some of them have shown the interest about the
wastewater treatment technologies devel oped by the Project. Developed UASB-DHS system is possible
to reduce more than 90% of both electricity consumption (cost) and GHG emissions as compared with
conventional treatment system (anaerobic-aerobic lagoon system). If the technology could be
disseminated broadly, it is possible to contribute to the global warming problem.

<Ripple Effects/I mpacts>
* Ripple effects from the Project have not emerged yet. It is difficult to prospect some impacts to the global
climate change from the Project.

(5) Sustainability : Relatively High
<Technical Aspects>

+ In terms of research and educationa activities, C/Ps trained by the Project is continuously teaching and
disseminating knowledge in Vietnam. Furthermore, activities of HUST are expected to be sustained under
the subsequent collaborative frameworks such as GIGAKU Techno Park and double postgraduate
program.

» The research activities of the Project will be continued at the Center in HUST.

- It was suggested by many C/P that the main challenge for social implementation is how to scale up the
outputs of the Project, which includes increase the amount of deproteinized NR and expansion of the
quantity of wastewater treatment systems.

* RRIV intends to introduce the new technologies developed by the Project for Vietnamese rubber factories,
however it will be depending on financial capacity of the companies. According to RRIV, development of
high quality of rubber products (e.g. for medical and automobile industries) is very important for future,
on the other hand it needs investment who has capacity of funds and human resources.

<Policy Aspects>
+ It was reported by the government of Vietnam that Decision No. 1291/QD-TTg of the Prime Minister
dated 01 August 2014 approved the Action Plan for devel opment of manufacturing industry of agricultural
products, fishes as per Vietnamese Industrialization Strategy in line with corporation between Vietham
and Japan up to 2020, with the vision up to 2030. Rubber is categorized as one of the potential cropsin
the Action Plan.

<Organizational and Budgetary Aspects>
1) Overal organizational structure for research and development of rubber-related technologies in
Vietnam
+ It was confirmed that each research group of the Project (G1~G5) in HUST and RRIV will also maintain
research activities related with the Project outputs. Some researches will be continued by collaboration
with private companies and other organizations.
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2) Establishment of Rubber Center for Science and Technology within HUST

+ The Center is under construction by HUST, which will be completed by the end of November 2015. The
research programs in the new rubber research center will be discussed among Chemistry, Food
Technology and Environment divisions in HUST. It is expected that NUT will continuoudly provide
technical support to the center and be involved as one of its directing members. However, research
program and relationship with other major research organizations such as RRIV still remains to be
discussed.

3) Budget for O& M of research equipment provided by the Japanese side:

+ The budget proposal of operation cost (around 5 billion VND) for the Center was submitted from HUST
to Ministry of Science and Technology. 4 billion VND was allocated aready, and 1 billion will be
approved presently.

4. Contributing/Hindering factors

(1) Contributing factor s of Effectiveness
» Taking advantage of the strong institutional capacity of NUT in international cooperation, and in synergy
with the existing NUT-HUST partnership frameworks, NUT has accepted a significant number of
short-term visits by Vietnamese researchers and provided postgraduate education to 6 students.

(2) Hindering factor s of Efficiency

+ Construction of a new building in HUST for installation the NMR was not approved easily from MOET
which caused the delay of the research activities. Experiments of waste water treatment in Vietham were
behind the schedule due to the delay of procurement of equipment and experiment materials for a
|aboratory- scale reactor.

5. Conclusion

« It was confirmed that nearly all of the Outcome indicators have already been achieved, which demonstrates
high level of scientific productivity in each of the five research areas. Capacity development of
Vietnamese research organizations has also been implemented intensively with strong commitment from
both sides, particularly with regard to HUST under the existing HUST-NUT, NIES, KNCT, TNCT
partnership. By contrast, collaborative research with RRIV was restricted to a relatively smaller extent.
On the other hand, some technologies developed by the Project are still at their fundamenta stage, and
their adaptability to industries in developing countries, especialy in terms of the cost reguirement,
remains to be further improved.

6. Recommendations

(1) Before termination of the Project

1) Propose strategies and roadmaps to promote application of respective technologies for rubber industry
and improvement of environment by Vietnamese-government, Vietnamese, Asian and Global industries.

* In order to promote actual application of various technologies developed by the Project in Vietnamese,
Asian and Globa industries, the Team recommends development of strategies and roadmaps which
illustrate steps to be taken for respective technologies to be disseminated and transferred to the private
sector. In the process of development of strategies and roadmaps, it is recommended HUST should
invite relevant organizations of Vietnamese government.
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2) Build consensus on the overall R&D orientation in collaboration with Viethamese rubber industry and
other relevant organizations

* In order to enhance the usefulness of the research outcomes, the Team recommends to hold closer
consultations with the Vietnamese  various industries, and build consensus on the overall orientation of
R&D for the industry, so that challenges and immediate needs faced by the industry will be
accommodated as well, in addition to the cutting-edge research topics.

- At the nationa level, Vietnamese side shall clarify the overal institutional framework for such R&D
including both academic and private sectors. Roles and collaborative mechanisms of major
organizations such as VRG, RRIV and the new research center of HUST should be clarified under this
framework.

3) Manage and operate the new Rubber Research Center in HUST

+ The Project should lead the discussion on utilization and research planning of the new Rubber Research
Center in HUST based on the prepared proposal. And HUST should consult with MOET for further
support for operation of the Center.

4) Improve management of research facilities and equipment acquired by the Project

- Before moving equipment to the new building of The Center, inventory list (data base including the
location of each equipment) of the equipment should be prepared by the Project. And after reinstallation
of the equipment, the equipment list should be prepared for each laboratory. Besides, user names of each
laboratory should be recorded by the researchers. Moreover, the Project should assign C/P who will be
in charge of management of the equipment.

5) Ensure financial sustainability of the research activities and eguipment.

+ The Project should estimate expenses in order to continue the experiments after the Project, which
includes costs for the consumable materials, maintenance for equipment and also maintenance of the
Rubber Research Center. HUST should discuss with the Japanese experts to find the financia source for
those expenses, including the possibility of self-generated finance by such as by providing access to
research facilities for external users on chargeable basis.

6) Publish Joint Final Project Report in English and Vietnamese

» The Project should publish the Joint Final Project Report written in English and Vietnamese in order to
share and disseminate the achievement of the Project with stakeholders in Vietnam and Japan.

(2) After the Project

+ HUST should continue to implement the proposed Roadmap.

+ HUST should continue to manage equipment properly.

+ Environmental conditions (odor, noise, discharged water quality and so on) around the test plant for
deproteinization of NR should be monitored regularly in order to avoid troubles with neighboring
households.

+ HUST should continue to work with private rubber production companies for social implementation of the
less-protein of natural rubber products.

+ HUST, in collaboration with relative companies and organization, should prepare and propose the policies
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for development of value added rubber products including highly performance rubber.

7. Lessons Learned

- It was learned from the process of the Project, related ministries should have been included from the
starting point of the Project in order to smooth coordination for the activities and provision of equipment.

» During the formulation study of the Project , the structure of the Project should be planned to involve some
organi zations and companies to industrialize the new technologies or materials.

» This Project faced some issues due to complexities of handling procedures in customs and place of
installation of large equipment. It is better to study carefully about laws and procedures of import system
before starting the Project. Moreover, a detail study on capacity of installation facility and discussions are
needed for selection and operation of equipment with the C/P organizations.
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MINUTES OF MEETING
BETWEEN
THE JAPAN INTERNATINAL COOPERATION AGENCY
AND )
THE AUTHORITIES CONCERNED OF THE GOVERNMENT OF SOCIALIST
REPUBLIC OF VIETNAM FOR

THE JAPANESE TECHNICAL COOPERATION PROJETCT ON
ESTABLISHMENT OF CARBON-CYCLE-SYSTEM
WITH NATURAL RUBBER

Japanese Terminal Evaluation Team (hereinafter referred to as “the Japanese side”), organized
by Japan International Cooperation Agency (hereinafter referred to as “JICA”) and Japan Science
and Technology Agency (hereinafter referred to as “JST™) visited the Socialist Republic of Vietnam
from 8" November to 19" November 2015. The Japanese side conducted the Joint Terminal
Evaluation together with Vietnamese Evaluation Team on the Japanese technical cooperation project
on Establishment of Carbon-Cycle-System with Natural Rubber (hereinafter referred to as “the
Project” on the basis of the Record of Discussion (hereinafter referred to as “R/D”) signed on
February 18th, 2011.

During its stay in Vietnam, the Japanese side had a series of discussions and exchanged views
with the Vietnamese Terminal Evaluation Team (hereinafter referred to as “the Vietnamese side™).

As a result of discussions, both the Vietnamese and the Japanese sides (hereinafter referred to
as “the Joint Team™) mutually agreed on the contents of the Joint Terminal Evaluation

Report and the recommendations for the Project as attached.

BN

Hanoi, 19" November, 2015

Dr. Tran Van Top Mr. Naoki MORI Mr. Phan Thanh Dung
Vice-President Leader Director
Hanoi University of Science and Japanese Terminal Evaluation Team Rubber Research Institute Vietnam
Technology Japan International Cooperation Agency (RRIV)
(HUST) QICA) Vietnam
Vietnam Japan
Mr. Nguyen Xuan Tien Dr. Masao Fukuda (witness) Mr. Bui Heng Quang
Deputy General Director Project Leader Deputy Director General
Foreign Economic Relations Department, Department of Bioengineering Department of Planning and Finance
Ministry of Planning and Investment Nagaoka University of Technology Ministry of Education and Training
{MPT) (NUT) (MOET)
Vietnam Japan Vietnam
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THE ATTACHED DOCUMENT

The Joint Terminal Evaluation Team consisting of Vietnamese and Japanese members
presented the results of the Joint Terminal Evaluation Report (attached as Appendix II) to the
6" Joint Coordinating Committee (hereinafter referred to as “JCC”) held on 19™ November,
2015. Both Vietnamese and Japanese sides confirmed that the members of the JCC reviewed

and approved its contents.

II. Recommendations for the Project
Based on the results of the terminal evaluation, both sides acknowledged the following
recommendations for the Project proposed by the Joint Team, and agreed to take necessary

measures during the remaining period and after the completion of the Project.

(1)  Before termination of the Project

(i) Propose strategies and roadmaps to promote application of respective technologies for
rubber industry and improvement of enviromment by Vietnamese-government, Vietnamese,
Asian and Global industries.

« In order to promote actual application of various technologies developed by the Project in
Vietnamese, Asian and Global industries, the Team recommends development of strategies
and roadmaps which illustrate steps to be taken for respective technologies to be
disseminated and transferred to the private sector. In the process of development of strategies
and roadmaps, it is recommended HUST should invite relevant organizations of Vietnamese

government.

(ii)  Build consensus on the overall R&D orientation in collaboration with Vietnamese rubber
industry and other relevant organizations
+ In order to enhance the usefulness of the research outcomes, the Team recommends to hold
closer consultations with the Vietnamese various industries, and build consensus on the
overall orientation of R&D for the industry, so that challenges and immediate needs faced by
the industry will be accommodated as well, in addition to the cuiting-edge research topics.
- At the national level, Vietnamese side shall clarify the overall institutional framework for such
R&D including both academic and private sectors. Roles and collaborative mechanisms of

major organizations such as VRG, RRIV and the new research center of HUST should be

=y
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clarified under this framework.



(i) Manage and operate the new Rubber Research Center in HUST
- The Project should lead the discussion on utilization and research planning of the new Rubber
Research Center in HUST based on the prepared proposal. And HUST should consult with
MOET for further support for operation of the Center.

(iv)  Improve management of research facilities and equipment acquired by the Project

- Before moving equipment to the new building of The Center, inventory list (data base
including the location of each equipment) of the equipment should be prepared by the
Project. And after reinstallation of the equipment, the equipment list should be prepared for
ecach laboratory. Besides, user names of each laboratory should be recorded by the
researchers. Moreover, the Project should assign C/P who will be in charge of manage the

equipment.

(v)  Ensure financial sustainability of the research activities and equipment.

- The Project should estimate expenses in order to continue the experiments after the Project,
which includes costs for the consumable materials, maintenance for equipment and also
maintenance of the Rubber Research Center. HUST should discuss with the Japanese experts
to find the financial source for those expenses, including the possibility of self-generated
finance by such as by providing access to research facilities for external users on chargeable

basis.

(vi)  Publish Joint Final Project Report in English and Vietnamese
- The Project should publish the Joint Final Project Report written in English and Vietnamese in
order to share and disseminate the achievement of the Project with stakeholders in Vietnam

and Japan.

(2)  After the Project
» HUST should continue to implement the proposed Roadmap.
- HUST should continue to manage equipment properly.
- Environmental conditions (odor, noise, discharged water quality and so on) around the pilot
plant for purification of NR should be monitored regularly in order to avoid troubles with
neighboring households.

« HUST should continue to work with private rubber production companies for social

implementation of the less-protein of natural rubber products. W % Lb @
. , W
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« HUST, in collaboration with relative companies and organization, should prepare and propose

the policies for development of value added rubber products including highly performance

rubber.
Appendix I List of Attendants
Appendix 1T Joint Terminal Evaluation Report
Appendix 111 Agenda of 6" JCC
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Abbreviations

AFR Aerobic Filtration Reactor

AR Anoxic Reactor

BOD Biochemical Oxygen Demand

BR Baffled Reactor

CDM Clean Development Mechanism

COD Chemical Oxygen Demand

c/p Counterpart ]
DHS Down-flow Hanging Sponge

ESCANBER Project Establishment of Carbon-Cycle ~System with Natural Rubber
GHG Greenhouse Gas

HUSsT Hanoi University of Science and Technology

IRSG International Rubber Study Group

ISO International Organization for Standardization

JCC Joint Coordinating Committee

JFY Japanese Fiscal Year

JICA Japan International Cooperation Agency

JST Japan Science and Technology Agency

KNCT Kure National Collage of Technology, Japan

M/M Minutes of Meeting

MOET Ministry of Education and Training, Vietnam

MOU Memorandum of Understanding

MPI Ministry of Planning of Investment, Vietnam

NIES National Institute for Environmental Studies, Japan
NMR Nuclear Magnetic Resonance

NUT Nagaoka University of Technology, Japan

PDM Project Design Matrix

PMU Project Management Unit (at HUST)

PO Plan of Operations

RD Record of Discussion

RRIV Rubber Research Institute of Vietnam

SATREPS Science and Technology Research Partnership for Sustainable

Development




TCVN Vietnam Standards and Quality Institute, Directorate for Standards,
Metrology and Quality, Vietnam

TNCT Tokyo National College of Technology, Japan

TSS Total Suspended Solids

UASB Up-flow Anaerobic Sludge Blanket

Vietnam STAMEQ | Directorate for Standards, Metrology and Quality, Ministry of Science and
Technology, Vietnam

VND Vietnamese dong

VNFY Vietnamese Fiscal year

VRG The Vietnam Rubber Group
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Chapter 1 OUTLINE OF THE EVALUATION

1.1 Summary of the Project

1.1.1 Introduction

Natural rubber, isolated from para-rubber trees (Hevea brasiliensis) is a promising plant resource in
Asia. As the only industrially-used plant-based rubber, natural rubber continues to be an important
material for vibration insulators and tires of large-size vehicles and airplanes, as well as some
medical products, even though various synthetic rubbers have been developed. Approximately 11
million tons of natural rubber was produced in the world in 2012, and demand of natural rubber is
still high due to its specific physical properties that synthetic rubber does not have. Approximately
15 million tons of fossil fuel-based synthetic rubber was produced in 2012, which is estimated to
cause an enormous amount of carbon dioxide emissions. )
Cultivation of para rubber trees is estimated to sequestrate 350 million tons of carbon dioxide per
year, therefore replacing synthetic rubber with natural rubber is expected to reduce much carbon
dioxide emissions. On the other hand, natural rubber contains protein substances that cause the latex
allergy and disturb chemical modification,, therefore its deproteinization is essential to expanding its

use and avoiding protein-caused allergy..

On the basis of the above background, the Government of Vietnam requested the Government of
Japan to implement technical cooperation to establish a carbon-cycle system by development of
nanotechnology for production of high-performance rubber and highly functional polymer in order
to expand natural rubber usage and establishment of efficient processing system and usage of
wastewater and waste rubber wood under the framework of “Science and Technology Research

Partnership for Sustainable Development” (hereinafter referred to as “SATREPS”).

Japan International Cooperation Agency (JICA)- Japan Science and Technology Agency (JST)
SATREPS Project on “Establishment of Carbon-Cycle —System with I\iatural Rubber” has been
implemented since April 2011 for 5 years base on the RD (Record of Discussion) signed on February
18, 2011 between JICA and the Governiment of Socialist Republic of Viet Nam (hereinafter Viet

Nam).

This time, four years and seven months after the commencement of the Project, the Terminal
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Evaluation Study is conducted to evaluate whether the Project has achieved the expected outputs and

the project purpose.

1.1.2. Outline of the Project

(1) Project Purpose

The capacity of Hanoi University of Science and Technology (HUST) and Rubber Research Institute
of Vietnam (RRIV) will be enhanced on the technologies to realize sophistication and expansion in

application of natural rubber and environment —friendly natural rubber production.

(2) Outputs

Output 1: A novel evaluation method of natural rubber is developed.

Output 2: High performance rubber is developed.

Output 3: High functional polymer is developed.

Output 4: Technology to produce bio-fuel from rubber waste woods is developed

QOutput 5: Advanced treatment technology of rubber industrial wastewater is developed.

1.2 Objective of the Evaluation
The specific objectives of the Terminal Evaluation are outlined as follows:
(1) To review the progress of the Project and to evaluate the achievement in accordance with five
evaluation criteria (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.
1.3 Member of the Terminal Evaluation Team

The Joint Terminal Evaluation Team (hereinafter referred to as “the Team™) consists of the following

members:



<Vietnamese side >

Name Job Title

Organization

1 | Dr. Tran Van TOP Vice President,

Hanoi University of Science

and Technology

2 | Dr. Phan Trung NGHIA

Inorganic Chemistry,

Deputy of Department of General and

School of Chemical Engineering,

Hanoi University of Science

and Technology

<Japanese side>
Name Role in the Team Organization
1 | Mr. Naoki MORI Leader Deputy Director,
Environmental Management Group
Global Environment Department, JICA
2 | Mr. Daichi BAN Cooperation Staff,
Planning Environmental Management Division 2

Environmental Management Group

Global Environment Department, JICA

Ms. Jun KAKINUMA Evaluation Analysis

v

Consultant, Earth and Human Corporation

4 | Dr. Kotaro INOUE STATEPS Principal Fellow
Research Japan Science and Technology Agency (JST)
Supervisor

5 | Mr. Hiroyuki ABE STATEPS Senior Associate Research Supervisor
Planning* Development of International Affairs
Evaluation SATREPS Group

JST

1.4 Process and Schedule of the Review

Activities

No. | Date Day
1 November 8 Sun Arrival in Vietnam
2 November 9 Mon Meeting with Project Coordinator

Courtesy call HUST
Interview with Project Director at HUST




3 November 10 | Tue Observation and interview at the test plant for deproteinization of natural

rubber
Interview with C/P of G4, G1 and G3 C/P.at HUST

4 November 11 | Wed Interview with C/P of G5 and G2 at HUST, Observation of laboratories,
NMR and construction site of Rubber Center,

5 November 12 | Thu Interview with TCVN, Visit Japanese company in Hai Phong, Move to
Ho Chi Minh City

6 November 13 | Fri Interview RRIV and Rubber Group, Visit NACOL company, Telephone
conference with JICA Headquarters

7 November 14 | Sat Documentation ]

8 November 15 | Sun Documentation, Move to Binh Duong, Study team internal meeting

9 November 16 | Mon Courtesy call to RRIV in Binh Dueng, Visit Duy Hang company, Move

to Hanoi
10 | November 17 | Tue Discussions on the Evaluation Report
11 | November 18 | Wed Discussions on the Evaluation Report

12 | November 18 | Thu Finalization of the Evaluation Report, JCC

13 | November 20 | Fri Additional survey

1.5 Methodology of the Terminal Evaluation

1.5.1 Method of Terminal Evalua;cion

The Team conducted surveys by questionnaires and interviewed counterpart personnel (herein after
referred it as “C/P*) and the Japanese experts as well as those officials concerned with the Project

from the following viewpoints of evaluation criteria.

1.5.2 Criteria for Evaluating the Project

(1) Accomplishment of the Project

Accomplishment of the Project was measured in terms of Inputs, Outputs and Project Purpose in
comparison with the Objectively Verifiable Indicators of the PO (Plan of Operations) version 2

shown in Annex 1 (as of December 12, 2013) as well as the plan delineated in the R/D.

(2) Implementation Process
Implementation process of the Project was also reviewed from the various viewpoints, such as

technical transfer, communications among stakeholders, and monitoring process, to see if the Project
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has been managed properly as well as to identify obstacles and/or facilitating factors that have

affected the implementation process.

(3) Evaluation based on the Five Evaluation Criteria

The Team also assessed in the Project from the viewpoint of following five evaluation criteria.

1) Relevance:

The extent to which the Project is consistent with the govermment development policy of Vietnam as

well as the development assistant policy of Japan, and needs of beneficiaries.

2) Effectiveness:
The extent to which the Project has achieved its purpose, clarifying the contribution made by each

activities to the likely achievement of the purpose (by referring to the indicators of POs).

3) Efficiency:
The extent to how economically resources/inputs (funds, expertise, time, etc.) are converted to

project effects, in terms of timing, quantity and quality.

4) Impact:
Impact is defined as project effect on the surrounding environment in terms of technical,
socio-economic, cultural, institutional and environmental factors. Project impacts are to be viewed

from cross-cutting aspects according to positive or negative effects.

5) Sustainability
Sustainability of the Project is assessed from the stand point of organizational, financial and

technical aspects, by expanded after the assistance is completed.

Chapter 2 ACHIEVEMENT AND IMPLEMENTATION PROCESS
2.1 Input

2.1.1 Japanese side

(1) Dispatch of the Experts

In total, 3 long-term experts have been dispatched until mid of November 2014.



Dispatch of long-term expert:

Name Assignmiment Duration
Mzr. Sou IITIMA Project Coordinator/Group 4 From May 2011 to May 2013
Researcher
Mr. Ryoichiro MASUDA | Project Coordinator From May 2013 to May 2015
Ms. Mari MILLER Project Coordinator From March 2015 to present

Source: Project, November 2015

Dispatch short-term experts:
Dispatch of short-term experts (Japanese research groups) to Vietnam until end of September 2015 is

summarized as below. Details of the short-term experts are shown in Annex 2.

« In total, 15 Japanese short-term experts (14 experts are members of the Project as of September

2015) research groups as follows until end of September 2015 .

Research Group Leader of each Group Present number | Total

Project leader/G4 Dr. Masao FUKUDA

member

Gl Dr. Seiichi KAWAHARA 2 4

G2’ Dr. Seiichi KAWAHARA 2 4

G3 Dr. Yoshimasa YAMAMOTO 3 3

G4 Associate Prof. Dr. Wataru 5 8
OGASAWARA

G5 Prof. Dr. Takashi 5 : 5
YAMAGUCHI

Source: Project, September 2015

Note: There are some members overlapping into the different groups.

Descriptions June 2011 to October 2015

Total number of researchers 15 persons (14 persons are assigned for

the Project as of November, 2015)

Total number of traveling times 130 trips

Total days 726 days

Source: Project, November 2015

(2) Invitation programs for Vietnamese to Japan
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In total 31 times, invitations for Vietnamese to Japan were organized to the end of September 2015.

And also, a total of 43 of it will be expected by the end of the Project Period.

Year (Japanese Fiscal Year: JFY) Number of invitations

1% Year (JFY 2011) ‘ 12 times
2" Year (JFY 2012) ' 5 times
34 Year (JFY 2013) 5 times
4% Year (JFY 2014) 5 times
5t Year (JFY 2015) 4 times (as of Sep 24, 2015)
Total (As of end of the Project) 43 times (expected)

Source: Project, November 2015

Besides, the Project sent 5 Vietnamese students to Japan, 1 student had Master Degree and 2 students
had Doctor Degrees, the remaining 2 students are aiso expected to receive Doctor Degrees.

(3) Operational cost in Vietnam

As of the end of September 2015 (second quarter Fiscal Year of Japan), a total amount of USD
835,516.38 was spent for local operational cost of the Project as shown below. The expense was
comprised mainly of transportation and consumables (reagent chemical), allowance,

seminar/workshop and so on. Details are shown in Annex 3.

Year (JFY) Amount in USD

15 Year (JFY 2011) 100,640.57
2™ Year (JFY 2012) 136,594.84
39 Year JFY2013) 338,647.73
4t Year (JFY 2014) 190,186.24
5t Year (JFY 2015) (as of end of September 2015) 68,822.15
Total 833,379.36

Source: Project, November 2015

(4) Provision of Equipment
+ Details of experimental equipment, installed at HUST and RRIV are shown in Annex 4. The total
costs for the equipment was 186,528,246 yen plus 6,096,061 ven for shiping. The main items are a
Nuclear Magnetic Resonate (NMR), a centrifugal machine for a test plant for deproteinization of
NR, a pilot reactor for wastewater treatment system and so on. Besides one vehicle was provided
for the Project (insurance and other expenses have been covered by Vietnamese side).

- Delay in equipinent delivery about a half to 1 year in 2012 and 2013 was caused, mainly due to
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complexities of handling procedures in customs.
The test.plant was planned to be installed in a private NR production factories at the beginning of
the Project, however, it was found that there was no candidates from private factories for
cooperating the installation of the test plant, which was finally installed at HUST caused the delay
of activities of G1. Therefore, it was installed in HUST to accelerate transfer of NR deprotenization
technology
The pilot reactors for wastewater treatment were installed in HUST and RRIV as plarmed at the
beginning of the Project.
« Also provision of equipment for RRIV was needed approval from Ministry of Finance which
caused the delay of activities of G5. It is because RRIV is under the Ministry of Agriculture and
Rural Development (MARD), so MOET does not have authority to receive the equipment for RRIV.
A MOU on installation of the equipment in RRIV was signed by MOET in December 2013 .

2.1.2 Vietnamese side
(1) Staff Allocation (Project C/P)
* Besides 2 personnel of Project Director and Project Manager, a total of 41 researchers have been
designated in to the 5 Research Groups and advisors as follows. The role of advisers is
supervision of the Project activities. In addition, 2 research assistants (one is fulltime and the other

one is part-time) have been hired by the Project for operation of a test plant for deproteinization

of NR.
Project Director Vice President of HUST Dr. Tran Van TOP
Project Manager Lecturer of HUST Dr. Phan Trung NGHIA
Research Group Total Number of researchers Leader’s name
Gl 4 persons Dr. Trinh Xuan ANH
G2 11 persons Dr. Phan Trung NGHIA
G3 3 persons Dr. Bui CHUONG
G4 7 persons Dr. To Kim ANH
G5 12 persons from HUST + | Dr. Huynh Trung HAI
RRIV
Project Advisor 4 Persons
Total: 41 persons
12



Source: Project, November 2015

Note: There are some members overlapping into the different groups.

(2) Provision of Facilities

1) HUST

> A Project Coordination office and Research Facilities.

»> 6 laboratories/ facilities and cost for renovating labs for groups research/experiment were
covered by the Vietnamese side

»  Construction cost 10 billion VND (JPY 73 million) for a new building for Rubber Center for
Science and Technology (hereinafter the Center) has been borne by HUST, which will be

comnpleted by the end of November 2015.

2) RRIV
»  Alaboratory and a site for the pilot scale reactor of wastewater treatment system and a working

space for Japanese short-term exerts were proved by RRIV in Binh Duong Province.

(3) Operational Costs (C/P fund)
In total 7,771,864,372 VND of operational costs were borne by MOET up to September 2015 for
transportation, consumable materials (Jatex and chemicals), workshops, water and electricity, the

detail is shown in Annex 5.

Vietnamese Fiscal Year* Amount of Vietnam Don (VND)

1% Year (2011) 0
2" Year (2012) 3,016,404,847
3 Year (2013) 2,923,595,153
4 Year (2014) . 1,300,000,000
5% Year (As of end of September 2015) 531,864,372
Total 7,771,864,372

Source: Project, November 2015

*Vietnamese Fiscal Year starts from January

2.2 Achievement of the Project

Achievements of outputs and the Project Purpose are evaluated as follows:;
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Achieved; Completed

Nearly Achieved: will be completed within the Project period.

Partially Achieved: will not be completed within the Project period

2.2.1 Outputs

The table below shows the progress and achievement by the Project toward attaining agreed

performance indicators shown in the PO:

Output 1: A Novel evaluation method of natural rubber is developed.

{Achieved)

Indicator 1-1 »  Drafts of a new standard (written in Vietnamese) for

A draft of a new standard for natural
rubber is submitted to the Directorate
for Standards, metrology and Quality
(STAMEQ) of the Ministry of

Science and Technelogy.

evaluation of low-protein Natural Rubber (NR)} were
prepared, which was submitted to Vietnam
Standards and Quality Institute, Directorate for
Standards, Metrology and Quality, Vietnam
(TCVN).
According to TCVN, the new standard is expected to
be assessed by experts and approved by Minister of
Science and Technology in June or July 2016.
The new standard for NR is written as follows:
1) Low protein level

Level A: total nitrogen <0.2%

Level B: total nitrogen <0.1%

Level C: total nitrogen <0.05%
2)Technical requirements

*Total nitrogen content

*Total solids

*Dry rubber content

*The mechanical stability

*Value of volatile fatty acid

*Cu content

*Mn content
3)Test methed

References:
-The demand for natural testing standards in

practice? Yes/ No
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Indicator 1-2 > Preparation of the draft of corresponding ISO was

| Adraft of corresponding 1SO is completed.

prepared.

Other achievements and findings
(1) Operation of Nuclear Magnetic Resonate (NMR)
* ANMR was installed at HUST in 2013.
Signals of terminal units of natural rubber are assigned through NMR spectroscopy.
The results were published in international journal.
* Relationship between the signals of terminal units and mechanical properties of NR was
established in Laboratory scale.
+ Technology for operation of NMR was transferred training program in Japan
* The following knowledge and technology transfers were reported from the Project
-knowledge of principle of NMR '
-technique for preparation of sample to measure NMR
-technique for operation of NMR
-technique for assignment of signals in NMR spectrum

(2) Preparation for ISO
* A couple of training workshops were conducted for preparing an ISO standard by the Project at

National Metal and Materials Technology Center (MTEC) in Thailand, which helped introduce
how to create the draft of ISO index of natural rubber products to C/P and staff of TCVN.

* The Project has organized two TCVN-ISO meetings in Ho Chi Minh on the new standard of NR
in collaboration with TCVN, which attracted wide interests of stakeholders in rubber industry.

+ NMR spectroscopy with newly proposed technology indicated significant damage of
commercial natural rubber with cis-trans isomerization and epoxidation that appear to have
occurred during drying process. These findings will be employed in the new ISO instead of
terminal unit structures.

*+ However, it was difficult to detect the signals of terminal units in manufacture, because
temperature to dry natural rubber was dependent upon each company. Most natural rubber was
found to be degraded during drying. Thus, an index for ISO standard was changed from the

terminal units to nitrogen content. The other ISO will be prepared with respect to epoxy group

contents and cis-trans isomerization.

Output 2: High performance rubber is developed.
(Achieved)
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Indicator 2-1 » Both of deprotenized NR and protein-free NR

Technology for process of industrial were produced in Lab scale at HUST.
application for highly deproteinized »  The nitrogen content of protein-free NR resulted in
natural rubber with Jess than 0.02 below 0.005%.

wiw % of nitrogen is developed.

Other achievements and findings

- Despite the delay of the construction of The Center building process due to the basic design and
budget problems, a test plant for deproteinization of NR was constructed at the premise of
HUST in May 2014 which was supported by HUST strongly.

+ Highly deproteinized NRs with nitrogen content below 0.02% are prepared in lab scale and pilot

scale. o

+ Mechanical properties of low protein NRs are measured.

- Tensile machine for mechanical measurement was installed at HUST.

* Mechanical properties of low protein NR were measured, which were similar to those of High
Ammonia (HA) NR.

+ The technology for operation of the test plant was transferred to mainly 2 technical assistants
(one full time and one part time) hired by the Project. So it is concerned about the operation of
the pilot plant for deproteinization of NR after the Project.

+ The following knowledge and technology transfers were reported from the Project

-knowledge of principle to purify NR

-technique for deproteinization of NR with urea and surfactant in lab scale and pilot plant
scale

-technique for analysis of deproteinized NR to determine nitrogen content, extractable protein

content and fatty acid content

-technique for maintenance of test plant with Know-how Sheet

* Training programs for C/P safety and hygienic operation in the test plant were conducted by the
Project.

- Itwas found that G2 has started joint research with Japanese and Vietnams
companies for social implementation of deproteinized NR products. For instance, trial
medical gloves were produced from low nitrogen latex by Duy Hang Company, also Japanese

company has been collaborating for research of the durability of latex.

Qutput 3: Highly functional polymer is developed from natural rubber.

(Achieved)
Indicator 3-1 >  Polymer electrolyte membrane with nanomatrix
Polymer of more than 0.1 S/cm in proton channel through sulfonation of natural rubber
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conductivity is developed. erafted with polystyrene was prepared, whose
proton conductivity was 0.29 S/cm in laboratory
experiments implemented by Japanese experts

and Vietnamese students in Japan.

Other achievements and findings
Output 3’s research activities were mainly implemented at Nagaoka University of Technology
(NUT) in Japan due to the conditions of facility and equipment for experiment in Vietnam. So

researchers of HUST were trained by the Japanese experts through the research activities.

(1) Achievements in Japan
* Nanomatrix structure is formed by graft-copolymerization of styrene onto NR latex.

« Proton conductivity of nanomatrix structure is about 0.09 S/cm.

(2) Achievements in Vietnam

+ Composite of natural rubber and silica nanoparticles was prepared.

+ Good dispersion of silica nanoparticles into NR latex was obtained.

- Rotary evaporator system was equipped at HUST.

* Nanomatrix structure formed by graft-copolymerization of styrene onto NR was observed with
Transmission Electron. Microscopy (TEM).

+ Composite of natural rubber and silica nanoparticles prepared from tetrasthylotthosilicate

{TEOS) was prepared.

« Silica nanoparticles were dispersed to form nanomatrix structure, which was observed with
TEM.

* The following knowledge and technology transfers were reported from the Project
-knowledge principle of nanomatrix structure
-technique graft-copolymerization of styrene onto NR latex
-technique for preparation of composite of NR and silica nanoparticle
-technique for good dispersion of silica nanoparticles into NR

* One publication written in Vietnamese and 3 papers (Journal of applied polymers, Polymers for
Advanced Technologies, Kautschuk Gummi Kunststoffe) written in English were published in
science journal.

- Best Poster Award on graft-copolymerization was given by the 4% International GIGAKU in
2013.

Output 4: Technology to produce bio-fuel from rubber waste woods is developed.

(Achieved)
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Indicator 4-1 Consequently, alkaline treated rubber wood was

A decomposition process using highly saccharified by Trichoderma reesei
microorganisms achieves more than 50% cellulase that is the potent cellulase producer and
of saccharification rate. the degree of saccharification was over 50%.

Other achievements and findings

* Screening methods were established. Several rubber degrading bacterium and rubber wood
degrading fungi were isolated.

* Rubber degrading bacteria NVL 3 (changed the name from H2DA?3) was isolated and identified as
Nocardia sp. Then the strain was deposited to the Vietnam Type Culture Collection (VTCC). The
lcp gene (latex cleaning protein) encoding the enzyme which has the amino acid sequence
identity (54-77%) with those of the other /cp genes was identified. The /lep gene product was
produced by E. coli and determined the degradation activity toward natural rubber.

A fuﬁgus (4. oryzae) secretom degrading lignocellulose was selected, enzyme pattern was
determined. The saccharification rate of secretom was evaluated of for pretreated rubber wood
and achieved appx. 50%

- Laccase from Phomopsis N.7.2 was deproteinized; its protein sequence is now analyzing

* Screening method of rubber wood degrading microorganism was transferred to HUST. This method
is based on the hydrolyzed zone on the cellulose plate. To carry out this screening, the preparation
method of swollen cellulose was also transferred.

* Mutagenesis method based on UV irradiation for fungi was transferred.

+ Screening method of the rubber degrading bacteria was transferred to HUST. This method is based
on the observation of rubber degrading activity on the cultivation plate. To measure the
enzymatic activity for natural rubber degradation, the assay methods including the gel permeation
chromatography (GPC) analysis and the oxygen consumption assay were transferred to HUST.

-+ Training manual titled” Screening protocols for rubber —degrading bacteria” was prepared by
Japanese experts used for G4 training program. Also “Screening manual for saccharification of
rubber wood” was .prepared by the J a‘panese experts, which was used for training in Japan as well

as in Vietnam.

Output 5: Advanced treatment technology of rubber industrial wastewater is developed.

(Achieved)

Indicator 5-1 » The final effluent of proposed Up-flow Anaerobic
Developed wastewater treatment Sludge Blanket Down-flow Hanging Sponge
system is satisfied the effluent (UASB-DHS) system achieved contents of Vietnamese
discharge standard of Vietnam. effluent standard B* by a pilot reactor at RRIV as
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bellow.

Standard Results of
Class B experiments
by a pilot
pH 6-9 7.5
BODS (mg/L) 50 28
COD (mg/L) 250 111
Total 100 16
Suspended
Solids (mg/L)
Total 60 60
Nitrogen(mg/L)

*QCVN 01-2008/BTNMT 2008

It was found that the results of pilot scale test have not
been stable due to the change of temperature and
amount of wastewater, so the research activities are
ongoing continuously.

Maore than 90% of rubber fraction, i.e., particle as COD
(it is depends of the COD of the influent) and TSS in
Deproteinized Natural Rubber wastewater is recovered
by 1.6 ml/L of formic acid addition at 100 L scale batch

experiment.

Indicator 5-2

Both recoveries of rubber resources
(residual rubber) and methane (60%
recovery based BOD) from the

wastewater are achieved.

The UASB reactor treating natural rubber processing
wastewater obtained from Thanh Hoa Province
achieved 80% of methane recovery rate. It is possible

to use as renewable energy.

Technology transferred for wastewater-treatment reactor design and set-up and operation by instatled

the 2 sets of lab scale reactor system in HUST (capacity: 20L/day). A pilot scale reactor for

wastewater treatment system was constructed at RRIV (capacity: 3 m3/day) in 2014.

- And water quality analysis equipment was installed in both HUST and RRIV.

- It was found that CHa and N2O were major GHG from the combined anaerobic tank (CAT) system
in RRIV. N2O was accounted for half amount of GHG. These results suggest the possibility of
reduction of GHG by using proposed UASB-DHS system. In the operation of the pilot scale

reactor, over 90% of GHG emissions was reduced as compared with conventional combined
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anaerobic tank.

* Survey of present wastewater treatment system (anaerobic-aerobic lagoon system) in natural rubber

processing factories was conducted. These treatment systems showed fair effluent quality, however

consuming a large amount of electricity (5-9 kwl/m?). Developed UASB-DHS system possible to
reduced 90% electric energy for treatment.

+ Water quality analysis methods were established in HUST and RRIV.

- Knowledge of reactor operation was instructed to HUST and RRIV researcher.

* Knowledge regarding water quality analysis, greenhouse gas imeasurement and microbial

community structure analysis is transferred.

+ Gas chromatography operation and management manual was prepared for the operators of the
equipment and training was conducted.

+ Data collection manual during experiments of reactor was prepared for the researchers, and training
program was conducted.

- In January 2015, a technical seminar was conducted at RRIV for dissemination of the developed
techinologies for wastewater treatment by the Project, which provided opportunities to introduce a
pilot reactor and exchange information with local stakeholders.

« It was confirmed UASB-DHS system at RRIV has reduced the energy cost for electricity and land
requirement of wastewater treatment process.

» The draft of guidelines for wastewater treatment has been prepared by the Project, after data

analysis and verification studies it will be finalized by February 2016.

2.2.2 Project Purpose
The table below shows the progress and achievement by the Project toward attaining agreed

performance indicators shown in the PO:

Project Purpose: The capacity of HUST and RRIV will be enhanced on the technologies to realize
sophistication and expansion in application of natural rubber and environment friendly natural

rubber production. (Achieved )

Indicator 1 »  According to the Final Report of the Project submitted
Papers are publicized in science to JST (the end of August 2015, in total 84 papers
journals. were publicized in science journals (73 in

international and 11 in Japanese respectively). 16 were
submitted as the joint research papers between
Vietnam and Japan

> Reported the number of publications and presentations

were as follows;

- 19 Other publications
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- 430 Presentations ;234 in oral

196 in poster
Indicator 2 > Natural rubber division was established under the
A natural rubber study division is Chemical Society of Vietnam on 18" of November
established in an existing academic 2015. School of chemical engineering in HUST
society in Vietnam. became a member of Vietnam Rubber Association on

the same day.

- The Project organized 8 times of workshops and seminars. For instance, the Project had the
session at International Rubber Conference (IRC) 2015 collaboration with RRIV in November
2015, which disseminate the information about the achievements and progress of the Project to
various stakeholders including private rubber production companies in Vietnam.

» For the capacity development training program of HUST and RRIV, the Project invited
Vietnaimese 31 times to Japan until the end of September 2015. In addition the Project sent 5
Vietnamese students to Japan, 1 student had Master Degree and 2 students had Doctor Degrees,
the remaining 3 students also expect to receive Doctor Degrees. It was informed from C/P that
those technologies were transferred in NUT by using the same equipment in HUST provided by
Japanese government, which is very helpful for applying the new technologies in HUST.

+ 2 staff of RRIV were invited from NUT for two weeks training program in Japan, which was
effective for applying the new technologies in order to operate the pilot reactor for wastewater
treatment system in RRIV.

» HUST and NUT made double-degree program which support human resource development for
both sides of students, and 1 Vietnamese student has been studying in Japan for Doctor degree.

+ HUST is constructing a new building for The Center by own budget in order to integrate the
research activities on development of rubber technologies.

* The research programs and budget plan were submitted to MOET and Ministry of Science and
Technology.

+ RRIV is willing to support the research activities for the Center if there is a request from HUST.

2.2.3 Implementation Process
(1) Modality of Technology and Knowledge Transfer
+ Mainly technology and knowledge were transferred from Japanese experts to C/P.  Some
knowledge has been disseminated to the students in classes. Besides, practical technologies such

as for operation of the test plant were transferred to the Vietnamese C/P. And Vietnamese C/P
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will maintain the technologies after the completion of the Project.

(2) Implementation of activities by Vietnamese Side
+ HUST is supervised under the MOET, however, at the beginning of the Project, because Ministry
of Agriculture and Rural Development was not included in the Projec.t which supervise RRIV.
Therefore the coordination of the activities and allocation of equipment of the Project were
complicated in order to receive approvals from both ministries and Ministry of Finance as well.
Solving this issue, a MOU on installation of the equipment in RRIV was signed by MOET in

December 2013.

(3) Mid-term Review recommendations
By interviews and questionnaire surveys, the following counter-measures have been taken to the

recommendations of the Mid-term Review by the Project.

1) To monitor progress of the Project
- Preparation of “Time —-Bound Action” was approved by the 4% JCC meeting in order to monitor the
activities of the Project.
+ Monthly meetings for the Project management were held to September 2013 to October 2014 with
the Project Director(Vice president of HUST)
- JCC has been held 6 times so far (includes 6 JCC in November 2015).
- In total 8 times of Project workshop and seminars were held in Vietnam and Japan,

» The Project coordinator has been monitoring activities of the Project.

2) To disseminate activities and achievement of the Project

* For dissemination of the achievements and progress of the Project, in total 15 times, the Project
newsletters (written in Vietnamese and Japanese) have been published since the Mid-terin Review
of the Project. More over the I\Jroject information has been distributed through the websites for
international and Japanese stakeholders.

+ Despite the Mid-term Review recommended publish English report for share information about the
progress of the Project, a Joint Progress Report in English has not been published yet. Only C/P
published Annual Progress Reports in English for 2014 and 2015.
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3) To enhance a structure of the Project
« The Project structure was enhanced by the leadership of Project Director and Team Leader of
I apahese experts.
- Some C/P member have changed to improve the management'of the Project.
- The role of the Project coordinator has been strengthened. For instance, information about
schedules of Japanese experts has been managed by the Project coordinator, which has improved

the communication between Vietnamese C/P and Japanese experts.

4) To operate and manage the procured equipment systematically.

« It was informed from Japanese experts, Japanese post doctor research assistants were assigned for
operation and management of the equipment. However, it was observed that there is still room for
modification of the management system of the equipment.

» Regarding the NMR, a Vietnamese specialist has been assigned for operation of the NMR who was
dispatched from the branch office of Singapore by Japanese supplier company(JOEL) of NMR .
The operator works 5 days a week and 8 hours per day. The working contract will be terminated in
2018. According to the interview, 30-40 samples are examined by NMR per year. There is a record
of operation of NMR, which shows 21 times of operation have been done so far.

Hé]ium for NMR has been granted from JEOL to the Project, which will continue to 26 of
November 2018. According to the Project, the cost of Helium gas is estimated about USD 18,000
per year (USD 60/L x 100Lx 3times a year). Cost for purchasing Liquid nitrogen are borne by
HUST, the total expense of it is estimated about USD 4,160 per year (USD 1.6/L x 52 weeks per
year). '

+ There were suggestions about equipment from C/P that operation time of equipment is limited by
the office hour of the HUST, so those regulations are inconvenient for biological research
activities. And it was pointed out some equipment require electricity for operation which is

beyond the capacity of supply in HUST.
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Chapter 3 EVALUATION BY FIVE CRITERIA
Results of five criteria evaluation are summarized in five ratings. The highest rate is “High”, and

followed by “Relatively high”, “Fair”, “Relatively low” and “Low”.

3.1 Relevance: High
(1) Necessity and consistency with Vietnamese policy
« It is consistent with the Vietnam’s policy promoting establishment and advancement of technology
on the natural rubber and its industry (Vietnam ’s National Plan of the Natural Rubber 2015-2020).
In line with the policy, production of the natural rubber in Vietnam has been rapidly growing in
recent years, and this Project will contribute value added processing and waste wood and water
treatment of natural rubber.
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2020 and a Vision Toward 2030 states that ‘Rubber processing: In 2015, total processing capacity
is about 1.2 million tons of dry latex/year. By 2020, the total processing capacity is about 1.3
million tons of dry latex/year’. ’

+ According to the information from the Vietnam Rubber Association(source from website: Vietnam
Business Forum: http://vccinews.com/news_detail.asp?news_id=31463), in 2013, Vietnam was
ranked second in the world in productivity (1,740 kg per hectare, third in natural rubber output
(949,100 tons) and fourth in exports (1,076,279 tons). Rubber is always present in the Top 10
most valuable exports of the country. In 2013, natural rubber exports fetched US$2.492 billion,
ranked third among agricultural products after rice and coffee. Besides, Vietnam’s rubber
manufacturing industry is expanding almost 30 percent a year. In 2013, manufactured rubber

products like tires, spare parts and shoe soles brought in USS$1.1 billion of export turnover.

(2) Consistency with Japan’s ODA cooperation strategy
- The Project also consistent with Japan’s “Country assistance policy for the Socialist Republic of
Viet Nam” (2012), Ministry of Foreign Affairs (MOFA) in Japan, One is the priority areas of the
policy is “promotion of economic growth and international competitiveness” and addressing

threats on climate changes relating “environmental issues.”
(3) Appropriateness of approach
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- The close relatiénship between HUST and NUT was established through the joint research

programs and exchange the researchers before the Project.

* RRIV is an authorized organization for validation of natural rubber quality. Especially, RRIV has
capacities of installation of waste water treatment reactor in its compound, besides
implementation of experiments for the pilot project. It was confirmed from the interview with
RRIV and Vietnamese rubber processing private companies, the needs of development of
wastewater treatment system is very high because the cost of water treatment is expensive and

regulation is strict.

3.2 Effectiveness: High
(1) Prospect to achieve the Project Purpose
* The evaluation on Effectiveness is based on primarily on the attainment of the Project Purpose:

“The capacity of HUST and RRIV will be enhanced on the technoiogies to realize sophistication
and expansion in application of natural rubber and environment friendly natural rubber
production.” as well as indicators corresponding to scientific achievements of each output (1: new
standard of natural rubber, 2: high performance rubber, 3. highly functional polymer, 4:
technology related to production of bio-fuel from waste rubber wood, 5: treatment technology of
industrial rubber wastewater).

* As for scientific achievements, all the indicators of outputs and project purpose have been
achieved.

+ Research capacity of HUST has been strengthened through collaborative research, postgraduate
education and short-term training of HUST members and students in NUT, and on-the-job
training on operation and maintenance cf research equipment in HUST. As a result of such
capacity development activities, HUST has made contributions to 24 joint academic presentations,

16 joint publications, and numerous symposiums (40, of which 8 were held in Vietnam).

In addition, Best Poster Award on graft-copolymerization was given by the 4 International
GIGAKU in 2013.. Two Vietnamese researches (Dr. Ha and Ms. Thuong) received the Best Poster
Award from NMR research group of the Society of Polymer Science, Japan in 2013 and 2015.

- 2 staff of RRIV were invited from NUT for two weeks training program in Japan, which was
effective for applying the new technologies in order to operate the pilot reactor for wastewater

treatment system in RRIV.
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(2) Contributing factors

» Taking advantage of the strong institutional capacity of NUT in international cooperation, and in
synergy with the existing NUT-HUST partnership frameworks, NUT has accepted a significant
number of short-term visits by Viemamese researchers and provided postgraduate education to 6
students.

+ While installation of some equipment fo Viemam was delayed, capacity development and research
activities were actively conducted in Japan from earlier stage in order to avoid the negative impact
of such delays.

+ The Project has also organized workshops with other organizations inside and outside of Vietnam.
By organizing such occasions frequently, researchers of both countries were encouraged to present

their scientific works.

3.3 Efficiency: Relatively high
(1) Equipment
- It was reported from the Project that procured equipment by JICA has been utilized well generally.
However, according to the answers of questionnaires, a few hindering factors were found
regarding provision of equipment which affected the efficiency of the Project. For instance, in
construction of a new building in HUST for installation the NMR was not approved easily from
MOET which caused the delay of the research activities. Experiments of waste water treatment in
Vietnam were behind the schedule due to the delay of procurement of equipment and experiment
materials for a laboratory- scale reactor.
- As mentioned in Implementation Process 2.2.3 (2), involvement of RRIV as C/P affected to

efficient coordination of activities and procurement of equipment in early stage of the Project.

(2) Training programs in Japan

+NUT and HUST have been collaborating exchange of researchers by double degree program, which
has contributed to accept young researchers and postgraduate students in NUT. Also the Project
sent 6 Vietnamese students to Japan, 1 student had Master Degree and 2 students had Doctor
Degrees, the remaining 3 students also expect to receive Doctor Degrees. According to the

interviews, the Project also invited people from private production companies in order to
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introduce the new technologies in Japan. The hospitality of Japanese experts and concentrated

training programs were really appreciated by C/P.

(3) Input from Vietnamese side
+ A large number of Vietnamese counterpart researchers were assigned to take part in the
collaborative works of each group.
* RRIV has been collaborating research activities not only with G5 but also G4 for taking samples of
microorganisms. In addition RRIV has a close relationship with Vietnamese Rubber Association

because both offices are located in Ho Chi Minh City.

(4) Design and Structure of the Project
- The Project was designed for integrated development from high standard of rubber products to
wastewater treatment system. The cycle of process made the Project efficient utilization of the
outputs. However, the huge distance between the pilot sites in Hanoi and Ho Chi Minh City has
posed challenge to the efficiency of research activities. Especially transportation costs for law
material (Jatex) from Ho Chi Minh and wastewater from Thanh Hoa Province for experiments

between the two sites have been one of the main burdens of the Project.

3.4 Impact: Relatively high
(1) Prospect for achievement of the overall objective (application of developed technologies and
materials in Vietnam and in other countries)

- It had been expected that the Project will contribute to enhancing competitiveness of Vietnamese
rubber industry and alleviating environmental problems through high-quality products and cleaner
production. However, it is difficult to say with confidence that the technologies developed by the
Project will be adopted by the rubber industries in Vietnam and in other countries in foreseeable

future. Status and prospect of respective technology are as follows:

(i) New standard of natural rubber and its evaluation method
+ The Project has organized two TCVN-ISO meetings on the new standard of NR, which has

atiracted wide interests from stakeholders of quality control of NR. Furthermore, the Project



is communicating with Malaysian and Thai stakeholders in order to validate the methodologies

as an international standard.

(ii) High performance rubber

* Protein-free latex developed by the Project has a potential demand at the global level due to its
allergen-free characteristics. The Project has been working on development of rubber gloves in
collaboration with a private Viethamese company.
Some .companies, both in Vietnam and Japan, have already started R&D for the use of high

performance rubber developed by the Project under the agreements.

(iii) Highly functional polymer

+ The Project has developed high functional polymer mainly in Japan. According to the interview
with G3, the impact of this research has been emerged for human resource development. The
results of study were published in science journals. One student received the Dr. Degree from the
research program, it is expected the student will continue the study for development of highly

functional polymer in HUST.

(iv) Technology related to production of bio-fuel from waste rubber wood

* The Project has developed new bacteria, fungi, enzymes and process for degradation of waste
rubber wood, which are potentially useful for bio-fuel production. The knowledge obtained from
the research has been disseminated to under graduate students of HUST. However, it is unclear

how such technologies will be adopted by industries in Vietnam or in other countries.

(v) Technology of industrial rubber wastewater treatment

* The Project has conducted a workshop in January 2015 at RRIV to disseminate information on
wastewater treatment technology to private companies. Some of them have shown the interest
about the wastewater treatment technologies developed by the Project. Developed UASB-DHS
system is possible to reduce more than 90% of both electricity consumption (cost) and GHG
emissions as compared with conventional treatment system (anaerobic-aerobic lagoon system). If
the technology could be disseminated broadly, it is possible to contribute to the global warming

problem.
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(2) Ripple Effects/Impacts
* Ripple effects from the Project have not emerged yet. It is difficult to prospect some impacts to the

global climate change from the Project.

3.5 Sustainability: Relatively high
(1) Technical Aspect:

+ In terms of research and educational activities, C/Ps trained by the Project is continuously teaching
and disseminating knowledge in Vietnam. Furthermore, activities of HUST are expected to be
sustained under the subsequent collaborative frameworks such as GIGAKU Techno Park and
double postgraduate program.

- In terms of operation and maintenance of research equipment, it was observed that the logs for

erly expect NRM and
gas-chromatography.

* NUT and HUST have been collaborating for GIGAKU Techno Park in HUST and double degree
program. C/P trained and transferred technologies in Japan have been teaching and disseminating
those technologies for other researches and students continuously in Vietnam.

+ The research activities of the Project will be continued at the Center in HUST.

+ For social implementation of outputs of the Project, the Project has been disseminating information
through workshops with Inter National Rubber Association and other countries organizations
which were broadcasted by TV and published by local newspapers. More over the Project
information has been distributed through the websites for international and J. apanese stakeholders.
Some private companies have interested in to collaborate with the Project, and it was confirmed
that 2 joint research programs has been started low protein NR related technologies for social
implementation.

« It was suggested by many C/P that the main challenge for social implementation is how to scale up
the outputs of the Project, which includes increase the amount of deproteinized NR and expansion
of the quantity of wastewater treatment systems.

. » RRIV intends to introduce the new technologies developed by the Project for Vietnamese rubber
factories, however it will be depending on financial capacity of the companies. According to RRIV,

development of high quality of rubber products (e.g. for medical and automobile industries) is
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very important for future, on the other hand it needs investment who has capacity of funds and

human resources.

(2) Policy Aspects:

: It was reported by the government of Vietnam that Decision No. 1291/QD-TTg of the Prime
Minister dated 01 August 2014 approved the Action Plan for development of manufacturing
industry of agricultural products, fishes as per Vietnamese Industrialization Strategy in line with
corporation between Vietnam and Japan up to 2020, with the vision up to 2030. Rubber is

categorized as one of the potential crops in the Action Plan.

(3) Organizational and Budgetary Aspects:
(i) Overall organizational structure for research and development of rubber-related technologies in
Vietnam .
+ It was confirmed that each research group of the Project (G1~G5} in HUST and RRIV will also
maintain fesearch activities related with the Project outputs. Some researches will be continued by

coliaboration with private companies and other organizations.

(ii) Establishment of Rubber Center for Science and Technology within HUST

* The Center is under construction by HUST, which will be completed by the end of November 2015.
-The reséarch programs in the new rubber research center will be discussed among Chemistry,
Food technology and Environment divisions in HUST. It is expected that NUT will continuously
provide technical support to the center and be involved as one of its directing members, However,

research program and relationship with other major research organizations such as RRIV still

remains to be discussed.
(iii) Budget for O&M of research equipment provided by the Japanese side:
+ The budget proposal of operation cost (around 5 billion VND) for the Center was submitted from

HUST to Ministry of Science and Technology. 4 billion VND was allocated already, and 1 billion

will be approved presently.
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Chapter 4 RESULTS OF EVALUATION

4.1 Conclusions

It was confirmed that nearly all of the Outcome indicators have already been achieved, which
demonstrates high level of scientific productivity in each of the five research areas. Capacity
development of Vietnamese research organizations has also been implemented intensively with
strong commitment from both sides, particularly with regard to HUST under the existing
HUST-NUT, NIES, KNCT, TNCT partnership. By contrast, collaborative research with RRIV was
restricted to a relatively smaller extent. On the other hand, some technologies developed by the
Project are still at their fundamental stage, and their adaptability to industries in developing countries,

especially in terms of the cost requirement, remains to be further improved.

4.2 Recommendations

(1) Before termination of the Project

(i) Propose strategies and roadmaps to promote application of respective technologies for rubber
industry énd improvement of environment by Vietnamese-government, Vietnamese, Asian and
Global industries.

* In order to promote actual application of various technologies developed by the Project in
Vietnamese, Asian and Global industries, the Team recommends development of strategies and
roadmaps which illustrate steps to be taken for respective technologies to be disseminated and
transferred to the private sector. In the process of development of strategies and roadmaps, it is

recommended HUST should invite relevant organizations of Vietnamese government.

(i) Build consensus on the overall R&D orientation in collaboration with Vietnamese rubber -

industry and other relevant organizations

- In order to enhance the usefulness of the research outcomes, the Team recommends to hold closer
consultations with the Vietnamese various industries, and build consensus on the overall
crientation of R&D for the industry, so that challenges and immediate needs faced by the industry
will be accommodated as well, in addition to the cutting-edge research topics.

- At the national level, Vietnamese side shall clarify the overall institutional framework for such
Ré&D including both academic and private sectors. Roles and collaborative mechanisms of major

organizations such as VRG, RRIV and the new research center of HUST should be clarified under
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this framework.

(i1i) Manage and operate the new Rubber Research Center in HUST
* The Project should lead the discussion on utilization and research plamming of the new Rubber
Research Center in HUST based on the prepared proposal. And HUST should consult with

MOET for further support for operation of the Center.

(iv) Improve management of research facilities and equipment acquired by the Project

* Before moving equipment to the new building of The Center, inventory list (data base including the
location of each equipment) of the equipment should be prepared by the Project. And after
reinstallation of the equipment, the equipment list should be prepared for each laboratory. Besides,
user names of each laboratory should be recorded by the researchers. Moreover, the Project should

assign C/P who will be in charge of management of the equipment.

(v) Ensure financial sustainability of the research activities and equipment.

+ The Project should estimate expenses in order to continue the experiments after the Project, which
includes costs for the consumable materials, maintenance for equipment and also maintenance of
the Rubber Research Center. HUST should discuss with the Japanese experts to find the financial
source for those expenses, including the possibility of self-generated finance by such as by

providing access to research facilities for external users on chargeable basis.

(vi) Publish Joint Final Project Report in English and Vietnamese
- The Project should publish the Joint Final Project Report written in English and Vietnamese in
order to share and disseminate the achievement of the Project with stakeholders in Vietnam and

Japan.

(2) After the Project
+ HUST should continue to implement the proposed Roadmap.
+ HUST should continue to manage equipment properly.

« Environmental conditions (odor, noise, discharged water quality and so on) around the test plant for
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deproteinization of NR should be monitored regu]arlj/ in order to avoid troubles with neighboring
households.
+ HUST should continue to work with private rubber production companies for social
_implementation of the less-protein of natural rubber products.
"+ HUST, in collaboration with relative companies and organization, should prepare and propose the

policies for development of value added rubber products including highly performance rubber.

4.3 Lessons Leamed

» It was learned from the process of the Project, related ministries should have been included from
the starting point of the Project in order to smooth coordination for the activities and provision of
equipment. |

* During the formulation study of the Project , the structure of the Project should be planned to
involve some organizations and companies to industrialize the new technologies or materials.

+ This project faced some issues due to complexities of handling procedures in customs and place of
installation of large equipment. It is better to study carefully about laws and procedures of import
system before starting the Project. Moreover, a detail study on capacity of installation facility and

discussions are needed for selection and operation of equipment with the C/P organizations.

END
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Appendix | PLAN OF OPERATION (PO} Version 2

Project Period

12-Dec-13

Year {Japanese Fiscal Year: JFY) 2 2012 2013 2014 2015
First and Second Half of Year 1/2 2/72{1/2. 2/2|1/2 2/2)1/2 2/2{1/2 2/2
Joint Coordinating Committee{JCC) Al A A A Alala
Evaluation Activities A A
Qutputs, Indicators and Activitics
Oulput 1. A novel evaluation method of xatural rubber is developed.
Indicator 1-A. A draft of » new standard for natural rubber is submitted to the Di for dards, Metrology and Quality (STAMEQ) of the Ministry of Science and Technology.
Indicator 1-B. A draft of corresponding ISO is prepared.
1.1, Small NMR signals of Vietnamese fresh natural rubber are assigned to terminal units through solid state NMR spectroscopy with I
field gradient-high speed magic angle spinning probe.
1-2. Small NMR signals of Vietnamese commercial natural rubber are assigned through solid state NMR spectroscapy with field
aradient-high speed ma
g high speed mag:

1-3. A novel standard for natural rubber is prepared based on the relationship between the terminal units and mechanical propesties.

14, KOW-CUbTHIRS 101 M ES TR ar TOuer a MR AT Y Sy e T8 et n B Wt A NS A i DT IHE IO VRT

standard
1-5. The novel standard is itted ta the Di for Metrology and Quality (STAMEQ) &nd & draft of corresponding

180 is prepared.

Output 2. High performance rubber is developed.
Indicator; Technology for process of i ial

fer highly purified natural rubber with less than 0.01 w/w% of nitrogen is develaped.

2-1.  Lab-scale highly purified natural rubber is prepared in Vietnam,

2-2. A test-plant for the purification of natural rubber is produced in Vietnam.

2-3. Preliminary test of preparation of pratotype af the highly purified natural rubber is performed by the test-plant.

2-4. A prototype of the highly purified natural rubber is prepared by the test-plant.

2-5. Mechanical properties of the prototype of the highly purified natural rubber are measured.

Output 3. Highly functional pelymer is developed from natural rubber.
Indicator: Polymer of more than 0.1 Sfem in proton conductivity is developed.

3-1. Nanomatrix structure as a 3D-nano-network is formed.

3-2.  Nanomatrix structure as a 3D-nano-network is observed by 3D transmission electron micro-tomography,

3-3. Prot ductivity of the ix structure a5 a 3D-nzno-network is enhanced.
3-4. Scale-up of ion of i asa 3D twork is performed.
3-5.  Composite of natural rubber and silica-nano-particles is prepared.

T q

3-6. | Dispersion of silica-niano-particles into natural rubber is

3-7.  Morpology of composite of natural rubber and silica-nano-particles is observed.

Output 4. Technology (o produce bio-fuel from rubber waste woeds is developed.
Indicator: A decomposition process using microorganisms achieves more than 50% of saccharification rate.

4-1.  Evaluation method fer pretreatment is established.

4-2. A suitable pretreatment method of rubber waste wood is established.

4-3.  Screening methods of most efficient microorganisms is established.

4-4. The decomposing micraorganisms are isolated and preserved

4-5.  Degradation ability of the mi isms for the p samples is

4-6. The enzymes are characterized.

4-7. Thed posing mi i Ilection is established.

4-8.  The decomposition of microorganisms is improved by is and b hnol
4-9.  The excellent ition process is developed

Output 5, Advanced treatment technology of rubber industrial wastewater is developed,
Indicator 5-A. Developed wastewater treatment system is satisfied the effluent discharge standard of Vietnam,

Indicator 5-B. Both recoveries of rubber resources (residual rubber) and methane (60% recovery based on BOD) from the wastewater are achieved.

5-1.  Ananalysis method for rubber industrial is i W quality related to natural rubber processing and

5-2.  Ananalysis method for GHGs emission rate in present system is established.

5-3. The present treatment system (GHG, bacterial activity) is surveyed.

5-4. Labe-scale reactor is installed in HUST.

5-5. The process performance of the lab-scale reactor is evaluated and optimized.

5-6, The pilot-scale reactor is designed , and it is installed in RRIV,

and

5-7.  The process performance of the pilot-scale reactor is

5-8. A design puidetine for rubber system is prepared.

5-9.  Potential for GHG reduction is evaluated with respect to the developed wastewater treasment system.




ANNEX 2
Short—term Expert Team (Japanese research groups), 2011.5 - 2015.9

Name Affiliat [ Title M/M
jon
1 | Prof. Masao Fukuda NUT Project Leader/Member 5 87
of Group 4 '
2 | Assoc. Prof. Seiichi [NUT Leader of Group 1&2/ 3.10
Kawahara Member of Group 3 '

3 | Prof. Hiroyuki Ishii TNCT Group 2 1.53
4 | Assoc. Prof. Yoshimasa | TNCT Leader of Group 3/ 303
Yamamoto Member of Group 182 ’

5 |Dr. Keiichiro Kosugi NUT Member of Group 1,2, & 0.17

3 .
6 | Assoc. Prof. Wataru | NUT Leader of Group 4 157
Ogasawara )
7 | Assis. Prof. Daisuke | NUT Member of Group 4
. 0.47
Kasai
8 | Dr. Shunsuke Imai NUT Member of Group 4 0.83
9 [Dr. So lijima NUT Member of Group 4 5.07
10 | Dr. Yosuke Shida NUT Member of Group 4 0.17
11 | Dr. Michiro Tabata NUT Member of Group 4 0.30
12 | Prof, Takashi Yamaguchi | NUT Leader of Group 5 2.10
13 | Dr. Kazuaki Shutsubo NIES Member of Group 5 0.80
14 | Assis. Prof. Masashi | NUT Member of Group 5 113
Hatamoto
15 | Mr. Daisuke Tanikawa Kure NCT | Member of Group 5 1.23




Local cost

ANNEX 3 Operational Cost in Vietnam by JICA

Expenditure
(USD)
Expenditure item Contents 2015, unil Remarks
2011 2012 2013 2014  unt
end of Sep
1. General operating Those which cannot be sorted out as any other 56.524,43 90.393,56| 219.221,04| 113.752,15 38.766,39
expenses items.
2. Travel expense (Air Air fare for both domestic and overseas trips, with
fare) travel insurance fee, airport surcharges included. 18.920,30 18.431,79 16.860,76 16.022,31 8.161,97
UTNET ravel EXPENnSes Uarm alr 1ars (such a5 aany
(36“3""3' expense allowance, accommodation fee, etc.) which are 15.472,56|  7.648,16| 15.126,95|  19.011,05|  5.306,04
thers) T AT .
4. Fee and honorarium  [>21aries and wages for staff and contract workers.| g 704 70| 1g8.618,33|  30.177,30| 38.741,38) 16.587.75
X insurances, etc*
. Meal cost, tea break cost paid for meeting,
5. Meeting expenses seminar, oto. 9,41 0,00 3.486,63 916,03 0,00
6. Contract with local TONTECTS STE ° pray Xpert ana
based consultant local consultant(s'). outsour?lng service t? lc:iall 0,00 0,00 0,00 0,00 0,00
. O »
Z;(E:n"::;““m" related works such as design. forecast, operating 0,00 0,00 53.774,15|  1.743,32 0,00
Total 100.631,40] 135.091,84| 2338.647,73| 190.186,24 68.822,15 833.379,36
Exchange rate (1 USD) . JPY 80.48 JPY 91.84 JPY 102.20 JPY 119.03 JPY 121.81
month and year of the above exchange rate 2012/3 2013/3 2014/3 2015/3 2015/9




Annex 4 List of Provided Equipment by JICA

Ot gAY
Neo. le"nu Name in List Na‘mc of‘ Name of equipment Modet Manufacturer| Quantit Location
Analytical equipment .
1 5 GC-TCD Gas chromatograph GC-BAIT Shimadzu 1 C5-308
for Lab-scale reactor
2 | 5 [Analyticalequipment| oo niny | Gos chromatograph | GC-SAIT | Shimadeu 1 RRIV
for Pilot-scale reactor
Analytical equipment .
3 5 GC-FID Gas chromatograph | GC-2014AF|  Shimadzu 1 C5-308
for Lab-scale reactor
V-V
4 4 Spectrophotometer Spectrophotome UV-VIS UV-1800 Shimadzu 1 C5-308
ter spectrophotometer
. High Speed
5 4 Centrifuge Centrifuge Refrigerated Micro MX-305 TOMY 2 C10-103, CS-309
Centrifuge
6 4 Autoclave Autoclave High Presg}re Steam ES-315 TOMY 2 C10-103, C5-308 ‘ g
Sterilizer ; e
&
st
7 4 Bioshaker Bioshaker Bioshaker BR-43FL TAITEC 2 C10-103, C5-308 .
|
8 | 4 |LowTemp. Incubator| O TE™P |} o\ Temp, Incubator | LTI601 sp | TouRyourikaki| 5 C10-103, C5-308 i
Incubator Kai :
0| 4 | BeadsCell Disrupter | SS245CEl | pord Cell Disrupter | MS 100 TOMY 1 C5- 308
Disrupter
10 | 123 | Vacume Drying Oven | Y2SuMe Drying|  Vacuum Drying ADP300 | YAMATO 1 €5-309
Oven Ovens
0]




Rotary

Toukyourika

2 - A .
11] 123 Rotary Evaporator Evaporator Rotary Evaporator | N-1110V-W C5 - 309
12| 123 | Ultrasonic Cleaner | U.ifasonic | Benelitop Ullrasonic | 55,00 vy | BRANSON C5 - 309
Cleaner Cleaners
13| 5 Lab'iifﬁ;’:““” Pump Variable pump 7554-85 |(COLE PAMER CIOB, C1-415
Lab-scale reactor COLE <
14 5 system pump Easy Load Pump Head| 7518-00 PAMPER C10B, C10415
15| s Lab'ssii"ee:““"' Pump  |Digital Variavle Pump| Oct:28 |COLE PAMER CI0B, C1-415
Analytical equipment . ) TOUKYOURI
16 5 for Lab-scale reactor Aspirator Aspirator A-1000S KAKIKAI C5-308
17 5 Analytical equipment Desiccator Auto Desiceator ND-48 AS ONE C5-308
for Lab-scale reactor
18| 5 [Analvtical equip D : D . LH AS ONE C5-308
for Lab-scale reactor
19| 5 [Analytical equipment | Annalytical Balancer AUX120 | SHIMADZU €5-308
for Lab-scale reactor balance
Analytical equipment . . TOUKYOURI
2 -
20 5 for Pilot-scale reactor Aspirator Aspirator A-1000S KAKIKAI RRIV
Analytical equipment . .
21 5 ! Desiccator Auto Desiccator ND-4S AS ONE RRIV
for Pilot-scale reactor
@)




Analytical equipment

22 ! Desi ) Desi o LH AS ONE 1 RRIV
for Pilot-scale reactor

2 Analytical equipment | - Annalytical Balancer AUXI20 | SHIMADZU | 1 RRIV
for Lab-scale reactor balance
Analytical equipment | Multiple Water Multiple Water 5 3

H for Lab-scale reactor Checker Checker DR2800 HACH ! Cs5-308

25 Analytical equipment | oy, oo Reactor DER200 HACH 1 C5-308
for Lab-scale reactor

2% Analytical equipment | Multiple Water Multiple water stoLab 6100 WTW 1 C5-308
for Lab-scale reactor Checker checker

27 Analytical equipment | -y o gy Water Bath BS660 | YAMATO 1 €5-308
for Lab-scale reactor

28 Analytical equipment | -, Oven ON-450S | ASONE 1 €5-309
for Lab-scale reactor

29 Analytical equipment | -y o iy Muffle Kiln HPM-IN | ASONE 1 C5-308
for Lab-scale reactor

30 Analytical equipment | -y Bty Water Bath BS660 | YAMATO 1 RRIV
for Pilot-scale reactor

3 Analytical equipment | Oven ON-4508 | ASONE 1 RRIV
for Pilot-scale reactor
Analytical equipment . .

32 ; Muffle Kiln Muffle Kiln HPM-IN AS ONE 1 RRIV
for Pilot-scale reactor -
Analytical equipment

33 for Lab & Pilot-scale DO meter | Laboratory DO Meter YSI58 Nanotech 2 C5-308, RRIV

reactor

Analytical equipment

34 for Lab & Pilot-scale | Cool incubator Cool Incubator A4201 ASONE 2 C5-308, RRIV

reactor
€]




Analytical equipment
35 5 for Lab & Pilot-scale Air pump Air Pump APN-110KV- IWAKI 4 C5-308, RRIV
reactor
Analytical equipment -
36| 5 |forLab& Pilotscale | ‘;gg PH | Twin DO/H Meter | DOP-SF | KASAHARA | 2 C5-308, RRIV
reactor :
Analytical equipment
37 5 for Lab & Pilot-scale | Homogenizer Homogenizer T18 Basic KA 2 C3-308, RRIV
reactor
Analytical equipment
38 5 for Lab & Pilot-scale |Magnetic stirrerj  Magnetic Stirrer HS-6A ASONE 2 C5-309, RRIV
reactor
Analytical equipment
39 5 for Lab & Pilot-scale | Magnetic stirrer|  Hot Plate Stirrer  [CHPS-170AN  ASONE 2 C1-415, RRIV
reactor
Analytical equipment .
40| 5 | forLab& Pilotscale | VAT PR WI] g ing Bath SB-20 ASONE 2 C5-309, RRIV
shaking
reactor
Analytical equipment .
41{ 5 | forLab& Pllotscale | "2 AN WIth} oy malRobo | TR-IAR |  ASONE 2 C5-309, RRIV
shaking
reactor
42| 5 |Analytical equipment | - Purewater |y ogeer anoarais| WG250B | YAMATO 1 RRIV
for Pilot-scale reactor apparatus
Analytical equipment Thermo Thermo Recorder
43 5 for Lab & Pilot-scale X TR-51i T&D 3 C5-308, RRIV
recorder Ondotori
reactor
Analytical equipment
44| 5 |forlab&Pilotscale | nermo  |Underwater Semsar for| pp soq0 T&D 3 C5-308, RRIV
recorder Thermo Recorder
reactor
45| 5 | Analytical cquipment | p L Deionizer G-1HB | ORGANO 1 RRIV
for Pilot-scale reactor
Lab-scale reactor NOT
46 5 system Reactor UASB reactor GSS(PVC) AVAILABLE 3 D7,C10
Lab-scale reactor Desulfurization NOT
47 5 system Reactor column 500cc{PVC) AVAILABLE 3 D7,C10
Lab-scale reactor NOT
48 5 system Reactor Pre-treatment tank PVC AVAILABLE 1 D7
Lab-scale reactor NOT
2
49 5 system Reactor DHSreactor PVC AVAILABLE 2 D7,C10

@)




Analytica) equipment

Kjeldahl distillation

50 for Lab-scale reactor Kjeldah! it VAP30s Gerhardt 1 C5-308
51 Analytical equipment [Spectrophotome UV/VIS UV-1800 Shimadzu | C5.308
for Lab-scale reactor ter Spectrophtometer
52 Viscometer Viscometer |Rotational Viscometer| 2300 RV2-R| Elcometer 2 C5-308, C1-415
Analytical equipment |Spectrophotome OptiPlex390
53 for Lab-scale reactor ter Personal computer HRD-IT Dell | C5-308
54 Analytical equipment for | Spectrophotomet Printer Officejei6100 Hewlett Packard 1 £5-308
Lab-seale reactor er ) Development
55 Analytical equipment for| e poiy  Kjeldahl distillation unit | VAP30s Gerhardt 1 RRIV
Pilot-scale reactor .
56 Lab-scale reactor system Reactor Circulator High Temp LCH-IK AS ONE 1 CI0B
57 Lab-scale réactor system | pH controller pH Controller FD-02 Tokyoga;rasuklka 1 Cl415
58 Analytical equipment forf oy e Benchtop pHmeter  [inoLabpH731d  WTW 2 C5-308, RRIV
Lab & Pilot-scale reactor, P PP P *
59 Analytical equipment for| 5oy oo BOD sensor OxiTopIS 12|  WTW 1 C5-308
Lab-scale reactor
60 Analytical equipment for| - pyry oo Incubator TS606-G/2 | WTW 1 C5-308
Lab-scale reactor
61 Analytical equipment for| vy oo Reactor CR3200 WTW 1 C5-308

Lab-scale reactor

&




Analytical equipment for

Automatic

Automatic Volumetric

62 5 Lab-scale reactor vo!wne‘mc Titcator P/N 24906-25 Schott 1 C5-308
- titrator
63 | 123 Heater mantie Heater mantle Heater Mantle MS-E83 Non lm sy;) eisa 2 Cl-415
64 | 123 Heater Heater Heater SK-65 Ishizaki Etectric 2 C1-415
65| 123 pH meter pH meter pH Metter D5S1AC HORIBA 2 Cl1415+D7
66 | 123 Cooling stirrer Cooling stirrer | Stirrer/Water Math Cool|  SAC-900 Sansyo 2 C5-309
67 | 123 Stirer Stirer Stirrer/Hot Plate PC-220 CORNING 2 C1-415
68 | 123 analytical balance  |analytical balance|  Analytical Balance MS2045/02 | Mettler Toledo 1 C5-308
69 | 123 Drying Chamber Drying Chamber Drying Chamber SDN70P Sansyo 1 C1-415
70 | 123 Jack Jack Jack SUS18-2 Sansyo 2 C1-415, C5-309
711 123 Flow indicater Flow indicater Flow Monitor BA19935 Sansyo 2 C1415
Pure water Automatic Water TOKYO
-2 2 - .
72 all Pure water apparatus spparetus Distillation Apparetus SA-2100E1 RIKAKIKAI 2 C1-415,C5-309
(6




73 4 Electric balance Electric balance Electronic Balance UX620H Shimadzu 3 5-308, C1-415, C10-103
74 A wll matar Ll satar nlI MMartar Nasnld & Torarine el 05208 CI10.1N1T
74 4 pH meter pH meter pH Metter Docy pH.S Sartorius 2 €5-308,C10-103
75 5  |Lab-scale reactor system Pump Digital Variabie Pump 7528-10 COLEPAMER 3 C10B, C1-415
76 5 | Lab-scale reactor system Pump Fasy Load Pump Head 7518-00 COLE PAMER 2 CI10B, C1-415
7 5  |Lab-scale reactor system| Wet gas meter Wet Gas Meter WS-1A Shinagawa 4 Cl-415,C10B
78 5 Asalytical equipment for Ultrasonic system Ultrasonic 5-450D Branson 1 Cl415
Lab-scale reactor
79| 4 Analytical balance Ag‘:]gﬁ';a' Analytical Balance | AUW230 Shimadzu 3 C1-415, C10-103
80 4 Water bath Water bath Water Bath SH-10N TAITEC 2 C5-308
Analytical equipment for| Refrigerated . : ¥ 5 .
81 5 Lab & Pilotscate reactor cetnrifuge Refrigerated Centrifuge | CAX-371 TOMY SEIKO 2 €5-308, RRIV
82 4 Ultra Jow freezer Ultra low freezer Ultra fow freezer ULF 650 Arctico 1 C5-308
- (Upright) ULF 650

Panasonic Clean Bench MCV - BI3IF
83 4 Clean bench Clean bench MCV-BI131F- PK -PK Panasonic 1 C5-308

P ic Clean Benct MCV - B9IF -
84| 4 Clean bench Cleanbencli | o nome - oan Senct PK Panasonic 1 €10-103

MCYV - BS1F- PK

m
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ANNF¥X S Expenses spent by the V tnamese Side

Currency: VND

N Cat Year
° ategory 2012 2013 2014 2015/9 TOTAL
1 {Laboratory renovation costs 1.315.274.000 1.705.174.000 - - 3.020.448.000
2 |Office furniture & equipment 374.613.000 240.278.000 64.980.000 - 679.871.000
3 [Conference, workshop 69.350.000 30.305.000 79.266.000 87.199.000 266.120.000
4 |Domestic business frip expenses 9.610.000 96.322.000 55.595.081 50.402.000 211.929.081
5 |Electricity expenses 380.369.818 288.176.829 446.714.687 - 1.115.261.334
6 |Water expenses 99.376.100 16.935.124 - 116.311.224
7 |Telephone expenses 38.432.929 27.723.324 18.601.242 - 84.757.495
8 [Project management expenses -
Salaries for officers 79.438.000 177.035.000 123.931.000 24.786.801 405.190.801
Salaries for full-time contractors 0 0 36.619.703 22.490.550 59.110.253
Stationery costs 19.432.000 14.029.600 8.395.001 - 41.856.601
9 {Project consultancy fee 630.509.000 90.045.000 0 - 720.554.000
1o |Registration, inspection fee and 0 51.843.000 23.600.000 ; 75.443.000
insurance premium for project car -
11 jFuel costs for project car 56.023.250 63.606.906 18.806.330 138.436.486
o |Electricity maintenance costs for 9.632.150 23.915.000 200.000.000 233.547.150
Project office
13 |Chemical reagents 137.008.000 323.463.000 97.300.000 557.771.000
Equipment storage expenses,
14 |customs clearance expenses and 14.377.256 30.879.691 45.256.947
equipment transportation expenses
TOTAL 3.016.404.847 2.923.595.153 1.300.000.000 531.864.372 7.771.864.372




ANNEZX 8 List of Interviewees

Name

Organization

Dr. Tran Van Top

Associate Professor, Vice President Hanoi University of Sconce and
Technology (HUST), Project Director , G2

Dr. Phan Trung Nghia

Head of Green-Tech Division , Head of Department of inorganic

Chemistry, HUST, Project Manager, Group 1,3, and 3

Ms. Tran Thi Mai Huong

Assistant, Technician for a test plant for low protein rubber products

Dr.Trinh xua Anh

Direlctor, Bach Khoa Consultancy & Technologytranser One member
Co., LTD, HUST. G1

Dr. Bui Chuong

Professor, Lecturer, Research Center for Polymer Materials, HUST, G3

Dr. Phan Tuan Ahn

Deputy Head Department of Microbiology-Biochemistry —Molecular
Biology, HUST, G4

Dr. Nguyen Lan Houng

Assoc. Prof., Deputy Head, Department of Biotechnology, HUST G4

Dr. To Kim Anh

Assoc. Prof., Director, Center for Research and Development in
Biotechnology, HUST, G4

Dr. Huynh Trung Hai

Association Professor, Dean HUST, G5

Dr. Nguye Minh Tan

Director, Institute for Research and Development of Natural Products,
HUST, G5

Mr. Nguyen Tien Dung

NMR operator, JEOL ASIA PTE. LTD

Dr. Hua Thuy Trang

Coordinator, GIGAKU Techno Plark

Mr. Pho Duc Son

Director of Institute, Vietnam standards and Quality Institute

Ms. Tran Thi Thanh Xuaon

Vietnam standards and Quality Institute

Dr. Tran Thi Thu Hoa

Office Manager, Vietnam Rubber Association

Mr. Phan Than Dung

Director, Rubber Research Institute of Vietnam

Ms. Le Thi Gia Kinh

Deputy General Manager, Nacol Industrial Co., Ltd.

Ms. Bui The Anh

Deputy Manager of Import Export Department, Nacol Industrial Co.,
Ltd.
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Thursday, November 19®, 2015
14:00 - 16:30
Meeting Room (Room 222) at 2" Floor of C1 Building
Hanoi University of Science and Technology
No.1 Dai Co Viet, Hanoi, Vietnam

AGENDA

(

14:00 — 14:10

14:10 — 14:15

14:15 — 14:55

14:55 - 15:25

15:25 - 16:00

16:00 — 16:15

16:15-16:25

16:25 - 16:30

Opening Speech by JCC Chair Prof. Top with introduction ofw
Guests of honour MOET (Mr. Phuong), JICA (Mr. Mori) and
JST (Mr. Inoue)

Welcome Speech by President of HUST (Prof. Hoang Minh
Son)

Progress Report by HUST and NUT
Results of Terminal Evaluation by Joint Evaluation Team

Comments from Vietnamese side
Discussion on Progress and Future plan

Tea break
Signing of Minutes of Meeting

Closing Remarks (Prof. Fukuda)
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