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Summary of the Mid-Term Review Results

Country: Kingdom of Thailand Project title: Innovation on Production and Automotive
Utilization of Biofuels from Non-Food Biomass

Issue/Sector: Energy and Mining Cooperation scheme: Technical Cooperation
(SATREPS)

Division in charge: Industrial Development and |Total cost: 356,796 thousand JPY
Public Policy Department

Period of (R/D): 16 May 2010 to 31 March |Partner Country’s Implementing Organization:

Cooperation {2015 National Science and Technology Development
(Extension): Agency (NSTDA), Thailand Institute of Science and
(F/IV) : Technological Research (TISTR), King Mongkut’s
(E/N)(Grant Aid) University of Technology North Bangkok (KMUTNB)

Supporting Organization in Japan:
National Institute of Advanced Industrial Science and
Technology (AIST), Waseda University (WU)

Related Cooperation:

1. Background of the Project

Research on alternative energy has a long history in the Kingdom of Thailand. Development of
bioethanol and biodiesel have been addressed as parts of the Royal Projects since around 1970 and energy
generated from food biomass such as oil palm are currently the mainstream. On the other hand, it is
preferable to avoid utilizing food biomass for generating fuels; thus, examination on this method is
required. Due to this background, there have been growing needs for clarification of development
mechanism of non-food biofuels and standardization of tests on these biofuels in Thailand. Although
Jatropha oils and surplus agriculture residues are listed as potential feedstock for production of non-food
biofuels, Jatropha contain toxic materials such as phorbol ester, so their detoxification is needed for
utilization as biofuels. Development of fundamental technologies for upgrading biofules as automotive
utilization is essential and technical problems are required to be overcome.

Considering these situations, the Government of the Kingdom of Thailand (GoT) requested support of the
Government of Japan (GolJ) under the form of scientific technical cooperation with aiming to innovate
technologies of biofuels production from non-food biomass. In response to this request, detailed
planning survey was conducted in September 2009 and the record of discussion (R/D) on technical
cooperation project “Innovation on Production and Automotive Utilization of Biofuels from Non-Food
Biomass” with the period from May 2010 to March 2015 was signed in February 2010.

Since the Project has reached the halfway point, JICA has determined to conduct a mid-term review study
for the purpose of reviewing the achievements of activities of the Project, evaluating them, and
suggesting directions for latter half period of the Project.

2. Project Overview

(1) Project Purpose

Fundamental technologies to produce biofuels from non-food biomass for automotive utilization are
developed.

(2) Outputs

(For Research Achievement 1: Development of technologies to produce safe and high quality BDF
from Jatropha oil)

[Task 1]




1) Detoxification conversion technology for production of non-toxic BDF is developed.
2) Standardized production technology of high-quality BDF in a pilot-scale is developed.
3) Catalyst utilization technology for upgrading Jatropha BDF is developed.
4) CO2 reduction effect of high quality BDF from Jatropha oil is clarified by the Life Cycle
Assessment (LCA).
[Task 4]
5) Automobile fuel compatibility of high quality BDF produced by the Project is proven.
(For Research Achievement 2: Development of technologies to produce and upgrade bio-oils from
Jatropha residues)
[Task 2]
6) Production technology of bio-oil from Jatropha residues by thermal/ catalytic conversion is
developed.
7) Separation and stabilization technologies of bio-oil are developed.
[Task 3]
8) Deoxygenation and catalytic hydrotreating technologies for upgrading of bio-oils to the quality of
petroleum gasoline and diesel oil are developed.
9) Co-processing technology of deoxygenated bio-oils and conventional petroleum, which can be
utilized at a conventional petroleum refinery, is developed.
10) CO2 reduction effect for using Jatropha derived oils as transportation fuels is clarified by the Life
Cycle Assessment (LCA).
[Task 4]
11) Automobile fuel compatibility of bio-oils from Jatropha residues, including bio-oils upgraded with
conventional petroleum, is proven.
(3) Inputs
Japanese side:
Dispatch of Experts: Fifteen short-term experts and one long-term expert (Project Coordinator)
Equipment: equipments for TISTR (pilot plant for high quality BDF production, degumming
equipment, extruded-type fast pyrolyzer, fluidized bed pyrolyzer, pyrolyzer link with GC-MS,
vacuum jet dehydrator, etc.), for MTEC/NSTDA (standard apparatus for catalytic reaction test,
autoclave, lab-scale pyrolyzer, CHNOS analyzer, HPLC, viscosity meter, vacuum oven, tubular
furnace, etc.), and for KMUTNB (high pressure micro-reactor, GC-MS, chemisorptions analyzer,
etc.).
Local cost: around 3.35 million THB (by the end of September 2012)
Trainings in Japan: 21 persons (twice for 2 persons)

Total Cost 356,796 thousand JPY
Thai side:
Appointment of counterparts: 89 persons in total
Working spaces for Japanese experts and laboratories for the Project at all C/P organizations.
Workshop for BDF pilot plant and pyrolyzers at TISTR.
Local cost: 17.03 million THB (by the end of September 2012)

Members of |Mr. Gen Kojima, Leader, Advisor, Industrial Development and Public Policy Department,

Review Team | JICA

Ms. Junko Saikawa, Evaluation Analysis, Consultant, KRI International Corp.

(Observers)

Dr. Makie Kokubun, SATREPS Planning and Evaluation, Professor of Tohoku University,
Program Officer for Science and Technology Research Partnership for Sustainable




Development (SATREPS)
Ms. Chihiro Inoue, SATREPS Planning and Evaluation, Unit Chief, Research Partnership
for Sustainable Development Division, Japan Science and Technology Agency (JST)

Period of 21 November to 5 December 2012 Type of Evaluation: mid-term review
Review

1. Summary of Achievements

(1) Activities for [Task 1] Production of high quality BDF from Jatropha oil

1) R & D on detoxification technology: Phorbol ester was vanished after partial hydrogenation.

2) Design and develop BDF production pilot plant and production of high quality BDF: A high quality
BDF production plant with treatments of upgrading was installed at TISTR. The plant has been operated
to produce high quality BDF.

3.1) Identify heterogeneous catalysts: New catalysts were identified.

3.2) Develop hydrotreating technologies for oxidation stability: Technologies for enhancing oxidation
stability that polyunsaturated fatty acid ester would be converted to monounsaturated fatty acid ester by
partial hydrogenation were developed. Scale-up of this process is under examination.

3.3) Develop demineralization technology: Technology incorporating the adsorbents eliminating alkali
metal, alkali earth metal and P for BDF production was developed at laboratory scale.

3.4) Detailed analysis of BDF and bio-oils: Detailed analysis method by using GC and GC-MS was
developed.

4) Life Cycle Assessment on high quality BDF production: LCA on the process from Jatropha cultivation
to their milling/extraction was done.

(2) Activities for [Task 2] Production and upgrading of bio-oil from Jatropha residues

6.1) Develop catalysts for catalytic fast pyrolysis: Zeolite catalysts and carbon supported metal catalysts
which could produce bio-oil composed mostly of hydrocarbon with lesser oxygen contents were
identified.

6.2) Research and develop pyrolysis reactor: Fluidized bed pyrolyzer was installed at TISTR. Its
optimized operation will be examined.

7.1) Design and develop separation technologies: Method to separate bio-oils into water soluble
component and water insoluble component from lignin was identified. Proto-type separator was designed
and its fabrication is underway.

7.2) Research and develop technologies for increasing stability: Methods to suppress viscosity increase of
bio-oils by polymerization were identified.

(3) Activities for [Task 3] Upgrading bio-oils and Life Cycle Assessment

8.1) Research and develop deoxygenation technology: It was found that hydrodeoxygenation was superior
to direct deoxygenation (Decarboxylation).

8.2) Research and develop catalytic technology for upgrading: It was found that CoMo sulfide catalysts
had superiority in production of hydrocarbon fuels and that Co metal catalysts could function for
hydrodeoxygenation of lower sulfur bio-oils.

9) Research and develop co-processing technologies of deoxygenated bio-oils with conventional
petroleum: It was found this co-processing could promote deoxygenation of bio-oils and desulfurization
of petroleum fractions, and maintain the performance of CoMo sulfide catalysts.

10) LCA on biofuels production via. Pyrolysis-hydrotreating process: It will be started from 2013.

(4) Activities for [Task 4] Evaluation of automobile fuel compatibilities of high quality BDF and
biofuels from Jatropha residues

5.1) Evaluate material compatibilities of high quality BDF: It was verified.
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5.2) Evaluate combustion behavior of the BDF: Combustion behavior and exhaust gas emission on both
high-quality BDF with partial hydrogenation and conventional BDF with antioxidants were examined.
Further investigation with different combustion systems will be continued.

5.3) Evaluate engine performance of the BDF: Engine experiments on BDF blended diesel oil were
conducted. Effects on characteristics of engine performance, combustion behavior and exhausts were
investigated. Durability tests of on-road vehicle and engine are underway.

5.4) Simulate combustion behavior of the BDF: Numerical simulation by using surrogate mechanism
model was conducted for optimal conditions for engine operation.

11) Prove automobile fuel compatibility of bio-oils from Jatropha residues: It will be started from 2013.

2. Summary of Evaluation Results

(1) Relevance

Project is still relevant in view of consistency with Thai development policies (11" National Economic
and Social Development Plan (2012-2016) and Alternative Energy Development Plan (AEDP,
2012-2012)), Japanese ODA policies (Japan’s Country Assistance Policy for Thailand, draft, Oct. 2012),
and the needs of C/P organizations.

(2) Effectiveness
Achievement of the Outputs

(For Research Achievement 1)

[Task 1]

1) Remaining phorbol ester was vanished after partial hydrogenation. This indicator was achieved.

2) A high quality BDF production pilot plant with capacity of 1 ton per day was started its operation.
This indicator was achieved.

3) Production of high-quality BDF (from high-quality Jatropha oil) to meet ’EAS-ERIA Bio-Diesel Fuel
Standards’ and the Bio-Diesel Guidelines of the World Wide Fuel Charter was already realized.

4) Further data/information are required for LCA on whole process of high-quality BDF production.

[Task 4]

5) Evaluations of material compatibility and engine combustion of BDF blended with diesel oil have
been conducted. It is expected that automobile fuel compatibility of high quality BDF produced by
the Project would be proven.

(For Research Achievement 2)

[Task 2]

6) Fast pyrolysis catalysts for hydrodeoxygenation were identified. Fast pyrolyzer with capacity of
treating 20kg/hour of residues was installed at TISTR, and its operation will be started. Thus, this
indicator has been almost achieved.

7) Separation and stabilization technologies of bio-oil are developed at laboratory level. They would be
tested at the separator cum stabilizer to be installed at MTEC/NSTDA.

[Task 3]

8) Deoxygenation and catalytic hydrotreating technologies were developed at laboratory level by using
model bio oil over CoMo sulfide catalyst. They could be applied for bio-oil from Jatropha residues.

9) Sulfur content was decreased by using mixed model compound of Jatropha bio oil and woody tar over
CoMo sulfide catalyst at laboratory level. This technology could be improved and applied for the real
blended deoxygenated bio-oil with petroleum fractions.

10) Activities relating to this Output will be started from 2013.

[Task 4]
11) Activities relating to this Output will be started from 2013.
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Achievement of the Project Purpose

The Project has been progressed quite smoothly. Regarding the Research Achievement 1, safe and high
quality BDF was already produced at the pilot plant of TISTR; thus, this achievement has been already
done with sufficient level. Since further efforts to find robust process characteristics for wide-range of
feedstock quality would be continued, this achievement would be fully done by the end of the Project
period. Activities relating to the Research Achievement 2 have been undertaken and certain level of
outputs has been generated at laboratory level. Since experiments of fast pyrolysis reactor would be
started at TISTR within several months and sufficient amount of bio-oils would be produced, these
activities could be accelerated. Considering the current status of these achievements as well as future
activities for these Research Achievements, the Project Purpose is highly expected to be accomplished by
the end of the Project.

(3) Efficiency

Efficiency of Inputs:

Inputs from Japanese side (dispatch of Japanese experts, C/P trainings in Japan, provision of equipments,
local cost expenditures) have been appropriately done in general, in terms of their quantity, quality, and
timing. Participants for trainings in Japan commented that experiences and knowledge obtained from the
trainings were very useful not only for their responsible tasks for the Project but also their other research
duties.

Appropriate C/P researchers are assigned with consideration of their expertise and backgrounds. Although
budgets of respective C/P organizations for the Project activities are not regarded as sufficient, they have
dealt with these issues by obtaining other funds, which have contributed to avoiding critical delays in
Project implementation.

Efficiency of Activities:

The Project activities have been progressed efficiently for generating outputs in general. Good
collaborative relations of Japanese experts and Thai C/Ps, start operation of BDF production pilot plant at
earlier stage, speedy rehabilitation from flood damages, etc. have facilitated efficiency of the activities.

(4) Impacts

Through the Project implementation, research and project operation capabilities of C/P organizations and
their researchers have been enhanced: e.g. new knowledge/technologies, smooth and efficient
implementation of their tasks, concrete outputs (effective catalysts, high quality BDF, etc.), presentation
at workshops and academic society meetings, theses and research papers, etc.

Project has gathered attentions from outside parties through annual technical workshops and on-road tests
of high quality BDF and has extended networks with them.

For practical applications of technologies of high quality BDF, some discussions with related outside
parties (e.g. Ministry of Energy of Thailand, both Thai and Japanese industrial sectors) have been started,
and they started having interests on these technologies developed by the Project.

It was found that technologies of BDF production from Jatropha could be applied for other feedstock.
Actully, C/P organizations already proposed some idea to operate the pilot plant by using other feedstock
for obtaining reference data.

(5) Sustainability

Policy and other supports: Since AEDP aims to promote utilization of renewable energy and to facilitate
researches and development of efficient renewable energy technologies, policy supports from GoT for
these fields are highly expected in general. In addition, maintaining collaborative relations with private
industrial sectors are essential for practical application of the technologies developed by the Project.
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Financial Aspects: It is highly expected that certain level of budgets would be allocated from NSTDA
CPMO and TISTR’s own fund since R & D relating biofuels are their prioritized fields.

Organizational Aspects: C/Ps’ capacities for conducting researches and managing the project have been
enhanced with sufficient level through the Project activities. In addition, most of these C/Ps are highly
expected to stay in their organizations till the Project end and after its completion. Thus, C/Ps could
continue the Project-related research activities by themselves even after the Project completion.

3. Factors that promoted realization of effects
(1) Factors concerning to Planning
None.

(2) Factors concerning to the Implementation Process

- Close and collaborative relations between Japanese experts and Thai C/Ps as well as their positive
commitments to the Project have facilitated its smooth implementation.

+ At the initial stage of the Project, divisions of duties and responsibilities of respective C/P
organizations were sufficiently discussed between both Japanese and Thai sides. In addition, Thai C/Ps
fully understand their research tasks and their targets as well as their relations to the Project Purpose.

+ Progresses in the Project activities are regularly monitored through JCC meetings and SC meetings
where solution measures are discussed once problems and delays occur.

- Through the Project related meetings, events such as technical workshops, dispatch of Japanese
experts, C/P trainings in Japan, e-mails, communication and information sharing between Thai C/Ps
and Japanese experts have been sufficiently and appropriately done.

-+ Thai C/P organizations already had experiences in research and development of bio-energy and reached
to certain level of expertise and technologies before the Project started. Their knowledge/technologies
have been further enhanced through appropriate transfer of knowledge/technologies from Japanese
experts to Thai C/Ps.

4. Factors that impeded realization of effects
(1) Factors concerning to Planning
None.

(2) Factors concerning to the Implementation Process
None.

5. Conclusion

The Project has been quite smoothly and efficiently progressed, which has resulted in sufficient level of
the Research Achievement 1 at the halfway point. It is particularly worth noting that the Project has
realized production of high quality BDF by applying novel technologies such as upgrading by partial
hydrogenation and has led to its on-road tests. Experiments of fast pyrolysis reactor would be started at
TISTR and sufficient amount of bio-oils from Jatropha residues would be produced within next year,
which could accelerate the activities for the Research Achievement 2. Thus, it was confirmed by the
Review Team that the Project Purpose would be achieved by the end of the Project.

The Review Team found that the achievement of the Overall Goal and sustainability of the Project
depends on whether the GoT would have interests on technologies developed by the Project and provide
supports for continuation of the Project-related research activities and for practical application of these
developed technologies.
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6. Recommendations

(1) Revision of the PDM

Based on findings during the Mid-term Review, the Review Team proposed following modifications of

the original PDM:

- Activities, Outputs (together with Objectively Verification Indicators and Means of Verification), and
Preconditions relating to “human resources development/technology transfer, practical application of
BDF production technologies” should be added.

- Regarding Indicators for Project Purpose 2, Outputs 4, 5, 7, 10, and 11, descriptions and target years
should be revised.

+ Activities of 2.1, 2.2, and 3.4 (divided into 3.4 and new 8.3) should be revised.

- Activities of 5.5 should be added.

- Activities of 11.3 and 11.4 should be deleted.

These proposed revisions were approved at the 3™ JCC Meeting held on 4™ December 2012.

(2) Further improvement of Project implementation and monitoring

Introduction of the system for sharing progress in activities, critical issues occurred, and coming

schedules of respective research groups with each other with more frequently should be considered.

Revised PDM should be appropriately shared among all C/Ps and Japanese experts.

(3) Advance discussions on how to deal with unexpected matters

Both Thai and Japanese sides of the Project are required to sufficiently discuss in advance how to ensure

budgets for dealing with unexpected issues, which are often happened to SATREPS Project.

(4) Practical application of the technologies developed by the Project

Both Thai and Japanese sides of the Project are required to continue actions for promoting the interests of

outside related parties (e.g. Thai government and both Thai and Japanese industrial sectors) on

technologies developed by the Project and obtaining their supports. Since availability of Jatropha would
affect future directions of the Project, supply potentials of Jatropha in Thailand and neighboring countries
as well as other factors influencing the situations related to Jatropha should be followed-up.

7. Lessons Learnt
None.

8. Follow-up Situation
(Not applicable)
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2. The quality of biofuels
from Jatropha residues
produced by the Project
satisfies the quality standards
of petroleum gasoline and
diesel oil (sulfur contents <
10ppm, oxygen < 0.1wt%) at
laboratory level.
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2. The quality of biofuels from Jatropha
residues produced and upgraded by the Project
satisfies the quality standards of petroleum
gasoline and diesel oil (sulfur contents <
10ppm, oxygen < 0.1wt%) at laboratory level.
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4. By 2013, CO; emission in
the processes of high quality
BDF production proposed by
the Project is clarified by the
Life Cycle Assessment

BCRAETR 4

4. By 2014, CO; emission in the processes of
high quality BDF production proposed by the
Project is clarified by the Life Cycle
Assessment (LCA).
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5. By 2013, 5%
BDF-blended diesel produced
in the process of the Project
meets the following
regulation of FAME blended
diesel fuel in Japan (except
for the sulfur content) :
-FAME content < 5 mass %
-Triglyceride content < 0.01
mass %

-Methanol content < 0.01
mass %

-Total Acid Number (TAN) <
0.13mgKOH/g

5. By 2013, automobile fuel compatibility of
BDF blended with diesel oil is proved by
material compatibility evaluation and engine
combustion performance evaluation.
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-Sum of organic acids
(formic, acetic and propionic
acids) < 0.003 mass %
-Increment of Total Acid
Number (Oxidation Stability)
< 0.12mgKOH/g

RRCRIERE 7.1

7.1 By 2012, technologies for
bio-oil separation and
stabilization which separate
solid sediment and
water-soluble fractions in
bio-oil and selectively recover
water-insoluble fractions for
further upgrading to
transportation fuel, is

FRCRFREE 7.1

7.1 By 2013, technologies for bio-oil separation
and stabilization which separate solid sediment
and water-soluble fractions in bio-oil and
selectively recover water-insoluble fractions for
further upgrading to transportation fuel, is
developed.
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7.2 By 2014, a prototyped
separator/ stabilizer of bio-oil
in a pilot-scale is developed.

7.2 By 2014, a prototyped separator cum
stabilizer of bio-oil in a pilot-scale is developed.
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10. By 2013, CO; emission in
the processes of biomass
residues pyrolysis to bio-oils
and following upgrading of
bio-oils to transportation fuels
is clarified by the Life Cycle
Assessment (LCA).
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10. By 2014, CO, emission in the processes of
biomass residues pyrolysis to bio-oils and
following upgrading of bio-oils to
transportation fuels is clarified by the Life
Cycle Assessment (LCA).
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11. By 2014, biofuels derived
from Jatropha residues,
including biofuels derived
from co-processing
hydrodeoxygenated bio-oil
with petroleum, meets the
quality standard of petroleum
gasoline and diesel oil. (sulfur
content < 10ppm, oxygen
content < 0.1wt% for neat
processing; and sulfur content
< 10-50ppm, oxygen content

BCRTERR 11

11. By 2014, automobile fuel compatibility of
biofuels derived from Jatropha residues
(including bio-oil blended with petroleum) is
proved by material compatibility evaluation and

engine combustion performance evaluation.
< FlER >
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< 0.1wt% of for
CO-processing)
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(For human resources development/technology
transfer, practical application of BDF
production technologies)

[Task 5]
12. Researchers involved with biofuels
production and utilization are nurtured.
13. Preparations for practical application of
BDF production technologies are done.

<FAGER >
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12. Number of research papers and
presentations at academic conferences is
increased.

13.1 Issues (e.g. raw materials,
technical/economic/environmental aspects, etc.)

and future directions relating to practical
application of BDF production technologies are
clarified.

13.2 Actions for practical application of BDF
production technologies are taken (e.q.
strengthening collaboration with primary
industries, business enterprises, neighboring
countries).
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- Above-mentioned reports

- Research papers, and presentations at
academic conferences

- Clarified issues and future
directions/approaches

- Actions for practical application of BDF




production technologies
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iGH) 2.1

2.2 To design and develop
pilot-scale standardized BDF
production process.

iEH) 2.1

2.2 To design and develop pilot-scale
standardized BDF production process, including
the use of local available feedstock.
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2.2 To produce BDF for
engine tests.

158 2.2

2.2 To produce BDF for engine and on-road
tests.
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application of BDF production technologies
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courses and seminars for researchers of
counterpart organizations.
13.1 To examine strategies for practical
application of BDF production technologies.
13.2 To exchange information and discuss for
strengthening collaborations among concerned
parties (e.q. primary industries, business
enterprises, universities, government,
neighboring countries, etc.) for practical
application of BDF production technologies.
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Preconditions

Necessary budgets for examining practical
application of BDF production technologies are
ensured both in Thai and Japanese sides.
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1. OUTLINE OF THE MID-TERM REVIEW

1-1. Background of the Review

The Project on “Innovation on Production and Automotive Utilization of Biofuels from Non-Food
Biomass” (hereinafter referred to as “the Project”) in accordance with the Agreement on Technical
Cooperation between the Government of Japan (Gol) and the Government of the Kingdom of Thailand
(GoT) was launched in May 2010,  Since the Project has reached the halfway point, Japan Inteational
Cooperation Agency (JICA) has determined to conduct a mid-term review study for the purpose of
reviewing the achievements of activities of the Project, evaluating them, and suggesting directions for
latter half period of the Project.

1-2. Objectives of the Review

The objectives of the Mid-term Review are:

(1) To identify the extent of achievement of the project purpose and outputs based on the R/D, the PDM,
and the PO,

(2) To identify the positive issues and negative issues, if any, for project implementation;

(3) To evaluate the Project in terms of the five criterta (relevance, effectiveness, efficiency, impact and
sustainability); and

(4) To make recommendations on necessary measures for improvement of the Project.

1-3. Methods of the Review
The Mid-terin Review is conducted:
(1) jointly by Thai and Japanese review teams (hereafter referred to as “the Joint Review Team™);
(2) by collecting data and information through;
1) examining the reports and documents prepared by the Project.
i) interviewing Japanese experts/researchers, Thai counterparts (C/Ps), and authorities concemned.
iti) observing the Project sites.
(3) by assessing the degree of achievement of the Project; and
(4) by analyzing the overall achievement based on the five evaluation criteria listed below
1) Relevance: It measures the extent to which the Project is consistent with the priorities and
policies of the target group, GoT and Gol.
ii) Effectiveness: It concerns the extent to which the Project purpose has been achieved, in relation
to the outputs produced by the Project.
iii) Efficiency: It measures the outputs in relation to the inputs, in terms of timing, quality and
quantity.
iv) Impact: It refers to direct and indirect, positive and negative impacts caused by implementing
the Project.
v) Sustainability: This is to question whether the Project effects will be sustained after the Project,
focusing on institutional, financial and technical aspects.
Please see attached Evaluation Grid (Annex-1) for reference.



1-4. Members of the Joint Review Team

(1) Japanese team

Mr. Gen Kojima Leader
Advisor, Industrial Development and Public Policy Department
Japan International Cooperation Agency (JICA)

Ms. Junko Satkawa Evaluation Analysis
Consultant, KRI International Corporation

Prof. Dr. Makie Kokubun SATREPS Planning and Evaluation
Tohoku University
Program Officer, Science and Technology Research Partnership for
Sustainable Development (SATREPS)

Ms. Chihiro Inoue SATREPS Plamning and Evaluation
Unit Chief, Research Partnership for Sustainable Development Division
Japan Science and Technology Agency (JST)

(2) Thai team

Dr, Paritud Bhandhubanyong Leader
Project Director
National Science and Technology Development Agency
{(NSTDA)

Ms. Peesamai Jenvanitpanjakul Member

Senior Research Supervisor, NSTDA
Assoc, Prof, Siriluck Nivitchanyong ~ Member
Project Manager, NSTDA
Dr. Sutiporn Chewasatn Member
Deputy Project Manager
Thailand Institute of Scientific and Technological Research
(TISTR)
Dr. Surin Laosooksathit Member
Deputy Project Manager
King Mongkut’s University of Technology North Bangkok
(KMUTNB)

1-5. Schedule of the Review
The Mid-Term Review was conducted from 21 November to 4 December 2012 for carrying out the

following activities:

Date Activities

21% Nov. | Wed | Arrive at Bangkok.
Mest with JICA Thai Office and JICA experts/researchers.

227 Thu | Interview with Deputy Project Manager (Dr. Sutiporn Chewasatn)
Interview with C/Ps of TISTR.
Visit to pilot plant and laboratory at TISTR.

23" Fri Interview with Project Director (Dr. Paritud Bhandhubanyong)
Interview with C/Ps of MTEC/NSTDA.
Visit to laboratory at MTEC.,

24" Sat Information compilation and preparation of the report.
25" Sun | Information compilation and preparation of the report.
26" Mon | Interview with C/Ps of KMUTNB.
Visit to laboratory at KMUTNB,
27" Tue | Interview with Senior Research Supervisor (Ms. Peesamai Jenvanitpanjakul) and

Project Manager (Assoc. Prof. Siriluck Nivitchanyong)
Interview with C/Ps of MTEC.

28" Wed | Interview with DEDE.
Internal meeting.




20" Thu | Courtesy Call to NSTDA President (Dr. Thaweesak Koanantakool).
Courtesy Call to TISTR Governor (Mr. Yongwvut Sacvapruk).

Visit to pilot plant and laboratory at TISTR.

Visit to laboratory at MTEC.

Visit Isuzu Technical Center laboratory to observe on-road test vehicle.

30" Fri Joint Review Meeting
Courtesy Call to KMUTNB Vice President (Dr. Chnasak Baitiang).
Visit to laboratory at KMUTNB.

1¥ Dec. | Sat Preparation of the report.

2" Sun | Internal meeting,
3% Mon | Joint Review Meeting.
4" Tue | JCC Meeting

Leave for Japan

1-6. List of Personnel Visited by the Joint Review Team

<NSTDA>

Dr. Thaweesak Koanantakool
Dr. Paritud Bhandhubanyong
Ms. Peesamai Jenvanitpanjakul

<MTEC/NSTDA>

MTr. Werasak Udomkichdecha
Assoc. Prof.

Siriluck Nivitchanyong

Dr. Nuwong Chollacoop

Dr. Sumittra Charojrochkul
Dr. Sittha Sukkasi

Ms. Parncheewa Udomsap
Dr. Peerawat Saisirirat

Mr. Teerapong Baitiang

Mr. Kiatkong Suwannakij
Ms. Vituruch Goodwin

Dr. Boonyawan Yoosuk

Ms. Buppa Shomchoam *

Dr. Manida Tongroon *

Ms. Thitimaporn Duangmanee
Dr. Yatika Somrang

Mr. Chalat Teeratitayanggoon
Ms. Iiraporn Boonpo

Dr. Duangduen Atong

Dr. Viboon Sricharoenchaikul
Ms. Supawan Vichaphund
Dr. Jitti Mungkalasiri

Ms. Wanwisa Thanungkano

*Interview in Japan,

<TISTR>

Mr. Yongvut Saovapruk

Dr. Sutiporn Chewasatn
Ms. Chanchira Sinoulchan
Dr. Siriporn Larpkiattaworn

President
Project Director
Senior Research Supervisor

Executive Director

Project Manager

Deputy Executive Director in Research and Development
Research Leader

Bioenergy Lab.

Electrochemical Materials and System Lab.
Materials Technology for Hazardous Substances Free Products Lab.
Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Bioenergy Lab.

Applied Ceramics Lab.

Applied Ceramics Lab.

Ceramics Processing Lab.

LCA Lab.

LCA Lab.

Governor

Deputy Project Manager

Acting Director, International Relations Division
Research Leader

Materials Innovation Dept.
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Materials Innovation Dept.
Materials Innovation Dept.
Materials Innovation Dept.
Materials Innovation Dept.
Materials Innovation Dept.
Energy Technology Dept.
Energy Teclnology Dept.
Energy Technology Dept.
Energy Technology Dept.
Energy Technology Dept.
Energy Technology Dept.
Energy Technology Dept.
Energy Technology Dept.
Energy Technology Dept.
Energy Technology Dept.

Ms. Phanthinee Somwongsa
Ms, Laksana Kreethawate

Dr. Nittaya Keawprak

Dr. Wasana Khongwong *
Ms. Supranee Lao-Ubol *

Dr. Chanakan Asasutjarit

Ms. Thanita Sonthisawate

Ms. Lalita Attanatho

Miss Chiraphat Kumpidet

Mr. Nattawee Teerananont *
Dr. Thanes Utistham

Dr. Wirachai Soontornrangson
Mrs. Rommanie Wungdeethum
Mr. Sophon Phromsuwan

Mr. Apichat Junsod

*Interview in Japan.

<KMUTNB >
Assoc. Prof. Dr. Chanasak Baitiang
Dr. Surin Laosooksathit

Vice President, for Academic Affairs
Deputy Project Manager

Dean, Faculty of Applied Science

Head, Department of Industrial Chemistry
Head, Chemical Engincering Department
Research Leader

Industrial Chemistry and RCC group
Industrial Chemistry and RCC group
Industrial Chemistry and RCC group
Industrial Chemistry and RCC group
Industrial Chemistry and RCC group
Industrial Chemistry and RCC group

Dr. Sirisart Quajai
Dr. Kraipat Cheekachom
Dr. Sabaithip Tungkamani

Dr. Phavanee Narataruksa
Dr. Tanakorn Ratana

Dr. Samittichai Seeyangnok
Dr. Chaiwat Yoonoo

Dr, Rungsima Yeetsorn

<DEDE >

Dr. Prasert Sinsukprasert
Ms. Munlika Sompranon
Ms. Vinuchada Talangsri
Ms. Charoensri Huadmai

Director, Planning Division

Plan and Policy Analyst Professional Level, Planning Division
Plan and Policy Analyst Professional Level, Planning Division
Consultant, DEDE

Ms. Chidchanok Choompalee
Ms. Sutharee Kiatman
Ms. Chanettee Sikhom

<JICA Thai Office>
Mr. Tomoyuki Kawabata
Mr. Fumiya Misaka

<Japanese Experts/Researchers>
Dr. Yuji Yoshimura

Dr. Akio Nishijima

Mr. Yoshiaki Miura

Foreign Relations Officer
Engineer, Practitioner Level
Scientist, Practitioner Level

Senior Representative
Representative

Project Leader
Prime Senior Researcher

Advanced Industrial Science and Technology (AIST)

Project Expert
Professor

Environmental Research Institute, Waseda University

JICA Project Coordinator



2. OUTLINE OF THE PROJECT
2-1. Background of the Project

Research on alternative energy has a long history in the Kingdom of Thailand. Development of
bioethanol and biodiesel have been addressed as parts of the Royal Projects since around 1970 and
energy generated from food biomass such as cil palm are currently the mainstream. On the other hand,
it is preferable to avoid utilizing food biomass for generating fuels; thus, examination on this method 15
required. Due to this background, there have been growing needs for clarification of development
mechanism of non-food biofuels and standardization of tests on these biofuels in Thailand. Although
Jatropha oils and surplus agriculture residues are listed as promising options for feedstock for production
of non-food biofuels, Jatropha contain toxic materials such as phorbol ester, so their detoxification is
needed for utilization as biofuels. Development of fundamental technologies for upgrading biofules as
automotive utilization is essential and technical problems are required to be overcome.

Considering these situations, the Government of the Kingdom of Thailand (GoT) requested support of
the Government of Japan (GoJ) under the form of scientific technical cooperation with aiming to
innovate biofuels from non-food biomass. In response to this request, detailed planning survey was
conducted in September 2009 and the record of discussion (R/D) on technical cooperation project
“Innovation on Production and Automotive Utilization of Biofuels from Non-Food Biomass™ with the
period from May 2010 to March 2015 was signed in February 2010. The Project has been
implemented by National Institute of Advanced Industrial Science and Technology (AIST) and Waseda
University (WU) together with Thai counterparts of National Metal and Materials Technology Center
(MTEC), one of the four national centers under National Science and Technology Development Agency
(NSTDA), Thailand Institute of Science and Technological Research (TISTR), and King Mongkut’s
University of Technology North Bangkok (KMUTNB).

2-2. Summary of the Project
The Project design is stipulated as follows:

(1) Overall Goal

The improved technologies for biofuels from non-food biomass by the Project are disseminated in
Thailand.

(2) Project Purpose

Fundamental technologies to produce biofuels from non-food biomass for automotive utilization are
developed.

(3) Outputs
(For Research Achievement 1)

[Task 11

1) Detoxification conversion technology for production of non-toxic BDF is developed.

2) Standardized production technology of high-quality BDF in a pilot-scale 1s developed.
3) Catalyst utilization technology for upgrading Jatropha BDF is developed.
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4) CO2 reduction effect of high quality BDF from Jatropha oil is clarified by the Life Cycle
Assessment (LCA).

[Task 4]

5)  Automobile fuel compatibility of high quality BDF produced by the Project is proven.
(For Research Achievement 2)

[Task 2]

6) Production technology of bio-oil from Jatropha residues by thermal/ catalytic conversion is
developed.

7)  Separation and stabilization technologies of bio-oil are developed.

Task 3]

8) Deoxygenation and catalytic hydrotreating technologies for upgrading of bio-oils to the quality of
petroleum gasoline and diesel oil are developed.

9) Co-processing technology of deoxygenated bio-oils and conventional petroleum, which can be
utilized at a conventional petroleum refinery, is developed.

10) CO2 reduction effect for using Jatropha derived oils as transportation fuels is clarified by the Life
Cycle Assessment (LCA).

[Task 4]

11) Automobile fuel compatibility of bio-oils from Jatropha residues, including bio-oils upgraded with
conventional petroleum, is proven.

See Annex-2 for the Project Design Matrix (PDM) which was agreed on 11" September 2009, which
includes more detailed description such as project activitics and indicators,



3. ACHIEVEMENTS OF THE PROJECT
3-1. Achievement of Inputs
Please see Annex-3 and Annex-4.

3-1-1. Japanese Side
(1) Dispatch of Experts
Fifteen short-term experts/researchers and one long-term expert (Project Coordinator) were dispatched.
Total assigned days by middle of November 2012 are 328 days for the former and 866 days for the latter.

(2) Counterpart (C/P) Training in Japan
Twenty-one persons in total (twice for two persons) were trained in Japan.

(3) Provision of Equipment
The equipments listed in the Annex-3 (3) were provided by Japanese side. They are basically in good
condition and sufficiently utilized for the Project activities'.

(4) Local Cost Expenditure
1.718 million THB for JFY2010 (2010.7-2011.3), 1.053 million THB for JFY2011 (2011.4-2012.3), and
0.575 million THB for JFY2012 (2012.4-2012.9) have been spent for the Project activities.

3-1-2. Thai Side

(1) Assignment of Counterpart (C/P) Personnel

Eighty-nine persons from NSTDA (2), MTEC/NSTDA (40), TISTR (34), and KMUTNB (13) have been
assigned as C/P personnel for the Project.

(2) Facilities and Equipment

Working space or rooms for Japanese experts as well as laboratorics for the Project are offered at all C/P
organizations. The workshop for BDF pilot plant and pyrolyzers was set at TISTR. The equipments
listed in the Annex-4 (2) were prepared by Thai side. They are utilized for the Project activities.

(3) Local Cost Expenditure
4.065 million THB for Year 2010 (2010.5-2011.3), 4.827 million THB for Year 2011 (2011.4-2012.3),
and 8.137 million THB for Year 2012 (2012.4-2012.9) have been spent for the Project activities.

3-2. Achievement of Activities
The Project has undertaken many activities under 4 Tasks as follows:

1) Task 1: Production of high quality BDF from Jatropha oil.
2) Task 2: Production and upgrading of bio-oil from Jatropha residues.
3) Task 3: Upgrading Bio-oils and Life Cycle Assessment,

! Fluidized Bed Pyrolyzer installed at TISTR in Sep. 2012 is required for some modification before start of
operation. Degumming Equipment installed at TISTR in Jul. 2012 is also required for optimal operation
adjustinent.
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4) Task 4: Evaluation of automobile fuel compatibilities of high quality BDF and biofuels from

Jatropha residues

Planned activities

3-2-1. Activities

and those which have been undertaken are summarized as follows.

under Taskl

ACI;%%;S m Status of Activities Ac?;ggélsh
1.1 To research - Most of phorbol ester is transitioned to glycerine in BDF production 60-80%
and develop process, 1t was verified that the remaining phorbol ester was will be
detoxification vanished after partial hydrogenation, completed by
technology for - Methods for phorbol ester and toxicological assessment were March 2013,
BDF production. ! developed.
2.1 To design and | - A high quality BDF production plant with treatments of detoxification, 80-100%
develop partial hydrogenation and deminecralization was instalted at TISTR iu will be
pilot-scale Jan, 2011, continued till
standardized BDF | - Afier test operations in Feb. and March 2011, the plant was handed over | March 2013,
production to Thai side in May 2011.
process. - Degumming unit was installed in July 2012.

- Optimization of the pilot plant operation will be continued.
2.2 To produce - The plant has been operated since July 2011. 80-100%
BDF forengine |- After repair of damages by flooding, operation of the plant was resumed | will be
tests. to provide BDF to AIST, WU, and MTEC for engine and on-road tests. continued till
March 2015,
3.1 To identify - New catalysts such as Fe/Si02, Ti-SBA15, ZnQ/Zeolite, ZnQ/Al1203 60-80%
heterogeneous etc. which have more severe reaction conditions but lower possibilities will be
catalysts for of leakage than basic catalysts (CaO, MgO, ctc.) were identified. continued till
transesterification. |- Research activities for identifying next-generation catalysts with March 2015,
high-performance will be continued.
3.2 To develop - Technologies for enhancing oxidation stability that polyunsaturated fatty | 80-100%
hydrotreating acid ester would be converted to monounsaturated fatty acid ester by will be
technologies for partial hydrogenation were developed. continued till
oxidation stability. | - Lengthening life-span of precious metal catalysts and scale-up of March 2015.
hydrogenation process are under examination.

3.3 To develop - Technology incorporating the adsorbents eliminating alkali metal (Na, 60-80%
demineralization K, etc.), alkali earth metal (Ca, Mg, etc.) and P for BDF production was | will be
technology of developed at laboratory scale. continued till
BDF. - Verification on this technology at the pilot plant scale will be continued. | March 20135.
3.4 To conduct - Detailed analysis method on BDF and bio-oils by using gas 80-100%
detailed analysis chromatography (GC) and GC with mass spectrometry (GC-MS) was will be
of BDF and developed and shared with Thai CP organizations. continued till
big-oils. March 2015.
4.1 To conduct - Data/information on Jatropha cultivation and production of BDF were 40-60%
Life Cycle collected. will be
Assessment on - LCA on the process from Jatropha cultivation and their continued till
high quality BDF milling/extraction was done. March 2015.
production by the |- LCA on BDF production will be continued.
Project.
3-2-2. Activities under Task2

ACt;g‘ﬁs n Status of Activities Acfﬁigﬁ:mh
6.1 To develop - Zeolite catalysts and carbon supported metal catalysts which could 60-80%
catalysts for produce bio-oil composed mostly of hydrocarbon with lesser oxygen will be
catalytic fast contents were identified. continued till
pyrolysis. - Researches for improving these catalysts will be continued, March 2015,
6.2 To research - Reaction profiles on pyrolyzers were assessed by analyzing operability 60-80%
and develop and characteristics of extruded-type fast pyrolyzer (TISTR) and fluidized | will be
gyrolysis reactor bed pyrolyzer (AIST). _ ) continued till
For catalytic fast - Fluidized bed pyrolyzer was instalied at TISTR and its operation willbe | pfarch 2015
pyrolyzer. started, '

- Optimization for extruded-tvpe fast pyrolyzer will be continued.
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7.1 To design and | - Method 1o separate bio-oils into water soluble component and water 40-60%
develop insoluble component from lignin was identified. will be
separation - Proto-type separator was designed and its fabrication is underway. continued till
tecimologies of March 2015,
bio-oils from
Jatropha residues.
7.2 To research - Methods fo suppress viscosily increase of bio-oils by polymerization 40-60%
and develop were identified. will be
technologies for | . Experiments with antioxidants and partial hydrogenation to stabilize continued till
InCTeasing bio-oil have been conducted. March 2015,
stability of
big-oils,
3-2-3. Activities under Tusk3
AClllj‘Btﬁis m Status of Activilies Accffliz_ﬁmh
8.1 To research - Technologies of direct deoxygenation (Decarboxylation) and 40-60%
and develop hydrodeoxy genation were examined, and it was found that the latter will be
deoxygenation reaction is superior to the former one. continued till
ggl'gﬁ;‘)gy of - The activity for hydrodeoxygenation (HDOQ) of modet oxygenated March 2015.
TR compound is approximately 80-95% over CoMo sulfide catalyst.
8.2 To research - It was found that CoMo sulfide catalysts are superior to NiMo sulfide 40-60%
and develop catalysts in terms of their capabilitics and yields of aromatic will be
catalytic liydrocarbons in production of hydrocarbon fuels by upgrading bio-oils. | continued till
technology for - It was verified that Co metal catalysts could function for March 2015.
E%g_r(i?smg hydrodeoxygenation of lower sulfur bio-oils.
9.1 To research - It was found that co-processing of bio-oils and conventional petrolenm 40-60%
and develop could promote deoxygenation of bio-oils and desulfirrization of will be
Co-processing petroleum fractions, and maintain the performance of CoMo sulfide continued till
technologies of catalysls March 2015
deoxygenated ) '
bio-oils with
conventional
petrolenm.
10.1 Toconduct |- 'This activity could be started after normal production process of bio-oils | will be started
Life Cycle from Jatropha residues in order to prepare inventory data. from 2013,
Assessment on
biofuels
production via.
Pyrolysis-liydrotre
ating process.
3-2-3. Activities under Task4
Actggtﬁgs m Status of Activities Ac?ﬁiggthsh
5.1 To evaluate - Material compatibilities of high quality BDF produced from Jatropha oil | 60-80%
material were verified.  If quality of BDF is ensured, ithere would not be any will be
conpatibilities of | problems relating to material compatibilities. continued till
high quality BDF March 2013.
produced by the
Project.
5.2 To evaluate - Characteristics of combustion behavior, exhaust gas emission on both 60-80%
combustion high-quality BDF with partial hydrogenation and conventional BDF with | will be
behavior of the antioxidants were examined. continued till
BDF. - Further investigation will be continued with different combustion March 2015.
systems,
3.3 To evaluate - Engine experiments on BDF blended diesel oil were conducted. 60-80%
engine - Effects on characteristics of engine performarce, combustion behavior will be
performance of and exhausts were investigated. contmued il
the BDF. - Durability tests of on-road vehicle and engine are underway. March 2015,

e




5.4 To simulate
combustion
behavior of the
BDF.

- Numerical simulation by using surrogate mechanism model was
conducted to estimate characteristics of combustion behavior and
exhausts with an aim for optimal conditions for engine operation,

- Improvement of the model will be done to enable quantitative prediction
of heat release rate and exhaust gas.

60-80%

will be
continued till
March 2013,

11.1 To evaluate
material
compatibilities of
biofuels derived
from the bio-oils
produced by the
Project, including
biofuels derived
from
co-processing
bio-oils from
Jatropha residues
with conventional
petrofeum.

This activily could be started after fast pyrolysis reactor at TISTR could
produce sufficient amount of bio-oils fromn Jatropha residucs with
upgraded quality.

will be started
from 2013.

11.2 To evaluate
combustion
behavior of the
biofuels.

- Same as the above.

will be started
from 2013.

11.3 To evaluate
engine
performance of
the biofuels.

- Same as the above.

will be started
from 2013.

11.4 To simulate
combustion
behavior of the
biofuels.

- Same as the above.

will be started
from 2013.

3-3. Achievement of Outputs

The status of achievements of the Project Outputs in terms of verification indicators as per PDM is

shown as follows.

| Narrative Summary

Verification Indicators

Achievements

For Research Achievement 1

Task 1 | Qutputl: Detoxification
conversion technology for

developed.

production of non-toxic BDF is

1. By 2012, toxic content {phorbol
ester) in BDF is reduced to the
safety level.

- Tt was verified that the
remaining phorbol ester was
vanished after partial
hydrogenation, Thus, this
indicator was achieved.

Output 2: Standardized
production technology of

is developed.

high-quality BDF in a pilot-scale

2. By 2012, a high quality BDF
production plant with detoxification
and oxidation stabilization units is
operated continuously for
processing Jatropha oil in Thailand
on a one-ton per day basis.

- A high quality BDF production
with capacity of 1 ton per day
was started its operation. Thus,
this indicator was achieved.

Oulput 3: Catalyst utilization
technology for upgrading
Jatropha BDF is developed.

3. By 2014, the quality of BDF
satisfies the "EAS-ERIA Bio-Diesel
Fuel Standards’ as well as the
Bio-Diesel Guidelines of the World
Wide Fuel Charter.

- Production of high-quality BDF
(from high-quality Jatropha oil}
to meet these standards was
already realized.

- Verification on experimental
conditions at the PP to produce
high-quality BDF from
lower-quality Jatropha oil will
be continued. Thus, it is
expected that this Output would
be fully achieved by 2014,

of high quality BDF from

Qutput 4; CO2 reduction effect

Jatropha oil is clarified by the

4, By 2013, CO2 emission in the
processes of high quality BDF
production proposed by the Project

- Further data/information are
required for LCA on whole
process of high-quality BDF
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Life Cycle Assessment (LCA).

is clarified by the Life Cycle
Assessment (LCA).

production.

It is expected that this Output
would be achieved. However, it
is better to extend the target
year considering collection of
necessary data/information.

Task 4 | Output 5. Automobile fuel
compatibility of high quality
BDF produced by the Project is
proven.

5. By 2013, 5% BDF-blended diesel
produced in the process of the Project
meets the following regulation of
FAME blended diesel fuel in Japan
(except for the sulfur conient):
-FAME content < 5 mass %
-Triglyceride content < 0.01 mass %
-Methanol content < 0.01 mass %
-Total Acid Number (TAN) <
0.13mgKOH/g

-Sum of organic acids (forinic, acetic
and propionic acids) < 0.003 mass %
« -Increment of Total Acid Number
(Oxidation Stability) < 0.12mgKOH/g

Evaluations of material
compatibility and engine
combustion of BDF blended
with diesel otl have been
conducted. Thus, it is expected
that automobile fuel
compatibility of high quality
BDF produced by the Project
would be proven,

Since present indicator for this
Output shows quality of the
fuels which would be targeted
as autownobile fuel
compatibility, it is better ta be
changed.

For Research Achievement 2

Task 2 | Qutput 6. Production technology
of bio-0il from Jatropha residues
by thermal/ catalytic conversion
is developed.

6.1 By 2012, fast pyrolysis catalyst
for hydrodeoxygenation which make
oxygen contents less than 40wi% is
developed

Since these catalysts were
identified, this indicator has
been achieved.

6.2 By 2014, a prototyped pyrolysis
reactor for catalytic fast pyrolyzer,
which can treat 500kg of biomass
residues per day, is developed.

Fast pyrolyzer with capacity of
treating 20kg/hour of residues
was installed at TISTR. Its
operation will be started. Thus,
this indicator has been almost
achicved.

Output 7. Separation and
stabilization technologies of
bio-oil are developed.

7.1 By 2012, technologies for
bio-oil separation and stabilization
which separate solid sediment and
water-soluble fractions in bio-oil
and selectively recover
water-insoluble fractions for further
upgrading to transportation fuel, is
developed.

These technologies were
already developed at laboratory
level, They would be tested at
the separator cum stabilizer to
be installed at MTEC.

7.2 By 2014, a prototyped
separator/stabilizer of bio-oil in a
pilot-scale is developed.

The separator cum stabilizer
was designed and would be
installed at MTEC by June
2013.

Task 3 | Output 8. Deoxygenation and
catalytic hydrolreating
techinologies for upgrading of
bio-oils to the quality of
petroleum gasoling and diesel
oil are developed.

8. By 2012, oxygen content of
bio-oil from Jatropha residues is
reduced by 10-20wt%.

This standard of oxygen
contents was achieved at
laboratory level by using model
bio il over CoMo sulfide
catalyst. The deexygenation and
catalytic hydrodeoxygenation
technology could be applied for
bio-oil from Jatropha residues
once they are available

Output 9. Co-processing
technology of deoxygenated
bio-oils and conventional
petroleum, which can be utilized
at a conventional petrolenm
refinery, is developed.

9. By 2014, the quality of the
blended deoxygenated bio-oil with
petrolenm fractions and further
upgraded under the conventional
petrolenn refining conditions meets
the quality standard of petroleum
gasoline and diesel oil. (sulfur
content < 10-50ppm, oxygen
content < 0.1wt%)

Activities for this outpul have
been cartied out using mixed
model compound of Jatropha
bio oil and woody tar over
CoMo sulfide catalyst. The
sulfur content in upgraded
woody tar is approximately
400-500 ppm. This technology
could be improved and applied
for the real biended
deoxygenated bio-oil with
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petroleum fractions to achicve
the standard content. Thus, this
indicator is highly expected to
be achieved by 2014,

the Life Cycle Assessment

(LCA).

Output 10. CO2 reduction effect
for nsing Jatropha derived oils as
transportation fuels is clarified by

processes of biomass residues
upgrading of bio-oils to

the Life Cycle Assessiment.

10. By 2013, CO2 emission in the
pyrolysis to bio-oils and following

transportation fuels is clarified by

Activities for this Oulpul have
not yet started.

Ii is better to extend the target
year considering plan of
activities.

Task 4

bio-oils upgraded with
conventional petroleum, is
proven,

Qutput 11. Automobile fuel
compatibility of bio-oils from
Jatropha residues, including

Jatropha residues, including

hydrodeoxygenated bio-o0il with
petroleuin, meets the quality

processing; and sulfur content <
10-30ppin, oxygen content <
0.1wt% of for co-processing)

11. By 2014, biofuels derived [rom
biofuels derived from co-processing
standard of petroleum gasoling and

diesel oil. (sulfur content < 10ppm,
oxygen content < 0, 1wt% for neat

Activities for this Ouiput have
not yet started.

Since present indicator for this
Output shows quality of the
fuels which would be targeted
as automobile fuel
compalibility, it is better to be
changed.

3-4. Achievement of Project Purpose
Status of indicators that measure attainment level of the project purpose is show as follows.

Narrative Suinmary

Verification Indicators

Achievements

Project Purpose:

Fundamental technologies to produce
biofuels from non-food biomass for
automotive utilization are developed.

1. Ti is possible to produce Biodiesel
fuel (BDF) which meets

the "EAS-ERIA Bio-Diesel Fuel
Standards’ (10.0 hours oxidation
stability which is higher than the EU
standard EN 14214 of 6.0 hours) on a
one (1) ton per day basis.

- A high quality BDF to meel
the "EAS-ERIA Bio-Diesel Fuel
Standards’ was produced (from
high-quality Jatropha oil) at the
pilot plant of TISTR with capacity
of 1 ton per day. Thus, this indicator
was achieved.

- Itis expected that stable production
of high quality BDF from even
lower-quality Jatropha oil would be
realized after continuous
experimental activities.

2. The quality of biofuels from
Jatropha residues produced by the
Project satisfies the quality standards
of petroleum gasoline and diesel oil
(sulfur contents < 10ppm, oxygen <
0.1wt%) at laboratory level.

- Activities for developing
technologies on production of
biofuels from Jatropha residues and
their upgrades have been
undertaken. Then, certain level of
outputs has been achieved at
laboratory level.

- Experiments of fast pyrolysis
reactor would be started at TISTR
within March 2¢13 and sufficient
amount of bio-oils would be
produced. Thus, above activilies
for ensuring production and
upgrading technologies could be
accelerated.
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4. PROJECT IMPLEMENTATION PROCESS
4-1. Project Implementation and Monitoring System

Since both Japanese experts and Thai C/P personnel have positively committed to the Project activities,
the Project has been progressed as planned without major changes and delay. Although some facilities
and equipment at TISTR were damaged by flooding in October last year, they have been rehabilitated in
May this year and their operations were resumed.

Before starting of the Project and at its initial stage, divisions of duties and responsibilities of respective
C/P organizations (MTEC/NSTDA, TISTR, and KMUTNB) were fully discussed between both
Japanese and Thai sides. Thus, the project implementation structure was well prepared.

Overall implementation of the Project has been monitored by the JCC as well as the Steering Committee
Meeting. The JCC meetings are hield once a year where progress of the Project are reviewed and
activities plans for coming year are approved. On the other hand, the Steering Committee Meeting is
held bimonthly among Thai side with participation of Project Director, Project Manager, Deputy Project
Managers, Senior Research Supervisor, research leaders from three C/P organizations, and JICA Project
Coordinator. At these Mectings, progress in their activities is shared and critical issues are discussed,
Quarterly progress reports are prepared by respective organizations and submitted to JICA. Thas, it
could be said that the monitoring system for the Project has been established and functioned sufficiently.

In addition, annual workshops for presenting outcomes of the research activities were held (September
2011 and September 2012), Annual general mectings for C/P rescarchers and laboratory visits were
also held. These events have facilitated information sharing and collaboration among C/P
organizations and their personnel.

4-2, Communication and Information Sharing

Since MOU on technical cooperation was already concluded among AIST, NSTDA, and TISTR even
before this Project started, they have established close relations, Through frequent visits of Japanese
experts to Thailand, C/P trainings in Japan, and above-mentioned meetings and events, Thai C/P
personnel and Japanese experts have established close relations; hence, their communication seems to be
smooth. According to interviews with Japanese experts and C/Ps, nearly all think communication and
information sharing between both parties are smooth and appropriate. Many C/Ps answered that they
could consult with Japanese experts through e-mail once they face difficulties and Japanese experts
would response to give appropriate guidance.

Information sharing and communication with other Thai organizations seem to be smooth through the
Steering Meetings and other Project-related events. Regarding information sharing and communication
within respective organizations, what discussed at the Steering Committee seems to be appropriately
shared through frequent internal meetings and e-mails,
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4-3. Ownership of the Thai Side

C/P rescarchers are assigned with consideration of their expertise and backgrounds, which have
contributed to efficient implementation of the Project activities.

While those who have realized the PDM and understood its contents are limited, nearly all C/Ps seem to
fully understand their tasks/responsibilities and their targets, and their relations to the Project Purpose
with sufficient level.  Although levels of commitments of C/Ps to the Project activities differ depending
on their other duties, it seems that they have worked hard for achieving the targets of their tasks.

4-4.Technology Transfer

C/P organizations of MTEC, TISTR, and KMUTNB alrcady had experiences in research and
development of bio-energy and reached to certain level of expertise and technologies before the Project
started.

Under this Project, it secem that knowledge and technologies have been appropriately transferred from
Japanese side to Thai side through visits by Japancse experts to Thailand for technical guidance, C/P
trainings in Japan, technical workshops, and other frequent communications. Nearly all C/Ps expressed
their satisfactions with way of knowledge/technologies transfer and realization on enhancement of their
knowledge/technologies.

Japanese side dispatched their experts to Thailand more frequently particularly for significant issues
such as installation and operation start of the BDF pilot plant and fluidized bed pyrolyzer. Actually, it
was commented by C/Ps in TISTR that operation of the pilot plant could not be started without
appropriate guidance from Japanese experts.
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5. RESULTS OF THE EVALUATION
5-1. Relevance

The Project is still relevant in view of consistency with Thai development policies, Japanese ODA
policies, and the needs of C/P organizations as follows:

(1) Relevance to Thai development policies

In 11™ National Economic and Social Development Plan (2012-2016), restoring natural resources and
environmental capital with focusing low-carbon and environment-friendly economy and society is raised
as its development direction. As an energy security strategy, promotion of efficient production of
bio-energy from energy crops is included.

Alternative Energy Development Plan (AEDP 2012-2021) by Ministry of Energy aims to promote
utilization of renewable energy, to support renewable energy technology production industry, and to
facilitate researches and development of efficient renewable energy technologies. AEDP set the
renewable energy share increasing from 7,413ktoe in 2012 (about 10% against the total energy demand)
to 25,000ktoe in 2021 (about 25% against the same). In AEDP, the 2021 target of bio diesel
consumption 18 set at 5.97million L/day while actual consumption as of June 2012 1s 2.5million L/day.

Thus, the Project aiming to develop fundamental technologies to produce biofuels is in line with these
Thai development policies.

(2) Relevance to Japanese ODA policies

The Project is in line with “enhancement of research capabilities and strengthening of network among
researchers and research institutes™ and “countermeasures for environmental and climate change issues™
which are listed as prioritized development subjects in Japan’s Country Assistance Policy for Thailand
(draft, 2012).

(3) Consistency with needs of C/P organizations

All C/P organizations of MTEC, TISTR and KMUTNE have conducted researches on the field of
rengwable energy, particularly on biofuels; thus they have expertise on these fields. In addition, one of
5 target clusters in NSTDA’s R&D Strategy (2011-2016) is “energy and environment”. Energy and
environment are also prioritized areas of KMUTNB. KMUTNB has strategies of supporting research
activities, enhancing capacities of researchers, and collaborating with other partner research institutes,
in these regards, the Project is consistent with needs and expertise fields of C/P organizations.

The Project was judged to be appropriate at the time of the detailed planning survey in September 2009
and is still considered to be appropriate in terms of above-mentioned points; however, some conditions
relating to Jatropha have been changed. Although there was the trend that cultivation of Jatropha was
encouraged seven to eight years ago, interests on Jatropha cultivation have besn decreased in recent
years due to its low economic competitivencss; which would affect Project implementation and future
directions after Project completion. However, Jatropha is still one of the potential feedstock for
producing biofuels in addition to oil palm which is mentioned in the AEDP and is reason for selecting
Jatropha as target crop of the Project. Thus, situations on Jatropha cultivation and its supply chain as
well as factors for influencing these situations are required to be followed-up.

16



5-2. Effectiveness

Two indicators corresponding Research Achievement 1 “development of technologies to produce safe
and high quality BDF from Jatropha oil” and Research Achievement 2 “development of technologies to
produce and upgrade bic-oils from Jatropha residues™ are set to verify the achievement of the Project
Purpose.

As mentioned above, the Project has been progressed quite smoothly. Regarding the Research
Achievement 1, safe and high quality BDF was already produced at the pilot plant of TISTR; thus, this
achievement has been already done with sufficient level. Since further efforts to find robust process
characteristics for wide-range of feedstock quality would be continued, this achievement would be fully
done by end of the Project period.

On the other hand, activities relating to the Research Achievement 2 have been undertaken and certain
level of outputs has been generated at laboratory level as mentioned carlier.  Since experiments of fast
pyrolysis reactor would be started at TISTR within several months and sufficient amount of bio-oils
would be produced, these activities for ensuring Research Achievement could be accelerated.

Considering the current status of these achievements as well as future activities for these Research
Achievements, the Project Purpose is highly expected to be accomplished by the end of the Project.

5-3. Efficiency
3-3-1. Efficiency of Inputs from Japanese Side
Inputs from Japanese side (dispatch of Japanese experts, C/P trainings in Japan, provision of equipments,

local cost expenditures) have been appropriately done in general, in terms of their quantity, quality, and
timing.

(1) Dispatch of Japanese Experts

According to interviews with C/Ps, many of them felt that frequency/timing/duration of visits by
Japanese experts to Thailand are appropriate. They commented that they could consult with Japanese

gxperts through e-mail and cother means of communications although Japanese experts are out of
Thailand.

(2) Provision of Equipment

Designs and specifications of equipments, particularly custom made ones were decided after repeated
discussions between Japanese and Thai sides; thus appropriate equipments were provided basically with
timely manner, Equipments provided have been properly managed and sufficiently utilized for Project
activities®.

(3) C/P Trainings in Japan

Candidates of trainees, schedule of trainings and their contents were decided considering tasks for the
Project of C/P researchers, their opinions and their other duties if any.

% There was some delay in installation of the Pilot Plant at TISTR since it took time to arrange infrastructure for
the workshop. However, this issue was already solved, Despite these discussions for designs and specifications,
there were some cases that modifications were required (g.g. Fluidized Bed Pyrolyzer) since this Project is dealing
with new technology fields.
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According to interviews with C/P researchers who participated in trainings in Japan, most of them
perccived that trainings were conducted with appropriate timing, duration, and contents since they were
directly related to their responsible tasks for the Project and Japanese experts provided appropriate
cuidance to them. They also commented that what they obtained from trainings in Japan were utilized
not only for their responsible tasks for the Project but also for their other duties as well as were shared
with their colleagues.

5-3-2. Efficiency of Inputs from Thai Side
(1) Assignments of Counterparts

As previously mentioned, appropriate C/P researchers are assigned with consideration of their expertise
and backgrounds, and there have been only small changes in these members, which have contributed to
efficient implementation of the Project activities,

(2) Local Cost Expenditures
Budgets for implementing Project activities are acquired by three C/P organizations respectively.

For implementing the Project activitics, MTEC have ensured their own budget and the budget provided
for their five research projects from research fund of “environment & energy cluster” under NSTDA
CPMO which have covered up to June 2013, KMUTNB have also ensured their own budget and the
budget provided for their two research projects from the same “environment & energy cluster”. Both
of them plan to submit the proposals for NSTDA CPMO to provide additional funds for their research
activities, and there is high possibility that NSTDA CPMO would approve them. In case of TISTR, the
budgets by the end of the Project have been aiready ensured at least 2million THB annually.

According to these C/Ps organizations, although their budgets are not regarded as sufficient, they have
dealt with this issue by above-mentioned ways; which have contributed to avoiding critical delays in
Project implementation.

5-3-3. Efficiency of Activities

It seems that the Project activities have been progressed efficiently for generating outputs in general,

There are some factors which affected efficiency of the Project activities as follows:

- Good collaborative rclations between Japanese experts and Thai C/Ps have facilitated research
activities and generated results as expected.

~ Pilot Plant for BDF production was installed and started its operation at relatively early stage of the
Project, which have facilitated effective implementation of the Project by showing the concerned
parties visible outputs of the Project.

- Rehabilitation from flood damage was completed within relatively short period, which contributed to
maintaining motivations of concerned partics towards the Project implementation.

- With supports from private sector such as PTT (PTT Public Company Ltd.) and Isuzu Thailand
Group, evaluation of automobile fuel compatibilities of high quality BDF produced by the Project
including on-road tests was realized.
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5-4. Impact

Following positive impacts or spread effects of the Project were expected before its start:

- Human resources development and strengthening of organizational capacities in research
development fields on biofuels.

- Practical application of technologies on high quality BDF production.

- Application of technologies on high quality BDF production from Jatropha for using other feedstock.

- Application of biofuels for other utilizations than automotive utilization.

The Project has so far brought several impacts relating to these points as follows:
(1) Capacity Development

Research and project implementation capabilities of C/P organizations and their researchers have been

enhanced. Nearly all C/Ps interviewed agreed with enhancement of their knowledge and technologies

regarding biofuels production by the Project activities with giving some evidences below:

- They have obtained knowledge/technologies on production process, how to operate the plant, how to
deal with equipment/tools, methods for experiments, catalytic methods, analytical methods, etc.

- They have become to implement their tasks more efficiently and smoothly afier they have obtained
related knowledge/technologies.

- Some results and outputs have been generated: identification of effective catalysts, actual production
of high quality BDF, etc.

- They made presentations on these issues at the Steering Committee Meetings, annval technical
workshops organized by the Project, academic society meetings, ctc.

- Some theses, research papers, and academic journal articles on these issues have been produced.

(2) For Practical Application

Since annual technical workshops organized by the Project were open to public and on-road tests
conducted with cooperation of PTT and Isuzu Thailand Group was taken up by the mass media, the
Project has gathered attentions from outside parties (changing their recognitions on biofuels and
Jatropha) and has extended networks with them.

For practical applications of technologies on high quality BDF productions, some discussions with
related outside parties such as Ministry of Energy of Thailand, both Thai and Japanese industrial sectors,
and so forth have been started.  Through communications, Ministry of Energy started having interests
on BDF production technologies developed by the Project (e.g. B10%). In addition, surveys on supply
potentials of Jatropha in Thailand and neighboring countries were conducted. Through discussions
with these related parties and surveys, issues for promoting practical application are becoming clear.

Regarding application of technologies on high quality BDF production from Jatropha for other feedstock,
it was already found that these technologies could be applied for other feedstock. Actually, C/Ps of
TISTR already expresses their idea to operate the BDF production pilot plant by using other feedstock
for obtaining reference data.

* 10% of BDF blended with 90% of petro diesel,
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5-5. Sustainability
5-3-1. Policy and Other Supports

Since AEDP aims to promote utilization of renewable energy and to facilitate researches and
development of efficient renewable energy technologies as previously mentioned, supports from Thai
government for these fields are highly expected in general. However, whether they would provide
concrete supports for continuation of the Project related research activities and for practical application
of technologies developed by the Project depends on their interests on these technologies. Thus,
continuous communication with the government, especially Ministry of Energy is required.

In additicn to the policy supports, supports from private industrial sectors are essential for ensuring
sustainability of the Project for its practical applications. The Project has already communicated with
these private industrial sectors and obtained their concrete supports (e.g. from PTT and Isuzu Thailand
Group for evaluvation of automobile fuel compatibilities of high quality BDF including on-road tests).
Continuous efforts by the Project to maintain such relations are required.

5-5-2. Financial Aspects

For continuation of the Project related research activities, it is highly expected that certai level of
budgets would be allocated from TISTR’s own fund and from “environment & energy cluster” under
NSTDA CPMO” since researches and development relating to biofuels production are prioritized fields
of NSTDA and TISTR. Level of budgets to be allocated would be affected by the government policy

as previously mentioned.

5-5-3. Organizational Aspects

It could be observed that C/Ps’ capacities for implementing researches and managing the project have
been enhanced with sufficient fevel through the Project activities. In addition, most of these C/Ps are
highly expected to stay in their organizations till the Project and after its completion. Thus, it could be
said that they could continue the Project-related research activities by themselves even after the Project
completion while continuous collaborative relations with Japanese side would be desirable.

5-6. Conclusions

Two Research Achievements, namely, 1) development of technologies to produce safe and high quality
BDF from Jatropha cil, and 2) development of technologies to produce and upgrade bic-oils from
Jatropha residues are set for achieving the Project Purpose. The Project has been quite smoothly and
efficiently progressed, which has resulted in sufficient level of the former Achievement at the halfway
point. it is particularly worth noting that the Project has realized production of high quality BDF by
applying novel technologies such as upgrading by partial hydrogenation and has led to its on-road tests.
Experiments of fast pyrolysis reactor would be started at TISTR and sufficient amount of bio-oils from
Jatropha residues would be produced within next year, which could accelerate the activities for the
second Achievement. Thus, it was confirmed by the Review Team that the Project Purpose would be
achieved by the end of the Project.

The Review Team found that the achievement of the Overali Goal and sustairability of the Project
20



depends on whether the government would have interests on technologies developed by the Project and
provide supports for continuation of the Project-related research activities and for practical application
of these developed technologies.
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6. RECOMMENDATIONS

Based on the findings, the Review Team would like to raise some matters regarded as necessary for

further improving the Project implementation for the rest of the Project duration.

(1) Revision of the PDM

The Review Team recommends modification of the original PDM attached to the Minutes of Meeting

signed on 11September 2009 based on findings during this Mid-term Review as follows:

Original PDM

Proposal for Revision

Reasons for Revision

Project Purpose Indicator

2. The quality of biofuels from
Jatropha residues produced by the
Project satisfies the quality
standards of petroleum gasoline and
diesel oil (sulfur contents < 10ppm,
oxygen < 0.1wt%) at laboratory
level.

Project Purpose Indicator

2. The qguality of bicfirels from
Jatropha residues produced and
upgraded by the Project satisfies the
quality standards of petroleum
gasoline and diesel oil (sulfur
contents < 10ppm, oxygen <
0.1wi%) at laboratory level,

Since not only production of
biofuels from Jatropha residues but
also their upgrading are included in
Project activities for achieving
Project Purpose Indicator 2,
description of “upgrade” is added.

Output Indicator 4.

4, By 2013, CO2 emission in the
processes of high quality BDF
production proposed by the Project
is clarified by the Life Cycle

Output Indicator 4.

4. By 2014, CO?2 emission in the
processes of ngh quality BDF
production proposed by the Project
is clarified by the Life Cycle

Considering the actual progress,
target year is better to be extended
from 2013 to 2014,

Assessment (LCA). Assessment (LCA).
Ouiput Indicator 5. Ouiput Indicator 5. Quality of fuels which are targeted

5. By 2013, 5% BDF-blended diesel
produced in the process of the
Project meets the following
regulation of FAME blended diesel
fuel in Japan (except for the sulfur
content):

-FAME content < 5 mass %
-Triglyceride content < 0.01 mass %
-Methanol content < .01 mass %
-Total Acid Number (TAN) <
0.13mgKOH/g

-Sum of organic acids (formic,
acelic and propionic acids) < 0.003
mass %

-Increment of Total Acid Nwnber
(Oxidation Stability) <
0.12mgKOH/g

5. By 2013 automobile fuel
compatibility of BDF blended with
diesel oil is proved by material
compatibility evaluation and engine
combustion performance evaluation.

as automobile fue] compatibility is
set as an indicator in original PDM.
Indicator showing achievement of
proving automobile fuel
compalibility of the target fuels is
better to be set.

Ouiput indicator 7.1

7.1 By 2012, technologies for
bio-oil separation and stabilization
which separate solid sediment and
water-soluble fractions in bic-0il
and selectively recover
water-insoluble fractions for further
upgrading to transportation fuel, is
developed.

Output Indicator 7.1
7.1 By 2013, technologies for

bio-oil separalion and stabilizalion
which separate solid sediment and
water-soluble fractions in big-oil
and selectively recover
water-insoluble fractions for further
upgrading to transportation fuel, is
developed.

Considering the actual progress,
target year is better to be extended
{from 2012 to 2013,

Quiput Indicator 7.2

7.2 By 2014, a prototyped Separator/
stabilizer of bio-oil in a pilot-scale
is developed.

Output Indicator 7.2

7.2 By 2014, a prototyped separator
cum stabilizer of bio-oil in a
pilot-scale is developed.

Equipment developed and installed
is a single one including functions
of separator and stabilizer.

Output indicator 10.
10, By 2013, CO2 emission in the

processes of biomass residues
pyrolysis to bio-oils and following

Qutput indicator 10.

10. By 2014, CO2 emission in the
processes of biomass residues
pyrolysis to bio-oils and following

Since LCA could be conducted after
confirming production process of
bio-oils from Jatropha residues and
preparing inventory data, target year
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upgrading of bio-oils to
transportation fucls is clarified by
the Life Cycle Assessment (LCA).

upgrading of bio-oils to
transporiation fuels is clarified by
the Life Cycle Assessment (LCA).

is better to be extended from 2013
to 2014.

Output indicator 11.

11. By 2014, biofuels derived from
Jatropha residues, including
biofuels derived from co-processing
hydrodeoxygenated bio-oil with
petroleum, meets the quality
standard of petroleum gasoline and
diesel oil. (sulfur content < 10ppm,
oxygen content < 0.1wt% for neat
processing; and sulfur content <
10-50ppim, oxygen content <
0.1wt% of for co-processing)

Quiput indicator 11,

11. By 2014, autoimobile fuel
compatibility of biofnels derived
from Jairopha residues (including
bio-oil blended with petrolenim) is
proved by material compatibility
evaluation and engine combustion
performance evaluation.

Quality of fuels which are targeted
as automobile fuel compatibility is
set as an indicator in original PDM.
Indicator showing achievement of
proving automobile fuel
compatibility of the target fuels is
better to be set.

There is no description on outputs
regarding Task 5.

Outputs

(For ruman resources
development/technology transfer.
practical application of BDF

roduction technologies
h

12. Researchers involved with
biofuels production and utilization
are nurtured.

13. Preparations for practical
application of BDF production
technologies are done.

Although activities and outpuls
regarding human resources
development/ technology transfer,
and practical application of BDF
production technologies are not
included in original PDM, these
activities have actually been
conducted under Task 5.

Output Indicator
12, Number of research papers and

presentations at academic
conferences is increased.

13.1 Issues {e.g. raw malerials.
technical/economic/environmental
aspects, etc.) and fisture directions
relating to practical application
BDF production technologies are
clarified.

13.2 Actions for practical
application of BDF production
technologies are taken (e.g,
strengthening collaboration with

primary industries. business
enterprises. neighboring countries).

Same as the above.

Aclivities 2.1

2.2 To design and develop
pilot-scale standardized BDF
production process.

Activities 2.1

2.2 To design and develop
pilot-scale standardized BDF
production process. including the
use of reference BDF feedsiock.

C/Ps expressed their ideas to check
applicability of high quality BDF
production technologies by using
other feedstock for the pilot plant.
Since Japanese side agreed with this
idea, this aspect is included in this
activity.

Activities 2.2
2.2 To produce BDF for engine
lests.

Activities 2.2
2.2 To produce BDF for engine and
on-road tests.

On-road tests which are not
included in original PDM have
actually been started.

Activities 3.4
3.4 To conduct detailed analysis of
BDF and bio-oils.

3.4 To develop detailed analytical
inethods of BDE.

8.3 To develop detailed analvtical
methods of bio-oils,

Since detailed analytical methods
for BDF are relevant to Task 1 and
those for bio-oils are relevant to
Task 3, description on Activities 3.4
in original PDM is divided into two
descriptions.

Activities 10.1

10.1 To conduct Life Cycle
Assessment on biofuels production
via. Pyrolysis-hydrotreating
process,

Activities 10.1

10.1 To conduct Life Cycle
Assessment on biofuels production
via. Pyrolysis-hydrotreating and,
upgrading process.

Due to same reason for changing
Project Purpose Indicator 2 above,
“upgrading” should be added.
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Activities 5

Activities 5
5.5 To conduct on-road tests of the
BDE.

On-road tests whicl: are not
included in original PDM have
actually been started.

Activities 11.3
11.3 To evaluate engine
performance of the biofuels.

Deleted.

Confirming production process of
bio-oils from Jatropha residues and
clarifying their component
comnposition and blend ratio are
pre-conditions for this activity.
Concerned parties discussed this
issue at this mid-term point and
concluded that it was quite difficult
to conduct this activity and achieve
the output within the Project period
after these pre-conditions are met;
thus this activity should be deleted.

Activities 11.4
11.4 To simulate combustion
behavior of the biofuels,

Deleted.

Same as the above.

There is no description on activities
regarding Task 3.

[Task 5] Human resources
development/technology transfer,
and practical application of BDF

production technologics
12.1To conduct technical services,

training courses and seminars for
researchers of counterpart
organizations.

13.1 To examine strategies for
practical application of BDF

production technologies.

13.2 To exchange information and
discuss for strengthening
collaborations among concerned
parties (e.g. primary industries.
business enterprises. universities.
government. neighboring countries,

etc.) for practical application of
BDF production technologics.

Preconditions

Necessary budgets for examining
practical for practical application of

BDF production technologies are
ensured both in Thai and Japanese
sides.

Although activities and outputs
regarding human resources
development/ lechnology transfer,
and practical application of BDF
production technologies are not
included in original PDM, these
activities have actually been
conducted under Task 5.

Please see the attached Proposed Revised PDM (Annex-5) and Proposed Revised Plan of Operation

(Annex-6) for further details.

(2) Further improvement of Project implementation and monitoring arrangements

As previously mentioned, the project irnplementaticn and menitoring system have been functioned with
sufficient level. Introduction of the system for sharing progresses in activities, critical issues occurred,
and coming schedules of respective groups with each other with more frequently should be considered
for further improvement of the project implementation and monitoring (e.g. increase in frequency of

holding Steering Commitiee Meeting).

Those who have realized the PDM and understood its contents are limited both in Thai and Japanese

sides. Taking an opportunity of revising the PDM, the revised PDM should be appropriately shared

among all C/P researchers and Japanese experts.
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(3) Advance discussions on how to deal with unexpected matters

Since the SATREPS Project usually deal with new technology fields, unexpected situations are often
happened. In this Project, some modifications for the equipment provided are required before start of
its operations. Regarding production of high quality BDF from Jatorpha, it had to spend more time and
budgets than expected to obtain Jatropha crude cils. For avoiding interruption or delay in project
implementation, both Thai and Japanese sides of the Project are required to sufficiently discuss in
advance how to ensure budgets for dealing with such unexpected situations.

(4) Continuous actions for practical application of the technologies developed by the Project and
ensuring sustainability of the Project

It was found that the achievement of the Overall Goal (practical application and dissemination on
technologies developed by the Project) and sustainability of the Project depends on the interests and
supports from the related parties such as Thai government and both Thai and Japanese industrial sectors
as well as availability of Jatropha as feedstock.

As previously mentioned, some discussions with outside related parties on this issue have been started.
Both Thai and Japanese sides are required to continue such actions for promoting their interests and
obtaining their supports. In addition, since availability of Jatropha would affect future directions of the
Project, supply potentials of Jatropha in Thailand and neighboring countries as well as other factors
influencing the situations related to Jatropha should be followed-up by the Project.
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Annex-3: Inputs for the Project (Japancse Side)

(1) Dispatch of Expetts
1) Short-Term
No Name Expertise Period Bays Affiliation
2010/5/16 ~  2010/5/18 3
20010/1212  ~  2010/1216 5
201142118~ 20117227 10
20114343 ~  2011/3/23 11
2011/5/17 ~  2011/6/1 16
Research Director/ 20117721 ~ 2011730 0 |National Institute of Advanced
1 |Dr. Yuji Yoshimura BDF praduction from Jatropha oil/ Industrial Science and
Upgrading of bio-oils 201097~ 20119713 9 |Technology (AIST}
0121/15  ~ 20121721 7
2012/5/14 ~  2012/6/9 27
WIXME  ~ 2012721 6
20128713 ~  2012/8/29 17
2012/10/28 ~ 20121172 6
. . Evaluation of engine and emission s
2 (Prof. Yasuhiro Daisho performances of new fuels 2010/8/16 2010/8/20 5 [Wasedas University {(WU)
2010/8/16 ~  2010/8/20 5
. Evaluation of engine and emission
3 |Dr. —~
Dr. Mitsuharu Ogurna performances of new fuels 2011/9/8 2011/9/11 4 |AIST
20129/13  ~ 20129115 3
2010/8/16  ~  201048/20 5
4 [Prof. Makoto Nohtomi Upgrading of bio-oils WU
2011/8/7  ~  2011/8/11 5
201/8/16  ~  2010/8/21 6
; . ; i 2010/1212  ~ 2010/12/16 5
5 {prof, Akio Nishijima Implementalion Strategy/Capacity building and WU
technology transfer 2013517~  2011/5724 g |AIST
2012117~ 2012/1/21 5
6 JProf. Masafumi Kalsula Capacity building and technology iransfer 2010/8/17  ~  2010/8/20 4 WU
201049727 ~  2010/10/2 6
7 |Dr. Yoshikazu Sugimoto  [Upgrading of bio-oils 2011710716~  2011/10/27 12 |AIST
20129/9  ~  2012/9/15 7
2010927  ~  2010/10/2 6
201171724~ 2011/1/29 6
8 {Dr. Makoto Toba BDE production from Jatropha oflUpgrading ™00 1) oy ™ 7 op112119 7 |atsT
of bio-vils
2011/9/25 ~  2011/10/8 14
20129/9 ~  2012/9/15 7
2010/6/27  ~  2010/10/2 6
9 |Dr. Kazuhisa Muorata Production of bic-oils from Jatropha resides 201195~ 20011/9/10 6 JAIST
2012/9/9 ~ 20129115 7
20104127112 ~ 2010/12/14 3
10 |Dr. Hideo Samura Capacity building and technology tra AIST
2011/6126  ~ 2011771 6
o . o 2010/12712  ~  2010/12/16 5
11{Prof. Junichi Watanabe Capacity building and technology transfer WU
2011/6126  ~ 2011/ 6
12 |Prof. Takuya Kirikawa LCA on BDF and high quality BDF 20118/7  ~  2011/8/11 5 (WU
. 2011925 ~  2011/10/11 7
13 [Dr. Yoshizo Suzuki R&D of pyrolyzer for catalytic fast pyrolysis 016226 ~  20123/1 5 |AIST
2012/10/28 ~ 20121172 6
14{Dr. Takehisa Mochizuki |1 o1 0" Of Migh quality BDE from Jakopha | 0121599~ 2012764 12 |A1ST
15 |Ms. Yoliko Abe BDF production from Tntropha ofl/Upgrading | 501509~ 201209015 7 |aIST
of bio-oils
328
2) Long-Term
No Name Expertise Period Days Affiliation
1 |Mr. Yoshiaki Miuea Project Coordinator 2010/7/4  ~ 2012/11/15 866 JICA




Annex-3: Inputs for the Project (Japanese Side)

{2) C/P Training in Japan
Name Organization Subject of Treining Duration Re'?fgg;f‘{“’“‘

1st Year (2010 - 2011}

Ms. Thanita Sonthisawate TISTR g’;‘;ﬂ:‘;ﬂ;ﬁf gggf togy for improving oxidation stability of latropha ) 51,110,y 201011223 32
Ms.Phanthince Somwongsa TISTR iﬁt‘;‘i’:: sereening technology for catalytic fast pyrolysis of Jatropha 2010/1011 2010/11/30 &1
Dr. Thanes Utistham TISTR zzgi‘;smem of a fluidesd-deb pyrolyzer for fast pyrolysis of biomass 2010590 2010111130 62
2nd Year (2011 - 2012)

Dr. Manida Tongroon MTEC/NSTDA |Evaluation of engine performances of the high-quality BDF 2011415 2011/10/15 53
Mr. Kiatkong Suwannakij MTEC/NSTDA |Materials compatibilities of high-quality BDF 201191 201111730 5-1
Dr. Duangduen Atong MTEC/NSTDA fe‘;‘;'uye‘; soreening technology for catalytic fast pyrolysis of Jatropha 20111071 2011711730 &1
Dr. Viboon Sricharoenchakul | MTECHSTDA |2alst sereening technelogy for caalytic fost pyrolysis of Jattopha WIIN ~ 2011130 &1
Dr. Nuwong Chollacoop MTEC/NSTDA |Evaluation of combustion behavior of the high-quality BDF 201i/10/1 201112727 5-4
Ms. Parncheewa Udomsap MTEC/NSTDA [Heterogeneous catalysts for transesterification 2011/10/1 2011112727 3-1
Ms. Thanita Sonthisawate TISTR Detailed analyses of BDF and bio-oils 201111041 2011112727 34
Dr. Siriporn Larpkiattawom TISTR Heterogeneous catalysts for transesterification 201111141 2011412727 3-1
Dr, Chatchalida Boonpanaid KMUTNB  |Catalytic Technology for upgrading bio-oils 2011111 201112727 82
Dr. Tanakorn Ratana KMUTNB  [Deoxygenation technology of bio-oils 2011111 2011412727 8-1
3rd Year (2012 - 2013)

Dr. Monrudee Phongeksorn KMUTNB  |Deoxygenation technology of bio-oils 2012/5/8 2012117 8-1
Dr. Sabaithip Tungkamani KMUTNB  |Catalytic Technology for upgrading bio-oils 2012/5/8 20121777 82
Dr. Jitti Mungkalasird MTEC/NSTDA |LCA of high-quality BDF 2012/5/8 201247 61
Mr. Nattawee Teerananont TISTR Production of high-quality BDF 2012/%/3 201211430 6-1
Ms, Buppa Puttesawat MTEC/NSTDA [Heterogeneous catalysts for transesterification 2012110/1 2012/12127 3.1
Ms, Supranee Lao-Ubol TISTR Heterogeneous catalysts for transesterification 2012/10/1 2012/12/27 34
Dr, Wasana Khongwang TISTR 2:1:;1:;: screening technology for catalytic fast pyrolysis of Jatropha 2012/1011 SO 54
Dr, Manida Tongroon MTEC/NSTDA. |Evaluation of combustion behavior of high-guality BDF 2012/10/1 2012/12127 3-1




Annex-3: Inputs for the Project (Japanese Side)
(3) Provision of Equipment

No. Name Details Location Cost (THB) Cost (JPY) |Installation Date
Pilot Plant for high quality Custom made/Production Unit, Up-
1 wiodiesel fuel production grading Unit TISTR {44,280,442.80) 120,000,000{ 19 Mar, 2011
o|Standard apparatus for catalytic |pe pEA micro reactor, Micro GG [MTEC 5,181,000.00]  (14,040,510)| 7 Mar. 2011
reaction test
3|Homogenizer Thermo Fisher Scientific, T25 Digital MTEC 72,000.00 (195,120)| 7 Mar. 2011
Buchi Rotary Evaporation Unit,
4|Rotary evaporator Heating Bath, Vacuum Pump MTEC 434,600.00 (1,177,766)| 7 Mar. 2011
5|Canopy Hood Custom made MTEC 570,000.00 (1,510,500)| 13 Mar. 2012
PARR High Temperature/High
6{Autoclave Pressure Reactor, Head and Cylinder [MTEC 1,177,000.00 (3,189,670) 7 Mar. 2011
and Internal Wetted Components
Frontier Lab Double Shot Pyrolyzer,
7|Lab-scale pyrolyzer Auto Shot Sampler, Auto-shot Gas |{MTEC 1,540,000.00 (4,173,400)| 7 Mar. 2011
Reservoir
TruSpec CHN Elemental
Determinator Package, Sulfur
8|CHNOS Analyzer Module for TruSpec, TruSpec MTEC 4,077,000.00 (10,804,050)| 6 Mar. 2012
Oxvgen Add-on Module
. . Frontier Lab Double Shot Pyrolyzer,
9|Pyrolyzer link with GC-MS Agilent GC, MS, Auto injector TISTR 3,704,000.00 (9,926,720)] 9Feb. 2011
1o|Pilot-scale extruded-type fast |0 ooy mage TISTR 792,000.00|  (2,114,640)| 7 Iun. 2011
pyrolyzer
PerkinElmer ICP-Optical Emission
11|ICP Spectrometer Optima 8000 TISTR 2,900,000.00 (7,221,000)} 10 Jan. 2012
: — PARR Micro Reactor 100 mL (Fixed
i2 i;;to?fhlgh pressure micro Head), T316 Stainless Steel Magnetic| KMUTNB 955,000.00 (2,588,050)] 7 Mar, 2011
Drive
13|Ge-Ms Agilent OC T80A MSD 3973, lkmUTNB 3216,000.00{  (8,715360)] 7Mar.2011
uto Sampler
14|Chemisorptions analyzer BELCAT - B (x2) TI“IS“TU;NB/ 7,100,000.00]  (18,815,000)) 29 Mar. 2012
15|Fluidized bed pyrolyzer Custom made TISTR 3,120,000.00 (7,862,400)} 28 Sep.2012
Agilent FC-AS, DAD VL, TCC,
16|HPLC ALS, Quat Pump VL, Solvent MTEC 2,084,000.00 (5,647,640); 7 Mar. 2011
Cabinet
. . Brookfied LVDV-II4+Pro Extra,
17| Viscosity Meter Refrigerated Bath MTEC 592,500.00 (1,475,325)| 22 Dec. 2011
18| Vacuum oven MR/ MEM-E-VOS00, Pute tyrpe 693,00000  (1,878,030)} 7Mar, 2011
19| Tubular furnace Carbolite HST12/400/3216P1 MTEC 500,000.00 (1,340,000)| 21 Feb. 2011
Qil Pure System VJ-50, Turbine Jet
20| Vacuum jet dehydrator Centrifuge, Oil Water Separation, Oil { TISTR 1,682,243.00 (4,155,140)| 10 Feb. 2012
Strainer Element
21|Peristaltic pump Reglo Analog MS-4/8-100 KMUTNB 80,600.00 (218,426)] 7 Mar, 2011
22|Dual fine vacuum manifold g‘?‘“f""" Vacuum Trap, Direet (e rrNg 272,000.00 (737,120)] 7 Mear. 2011
rive Pump
23{Degumming Equipment Custom made TISTR (3,480,000.00) 8,700,000 31 Jul.2012
Total 88,503,385.80 236,485,867




Annex-3: Inputs for the Project (Japanese Side)
(4) Local Cost Expenditure

{Unit: THB}

Details of use

JFY 2010
(2010.7-2011.3)

JFY 2011
(2011.4-2012.3)

JFY 2012
(2012.4-2012.9)

Total

Purchase cost
Materials (Jatoropha Oil, Jatoropha Residues) 1,027,200.00 428,000.00 112,000.00 1,567,200.00
Materials and apparatus for research activities 53,714.00 26,696.00 102,905.00 183,315.00
Office miscellaneous 24,044.00 5,760.00 30,601.00 60,405.00
Transportation and trip (include air ticket and car rental) 130,547.00 292,347.00 146,112.00 569,006.00
Communication and conveyance 47,866.00 60,650.00 20,000.00 128,516.00
Seminar, training, and conference 19,300.00 121,400.00 90,000.00 230,700.00
Dissemination (Printing and event) - 29,960.00 21,721.00 51,681.00
Rental (Equipment for research) 132,252.00 - - 132,252.00
Employment (Project assistant and translator) 283,421.00 88,121.00 52,071.00 423,613.00
Others - - - -
Total 1,718,344.00 1,052,934.00 575,410.00 3,346,688.00




Anncx-4: Inputs for the Project (Thal Slde)
(1) Assiguirent of C/P Personnel

No Project Position Neme Crganization Groupivision Leader Responuitility Assigment Peried®
1 |Broject Dircetor Dr. Partted Bhanduubanyong NSTDA Projoct Mmagemea
Steering Commiltee
Ms, Sirituck Nivitchavong Praicct Managernent
2 [Project M it i C/N;
] anager Deguty Execative Direcior inResearch:  [MTEC/NSTDA. Steering Comittee
and Development
Dr. Sutipom Chewasatn Project Mangement
3 ject
Dreputy Project Manager Ecpllrv Governar Researc m:‘_ TISTR Steering Commiittes
: Dr. Surin Lapscoksathit Project Management
4 1D t M KMUTNB
Uy Project MANSBET _ [Dean of Faculey of Apptied Science Steering Committes
5 {Senior Research Supervisor |Ms. Pecsaual Jenveitpanjslul NSTDA Projoct Management
S\eeving Committes
§ |CR Dr. Werasak Udontichdecha MTECNSTDA MTEC Direetor
7 |oe Dr. Thumrengrut Mungcharaen MTEC/NSTDA CPMO Director/Energy cluster
) Dr. Niwong/ Dr, | MIEC tonrdinator!
8  [Rescarch Lender Dr. Nuwong Chollacaop MTEC/NSTDA Bioenergy Lab, MTEC Surnitica Dl.-l.nxiﬁtxti on/Fractionntion/ Engine
9 P Mr. Atomo Yukimune MTEC/NSTDA MTEC Coordinator
. [Failure Analysis and Materials - I
10 |CP Dr. Ekierut Viyanit MTEC/NSTDA & on Lab, MTEC M. Siriluck Fractionation
Materials Teclmolagy for
11 joe Dr. Sittha Sukkasi MTEC/NSTDA Hazardous Substances Free Ms. Siriluck
Products Lab, MTEC
. Failure Analysis and Maierials N
12 |CP M. Nitwt Buncheo MTEC/NSTDA Cofrosion Lab, MTEC Dr. Exkarut Fractionation
N . [Faifure Analysic and Materiala Lo
13 |cr Mr. Wilsanupong Xhonracng MTEC/NSTDA Cotrasion Lib, MTEC Dr. Ekkaru? Tractionation
14 |CcP Ms. Vituruch Goodwin MIEC/NSTDA Bioenergy Lab, MTEC Dr. Nuwong Solid catatyst/Fractionation
N . - Detoxification/Solid catalyst for
15 |oP Ms. Pamcheewa Udomszp MTEC/NSTDA [Biocnergy Lab, MTEC Dr. Nuwong BDE/Fractionation of biouoil
16 | Dr. Booryawan Yoosuk MIEGNSTDA | Bioemeray Lab, MTEC D, Huworg Solid catelyst for BDF/Frmctionation of
1big=pil
i7 |CP Ms. Buppa Shomehomn MTEC/NSTDA Bioenergy Lab, MTEC Dr. Nuweng Solid catalyst for BDF
18 |cP Dr. Duangduen Atong MTEC/NSTDA  |Applied Cermnics Lab, MTEC  |Ms. Siriluck Catnlytic fast pyvolysis
19 |oe Dr. Viboon Srichareenchaiku) MTECASTDA Applicd Ceramics Lab, MTEC M. Sirtluck Catalytic fast pyrolysis
20 |c/p Mr, Teerapong Baitiang MIEC/NSTDA Biosmiergy Lab, MTEC Dr. Nuwong Engine lesting
1 |Cr Mr. Kiatkong Suwannakij MTIEC/NSTDA Bioenergy Lab, MTEC Dr. Nuwong Enginc testing
22 |CP Ds. Manida Tongroon MTEC/NSTDA Bioenergy Lab, MTEC r. Nuwong Enging testing
23 o Dr. Jitti Mungkalasiri MTEC/NSTDA LCA lab, MTEC Mg, Siriluck LCA
24 |CiP Ms. Pornpimen Boeokum MTEC/NSTDA LCA lnb, MTEC ‘Dr. Jilli LCA
25 |cp 3r. Athiwatr Jirafariyavech MTEC/NSTDA LCA lob, MTEC Or. Jitti LCA
" . il 4 | Materials and - .
E Ms. & =
2% o Dr. Sumitira Charojrochul MTEC/NSTDA Svstem Lab, MTEC iriluck MTEC coordinator
7 | Dr. Pezrawet Saisirirat MTEC/NSTDA Bioenergy Lo, MTEC Dr. Nuwong Engine lesting
. . . Salid catalyst for BDF
28 |cp Ms. Thitimapom Du ingmiance MTEC/NSTDA [Bioenergy Lab, MTEC Dr. Nuwong  huction/Fraetionarion of bio-ail
29 |ce Ma. Jirapomn Beorpo MTEC/NSTDA Bioencrgy Lab, MTEC Dr. Nuwong Fraclionation of bin-oit
30 |cr ‘Ms. Warwisa Thamungkano MTECANSTDA L.CA lab, MTEC Dr., Jiti LCA
31 |cfe Ms. Rulliairat Wisansuwatinako MTEC/NSTDA LCA lab, MTEC Dr. Jiti LCA
32 |cme Dr. Yalika Somrang MTEC/NSTDA Bioenergy lab, MTEC Br. Nuwong Fractionation of bio-oil
B | M. Supawan Vichaphund MTEC/NSTDA Ceramics Processing Lab, MTEC P, Duangduen Catalytic fast pyroiysie
34 {CfP Mr, Chalar Teeratitayanggoon MTEC/NSTDA Bioemergy Lab, MTEC Lr. Nuwong Solid catalyst for BDF
35 {OP Dr. Subongkel Tepaibool MIEC/NSTDA Bioenergy Lab, MTEC Dr. Nuwong Engine testing
15 |CP Ms. Clamaipom Sukjamer MTEC/NSTDA Bioetergy Lab, MTEC Dr. Nuwong Engine testing
37 |ciP Mr, Tanekotn Doungmu kpanae MIEC/NSTDA jBioenergy Lab, MTEC Dr. Nuwong Engine lesting
. [ Ms. Noramon Intaranont MIECHNSTDA [ Alare Analysis nd Malerials |y ot Fractionation
Corrosion Lab, MTEC
39 |cp Mr. Ukrit Sahapatsombut MTEC/NSTDA ‘Bioeergy [ab, MTEC Dr. Nuwong Solid catalyst for BDF
Failure Analysis and Materials P
40 |cp Mr. Jaroon Troset MTEC/NSTDA Corrosion Lab, MTEC Cr. Ekkarut Fraclionation
. Eleelrochemical Materials and : .
3 Dr. Surmira
41 ICp Dr. Somsak Supasilmiongkat MIEC/NSTDA System Lob, MTEC | Catalysis
42 (CP My, Pawnprapn  Krasae MITEC/NSTDA [Bioenergy Lab, MTEC Dr. Nuwong Solid catalyst for BDF
43 |ce Ms. Sildara Thassanaprichayanont MTEC/NSTDA Applied Coramics Lab, MTEC M. Siriluck Catalytic fast pyrolysis
4 |om Mr. Seksan Papong, MTECANSTDA g‘l‘;'sc‘ oument Momgareit Lab, |x e, sirituelc LCA
45 |cm Dr. Chutima Eamehotchawalit TISTR. [Materials Innovation: Dept. Dr. Sufliport TISTR coordinater
46 |cre Dr. Chanakan, Asasutjarit TISTR Eneegy Tecluwlogy Dept. Dr. Chunakan Iiigh-quatity BDF in e pilot-ccale
47 |Cp 'Ms. Thenila Sonthisawaie TISTR [Enetgy Technology Degt. 1y, Chanakan Highwquality BO Ln a pilat-scale
48 |cip Ms, Lalita Attanathe TISTR (Encry Technology Dept. Dr. Chanekan Ttigh-qualify BDF in a pilol-seele
43 |cp Mr. Thapparsit Kunhanom TISTR ‘Energy Technalogy Dept. Dt. Chanskun High-quality BDT in a plol-scale
- . | . D Sir Cluulm | TISTR coordinatorf BOF
50 |Research Leader Dr. Siripom Larpkimtaivomn TISTR Materials Innovation Dept. N . Bia~ofl praduction
51 |ce Ms. Phanthinee Semwongsa TISTR Materials Innavation Dept. Dr. Sirlpon: Analysia properties of blo-ol
52 |Cm Mz, Laksana Kreethawate TISTR Materials Innovatica Dept. Dr. Siipom Solid calalyst for BDF/bio-oll




33 P Dr. Thanes Utisham TISTR Energy Technology Dept. Dr. Thanes Blo-sil production from Fast pyrolysis
54 | Dr. Wirnchii Soomomrangson TISTR Energy Teclnology Dept. Dr. Thanes Bio-cil production from Fasl pyrolysia
55 |Ci? Mrs. Rommanic Wungdecthum TISTR Encrgy Technology Diept. Lr. Suthipom TISTR coosdinator
56 |CP Mr., Soplion Phromsuwan TISTR Energy Technology Dept. Dr. Thaney Do-oil production from Fast pyralysis
57 |omP Mr. Apichat Junsod TISTR Energy Tectmology Dept. Dr. Thanes Dio-oil production from Fast pytolysis
58 |CP M. Vishmz Panphan TISTR Enagy Technology Dept. Br. Chanzken Itigh-quelity BF I a pilot-scale
3% |cp Dr. Wasana Khongwong TISTR. Malerials Innovatien Dept. Dr. Siripam Analysia propertica of Uo-cll
650 [CP Mr, Nattawee Teerananont TISTR Energy Technology Depl. Dr. Chanakai Tligh-quality BDF inn a pilot-acale
61 |GP Ms. Suprance Lac-Ubol TISTR Malerials Innovation Dept. Dr, Siripom Solil catalysl foc BDF/bio-oll
62 |cp Dz Nitlaya Kewprak TISTR Malesials Innevalion Depl. Dr. Siipom Solid calilyst for BDF/bic-oll
&3 |cp ‘Miss Chiraphat Kumpidet TISTR Enagy Technolagy Bept. Dr, Chanakan Analysis propesties of FDF
&4 [P Ms, Panida Thepkhun TISTR ‘Entrgy Technology Dept. Dr. Chankan High-quality BDF in a pilol-scale
&5 P Mr. Yoolhana Thanmongkhen TISTR Energy Technolagy Dept. Dr. Chanzkan High-quality BDP bn & plot-reale
&6 |Cp Me. Amorrirat Suemanotham TISTR Energy Technology Dept. Dr. Chanakan Higli-uality BDF In a pilot-sesle
67 |ew Ms. Benjapom Thiensong TISTR f‘x_f:":“"::“"w =SB ny Chanakan Analyxix properties of Tatropl of
&8 |cp Mz, Surpol Vatanawong TISTR Deputy Govenior
69 |cp Mr. Kasidid Asumpinpong TISTR Ensrgy Techuology Depl. Dr. Chanakan ‘High-quality BDF b u pilat-scele
70 |CP Dr. Anchana Paltanasupong TISTR Blotechnology Depl. D Changkan Dreloxification
TP Mr. Phichai Wongham TISTR Energy Technology Depl Dr. Chanakan Pilol plant engineering
72 {cp Mr. Suwit Auchariyamet TISTR Engineering Depl. Dr. Chanakan Pilol plant engincering
13 {CP Dr. Derisut Chantrawongphaisel TISTR. Energy Tecmology Depl Dr. Thanes Dio-oll production frum Fast pyzohyss
FCI e Mr. Salta Walanathum TISTR Energy Technotogy Dept. Dr. Thanes Big-ail charactedzation
15 |cip Ms. Jarunral Lekrungruzangkij TISTR Environment Dept. Dx. Chanakan LCA
16 |Cp Mg, Julaluk Phunnoi TISTR Malerials Inngvation Dept, Dr. Siipem Sobd catalyst for BOFAL0-oll
77 |Cp Mr, Chalenmghai Jeerapan TISTR Materials Inngvation Dept, Dr. Siipom Sofid calalyst for BDFio-oll
78 |Research Leader Dr. Sabaithip Tungkamani KMUTNB ‘;&;";ﬂ‘f’md Dr Sabsittip Upgrading ofbio ol
% |op Dr. Phavanes Narstanuksa KMUTNR fé%‘;:niﬁg‘:}[mm Dr Sabaithip Upgrading of'bio ail
30 ¢ Dr. Kem Pana-Suppamassady KMUTNR g‘é‘é::ll mﬂw Dr Subailhip Upgrading of bio of}
81 |CP Dr., Tanakor Ratana KMUTNB ;'g‘ém?mﬂ Dr Sabnithip Upgrading of bio eil
82 |op Dr. Nekadech Youngwilai KMUTNB “R‘g"c‘:ﬂ“l'l ?‘;&:}g\;ﬂ Dr Sabaithip Upgrading of bio oil
8 |cp Dr. Chandrladds Chotratmadilok KMUTNE :x:ﬁmd Dr Sabithip Upgrading of bie il
8 o Dr. Samilichsi Secymngnok KMUTID ndoiral Chemisry and Dr Sabaithip Uparading of bio oil
85 |c/p Dr. Chatchalida Boonpanzid KMUTNB ];Cduc:::: T&m d Dr Sabaithip Upgrading of bio oil
r Dr. Morrutlee Phongaksorn KMUTNE g’g‘ém ‘fmﬂ D Ssbaithip Upgrading of bio it
8t |om Dr. Chanut Bamroongwongdee KMUINB g&?:gm d Dr Sabailhip Upgrading el bie oil
88 |ce Dr. Chaiwat Yoonoo KMUTNB :hc?::.: &m%m Dr Sabaillip Upgrading of bio oil
8 |om Dr. Rungsitnz Yestsom KMUTNE Todustrial Chesvistry 2nd Dr Sabaithip Uperading of bia oil

RCGaroup, KMUTNE

* Calendar Year. Plarmed assigrunems for CY2013,




Annex-4: Inputs for the Project (Thai Side)
(2) Equipment and Facilities Prepared by Thai side

Equipment

Equipment Institute Year Budget (Baht)
Networked GC with FPD/TCD detector |MTEC 2011 2,000,000
Balance MTEC 2011 30,000
Temperature controlled chamber MTEC 2011 24,000
Volumgetric KF tritrator unit MTEC 2011 155,000
Air compressor MTEC 2012 50,000
Oven (Model FD53) MTEC 2012 50,125
Rancimat Compressor MTEC 2012 45,000
GPC unit for HPLC MTEC 2012 625,000
AVL smoke meter MTEC 2012 1,440,000
Hot plate MTEC 2012 41,000
Air Compressor TISTR 2011.01.27 52,430
Air Dryer with Air Receiver TISTR 2011.01.27 71,112.20
Hand lift TISTR 2011.02.14 26,750
Mobile of Methoxide TISTR 2011.01.24 79,180
Pump for Cooling tower TISTR 2011.01.24 20,865
g:;jrg‘““p and Hand Pump with TISTR 2011.01.24 05,230
RO system TISTR 2011.02.14 25,145
Electric Boiler TISTR 2011 June 850,714
Balance TISTR 2011 Sep. 16,778
Prototype of Fluidized bed fast pyrolyser | TISTR 2012 Jan. 75,000
Pump for the lab of separation bio oil TISTR 2012 15,000
Pressure Gauge TISTR 2012 21,935
Reparation of Rancimat TISTR 2012 61,729
Peroxide vaiue measurement equipment |TISTR 2012 59,547
Parr reactor TISTR 2012 700,000
Automatic Titator Set for TAN & TBN |[KMUTNB 2011 500,000
GC column KMUTNB 2012 22,005
Reactive distillation unit KMUTNB 2012 300,000
Syringe filter KMUTNB 2012 24,026
Weight balance KMUTNB 2012 60,000
Facilities

Facilities Institute

Laboratory for the project MTEC, TISTR, KMUTNB
Working space or room for Project Coordinator and Project ExpdMTEC, TISTR, KMUTNB
Workshop for the BDF Pilot Plant TISTR
‘Workshop for the bench scale Pyrolyzers TISTR




Annex-4: Inputs for the Project (Thai Side)
(3) Local Cost Expenditures

Year 2010 (2010.5-2011.3) (THB)
Description MTEC/NSTDA*1| TISTR*2 | KMUTNB*3 Total
1 |Employment of Research assistant 157,460 312,000 55,000 524,460
(not include permanent staff and researchers) - - - 0
2 |Equipment for analysis and testing 10,000 370,712 500,000 880,712
3 |Materials (Jatoropha Oil, Jatoropha Residues) - - - 0
4 |Materials (Chemicals, Gas, and etc.) and apparatus 94,271 380,228 688,300 1,162,799
5 |Construction and installation (include materials) - 537,676 800,000 1,337,676
6 [Modification and repair of equipment - - - 0
7 |Transportation (Trip, shipping, and to carry) 4,355 51,425 - 55,780
8 |Dissemination (Printing and event) - - - 0
9 |Training - - - 0
10 |Others 103,951 - - 103,951
Total 370,037 | 1,652,041 2,043,300 | 4,065,378
Year 2011 (2011.4-2012.3)
Description MTEC/NSTDA*1| TISTR*2 | KMUTNB*3 Total
1 |Employment of Research assistant 592,285 312,000 180,000 | 1,084,285
(not include permanent staff and researchers) - - - 0
2 |Equipment for analysis and testing 440,813 942,491 -l 1,383,304
3 [Materials (Jatoropha Qil, Jatoropha Residues) - - - 0
4 |Materials (Chemicals, Gas, and etc.) and apparatus 274,055 361,430 550,000 | 1,185,485
5 [Construction and installation (include materials}) - - - 0
6 |Modification and repair of equipment 728,900 -l 728,900
7 |Transportation (Trip, shipping, and to carry) 45,527 14,700 - 60,227
8 [Dissemination (Printing and event) - 166,164 - 166,164
9 ITraining 55,000 - 55,000
10 |Others 163,726 - - 163,726
Total 1,516,405 | 2,580,685 730,000 | 4,827,090
Year 2012 (2012.4-2012.9)
Description MTEC/NSTDA*1| TISTR*2 | KMUTNB*3 Total
1 |[Employment of Research assistant 685,816 208,314 252,200 1,146,330
(not include permanent staff and researchers) - - 0
2 |Equipment for analysis and testing 2,320,975 796,482 415,500 | 3,532,957
3 |Materials (Jatoropha Oil, Jatoropha Residues) 1,048,270 1,048,270
4 [Materials {Chemicals, Gas, and etc.) and apparatus 326,780 639,640 600,000 | 1,566,420
5 |Construction and installation (include materials) 201,000 - 201,000
6 |Modification and repair of equipment 270,729 - 270,729
7 |Transportation (Trip, shipping, and to carry) 18,371 55,095 - 73,466
8 |Dissemination (Printing and event) - - ]
9 |Training - - 0
10 [Others 297,590 - - 297,590
Total 3,649,532 | 3,219,530 1,267,700 | 8,136,762

* 1: Figures include budgets for four research actvities from CPMO of NSTDA.
* 2: Figures include budgets from CPMO of NSTDA (2million THB for 2011. 9-2012.9).
* 3: Figures include budgets for two research actvities from CPMO of NSTDA (3.24 million THB for 2010.10-2012.9) and from
KMUTNB (0.8million THB for 2010-2011).
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