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Terminal Evaluation Summary Sheet

1. Outline of the Project

Country: Republic of Indonesia Project Title: Project for Development of a
Model System for Fluidized Bed Catalytic
Gasification of Biomass Wastes and Following
Liquid Fuel Production in Indonesia

Thematic Area: Resources and Cooperation Scheme: Technical Cooperation

energy (Science and Technology Research
Partnership for Sustainable Development:
SATREPS)

Division in Charge: Industrial Total Cost: 300 million Japanese Yen

Development and
Public Policy Department

Project Period (R/D): June 13, 2014 — | Counterpart Agencies: Agency for the
June 12, 2019 (5 years) Assessment and Application of Technology
(BPPT), Bandung Institute of Technology (ITB),
Yayasan Dian Desa (YDD)

Supporting Organizations in Japan: Gunma
University, Asia People’s Exchange (APEX)

Other Related Cooperation:

1-1. Background of the Project

The Government of Indonesia aims at increasing the consumption rate of new and
renewable energy in the primary energy to 17% by 2025, among which the biomass is
largely expected. However, energy supply by so-called “first generation technology”, such
as biodiesel production from palm oil etc. and ethanol production from sugar cane and
cassava, competes with food supply and is highly vulnerable to fluctuations in
international market prices. On the other hand, biomass wastes, including the waste and
residue of oil palm, rice farming, corn production and deforestation has a huge potential
of about 50 million kW in terms of electric power generation. However, the utilization
technology of the biomass wastes, such as thermochemical gasification and liquid fuel
production, which is appropriate to the economic and technical conditions of Indonesia,
has not been developed yet. Therefore, only a few percent of them has been utilized
under present circumstances. In this context, this project intends to develop a model
system for fluidized bed catalytic gasification applicable to various types of biomass
wastes, by using locally available, accessible and inexpensive clay catalyst, and by
applying a loop seal structure to avoid destabilization of fluidized bed under wide range
of operation conditions. Also by connecting it to an energy-saving low pressure methanol
synthesis process which does not require advanced operation control, the project aims
to establish an appropriate technology of biomass gasification and methanol production
process for developing countries. A detailed planning study of the Project was conducted
in October 2013, and Record of Discussions (R/D) was signed in February 2014. Agency
for the Assessment and Application of Technology (BPPT) as the main C/P, and Yayasan
Dian Desa (YDD)? engaged in the development of above mentioned technologies, and

2 YDD have not been involved in the Project since cold model experiments in Yogyakarta were
discontinued in FY2018.
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Bandung Institute of Technology (ITB) was also involved in the Project since 2016
undertaking the research of Gas fermentation process, As the Project reached to the end
of the planned period in June 12, 2019, the Terminal Evaluation Study was conducted to
confirm the achievement of the Project and to extract recommendations to enhance
sustainability and lessons learned for future efforts.

1-2. Project Overview
(1) Overall Goal
Established technology for fluidized bed catalytic gasification of biomass wastes and
following liquid fuel production is diffused.
(2) Project Purpose
Fluidized bed catalytic gasification of biomass wastes and following liquid fuel production
system that is socially and economically appropriate for Indonesia is established and
bases for the diffusion are prepared.
(3) Outputs
1. Establishment of fluidized bed biomass gasification process with tar treatment
technology.
2. Development of liquid fuel production system
3. Development of human resources related to implementation of the developed
system and establishment of network for promoting biomass energy utilization
(4) Inputs
1) Japanese side

Long-term Expert: 1 Project Coordinator Short-term Experts: 8 Experts/Reg
Counterpart Training: 16 Researchers of BPPT Provision of Equipment: Approx. 1
JPY

Local Cost: 27.89 million JPY
2) Indonesian side
Counterpart Personnel: 62 staff in total Equipment: 614.39 million Rp.
Local Cost: 1 bullion 231 million Rp. Land and facilities: Office space
research activates, and space for

2. Evaluation Team

Member Role Name Affiliation

3 Leader Toru Kobayakawa | Senior Director, Industrial
Development and Public Policy
Department, JICA

Cooperation Kuri Shibata Program  Officer, Team 1, Energy
Planning and Mining Group, Industrial
Development and Public Policy
Department, JICA

Evaluation Yuki Ohashi Consultant, Tekizaitekisho LLC

Analysis

Observer Atsushi Tsutsumi Program Officer, SATREPS Group,
JST / Project Professor, Komaba
Organization for Educational

Excellence, Graduate School of Art




and Science, The University of Tokyo
Observer Keisuke Kosaka Senior Associate Research
Supervisor, Department of
International  Affairs  (SATREPS
Group), JST
Project Reiji Noda Associate Professor, Graduate
Research School of Science and
Leader Engineering and Electrical
Engineering Gunma University
Coordinator Chiaki Fukuda

Evaluation Period: Type of Evaluation:
18 June 2019 — 28 June 2019 Terminal Evaluation

3. Results of Evaluation

3-1. Project Performance

(1) Output 1: Establishment of fluidized bed biomass gasification process with tar
treatment technology.

Except the research subjects changed in the course of activities, the indicators were

mostly achieved.

1-1. Stable operation of fluidized bed gasifier is demonstrated. [Mostly achieved]

The pulse controlled loop seal, which enable more stable operation, was developed by

the Project, and its scaling up procedure was tested and confirmed by the cold model

which has the same scale with the demonstration pilot plant. The pulse controlled loop

seal will be demonstrated by the pilot plant (refer to 1-6) within a few month period.

1-2. The most active catalyst is identified among at least five kinds of clay catalysts.

[Achieved]

12 samples of clay products in Indonesia were collected and evaluated. 3 clay products

were identified as suitable catalysts for tar removal for biomass gasification. It was also

found that total acid amounts are the most important properties for tar removal.

1-3. Char drawing system is demonstrated. [ - ]

Cold model experiments were discontinued in FY2018 as fibrous empty fruit bunches

(FEB) of oil palm were adopted as feedstock for gasification as a result of the

establishment of biomass pretreatment system. The application of char drawing /

circulation mechanism to the pilot plant was also canceled.

1-4. Proper biomass pretreatment system is established. [Mostly achieved]

A prototype for EBF pulverization by cutter mill was fabricated and the production of fibers

in the targeted size (1 to 2cm) was achieved. Also the processing speed was almost

reached to the expected one. The configuration of cutter will be modified in 2 to 3 months

to improve further the processing speed of the mill.

1-5. Technology for utilization of gasification residue as fertilizer is developed. [Mostly

achieved]

The main component of nutrients in char and ash of EFB was confirmed and several

recipes of fertilizer mixing with the char and the ash from EFB samples were applied for

growth testing. As a result, the char-mixed fertilizer was better than commercial fertilizer,

and also economic benefit by reducing 30 % of the production costs was confirmed. The

ash mixed recipe is still in progress of growth testing at the end of project period, and it

will be completed within 20 days.
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1-6. Pilot plant is successfully operated. [Mostly achieved]

The completion of the pilot plant was delayed in May 2019, due to the delays of about
three months from tax exemption procedures and about one month from delayed
construction. At the end of the project period, a trial run is underway for safety operation
under specified operation conditions. It is expected to achieve continuous operation in
the next one to two months.

1-7. Tar treatment technology is developed. [Partly achieved]

3 different tar removal technologies were considered, and their fundamental studies were
conducted. In-bed tar removal by applying clay particles was confirmed by using a lab-
scale fluidized bed gasifier, and will be confirmed by the pilot plant. In regard to the
development of a downstream tar removal device, as relatively high tar removal by in-
bed clay particles was confirmed, it was confirmed to be unnecessary when applying the
in-bed clay tar removal.

(2) Output 2: Development of liquid fuel production system

The development of low-cost catalyst for Methanol synthesis and methanol synthesis
prototype (Unit 1 and 2) was achieved. Methanol synthesis prototype needs to be tested
and evaluated further. Also, the data collection on fundamental research of Gas
fermentation process is achieved.

2-1. Sustainable catalyst for Methanol synthesis is developed. [Achieved]

More than 10 prototype catalysts were prepared by Gunma University and BPPT, and
compared under the same condition by BPPT. An appropriate catalyst with y-alumina
support prepared by impregnation method had the highest methanol yield per cupper
contents, and therefore a low-cost catalyst applicable for small scale plant was identified.
2-2. Methanol synthesis prototype for small scale application with low cost process is
developed. [Achieved]

The first prototype of methanol synthesis (Unit 1) was constructed and tested in 2015 to
confirm the successful production of methanol from simulated syngas. However, the unit
1 had a narrow variety of experimental conditions and low accuracy, and it was difficult to
improve the process for the production of high methanol concentration. In order to
conduct further detailed study, the second prototype (Unit 2) was designed and
constructed.

2-3. Methanol synthesis prototype is tested and evaluated. [Partly achieved]

The prototype Unit 1 and 2 were tested and evaluated. From the test results with the unit
1, the operation condition to achieve more than 60% of methanol yield was clarified by
using a commercially available catalyst. Methanol synthesis experiments by unit 2 were
conducted with a commercially available catalyst to evaluate the methanol synthesis
performance. Further methanol synthesis experiments will be conducted by using the unit
2 to analyze the reaction mechanisms with a catalyst prepared by the Project.

2-4. Fundamental research of Gas fermentation process is conducted to collect data for
feasibility study. [Achieved]

A continuous gas fermentation reactor was completed at ITB, and a series of gas
fermentation test was conducted. The continuous system was successfully operated to
produce ethanol from simulated syngas. The reaction mechanisms and critical points for
ethanol production was elucidated together with the results obtained at ITB and Gunma
University. Experimental results for feasibility study were accumulated through the
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activities.

(3) Output 3: Development of human resources related to implementation of the
developed system and establishment of network for promoting biomass energy
utilization

The indicators were achieved except the implementation of trainings for operation.

3-1. Local trainings on for biomass energy utilization (at least twice) and trainings for

operation (at least once) are conducted. [Mostly achieved]

Local trainings on biomass energy utilization were carried out twice. As to the training for

operation, a training for those who are interested to the biomass gasification technology

such as personnel of national plantation companies, research institutes and private firms
was planned, however, it was not realized during the project period due to the delay of
construction of the pilot plant.

3-2. More than ten (in total) researchers and students from both Japan and Indonesia are

exchanged to conduct research works. [Achieved]

16 Indonesian researchers were trained in Gunma University and conducted research

works with Japanese researchers and students in Japan. Also, 3 Japanese young

researchers participated in the research activities in BPPT.

3-3. International seminars are organized at least twice and attended by more than 200

participants in total. [Achieved]

2 international seminars were organized by the Project during the project period.

3-4. More than 10 newsletters are published with more than 750 copies for each.

[Achieved]

10 newsletters (issued 750 copies each) were published by the Project during the project

period.

3-5. At least ten scientific papers or publications are published. [Achieved]

10 scientific papers were published by Japanese researchers, and one scientific paper

was jointly published by researchers of ITB and Gunma University. 15 more scientific

papers were prepared by Indonesian side, and presented in international seminars and
conferences.

(4) Project Purpose

The indicators were mostly achieved in each research.

1. Pilot plant with capacity up to 50 kW biomass wastes gasification is constructed and
operated. [Mostly achieved]

The construction of a pilot plant with capacity of 50kW was completed in May 2019. At
the end of the project period, a standard operation procedure of the plant was prepared,
and its safe continuous operation was started-up. Stable gasification under a long-term
operation is expected to be achieved in the next one to two months.

2. Prototype of methanol synthesis is developed. [Mostly achieved]

The methanol synthesis test with the unit 1 was completed, and methanol synthesis from
simulant synthesis gas was confirmed. The unit 2, which allows to conduct further detailed
study, was also constructed, and has been used for methanol synthesis experiments
applying a candidate catalyst prepared by BPPT to analyze the reaction mechanisms.
Further methanol synthesis experiments will be conducted by using the unit 2 to analyze
the reaction mechanisms with a catalyst prepared by the project.
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3. Potential process of gas fermentation for bioethanol production is identified. [Achieved]

Based on the results of experiments, the reaction mechanisms and critical points for
ethanol production were elucidated, and a potential process of gas fermentation was
identified.

3-2. Analysis based on the 5 Evaluation Criteria
(1) Relevance
Relevance of the Project is assessed as “high”.

The Project remains highly relevant to the energy policy of Indonesian Government
which aims to transform the energy mix by 2025 to 30% coal, 22% oil, 23% renewable
resources and 25% natural gas in accordance to the National Energy Plan in
February 2014 (NEP14).

The Project is relevant to the needs of Indonesian society, as despite of the high
potential of biomass wastes, the utilization technologies applicable to Indonesia's
economic and technical conditions have not been developed yet. The bio-methanol
production is also considered to contribute to the biodiesel production in Indonesia,
and a low cost and easy power generation by the gasification technology of EFB can
contribute to the improvement of power access in islands with farm plantations such
as Sumatra and Kalimantan.

The Project is relevant to the current Japan’s Development Cooperation Policy for
the Republic of Indonesia (September 2017), which places emphasis on the
assistance for capacity building to address the challenges facing Asia and the
international community, including climate change and environmental conservation.
The approach of the Project is considered appropriate, as the Project has been
undertaken with special attention to the development of “appropriate” production
process of gasification and liquid fuel in Indonesia, which enables local engineers to
improve the process independently based on their own technology level, and the
development of human resources and networks in order to prepare the foundations
for diffusion of developed technologies which enables social application of developed
technologies. Also, the Project was downscaled as a result of the modification of its
plan in July 2017, however, it allowed BPPT to enhance its initiative in the research
of the Project. In addition, the reduction in size of the pilot plant enabled various
testing options to proceed with technology development, which is considered to
accelerate the development of gasification technologies in the future.

(2) Effectiveness
Effectiveness of the Project is assessed as “relatively high”.

Regarding the achievement of the Project Purpose, the pilot plant with capacity up to
50 kW biomass wastes gasification was constructed and it has been in a process of
starting—up the stable operation. The continuous operation is expected to be
achieved in the next one to two months (mostly achieved). The prototype of methanol
synthesis is also developed, while further experiments are necessary to complete the
evaluation of performance (mostly achieved). And the potential process of gas
fermentation was identified (achieved).

The achievement of the Project Purpose was directly produced by achieving the
Outputs of the Project. In addition, there was no influence of important assumptions
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stated in the PDM version 2.

(3) Efficiency
Efficiency of the Project is assessed as "lower-medium”

Indonesian resources were utilized in a positive manner, which contributed to a cost
reduction. Also, the personnel was allocated in accordance to the modified plan, after
the revision of project plan.

Due to the delays in the procurement procedure for the pilot plant, some activities
were not completed by the end of the project period. Delays in the procurement of
some equipment also affected negatively the progress of some activities. A part of
assignment of Japanese expert for liquid fuel production was observed to be less
than expected by the Indonesian counterpart. In addition, the cold model installed at
YDD did not contribute to produce the output of the Project directly after the change
of project plan.

(4) Impact
Impact of the Project is assessed as “relatively high”.

Regarding the Overall Goal of the Project, “Established technology for fluidized bed
catalytic gasification of biomass wastes and following liquid fuel production is
diffused”, there is an indicator “Within 4 years from the project completion, at least
one plant using established technology are considered to be constructed and
operated”. In terms of the gasification of biomass wastes, there is a high prospect of
achieving “being considered to be constructed and operated” by a company at least
one plant, considering the BPPT's intention to continue the research for
commercialization, the adoption of a program to formulate business plan with several
Indonesian and other private companies, the potential of developed technologies as
a cost-effective process to disseminate them widely in the near future, and increasing
interests from plantation companies in utilizing the technologies developed by the
Project.

Regarding the liquid fuel production, there is still a relatively long way for
commercialization, and it is considered rather difficult to diffuse it within 4 years after
the Project, but interests in the technology in Indonesia are high, and it can be
expected that research will be continued toward the future.

Some other positive effects of the Project were observed, including the acquisition of
patent for Pulse Operated Loop Seal (POLS), among others.

(5) Sustainability
Sustainability is assessed as “high”.

In regard to the policy and institutional aspects, the policy of increasing alternative
energy sources is expected to be continued, and related ministries are highly
interested in the energy conversion of biomass wastes.

As to the organizational and financial aspects, BPPT is highly motivated to continue
research activities relevant to the Project and to commercialize the developed
technologies in the future, having a well-organized structure and sufficient human
resources to continue the research, as well as own research budget which
demonstrates its high expectation and commitment for further development of the
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gasification technologies. Moreover, research funds may be obtained from various
external organizations too.

Regarding the gas fermentation process, ITB has indicated its intention to continue
the research. With regard to the research budget, it is considered that there is a high
possibility of obtaining government and/or private funds, as this research is
considered innovative and socially-required.

As to technical aspects, although the Indonesian side still needs technical support
from the Japanese side to continue research, it has the necessary capacity to carry
out further activities for technological development. Also, the equipment provided by
the Project is mostly procured locally, and it is envisaged that there would be no
technical problems in maintenance.

3-3.

(1)

Factors that have promoted the achievement of the project
In relation to the plan

There was no factor identified in relation to the plan.

(@)

In relation to the implementation process

® The major revision to the project plan in July 2017 brought about positive changes in
project direction and stakeholder involvement, and enhanced the continuity of the
research activities even after the Project period.

® The dedication of both Indonesian and Japanese project members enabled to
produce the achievement of the Outputs as much as possible, despite of rather tight
schedule after the revision of the project plan.

3-4. Factors that have hindered the achievement of the project

(1) Inrelation to the plan

® The revision of the project plan in July 2017 caused a certain time loss, resulted in
some additional activities such as the modification of the plant design.

(2) In relation to the implementation process

® Delays in the construction of pilot plant and the delivery of equipment affected the
level of achievement at the end of the project period.

3-5. Recommendations

® For the research activities that are planned under this project but not fully completed
before the end of the project period, it is necessary for BPPT to continue them firmly
and produce results within the expected timeframe.

® While the expectation for commercialization of gasifier is high and the budget is
allocated for the continuation of research, as to the liquid fuel production, it is
expected that BPPT and ITB would make an effort to obtain sufficient research budget
and continue the research and development.

3-6. Lessons Learned

® With regard to the procedures for tax exemptions pertaining to the construction of

plants, it is necessary to discuss and agree on the procedures among the
stakeholders in advance, in order to avoid delays and inconvenience. For SATREPS
project, an attention has to be paid to the fact that equipment is often procured by
Japanese research institution which is not recognized by partner countries as entitled
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for tax exemption.

In this project, in order to deal with problems occurred in the middle of the project
period, the original plan was modified in accordance with the close discussions and
the mutual agreement of both Indonesian and Japanese institutions. As a result, the
participation of Indonesian institutions was increased, the continuity of research after
the Project was enhanced, and the revised goals were mostly achieved. Harnessing
project ownership of partner research institution would be quite important for
Japanese research institution especially for securing sustainability of activities under
SATPRES projects.
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FYRRSNT,



4 FOozH FOERE

4-1 BAELR

(1) BFRAIDIRA

1) BEMRIKE

BEEXRFZOEHREOEMRATOD L) AR TETIZRESN. BEIZTAD T
U FETEDEBIEIZEY 20177 AN TETE S 1 RIRESNT=, Ff-. APEX DIEH
EMR4408TOD ) FEBHS 2017 £6 AETERE SNz, TS OFMHEMRIZM
AT EBAZRORHAFEMAR1 LN 2015 FE8 AN TAD LY METETERESNT, &
FARIRE DML EEHR D Annex 4: List of Inputs (Japanese side), (1) Dispatch of
Japanese Experts #5BNDZ &,

2) RIBHFHE

BPPT OBARESET 16 &AThZTh 2. 3 hAMOBEERZETOBEISSM LT=, KBEH
BOEMIEFEERD Annex 4: List of Inputs (Japanese side), (2) Training in Japan £ 8
D&,

3) HHits

WK 1 EAOTOD ) FEBICRDEGERMMNMEE ST, BMEEOFRITTEE
#1d Annex 4: List of Inputs (Japanese side), (3) Installed equipment by JICA's budget =%
Bnl&,

4) TPz +RE

R3-1ITRTEHY., #%83,659,765,062 1 » FTILET ($ 27,887,000 F°) HIRih
FERELL TSN, RMTEEEDOFMRIIFEEND Annex 4: List of Inputs
(Japanese side), (4) JICA's Overseas Activity Cost S 8BND Z &,

= 3-1: JICA [T &L AHMEBNEE

e
FE 2 FA e
2014 &£ 136,145,863
2015 & 326,619,830
2016 & 490,159,343
2017 &£ 1,048,572,475
2018 & 1,044,462,995
2019 & 613,795,556

620196 AD JICA#EFIL— k. 14> FRI7I)LEF=0.007620 HTHE (1,000 AL TFEERA),
7



a&t 3,659,765,062

(2 41 ERITHEDEA

1) hora—IR—+rDEE

BPPTA o270 Y ) FAMTAN 54 BOHAREN T OO ) MNEBO-HICEESH
f=o YDD D512 ZOBENTOD Y FRENS 2017 £ 6 AETORM IO Y bE
BIC#Ebholz, £z, ITBABIE 2016 £ 12 BIZTAD Y MISMLTH LR THET
Bit 6 AOMREMNEBRE SNz, h U2 —/\— FEEEDFMIZFEEFR D Annex 5: List
of Inputs (Indonesian side), (1) List of Indonesian Counterparts S0 Z &,

2) IOTzy ek
KR3I2IZRT EHY . BPPT 5 #5849 878,480,000 1 > KR F7ILE T ($#9 6,694,000 M
N ATATIY MEE BHBERO L LTIHINE,

£32:BPPTIZ&BTRY Y MEE

ANE %

FE e e
2014 &£ 47,000,000
2015 & 105,705,000
2016 & 330.000.000
2017 & 150.000.000
2018 & 200.000.000
2019 &* 45,775,000

=51 878,480,000

*JRozy METERR (20196 A12H) £T

ITB A5 &%k 3-3 1Z;R9 & & Y #5814 346,800,000 4 > K7 JLET (9 670,000 F8)
NT7OT Y FEEOHIZZH I,

£33:1TBIC&SH TRy MMERE

AN E %]
FE 2 FA e
2017 &£ 173,500,000
2018 & 148,400,000
2019 &#* 24,900,000
T B
S @t



Total 346,800,000
* 7Oy MEATHRR (20196 A12H) T

F7-. YDD » 51 2016 FEIT# 5,760,000 1 > KR F7ILET (% 44,000 A°) HT 0
DI FFEFOLEOHICTHIAE, BEOHMIMAEERD Annex 5: List of Inputs
(Indonesian side), (2) Activity Cost by Counterpart's Budget #SBND Z &,

3) A

BPPT H 5 #3%8 432,241,900 4 » FR S 7ILET (# 3,294,000 M) . ITB A5 [L#%E8
182,144,900 1 > KR F7ILET (£91,388,000 ) HLDHMAIRE STz, A O
X EEF D Annex 5: List of Inputs (Indonesian side), (3) Installed Equipment by
Counterpart's Budget #5 B Z &,

Tl BAAEMARDRBAR—RABIUHMERZFEDARL—L 3 VIL—L ERMERET
518D RAR—XH BPPT M PUSPIPTEK HIZigE S f=,

4-2 T Ty FOEIKR

(1) 7Ty b1 83— LABRMTZEI N T I RAORBEFEMIBARILTOELRD
#& 1L (Establishment of fluidized bed biomass gasification process with tar treatment
technology.)

TIrTy b1 OBEEOERKREILUTIZRT EEY THS,

R3—4 :7o9rTy b 1DIEEDERIRR

151R E AR
1| BERERRBENE | [BitEa]
Ehd. ATODIY MIKYRKBELY IREMLBVHR

(Stable  operation  of | JL— T —LIEELHARAEIN. TORT—ILT v TFEN
fluidized bed gasifier is | /S4By F TS5 FERBEDI—IL FETILTHERSIN
demonstrated.) o =T o—LBEFSEBHADOREIC/A1AY b TSV
F1-6 ZZR)TEIASNDIFETH D,

9 EJ:
U BRAEBIRENEHFRERDE=OIZ, TS50 FOBERDKRA Y FOEEENEHEZE=-4—LEN
5. PIZIERESHFEEZFIHTIHED. BELEGEENIVETHD. cNLDOMEREARENIZHER
TE5EODI—To—)LiEEE L T/ILRBEIL— T — )L (Pulse Operated Loop Seal: POLS) A°
IBZ - B SN Tz, POLS [, ARMBEFEENS/NLRIZEFET A LT, BIFLRESICBLT, HF
BxE/NILADy FTHEFHMICUIYHEIBATHS,

9



5 B L DR L AmE
o, RHEEDOFL
LOINERESN D,

(The most active catalyst
is identified among at least
kinds  of

five clay

catalysts.)

€359

12 BEDA YRRV TEMIERELR Y V-V DT
O FER. NA AT ADHREIZE WD THFE AR A A
IFEHRINT, T, EEF—ILERMRIIRIFST
SYMEDNRBRETHDH Z ELFIBAL 1=,

F v — iR BN R R
=hbd,
(Char drawing system is

demonstrated.)

Fy—kH - BEREEORARIZCEVLTIX, REFTEFTETLE:
M. NAATADFLEDRETDBEETHYZERE (EFB)
DM ESTREEHET DI EMNRE LIz, 2018 &£
EOBATY 3oy ALE2TOI—IIL FETIILHRIES
EEh, ZORFESNTOEFryr—ikE/RREEOTE
DAL= arvihibbof,

BWIGAIRERNA A< R

ATALIE S X T LHV RS
End,
(Proper biomass

pretreatment system is

established.)

(8 42:Z R ]

EFB O&ERIME T O RDBEROFHENTHN. HyE—
SILICKBUIRENE EHIBTEl-, EBF MREED
Ja a4 THEESA, BEELLEYAX (1~2cm) D
WML EETEDLSITH -, NEREICEH L THHAE
ELTWARE—FEER LIz, REBIT—HH Y 72—
NERBESTDHLETULERENRET S DML TH
Y, ZOHARIS%2. SHATRTIZDIFETH S,

HRLFRE DL
WHHEILT B,

(Technology for
utilization of gasification
residue as fertilizer is

developed.)

(#E4a:E R ]

HREGFEREDHIHEREMN S, EFB Fy—BLURIE K #
EEICEATHY., BEHMEICIXthD P. N FEHEES L TH
BebILnBEMTHD LR INI-, EFB DY T)Lh
LB FYy—OROEELVEICEDIEHENHESNA. FD
BR.Fry—RBEEATEERMREIEREH&LYLENT
WBHIEMNHBA LT, -, FYy—REDRESIEHOZEME
FHEATHN. 30% D3R MEIEAER Iz, IRIZBDE
BRHIZOVTIE. TRy METEATILEESIROR
BORTTHY. 7OV METH 20 AEEETRETIT S
FETHD./MM Ay TS50 FOBEEERZICTNI Oy
FTSUMDLDHEICKDMELILRLIZBHOEEN
RITESNDFETHD.FNITEY BPPT L& Y KBk
BHRABROEREEZFEL TS,

10




AT = DN i BN i
BET 5,
(Pilot plant is successfully

operated.)

(442 RK]

BEXEE LU BPPT OFB@EIC&Y 50kW /84 Oy kT
TV FOERBFORENTON . BESAFZOO=TY)
VURRICKBFRADNITON: RBRFHEESICEELZ3 B
AREOXINEN, BED 1 MARBREDOEBNICKY., /34
Ay F TS MDEBIIE2019F5 &K1z, TR Y
FMETRATIEIEDEGEG TN LM OHEREDT-
HDOFEGLMNITHOIATIND, §#% 1~2 h A TEHEEH A
REICIR D RAATH S,

2 —ILBRE DM A B
xEIhd,
(Tar treatment technology

is developed.)

(—&RERK] .

1) BEHFITEDR2—ILbTy TEIR, 2) 2 —ILOEfS
f2. 3) NAAIRDKEMEL LIz2—ILIRE. D 3785
DIFRZ —ILBRERMARE SN, Ch b ORMOEREHAR
RiThhtz, TNITE YIFRELAEICK 52 —ILBRENS
RRAT—ILOREBEA RLIFHAREE TR SN, §&,
A—I)LEEEDHEENMAY b TS MIBVLWTHERSN
5FETHD,
AREFRERIZE TE 2 —ILBREZEBEDORAFREIL 2017 £ 7 A
[C7aszy MEBICEMSA. EL20EBEAXOBSHRE
BiThhtz, LH L., IFRE LAY TO L —ILEREDHEREN
EBHEWS ENSTRRT—ILOEBRTHLMNE G-z C
EDD. FRE—ILBREEZRAVDIEE. 4 —ILBREEEET
BETHDHIELIERSINT:,

BPPT [ BETTR ) METHRE A —ILIREDMREE
FYVBDHE-ODHAREHTT EIFETH D,

system)

#=3—

(2) FObTY b2 HREBEEES X T LDREFE (Development of liquid fuel production

TorTy k2 0EEEDERKRIIUTISRT EBYTHS,

5: 79Ty k20EEDERIKR

518

E AR

BFimg A2/ —L
ARMEARE S

€39
BEKXZELEBPPTIC& Y 10 BEU L OMAMEDRIELA %SRS

11




%,
(Sustainable catalyst for
Methanol synthesis is

developed.)

. BPPT AR —&HTFTTHE L, y 7L T NEEITH
FERZMENCUENEEHYDAZ/ —ILEFREIR
HLAREVWCEAER SN MRET S > b THEARREGED
A RAZ ) —ILEBAENRE S,

EaX FDINRE A
2/ —)ILERTA R
24 THHEEEINS,

(Methanol synthesis
prototype for small scale
application with low cost

process is developed.)

€359
BRARFALEBEIOELRELTTILAY%RIZKS CO2 &
EFERAFE I, BEAXHERICEK Y 90%LL LD CO2 fr
ENHER SN,

AR —ILERTA AT 15 2015 FITEESh,
RRICIUBBRERTANLDA R/ —LERIERSL
fzo LOL, 1 BHEIYBHEDA 2/ —ILERTAER
DRFHICIEIEBEFHEOBHEENMECEELFT T2 TH 1=,
KO T ESHICHMUMRZEDZ-HICTORIAT2E
WA SN, HiEShT,

AR/ —ILERTA
k%A TORER - 5
NThhnd,
(Methanol synthesis

prototype is tested and

(—&BZERK]

ERTO 24T 1 BHRY 2 SHORE - FHEL ITHNR
F=o 1 SHEICKDHABRDERMN D 1L, HERAEZFERL T A
B/ —JVIREN 60% L E£77 5 H ABIGEEAH S A

ot

evaluated.) OS24 7 2 BETIEIHERMEEZFERALI-ELD AL
J —IVEREBRMNMTHONT, §%. TO 24 T2 B#HICk
A3/ —ILERRBRNASSICEREIN, TAD Y A%
BEL-MEEER L TRIEEEN DT ESNEFETH D,

HRAEBEIOLRD | [EK]

ERERNAER SN, | TBIZEVWTERAABREBRREEN TR L. —&EDH AR

J4—YEUTAR
BT 4 —ICRER
T—AMRESh D,
(Fundamental research of
gas fermentation process

is conducted to collect

data for feasibility study.)

BERBARE SN BRARNODIS / —ILEEHNFER
nf=, ITBELUVHEBERZETHEONERMIL, T4/ )L
EEICTOVTRISHBELG EOEEL R, > FAREAS T,
NLDFFELBY LTI —PEUTARATA—D
ODERBRERNEE SN,

(B) ZORTY 3 HBRVRATLDOET-HEZIES AMODERE NAFIRIRILF—
FRRED-ODRY FT—Y DR (Development of human resources related to

implementation of the developed system and establishment of network for promoting

12



biomass energy utilization.)

7Ty b 3DBEEDERKREIUTIZRT EEYTH S,

x£3—6: 7V FTY 3DEEDOEIKIR

51T

E AR

NAFIRADIRILF—
FAICEY 20—HILEt
En2EUE, ARL—
2 a UHEL 1 BILL LR
Exnd,

(Local trainings on biomass
energy utilization (at least
twice) and trainings for
operation (at least once) are

conducted.)

€z ab=459)!

e NAAIRIFIINF—DFAIZET 20 —HIILFHES
2@ (2015F 11 AB LU 2019 F 5 A) EEIhi=,

e EEREVCTOMEEORRELEDHRELE., NA
FRADHRCEMCELEHFOAMERRE LA
RL—2 3 VHENFHEIN T AN, 40y T
F hOFRENENT--OHBPOERIETE LGNS
1=.BPPT [Z5§ &/ 1 0y F T35 MIEELIZHHELD
TIF—ZERITEIFETHD,

e ARL—L a3 UEMICEAELEHHEL LTI, AR
TALRADEFFT—U 23y TH 2016 FIC 4 EEE
Sh. & 120 @HSMLT-, FHEDFHIIAREND
Annex 7: List of Seminars, workshops and trainings &

E8BY,

At 102U ELEDBR-A
DEROTRADHRRE
- FENHARERD -
HORMIZSMT 5,

(More than ten (in total)
researchers and students
from both Japan and
Indonesia are exchanged to

conduct research works.)

(ZFRk)

AV RORTT ANRARE 16 BHLBHEXRETOFHEIZS
L. BRABRRSE - FEELHICHARICREB LT, Ff-.
BARADEFHEE 3 45 BPPT TOWHEEEICSML
1=

Btz F—~A 2 EL
. 5200 &L EDS M
BEB TRk D,

(International seminars are
organized at least twice and
attended by more than 200

participants in total.)

€359
UTOEBtEIF—A7ad sy FBDICERS O
T=o

e BEtEIF— INA AT RBAERKMEED-HDBEIE
Bl (2016 F£2 A. &mEH 120 A)

e Bt IF— INAAITRAIRILF—] (2019F 5 AH.
SmEH 94 N)

13




Za—RALAE—H 10 [H
LLE. % 750 8Ll EFAT
ENnd,

(More than 10 newsletters
are published with more than

750 copies for each.)

(ER)
Za—RLA—FTOT Y MBS 10 L% 750 £
ST SN,

10 4 LLE D Z i im X A
BTSN b,

(At least ten scientific papers
or publications

published.)

are

€39

o BARAIDHREIZKY 10 DM/ (ERES 2 #.
EFRES 8 ) AT,

o ITB LHBEARZDOHREDHEZRIN 1 HFEITSNT,
o A VKRRV TRMREIZELY 10 BRI ER S,
Efft I F—%THRRIN, -, 6 HOWMIHIHRAE
ERRTH D,

4-3 7oz Y FBREOERKR

72z FEETHD MV FRITOHE - BEFHICEENG., NM AT RXEEYD
MANEMISBAREEBEBRBEELRTLLHEILL, TOERD-HOEBRIEFEIN
% .1 (Fluidized bed catalytic gasification of biomass wastes and following liquid fuel
production system that is socially and economically appropriate for Indonesia is established
and bases for the diffusion are prepared.) DZEIBIZEDZEFRIKRIILUTDOEEY TH S,

£3—7:700x) FBEDOEEZOERKR
a1z ERURR
50kW LUEDNA AR | [#E4a:ERK]
BEMHREDTEUR | 50kW /A1 By TS5 bOEEA 2019 &£ 5 BIZET
fL—2a3 > TSV MR | Lz, 7O MR THATIIARILIFEOIZEEE

RESH, BIRENnd,
(Pilot plant with capacity up to
50kW  biomass  wastes
gasification is constructed

and operated.)

BFIEZEDEBIEDLY ., REGVEREKICK D11 F
RAAREFDILSL LIFAfTHONTINSD, REFREERHE
BRICKBRELEHREIFSE 1~2 H A TERH HE
BRELTHD

AR/ —I)ILERTA LA
14 THhEEEIN D,
(Prototype  of  methanol

synthesis is developed.)

(442K ]

TOL2A THEHIZKDA8 /- LABRREZRET
L. BEERATRDNLDAZ/ —LEREHRE Lz, £
DELIYBEDEVWERZAREL T S-HDTOMEA
T2 BEHIRESN, RIEHEBOIHMOT-®. BPPT I

14




LB ERWN=AS ) — LARKARA—EBIR SN T
W3, SBEAMAETOC Y FTHRABLIIFEAS / —
IVERMIEIC LD AR/ —LERRRN 2 SHTHES
hBRAATHD,

3 | HRREICKBNAAT | [EmK]

B)—VEETOEAN | EBRBERICESVTIFEARARE ORI BES L,
BEIND, FEEDHDITR/ —IVEETOCRANER ST,

(Potential process of gas

fermentation for bioethanol

production is identified.)

5 JOUzY FOEIEERE

(1) FACI) rOEE- &

ARBAREES (JCO) ATAT Y FEMh SERES A, AU 1Y LS, BE.
HEOBESC OV THE - AERANSTOA ., PRLE2—BISETAS Y HEBO
EHRROSMBEROD I 2=~ 3 BEAAEORENEHS A, TOSH b
HEOBECHAFROBESAC OV TSMBEIC & BB TOAI, 22—
k. PDM. PO. &S MHOEEISEOESE 2017 47 D% 4 H JCC TAES N, 2
OREF - HEENBCESVTHANICTOS Y MUER SI T, BEREERED
BB Y HRIFOREISEL THRTOF RS IBMT 34 EBPPTOIS v
AV R OREMRDNE,

2 A1k T7H - BREIDIZT 2= —2 3y

SMEERMDII 2=/ —2 3 DOBEREBEEREFFCETBOBER. EdDEE YK
E3nt-, BRANOXBRABREMREBWEMR 1 D1 2 FROTEICK HEBFH AR
THo-C &, BEODA UV RRITRAD U —IR— FABRELZEFEELIEENADHE
BEOZIa=F—2 3 VITRWMIER LT,

(3) PDM Me&a:T

EdnEsY, 7o) FEHEOEEMN 2017 E7 BNE 4[E JCC TEEShE, TE

BEBABIIUTICSRT EBYTH D,

® TaPz) bEIFTHELTELHIZRIERLTIRBERBBARELTECX b+
L—>av7noeXRE, ERNGEBESHIELDD, 7Ry METHE BPPT A
BT REHETEZE LS BIREOENVIOY R TSV FELTEET S
L& L. HRIEFDORR(E APEX A BT EMHN S BEEXREZRAORMR—X

15



NEEERT B REIZATIE BPPT ORISR H S X JLR > (Serpong) D PUSPIPTEK
NET B,

NRA0Oy TS FORBEIL, BYD 250kW A5 50kW [IZHE/IML. FOREITEE
FALT. "M ATROFINE, 2—LBRETAOER, Fr—ikH LEE. RIFEERY
ATLIGEEEZRYBEZ DD, EROMEERABRNTESELSITTH, NAATRARED
EODEBRBEMOTO LA TEREZREL T, 41 Y FRITEESGEMNEENSF TR
HRIETOEREHIT S,

BEEMA R/ —LERTAERE, MIAENAAIRARETORICHEEH R T
AEXORAEZEZEE LT, ROFRY—)LOTO A THBRETERT 5,
HAREIR /) —LERTO L AOERKARZEALC T, MIENSAAIXAREIZE
(T AEREAREEEALNITEHICBRELT—2DREFITS.

LE3ENDE 4B JCC TEESNT-ABIZEDE, 2017 £ 11 BIZ PDM OF 2 fR~ADHETH

A\ =

SE SN, KETHID PDM 5 1l SRERDE 2 IRANDIEIERBEDFMIZ DOV TIEFTE
& ¥ Annex 6: Comparative Table between PDM Version 1 and Version 2 #ZBND Z &,

4) FEDOEE

FREILE 2a—B K UHEOBERIEEH -1 PDM-PO IZE W TEFNEFR S =M, AL
HEANSFHOEBNOCEENELCLDEREL o=, THEFHORE, TEIILUTICRT &
BEYTH5,

tdoEBEY /1Oy b TSV FOBANERICHE -T2 ML, BREDO—FITEBE
DLENEL EAXARHOERICHEEZE Lz, BERD/A1OY F T35 FOEKREE
&, BEXENRETINBBERABBARELTOEREA—X L, BEXFEL
BPPT A L THY #HA 1=,
A0y TS5 FDEREHE 2018 &£ 8 BICIEHTERREET~FR I T I EBMNE -1
N BERZLICAOBTORBMBEDFHREICET IRARICHBEZELI-I &ML,
FEIE4hREND 2018 F 12 AITfTontz, FloNA By TSV FORBERIC1 A
AOBNADELT. "4 By TS5V FORBEDEND S, LTOFERETAD Y b
HBRNICET T 52 ENTEEL ST,

A = R A A NOY: ¥- 7YY (Bo¥ il ub STk HI3

- NAAY TSV RDARL—D 3 UHHE
TorTYy b 1 OEBRKRTHEARIZESY ., Fr—ikit - EREBORARICOLTIE
NA AT XDFINEDIRETDBFET EFB OB E A RILEHET HIEMNRESN
=& nhibEfoT=,
TorTYy b 1 OFEBRKRTHERIZESY ., HRLFREICHTEI—ILBREEZEED
RFEIE. FRMIMETOZ —ILBREDHENEERHEVN ENTRRAT—ILDOEE

16



THLMER S ZEMD, 8 —LRERBEFRETHD LERENL,

. AS/—LAKOFEMEICES IO ST 2 BETOERICOLTIR. £HMO
—FEMAOLOOHRIOT b5 T A DREISERASECE ED D, EBITBA
Mz,

(5) £FEMEDTOERX - BPPT DA —F—3 v TEE
REBBARETOCROARICONTIE., BEXFL BPPT AFEICHARFEHICOLNTE
WL, XRITERESINE, FOLSILGBBOTOLRE LS L TERAEINMEESI N, /1
A48y TS PDOEFICHENTIE, BEEXRENTRILFOaI 2T FERRL. BPPTA
FRELGE ST HBERELEICFTEGICHG LENSO—IL FETILOEEZED Tz, Th
[T&Y, EHTOOELHE>=3DD, BPPTIXZZDHDEK Y FETILORETER A LEE
[CEWTELHIMIT A ENTREE 2Tz COKIBTAERA BPPT 7O k
ADF—F =Ly TEERTH L LT,

RABHOEED AT LORFEICONTIE, HEHEORENAEICL oI EIZEY. 12
FROTFEARENA ST T4 TEF O THRFHRICRYBL L S 1TH oz, KXHRTHE
T4 FR O TRARENAREIDIRET 5 -DICBELRTOBIEICE VTHRMIC
Thontf=m, —A. AV R ITRARENSIF. BAAFAREKVEETRVERET
B ENTRETH D, FYBEMEESN-1ZE5 EDBRAETF LT,

6 S5 EBICKALEA—RE
6.1. ZHMH%
LTOEMSATOC Y FOZYUHIEIENEHIEh S,

(1) 42 FRIT7ERFOBUER - Bk & DL MH
BEHANLZFDMDENRADEBRIBFEHFRICEVWTHEA VRV TOEERETH D,
2014 EER T RIILX—EtE (NEP14) Tl 2025 £F TIZHR 30%. A 22%., BAETAE
IRIILF—23%, RARHR 25%DIRILF—I v I REERBZEELELTHY., BEATE
AV RRVTHREOBEELE>T WD, KRTAS Y MINA AT RABEEDD H AL E il
BLURABRHEERMZMFETHI L. ZOEMDA 2 FR 7 OHREBFORMDOR
KICEEAETHIZLEZBRELTHEY., 1V FRCTTONMFIREEYDOIRIL
F—FRICEMTIBETHLI LMD, AV FRIOTBRFOIRILF—BEREDRE M
FHEBERTEEFVEEZR S,

2) AV RRITHED=Z—XEDEEN
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AKTADI Y FOAREDFERESNDINA AT REEYETA V FRIOTERNIZEE
[CEHEL. "M FAIE/—ILOBRBOESITHMO=Z—REFETHIIENTLENS
RELGFRADH D, RTUIVILBBWNNILEHLLT . 412 PRI T ORFM - FKiifiry
EHICEES LEAMABMAREIATLENLWI EAL, ATOD Y Mk DEIMR
EAD=—XHEL,

AR —=ENA AT A —EILDEEBETRELINDN., 412 KR T TlE 50%
UEZBAICIRFELTWS, A1V FROTTH—SEEINTVEI AR/ —)LIEXRASA
AMNBRBHINTUVDIDN, RARAREIRILF—RE L THALEQEMA S > K
CTBIFOBERBERZE LTERITONTWS, NI AL/ —ILOEE -BIKIEA >V KX
STDNAF T4 —EIVEEIZLERT HEEZONTLS,

ATODIY FOHRIEDEHTHB EFBIFRAT FSEPH YR VAVELREDS YD
FYLBIELENMEVWERDERE IS VT —LavVIZEETHD, ATOP ) TR
I%BHT FEBOAHRERMICLZEIR A ODLBRHBZLEHEEIL. ThonBk
TOEAMBOREICLEMT 52 LA ARETH D,

(3) BAM ODA BE L NDR LM

BITOXA Y R OT7HMEEAFAREB A AR 2017 F9 A) T ERZNHFILLTIT
T B R UVEBRHEDREBE~DOHISEENRLIZHAIT-XE] AZBIFoh TS, K70
S MIZHDEAPFOTORAERERERE 3—1 TRUELEH - BRRBERESXRK] (CEMT S
FRLMEMTFONTLS,

(4) 77o—Fo&EYMHE

NAFIARZEYDIRIILF—FRAIEBLRTRICEHFRIESATOEIRTTHLHMN, «
VRRVTTERT B-OICERMTERATELHEERTORAREARDONS, KT
B2 MECD) AVFRITDTS0T—2a U OEMREYETE - MIHEETHR
A BICERE - B4 - REAFEER THEIE ] BNA A I RAEEYD H R L & REHREAE
E7DERERAKTH L. 2) BHMORMEICE 2 BEOHEMKECHHOE B RN
BIOERABEEFAREE T HT L. 3) AMBRYHRY FT—IBRIZEY ZDERD
EFODOEBERREI S L. 4) ARELEENOHEIEEZREIH L. [2DOLVTHR
(EHLEEXTHD,

2017 £ 7 AM JCC ITHFHEEEETIE, BPPTATAD =) METHREL EFBDOA
AEEMOERIED-ODMRRAEEMTTEIRBEBADLERRDAREL
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MINUTES OF MEETINGS
OF
THE JOINT TERMINAL EVALUATION
ON
PROJECT FOR DEVELOPMENT OF AMODEL SYSTEM FOR FLUIDIZED
BED CATALYTIC GASIFICATION OF BIOMASS WASTES AND FOLLOWING
LIQUID FUEL PRODUCTION IN INDONESIA

The Japan International Cooperation Agency (hereinafter referred to as “JICA”)
dispatched the mission led by Dr. Toru Kobayakawa, Senior Director (Energy),
Industrial Development and Public Policy Department from June 18" to 26", 2019
for Joint Terminal Evaluation on Project for Development of a Model System for
Fluidized Bed Catalytic Gasification of Biomass Wastes and Following Liquid Fuel
Production in Indonesia (hereinafter referred to as “the Project”). The joint
terminal evaluation was conducted with the members of Joint Coordination
Committee (hereinafter referred to as “JCC”) consisting of Agency for the
Assessment and Application of Technology (hereinafter referred to as “BPPT"),
Bandung Institute of Technology (hereinafter referred to as “ITB") and JICA Expert
Team.

As a result of discussions, both Japanese and Indonesian sides confirmed the
contents of the terminal evaluation report referred to in the document annexed
hereto.

Jakarta, June 26", 2019
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Dr. Toru Kobayakawa

Senior Director (Energy)

Industrial Development and Public
Policy Department

Japan International Cooperation
Agency (JICA)

Dr. Ir. Hens Saputra, M. Eng.
Director

Center for Energy Resources
Technology and the Chemical
Industry (PTSEIK)

Agency for the Assessment and
Application of Technology (BPPT)



Main Points Discussed

1. The Joint Terminal Evaluation Report (hereinafter referred to as “the Report”)
was jointly prepared and both Japanese and Indonesian sides confirmed the
contents as described in Attachment.

2. The equipment procured under the project was handed over to BPPT from
JICA Expert Team on May 29", 2019. Both sides confirmed that BPPT is
responsible for the equipment and shall operate and maintain properly
securing the necessary budget to make the project outcome sustainable. The
equipment handed over io BPPT is listed in Annex 4 of Attachment. If BPPT
handover the equipment to other counterpart agencies, BPPT shall document
it and inform JICA accordingly.

3. Both sides confirmed the sustainability of research activities. For the research
activities that are planned under this project but not fully completed before
the end of the Project period, it is necessary for BPPT to continue them firmly
and produce results within the expected timeirame. While the expectation for
commercialization of gasifier is high and the budget is allocated for the
continuation of research, as fo the liquid fuel production, it is expected that
BPPT and ITB would make an effort to obtain sufficient research budget and
continue research and development.

4. In general, JICA conducts the ex-post evaluation after 3 years. Both sides
agreed to continue their efforts to continue researches on the biomass
gasification and liquid fuel production in practice even after the project
termination towards the ex-post evaluation.

Attachment: The Joint Terminal Evaluation Report



Aftachment:

THE JOINT TERMINAL EVALUATION REPORT
ON
THE JAPANESE TECHNICAL COOPERATION (SATREPS)
FOR
PROJECT FOR DEVELOPMENT OF A MODEL SYSTEM FOR
FLUIDIZED BED CATALYTIC GASIFICATION OF BIOMASS
WASTES AND FOLLOWING LIQUID FUEL PRODUCTION IN
INDONESIA

Japan International Cooperation Agency (JICA)
and
Agency for the Assessment and Application of Technology (BPPT)

Jakarta

June 26, 2019
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Abbreviations

APEX Asia People's Exchange

BPDP Indonesian Palm Qil Mill Management Agency Fund

BPPT Agency for the Assessment and Application of Technology

C/iP Counterpart Personnel

DAC Development Assistance Committee

EPC Engineering Procurement Construction

EFB Empty Fruit Bunches of Qil Palm

FY Fiscal Year

GHG Greenhouse Gas

GOl Government of Republic of Indonesia

GOJ Government of Japan

GU Gunma University

ITB Bandung Institute of Technology

JCC Joint Coordinating Committee

JICA Japan International Cooperation Agency

JST Japan Science and Technology Agency
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PDM Project Design Matrix
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SATREPS Science and Technology Research Partnership for Sustainable
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1. Outline of the Terminal Evaluation

1-1.  Background

Based on the Record of Discussion (R/D) on the Project for Development of a Model System
for Fluidized Bed Catalytic Gasification of Biomass Wastes and Following Liquid Fuel
Production in Indonesia (hereinafter referred to as “the Project”) signed on February 25, 2014,
the Project started in June 2014 for the purpose of establishment of fluidized bed cataiytic
gasification of biomass wastes and following liquid fuel production system and preparation
of bases for the diffusion by Japanese Experts from Gunma University and Indonesia
counterparts from Agency for the Assessment and Application of Technology (hereinafter
referred to as "BPPT”), Bandung Institute of Technology (hereinafter referred to as “ITB"),
Yayasan Dian Desa (hereinafter referred to as “YDD") with the support of Japan International
Cooperation Agency (hereinafter referred to as “JICA") and Japan Science and Technology
Agency (hereinafter referred to as “JST") under the Science and Technology Research
Partnership for Sustainable Development ((hereinafter referred to as “SATREPS") scheme.

The Project completed on June 12, 2019, five years from the commencement. Since the
Project has reached the end of the implementation period, JICA has determined to conduct
a Terminal Evaluation for the purpose of assessing the achievements of activities of the
Project, evaluating them in terms of five criteria, and giving recommendations for future
activities.

1-2. Objectives of the Terminal Evaluation

The objectives of the Terminal Evaluation are:

(1)To evaluate the performance, achievement and implementation of the process of the
Project;

(2) To conduct comprehensive evaluation of the activities and achievement of the Project in
accordance with the five evaluation criteria, namely relevance, effectiveness, efficiency,
impact, and sustainability, as described in Table 2-1;

(3)To draw up recommendations for further improvement of the Project after the
implementation period; and '

(4)To prepare a Joint Evaluation Report (hereinafter referred to as “the Report”).

1-3. Members of the Terminal Evaluation

(1} Indonesian side

Name _ Position o Organization
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Dr. Ir. Hens Saputra | Director of Center for Energy | BPPT
Resources Technology and the

M. Eng. Chemical Industry (PTSEIK)

Dr. S.D Sumbogo | Senior Researcher BPPT

Murti, M. Eng

Dr. Dipl-Ing. | Head of Program and Budget | BPPT

Muhammad  Abdul | Division of PTSEIK

Kholig, MSc.

Dr. Joni Prasetyo Senior Researcher BPPT

Dr. Ir. Erlan Rosyadi, | Senior Researcher BPPT

M.Eng.

Mr. Ir. Trisaksono | Senior Researcher BPPT

Bagus, MT

Ms. Arfiana Researcher BPFT

Ms. Fusia Mirda Yanti, | Researcher BPPT

Ssi, Mst

Ms. Astri Pertiwi, ST, | Researcher BPPT

MT

Prof. Tiandra Setiadi | Professor B

Dr. Ronny Purwadi Associate Professor iTB

Dr. Made Tri Ari Penia | Researcher ITB

Kresnowati

Mr. Guntur Adisurya | Researcher ITB

Ismail S.T.

Ms. Keryantj S.T, M.T, | Researcher ITB

(2) Japanese side

"~ -Name i~ [ Mission Responsibility 7 |-~ -+ Organization ==~ =

~* Position

Dr. Toru Kobayakawa

Leader

Energy and.Mining Group, [ndustrial |
Development and Public Policy
Department, JICA

Ms. Kuri Shibata

Cooperation Planning

Program Officer, Team 1, Energy
and Mining Group, Industrial
Development and Public Policy
Department, JICA

Ms. Yuki Ohashi Consultant (Evaluation) | Tekizaitekisho LLC
Prof. Atsushi Project Professor University of Tokyo
Tsutsumi
Dr. Keisuke Kosaka Senior Associate | JST
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Research Supervisor

Prof. Reiji Noda Associate Professor Gunma University
Ms. Chiaki Fukuda Coordinator -

1-4. Schedule of the Terminal Evaluation

No. Date: LSS Activity o e | Place
1 | 18-Jun | Tue | (Arrival in Jakarta, Indonesia) Jakarta

AM: Meeting at JICA Indonesia Office

PM: Site visit and meeting with CPs at BPPT

Meeting with CPs at BPPT

(After the meeting, move to Bandung)

Meeting with Bandung Institute of Technology|

4 | 21-dun § Fri [(ITB) Bandung — Jakarta

{After the meeting, transfer to Jakarta)

AM: Internal Meeting

2 | 19-Jun | Wed Jakarta — Serpong

3 | 20-Jun | Thu Serpong — Bandung

5 | 22-
Jun | Sat PM: Preparation Jakarta
AM: Internal Meeting Jakarta —
23-
6 Jun | Sun PM: Preparation (transfer to Yogyakarta) Yogyakarta
AM: Meeting and Site Visit at Dian Desa Yoavakarta
e
7 | 24-Jun | Mon | Foundation (YDD) Se?yon
(After the meeting, transfer to Jakarta) pong
8 | 25-0un | Tue Meeiing with CPs on Terminal Evaluation at Serpong
BPPT
9 | 26-Jun | Wed Report fo JICA Office Serpong — Jakarta
(Departure)

10| 27-Jun | Thu [ {(Arrival in Japan) -

2. Outline of the Project

2-1 Background of the Project

Since the recent economic growth of Indonesia is accompanied by rapid increase of energy
consumption as well as greenhouse gas (GHG) emissions, the Government of Republic of
Indonesia (hereinafter referred to as “GOI"} has set its target to enhance the share of new
and renewable energy in national energy resource. In this contexi, Indonesia has strong
commitments to utilize its huge potential of biomass energy, especially biomass wastes of
which potential is more than half of the total primary energy consumption of the country.
However, actual utilization of biomass wastes has been limited partly due to lack of
economically and technologically feasible process. With the aforementioned background, the
GOl has requested the Government of Japan (hereinafter referred to as “GOJ”) for the
“Science and Technology Research Partnership for Sustainable Development” (hereinafter

76
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referred to as “SATREPS") Project to develop a model system appropriate to Indonesian
conditions for gasification of biomass wastes and following liquid fuel production..

2-2 Summary of the Project

<Project Title>

Project for Development of a Model System for Fluidized Bed Catalytic Gasification of
Biomass Wastes and Following Liquid Fuel Production in Indonesia

<Project Period>
June 13, 2014 - June 12, 2019

<Implementation Organization>
Indonesian side:

Agency for the Assessment and Application of Technology (hereinafter referred to as “BPPT")
Light of the Village Foundation (Yayasan Dian Desa: hereinafter referred to as “YDD”)
Bandung Institute of Technology (hereinafter referred to as “ITB"),

Japanese side:
Gunma University

<Target Area> Whole country of Indonesia

<Target Group> Researchers of BPPT, Experts/Researchers of YDD and Researchers of ITB
<Narrative Summary>

QOverall Goal:

Established technology for fluidized bed catalytic gasification of biomass wastes and

following liquid fuel production is diffused.

Project Purpose :
Fluidized bed catalytic gasification of biomass wastes and following liquid fuel production

system that is socially and economically appropriate for Indonesia is established and bases
for the diffusion are prepared.

Output :
1) Establishment of fluidized bed biomass gasification process with tar treatment technology.

2) Development of liquid fuel production system.

4
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3) Development of human resources related to implementation of the developed system and
establishment of network for promoting biomass energy utilization.

3. Methods of the Evaluation

The Terminal Evaluation was conducted based on the methodology of Project Cycle
Management (PCM), in accordance with the “New JICA Guideline for Project Evaluation
(June 2010)", which mainly follows the “Principles for Evaluation of Development Assistance,
1991" issued by Development Assistance Committee of Organization for Economic
Cooperation and Development (OECD-DAC).

(1) Achievement and Implementation process of the Project

The achievement of the project, including input, project purpose, and outputs, was reviewed
based on the current Project Design Matrix (PDM) (version 2) revised in Novernber 2017 and
Plan of Operation (PO} modified in July 2018. The implementation process of the project,
such as management and operation structure, communication among the members of the
Project, means of technical transfer, etc. was also assessed.

(2) The Five Evaluation Criteria

The overall project was also analyzed using the five evaluation criteria, i.e. relevance,
effectiveness, efficiency, impact and sustainability. Each criterion is rated on a five-point
scale, which are “high”, “relatively high”, “medium”, “lower-medium” and “low".

Table 2-1: Criteria of the Evaluation

Degree of compatibility between the development assistance and priority
Relevance

of policy of the target group, the recipient, and the donor.

Effectiveness | A measure of the extent to which an aid activity attains its objectives.

Efficiency measures the outputs - qualitative and quantitative — in relation
to the inputs. it is an economic term which is used to assess the extent to
which aid uses the least costly resources possible in order to achieve the

Efficiency
desired results. This generally requires comparing alternative approaches
to achieving the same outputs, to see whether the most efficient process
has been adopted.
The positive and negative changes produced by a development

Impact intervention, directly or indirectly, intended or unintended. This involves

the main impacts and effects resulting from the activity on the local social,

econormic, environmental and other development indicators.
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lSustamabmty is concerned with measuring whether the benefits of ani

Sustainability l activity are likely to continue after donor funding has been withdrawn. '

! Prolins need to be environmentally as well as ff,.‘EfE.’a”y sustainable. l
Source: New JCA Guidelines for Project Evaluation (2010}

(3) Information and data collection
The data and information necessary for the Evaluation were gathered by the following
methods.

Table 2-2: Data Collection Methods and Sources

Methods Sources

Document Review | « Ex-ante Evaluation Report

+ Monthly Reports

¢ Mid-term Evaluation Report

» JST Final Report April 2019 and other related reports
Questionnaire » Japanese implementing institution

» Indonesian counterpart institutions (BPPT, YDD, and ITB}
Interview » Japanese implementing institution

» Indonesian counterpart institutions (BPPT, YDD, and ITB)
» RISTEKDIKTI

» JICA Indonesia Office

Site visit « PUSPIPTEK

« ITB

« YDD

(4) Joint Evaluation
The Evaluation was conducted jointly by Indonesian and Japanese evaluation teams. The
evaluation activities including report analysis and interview were carried out by both sides.

4. Assessment of Project Performance

4-1 Resuits of Input

(1) Input from Japanese side

1) Experts

3 experts from Gunma University visited Indonesia frequently on a short-term basis to carry
out project activities from the beginning to the end of project period, and ancther expert of
Gunma University was assigned from July 2017 according to the revision of the project plan
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that time, till the end of the project period. Also, 4 experis from APEX were allocated on a
short-term basis from the beginning of the project, up to in June 2017. Apart from these
technical experts, a long-term expert in project coordination was allocated from August 2015
till the end of the project period. The details of the assignment of experts are shown in the
Annex 4: List of Inputs (Japanese side), (1) Dispatch of Japanese Experts.

2) Training in Japan

16 staff members in total of BPPT were frained at Gunma University in Japan for 2 to 3
months. The details of training in Japan are shown in the Annex 4: List of Inputs (Japanese
side), {2) Training in Japan.

3) Equipment

Machineries and equipment of a total value equivalent to approximately 100 miilion Yen have
been provided for the Project activities. The details of provided equipment are shown in the
Annex 4: List of Inputs (Japanese side), (3) Instalted equipment by JICA's budget.

4) Cost of project activities

A total amount of 3,659,765,062 rupiahs in total was provided for the local expenditure of the
Project as shown in the Table 3-1. The detalils of expenditures are shown in the Annex 4: List
of Inputs (Japanese side), (4) JICA's Overseas Activity Cost.

Table 3-1: Local cost provided by JICA

Japanese Fiscal Year (JFY) Amount of expenses
(April-March) (Indonesian Rp.)
2014 136,145,863
2015 326,619,830
2016 490,159,343
2017 1,048,572,475
2018 1,044,462,995
2019 613,795,556
Total 3,659,765,062

(2) Input from Indonesian side

1) Assignment of Counterparts

During the project period, 54 counterpart personne! of BPPT in total were assigned to the
Project. Also, 2 staff members of YDD involved in the project activities from the
commencement of the Project up to June 2017 practically, and 6 researchers of ITB in total

7

N



were allocated from December 2016 tilf the end of the project period. The details are shown
in the Annex 5: List of Inputs (Indonesian side), (1) List of Indonesian Counterparts.

2) Cost of project activities A
A total amount of 878,480,000 rupiahs was contributed by BPPT, as shown in the Table 3-2.

Table 3-2: Project cost provided by BPPT

Japanese Fiscal Year (JFY) Amount of expenses
(April-March) (Indonesian Rp.)
2014 47,000,000
2015 105,705,000
2016 330.000.000
2017 150.000.000
2018 200.000.000
2019* 45,775,000
Total 878,480,000

* until the end of project period (June 12, 2019)

Also ITB contributed 346,800,000 rupiahs in total, since its involvement from December 20186,
as shown in the Table 3-3.

Table 3-3: Project cost provided by ITB

Japanese Fiscal Year (JFY) Amount of expenses
(April-March) {Indonesian Rp.)
2017 173,500,000
2018 148,400,000
2019 24,900,000
Total 346,800,000

In addition, YDD contributed about 5,760,000 rupiahs in 2016 for the project activities.

3} Equipment

BPPT provided equipment of 432,241,900 rupiahs in total for project activities, ITB also
provided equipment for a total of 182,144,900 rupiahs. The details of provided equipment are
shown in the Annex 5: List of Inputs (Indonesian side), (3) Installed Equipment by
Counterpart's Budget.
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In addition, an office space and an operation room in BPPT/PUSPIPTEK for the Project
Coordinator and visiting Japanese Experts, and spaces for installing the machinery and
equipment have also been provided by the Indonesian side.

4-2 Achievement of Qutputs
(1) Output 1: Establishment of fluidized bed biomass gasification process with tar treatment

technology.

The achievement of indicators for Output 1 is as described below.

Table 3-4: Achievement of indicators for Qutput 1

indicators

Achievement

Stable operation
of fluidized bed
gasifier is
demonstrated.

Mostly achieved.

The pulse controlled loop seal was developed by the Project, and
its scaling up procedure has been tested and confirmed by the cold
model which has the same scale with the demonstration pilot plant.
A demonstration of the pulse controlled loop seai will be confirmed
by the pilot plant within a few month period.

The most active
catalyst is
identified among
at [east five

kinds of clay

Achieved.

12 samples of clay products in Indonesia were collected and
evaluated. 3 clay products were identified as suitable catalysts for
tar removal for biomass gasification. It was also found that total acid
amounts are the most important properties for tar removal.

catalysts.

Char drawing | -

system is | A concept of char drawing system was developed. However, an
demonstrated. | application of fibrous EFB (Empty Fruit Bunch of Oil Palm) for

gasification as feedstock was decided as a result of the
establishment of biomass pretreatment system (activities 1-4), so
that cold model experiments in Yogyakarta were discontinued in
FY2018, and the application of char drawing / circulation
mechanism to the pilot plant was also canceled.

Proper hiomass
pretreatment
system is
established.

Mostly achieved.

The advantage and disadvantage of various pretreaiment
processes of EFB were evaluated, and pulverization by a cutter mill
was judged to be effective. A prototype for EBF pulverization by
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cutter mill was fabricated and achieved production of the targeted
size of fibers (1 to 2cm). The processing speed was almost reached
to the expected one. A modification of cutter configuration of the
mill was found to improve the processing speed, and it is planned
to be done in 2 to 3 months.

Technology for

Mostly achieved.

As a result of analysis of the gasification residue, it was confirmed
that main component of nutrients in char and ash of EFB was
potassium, so that it is effective to mix with phosphorus and
nitrogen materials for fertilizer production. Several recipes of
fertilizer mixing with the char and the ash obtained from EFB
samples were applied for growth testing. It was revealed that the
char-mixed fertilizer was better than commercial fertilizer.
Economic benefit by application of char residue was also evaluated
to able to reduce 30 % of the production costs. The ash mixed
recipe is still in progress of growth testing at the end of project
period, and it will be completed within 20 days. The demonstration
of large scale fertilizer production by an application of the residue
obtained by the pilot plant will be conducted after the pilot plant is
continuously operated. BPPT will realize it in larger scale and
identify the performance of developed fertilizer.

Mostly achieved.

The basic design of 50kW pilot plant was developed jointly by
Gunma University and BPPT, and the design was finalized by a
selected EPC company. The completion of the pilot plant was
delayed in May 2019, due to the delay of about three months from
tax exemption procedures and about one month from construction
delay. At the end of the project period, a trial run is underway for
safety operation under specified operation conditions. It is expected
to achieve continuous operation in the next one to two months.

utilization of
gasification
residue as
fertilizer is
developed.
Pilot plant is
successfully
operated.
Tar treatment
technology is
developed.

Partly achieved.

3 different tar removal technologies have been considered: 1) tar
trapping by clay particles, 2) catalytic cracking of tar, 3) tar
reforming by using biomass ash as a catalyst. The fundamental
study of these technologies has been conducted. In-bed tar
removal by an application of clay particles was confirmed by using
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a lab-scale fluidized bed gasifier. The performance of tar removal
will be confirmed by the pilot plant.

The development of a downstream tar removal devices was
included in the Project in July 2017, and conceptual design of
several tar cracking/reforming systems was prepared. However, as
a result of relatively high tar removal by in-bed clay particles
confirmed by the lab-scale experiments, the tar removal device was
confirmed to be unnecessary in case of the application of in-bed
clay tar removal.

in order to improve tar remova! performance, BPPT will continue

the research subject with its own budget after the project.

(2) Output 2: Development of liquid fuel production system

The achievement of indicators for Qutput 2 is as described below.

Table 3-5: Achievement of indicators for Qutput 2

Indicators Achievement
Sustainable Achieved.
catalyst for | More than ten of prototype catalysts were prepared by Gunma
Methanol University and BPPT, and compared under the same condition
synthesis is | by BPPT. An appropriate catalyst with y -alumina support
developed. prepared by impregnation method had the highest methanol
yield per cupper contents.
Methanol Achieved.
synihesis CO2 removal by chemical absorption using alkaline water gas

prototype for smalt

cleaning for methanol synthesis was developed to confirm to

scale application | remove 90% or more of CO2 from syngas.

with  low cost | First prototype of methanol synthesis (Unit 1) was constructed
process is | and tested in 2015 to confirm the successful production of
developed. methanol from simulated syngas. However, the unit 1 had a

narrow variety of experimental conditions and low accuracy and
difficulty to
concentration. In order to carry out further detailed study, a

improve the process for high methanol

second prototype (Unit 2) was designed and constructed.
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Methanol
synthesis
proiotype is tested
and evaluated,

Partly achieved.

From the result of the test with the unit 1, the operation condition
to achieve more than 60% of methanol vield was clarified by
using a commercially available catalyst.

Methanol synthesis experiments by unit 2 are conducted with a
commercially avaitable catalyst to evaluate the methanol
synthesis  performance. Further methanol  synthesis
experiments will be conducted by using Unit 2 to analyze the
reaction mechanisms with a catalyst prepared by the project.

Fundamental
research of gas

fermentation

process is
conducted to
collect data for

feasibility study.

Achieved.

A continuous gas fermentation reactor was completed at ITB,
and a series of gas fermentation test was conducted. The
continuous sysiem was successfully operated to produce
ethanol from simutated syngas. The reaction mechanisms and
critical points for ethanol production was elucidated together
with the results obtained at ITB and Gunma University.
Experimental results for feasibility study was accumulated
through the activities.

(3) Output 3: Development of human resources related to implementation of the developed

system and establishment of network for promoting biomass energy utilization

The achievement of indicators for Quiput 3 is as described below.

Table 3-6: Achievement of indicators for Qutput 3

Indicators

Achievement

Local frainings on

biomass  energy
utilization (at least
twice) and
trainings for
operation (at least
once) are
conducted.

Mostly achieved.

® Local trainings on biomass energy utilization was carried
out twice (November 2015 and May 2019).

® Training for those who are interested to the biomass
gasification technology such as personnel of national
plantation companies, research institutes and private firms
was planned. However, it was not realized during the
project period due to the delay of construction of the pilot
plant. BPPT has an intention to conduct the training and
seminars on the pilot plant in the near future.
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® Workshops for design of gasification process were also
conducted 4 times in 2016 with 120 participants in total. The
details are shown in the Annex 7: List of Seminars,
workshops and trainings.

More than ten (in
total) researchers
and students from
both Japan and

Achieved.
16 Indonesian researchers were trained in Gunma University
and conducted research works with Japanese researchers and

students in Japan, and 3 Japanese young researchers

Indonesia are | participated in the research activities in BPPT.

exchanged to

conduct research

works.

International Achieved.

seminars are | Following international seminars were organized during the

organized at least
twice and aftended

by more than 200

project period.
- International seminar in “Appropriate Technology for
Biomass Derived Fuel Production” in February 2016

participants in | - International seminar in “Biomass to Energy” in May 2019
total.

More than 10 | Achieved.

newsletters are | 10 newslefters (issued 750 copies each) were published during
published with | the project period.

more than 750

copies for each.

At
scientific papers or

least ten

publications  are

published.

Achieved.

® 10 scientific papers (2 domestic journals and 8 international
journals) were published by Japanese researchers.

® One scientific paper was jointly published by researchers of
ITB and Gunma University.

® 15 more scientific papers were prepared by [ndonesian

international seminars and

side, and presented in

conferences. Also 6 scientific papers are under preparation.

4-3 Achievement of Project Purpose
As to the Project Purpose “Fluidized bed catalytic gasification of biomass wastes and
following liquid fuel production system that is socially and economically appropriate for
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Indonesia is established and bases for the diffusion are prepared”, the achievement of
indicators is described in the Table below.

Table 3-7: Achievement of indicators for Project Purpose

tndicators Achievement

Pilot plant with | Mostly achieved

capacity up to 50 | The construction of a pilot plant with capacity of 50kW was

KW biomass | completed in May 2019. At the end of the project period, a

wastes gasification | standard operation procedure of the plant was prepared, and its

is constructed and | safe continuous operation was started-up. It has been confirmed

operated. that of the plant is possible. Stable gasification under a long-
term operation is expected to be achieved in the next one to two
months.

2 | Prototype of | Mostly achieved

methanol The methanol synthesis test with the unit 1 was completed, and

synthesis is | methanol synthesis from simulant synthesis gas was confirmed.

developed. The unit 2, which allow to conduct further detailed study, was
also constructed, and has been used for methanol synthesis
experiments applying a candidate catalyst prepared by BPPT to
analyze the reaction mechanisms. Further methanol synthesis
experiments will be conducted by using Unit 2 to analyze the
reaction mechanisms with a catalyst prepared by the project.

3 | Potential process | Achieved

of gas | Based on the resulis of experiments, the reaction mechanisms

fermentation  for | and critical points for ethanol production was elucidated, and a

bioethanol potential process of gas fermentation was identified,

production i5

identified.

5. Implementation Process

(1) Management and operation of the Project

The progress, issues and modifications of plan were discussed and agreed in the meetings
of Joint Coordination Committee (JCC), which were held 5 times during the project period. In
the Midterm Review of the Project, some issues in the progress of project activities,
communication and information sharing among the participating institutions were raised, and
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new plan and measures to improve the collaborative research works were discussed among
the institutions. The modification of member list, PDM, PO and roles of each institution were
agreed by participating institutions in the 4" JCC meeting in July 2017, and since then the
Project was operated collaboratively based on the new agreement. The roles of each
institution were clearly defined, and the commitment of BPPT was enhanced after the
modification, participating in the all tasks for the development of the gasifier.

(2) Communication between Indonesian and Japanese institutions

After the modification of implementation structure and activities mentioned above, the
communication and information sharing were enhanced. A Japanese coordinator and an
expert who could speak Indonesian language, as well as Indonesian counterpart personnel
who could speak Japanese language helped smooth communication between both sides.

(3) Revision of PDM

As mentioned above, the modification of project plan was agreed in the 4% JCC meeting in

July 2017. The main points of the modification include the followings;

@ The pilot plant was developed to be well suited for application that enables BPPT to
continue research even after the end of the project while maintaining the basic structure
of the circulating fluidized bed gasification demonstration process using clay as the bed
material, which had been developed up to the point. Therefore the design of pilot plant
was modified from the concept based on the APEX owned patent to the circulating
fluidized bed connected with a general bubbling fluidized, based on a Gunma University
owned technology. The site of installation was decided to be PUSPIPTEK, Serpong,
where BPPT's research base is located.

@ The scale of the pilot plant was reduced from the initial 250kW to 50kW, and its surplus
budget was to be used for individual performance tests in biomass pretreatment, particle
circulation systems, etc. An appropriate technology for small-scale biomass gasification
process in Indonesia was to be established by demonstrating a prototypé of elemental
technologies for biomass gasification.

® The thermochemical methanol synthesis process was to be implemented up to bench
scale prototype testing with the goal of developing a process compatible with the small
scale biomass gasification process.

@ Through fundamental experiments of gas-fermented ethanol synthesis process, data
necessary for feasibility study of small-scale biomass gasification was to be collected.

The revised PDM version 2 was agreed in November 2017 in accordance with the decision
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made in the 4™ JCC meeting. The revision in the version 2 are shown in Annex 6:
Comparative Table between PDM Version 1 and Version 2,

(4) Implementation of activities

After the Midterm Review and the modification of the plan, the project activities were

implemented based on the new PDM and PO, however, certain delays and changes in the

activities were caused by different reasons. The main delays and changes occurred are as
described below.

- As mentioned above, the concept of pilot plant was modified. Therefore, some parts of
the design had to be modified, and it required more time to prepare basic design. Gunma
University and BPPT collaborated in the design process to accelerate the process,
based on the external circulating fluidized bed gasification process owned by Gunma
University.

- The design of the pilot plant was completed and ready to order in August 2018, however,
it took time to coordinate between Gunma University and JICA to place an order to an
Indonesian company based on the compliance with the tax exemption arrangement in
Indonesia. The order was made at the end of December 2018, delayed by four months.
Also the construction was delayed for about 1 month. Due to the delay of the pilot plant,
the following activities could not be completed before the Project period.

< Demonstration of fertilizer production derived from the residue of the pilot plant
< Training for the operation of the pilot plant

- As described in the achievement of Output 1, the development of char drawing system
was discontinued as it was decided to use fibrous EFB as feedstock for gasification as
a result of the establishment of biomass pretreatment system.

- As described in the achievement of Qutput 1, the development of tar removal device
was determined unnecessary and discontinued as a result of relatively high tar removal
by in-bed clay particles confirmed by the lab-scale experiments.

- As described in the achievement of Qutput 2, the experiments of methanol synthesis
with the preferred catalyst by using prototype No.2 was delayed due to the delay in the
delivery of gas chromatography for simultaneous analysis of products.

() Mutual learning process and enhanced project ownership by BPPT

Regarding the establishment of fluidized bed biomass gasification process, Gunma
University worked closely with BPPT by discussing and carrying out research activities
collaboratively. Through such co-working process, mutual learning process between both
sides was facilitated. As to the designing of pilot plant, after Gunma University presented a
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basic concept of gasifier based on the modification, BPPT took the lead in developing the
cold model, dealing with errors occurred together. It allowed BPPT to make their own
decisions in various occasions for the research works such as designing of hot model etc.,
although it required relatively longer time to make progress in the activities. These processes
contributed to enhance BPPT’s contribution and ownership of the Project.

As to the development of liquid fuel production system, the roles of each institution were
clearly defined, which also allowed Indonesian researchers to take initiatives in their research
activities. While training in Japan was realized effectively to transfer necessary techniques
for their research activities undertaken by Indonesian researchers, they consider that more
frequent and deeper discussion with the Japanese experts could have accelerated their
researches.

6. Results of the Terminal Evaluation
6.1. Relevance
Relevance of the Project is assessed as “high”, considering the following points.

(1) Relevance to the policies and strategies of iIndonesian Government

Transition of energy source from petroleum to others is still a continuing challenge of
Indonesia as of today. The National Energy Plan in February 2014 (NEP14), which sets out
the ambition to transform the energy mix by 2025 as follows: 30% coal, 22% oil, 23%
renewable resources and 25% natural gas, is stil the current policy of Indonesian
Government. Therefore, the Project, which aims to develop manufacturing technology of
catalytic gasification of biomass wastes and production of liquid fuel and to verify the
feasibility of the technology to be applicable to socio-economic and technological conditions
in Indonesia, remains highly relevant to the energy policy of Indonesian Government.

(2) Relevance to the needs of Indonesian society

® Biomass waste, which is the material of the gasification of this project, is abundant in
Indonesia and has an advantage of being uncompetitive with other needs unlike the raw
matertal of bioethanol. However, despite its high potential, utilization technologies
applicable to Indonesia's economic and technical conditions has not been developed yet.

@ |n Indonesia more than 50% of methanol, which is required for biodiesel production,
relies on imports, and the only Indonesian methanol producer is manufacturing methanol
from natural gas, which is also the target energy source to be increased in the energy
policy goal. Therefore, bio-methanol production is considered to contribute to the
biodiesel production in Indonesia.
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® EFB used as raw material in this project is abundant in farm plantation of islands, such
as Sumatra and Kalimantan where electrification rate is relatively lower than Java. Low
cost and easy power generation by the gasification technology of EFB, which is to he
established in this project, can contribute to the improvement of power access in such
islands.

(3) Relevance to the Japanese ODA policy

In the current Japan's Development Cooperation Policy for the Republic of Indonesia
(September 2017), “Assistance for capacity building to address the challenges facing Asia
and the international community” is raised as one of the prioritized areas for Japanese
cooperation in Indonesia. The Project is considered as one of the projects to contribute fo
the challenges, which include climate change and environmental conservation.

(4) Appropriateness of the project’s approach

® FEnergy conversion of biomass waste is a technology that has already been
commercialized in Japan, but in order fo spread it in Indonesia it requires the
development of appropriate technologies that can be used locally. Therefore, this project
has been undertaken with special attention to the following points: (i) to develop
“appropriate” production process of gasification and liquid fuei, which is relatively easy
to install, operate and maintain in plantations, collection and processing sites of
agricultural and forestry products, etc. in Indonesia, (ii) to enable local engineers to
improve the process independently based on their own technology level, (iii) to develop
human resources and networks in order to prepare the foundations for diffusion of
developed technologies, and (iv) to realize social application of developed technologies.

® [n the modification of the plan in JCC in July 2017, a consensus was built between
Indonesian and Japanese sides that the main purpose of the project is to develop
institutional set-ups of BPPT to be able to continue research and development to
commercialize the gasification technologies of EFB even after the project period. As a
result, the scale of the experiment and the target were downscaled, however, after the
change of the plan, BPPT actively engaged themselves in research and has
demonstrated the intention to continue research after the project. In addition, the
reduction in size of the pilot plant made it possible to proceed with technology
development while testing various options, which is considered possible to accelerate
the development of gasification technologies in the future.

6.2. Effectiveness
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Effectiveness of the Project is assessed as “relatively high”, considering the following aspects.

{1) Achievement of the Project Purpose

As described in the “3.3 Achievement of Project Purpose”, the pilot plant with capacity up to
50 kW biomass wastes gasification was constructed and it has been in a process of stating
—up the stable operation. The continuous operation is expected to be achieved in the next
one to two months (mostly achieved). Prototype of methanol synthesis is also developed,
while further experiments are necessary to complete the evaluation of performance (mostly
achieved). And the potential process of gas fermentation was identified (achieved).

(2) Causal relationship between Project Purpose and Qutputs

The achievement of Project Purpose was directly produced by achieving the Quiputs of the
Project. In addition, there was no influence of important assumptions stated in the PDM
version 2, such as 1) No serious economic recession nor inflation hikes occur in Indonesia,
2) Destructive social unrest such as terrorism, war, or civil strife do not occur in Indonesia,
and 3) Destructive natural disaster such as volcano eruption or earthquake do not occur
infaround project sites.

6.3. Efficiency
Efficiency of the Project is assessed as "lower-medium”, considering the following aspects.

(1) Achievement of the Outputs

As described in the “3.2. Achievement of Outputs®, regarding the Output1, although the
demonstration of the pulse controlied loop seal developed by the Project is not confirmed by
the pilot plant yet, it is expected to be achieved within a few months period. Suitable catalysts
for in-bed tar removal by an application of clay particles for biomass gasification were
identified. The establishment of biomass pretreatment system was almost completed, and
the technology for the utilization of gasification residue as fertilizer was mostly developed,
and will be demonstrated by a larger scale fertilizer production after the pilot plant is
continuously operated. Meanwhile, development of char drawing system was discontinued
because fibrous EFB was decided to be a feedstock for gasification. Also, the fundamental
study of tar removal technologies was conducted, while a downstream tar removal devices
was confirmed to be unnecessary in case of application of the in-bed clay tar removal. Also,
in-bed tar removal by an application of clay particles was confirmed by using a lab-scale
fluidized bed gasifier.
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For the methanol synthesis process of Output 2, a low cost catalyst for methanol synthesis
was identified, and methanol synthesis prototypes (unit 1 and 2) were developed, while
further methanol synthesis experiments will be conducted to analyze the reaction
mechanisms by using the unit 2. With regard to the gas-fermentation ethanol synthesis
process, basic research on the gas-fermentation process has progressed, and experimental
results that are necessary for feasibility study have been accumulated through the activities.

As to the Output 3, indicators were mostly achieved, and it is considered the Project
contributed to develop human resources and networks for promoting biomass energy
utilization.

(2) Factors affected the level of achievement of the Qutputs

® Major revisions to the project plan in July 2017 brought about positive changes in project
direction and stakeholder involvement, and enhanced the continuity of the research
activities even after the Project period, while it caused a certain time loss, due to some
additional activities such as the modification of the plant design.

® The dedication of both Indonesian and Japanese members enabled fo produce the
achievement of the Qutputs as much as possible, despite of rather tight schedule after
the revision of the project plan.

® As described in the “efficiency of the inputs” below, delays in the construction of pilot
plant and delivery of equipment affected the level of achievement at the end of the
project period.

(3) Efficiency of the inputs (quality, quantity and timing)

® As mentioned in the implementation process, due to delays in the procedure of
procurement for the pilot plant, some activities were not completed at the end of the
project period.

® Delays in the procurement of equipment also affected negatively the progress of some
activities.

® [ndonesian resources were utilized in a positive manner, which contributed to a cost
reduction.

®  After the revision of project plan, the implementation structure and allocation of human
resources were changed, and personnel was allocated in accordance to the modification.
Meanwhile, a part of assignment of Japanese expert for liquid fuel production was
observed to be less than expected by the Indonesian counterpart.

® After the change of project plan, the cold model installed at YDD did not contribute to
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produce the output of the Project directly. However, the results of experiments with the
cotd model has been utilized by YDD in their own continuing research activities.

6.4. Impact
Impact of the Project is assessed as “relatively high”, considering the points described below.

(1) Prospects of achieving the Overall Goal
Regarding the Overall Goal “Established technology for fluidized bed catalytic gasification of
biomass wastes and following liquid fuel production is diffused”, the indicator is set as “Within
4 years from the project completion, at least one plant using established technology is
considered to be constructed and operated”.

In terms of the gasification of biomass wastes, there is a high prospect of achieving the

indicator, considering the following related situations.

® BPPT secured governmental budget for the continuity of activities, approximately 2
billion rupiahs in 2019, and it clearly stated that it will work or{ the optimization of the pilot
plant by the end of 2019. The technologies for biomass gasification is highly expected
by related ministries such as Ministry of Energy and Mineral Resources and Ministry of
Industry, as well as the parliament in indonesia.

® BPPT has already started coordination with the Ministry of Industry etc. for
commercialization, and is planning to optimize the pilot plant during this year. There is a
possibility that the ministries will obtain licenses from BPPT and Gunma University for
the implementation in the future. .

® JUST's commercialization support program, Solution-Driven Co-creative R&D Program
for SDGs, has been adopted, and business plan for the energy conversion of EFB by
the gasification process is being formulated. This process uses EFB as a raw material,
and if it is operated at a plantation site, it can be operated at a much lower raw material
procurement cost compared to pellets, and its viability must become high. Alliances have
been formed among several companies in Indonesia, Malaysia, and Japan, and studies
are being conducted on what business options can be taken for diversification of income
saurces through adding values to biomass wastes.

® Manufacturing cost of the gasifier for practical use can be reduced largely by simplifying
the instrumentation, and it has a large room for reduction in the future. The EFB
pretreatment device is inexpensive at around 400,000 yen, and the estimated power
consumption for its operation is also significantly lower than that for producing pellets.
As such, it can be quite a cost-effective process having potentials for future
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dissemination.

® One issue for the pretreatment of EFB is that the initial form and moisture contents of
EFB would affect largely crushing efficiency, and therefore, improved methods to control
these factors need to be established.

® In relation to the restriction of perm oil, lately the needs of plantation companies for the
technologies developed by the Project are increasing, and private firms are also highly
interested in. If the possibility of commercialization is demonstrated, it is considered that
there is a high probability of being a target of invesiment.

On the other hand, regarding the liquid fuel production, there is still a relatively long way for
commercialization, but interests in the technology in Indonesia are high, and it can be
expected that research will be continued toward the future.

(2) Other positive and negative effects of the Project

® The patent of Puise Operated Loop Seal (POLS) was obtained by Gunma University,
and BPPT is also preparing for the application of patent in Indonesia at this moment.
BPPT and Gunma University have been examining the possibilities fo get patent for
other technologies developed by the Project as well.

® Researchers of the University of Janabadra in Yogyakarta are interested in the fluidized
bed gasification technology of biomass and approached to the Project in order to start
their own research. Therefore, the project supported the university by organizing a
workshop on fluid bed technology. The project also supported them by handing over a
fluid bed cold model that was used before this project, and aiso invited them to a plant
design workshop, etc. This can be seen as unplanned networking process which may
contribute to future expansion of research base in [ndonesia.

® One researcher of BPPT has been studying in PhD on biomass gasification at Gunma
University since October 2017 under Monbukagakusho scholarship recommended by
SATREPS program.

® BPPT owns different types of tar cracking technologies developed by themselves. Tar
treatment technology developed by the Project can produce synergy effects by
collaborating with these technologies.

6.5. Sustainability
Sustainability is assessed as “high”, considering the aspects described below.

(1)} Policy and institutional aspects
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The policy of increasing alternative energy sources is expected to continue. In addition, the
Ministry of Energy and Mineral Resources, the Ministry of Industry, etc. are highly interested
in the energy conversion of biomass wastes, and by showing good results, further policy
support can be expected.

(2) Organizational and financial aspects

® BPPT has highly appreciated the research under this project as it is consistent with the
mandate of the institution, that is, promoting domestic application of technology from
overseas. Considering the potential social requirement, BPPT is highly motivated and
willing to continue researches that are relevant to the Project. BPPT aims to
commercialize the developed technologies in the future.

® BPPT has well organized structure for research and sufficient human resources to
continue the research relevant to the Project.

¢ BPPT has its own research hudget, and the budget allocation is decided by its board
based on the results and progress of each research. In 2019, the research budget of
around 2 billion rupiahs has already been secured to continue the research activities
using the pilot plant. The large budget allocation compared to the previous year shows
BPPT’s high expectation for further development of the gasification technologies. As to
the methanol synthesis, a versatile prototype testing device has been installed, and
BPPT has been preparing for acquisition of budget to continue research and
development. {n addition to the governmental budget of BPPT, research funds may be
obtained from various external organizations such as the Indonesian Education Fund
(LPDP) and the Indonesian Palm Oil Mill Management Agency Fund (BPDP).

® Regarding the gas fermentation process, ITB has indicated its intention to continue
research. With regard to research budget, it is considered that there is a high possibility
of obtaining government and/or private funds, as this research is considered to be an
innovative and socially-required technology.

(3} Technical aspects

® Although the Indonesian side still needs technical support from the Japanese side fo
continue research, it has the necessary capacity to carry out further activities for
technological development.

® The equipment provided by the Project is mostly procured locally, and it is envisaged
that there would be no technical problems in maintenance. Also, the running cost of
those eguipment would not be expensive.
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7,
(1)

(2)

Lesson Learned and Recommendation

Recommendation

For the research activities that are planned under this project but not fully completed
before the end of the Project period, it is necessary for BPPT to continue them firmly and
produce results within the expected timeframe.

While the expectation for commercialization of gasifier is high and the budget is allocated
for the continuation of research, as to the liquid fuel production, it is expected that BPPT
and ITB would make an effort to obtain sufficient research budget and continue research
and development.

Lesson Learned

With regard to the procedures for tax exemptions pertaining to the construction of plants,
it is necessary to discuss and agree on the procedures among the stakehoiders in
advance, in order to avoid delays and inconvenience. For SATREPS project, atiention
has to be paid to the fact that equipment is often procured by Japanese research
institution which is not recognized by partner countries as entitled for tax exemption.

In this project, in order to deal with problems occurred in the middle of the project period,
the original plan was modified in accordance with the close discussions and the mutual
agreement of both Indonesian and Japanese institutions. As a result, the participation of
Indonesian institutions was increased, the continuity of research after the Project was
enhanced, and the revised goals were mostly achieved. Harnessing project ownership
of partner research institution would be quite important for Japanese research institution
especially for securing sustainability of activities under SATPRES projects.
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Annex 3: Evaluation Grid

1. Performance of the Project

(1) Achievement based on the PDM (version 2 signed in November 2017)

Evaluation Questions . . Source of
- Indicators Necessary information information/ Research
Items Narrative Summary and data data method
Project Fluidized bed catalytic | Pilot plant with capacity up to 50 | Design documents, filed | Monthly, annual, | Document
Purpose | gasification of biomass | kW biomass wastes gasification is | reports, operation logs final reports of the | review (DR),
wastes and following liquid | constructed and operated. Project Questionnaire
fuel production system that (MR/AR/FR), QY
is socially and Midterm Review | Interview (I)
economically appropriate Report (MRR),
for Indonesia is established Gunma Univ.
and bases for the diffusion (GU), BPPT
are prepared. Prototype of methanol synthesis is MR/AR/FR, DR, Q/11
developed. MRR, GU, BPPT
Potential  process of gas | Study report(s) andfor | MR/AR/FR, DR, Q/1
fermentation  for  bioethanol | Scientific paper(s) MRR, GU, BPPT
production is identified.
Outputs | Output 1: 1.1. Stable operation of fluidized | 1.1 Experimental data, { MR/AR/FR, DR, Q1
Establishment of fluidized bed gasifier is demonstrated. plant operation logs | MRR, GU, BPPT,
bed biomass gasification YDD
process with tar treatment | 1.2, The most active catalyst is | 1.2 Experimental and | MR/AR/FR, DR, QI
technology identified among at least five analysis data MRR, GU, BPPT,
kinds of clay catalysts, YDD
L.3. Char drawing system is | 1.3 Experimental data, | MR/AR/FR, DR, Q1
demonstrated. plant operation logs | MRR, GU, BPPT,
YDD
1.4. Proper biomass pretreatment | 1.4 Experimental data, | MR/AR/FR, DR, Q1
system is established. design  document, | MRR, GU, BPPT,
plant operation logs | YDD
1.5. Technology for utilization of | 1.5 Experimental data, | MR/AR/FR, DR, Q1
gasification  residue  as field test results, | MRR, GU, BPPT
fertilizer is developed. design documents
1.6, Pilot plant is successfully | 1.6 Design documents, | MR/AR/FR, DR, Q11
operated. field records, | MRR, GU, BPPT,
operation logs YDD
1.7. Tar treatment technology is | 1.7 Experimental data, | MR/AR/FR, DR, Q11
developed. design  documents, | MRR, GU, BPPT
plant operation logs
Cutput 2: 2.]. Sustainable catalyst for [ 2.1. Experimental data, | MR/AR/FR, DR, Q/I
Development of liquid fuel Methanol ~ synthesis  is quotation table MRR, GU, BFPT
production system developed.
2.2, Methanol synthesis | 2.2, Experimental data, | MR/AR/FR, DR, Q/1
prototype for small scale design documents, | MRR, GU, BPPT
application with low cost operation logs
process is developed.
2.3. Methanol synthesis | 2.3. Experimental data, | MR/AR/FR, DR, Q/1
prototype is tested and design MRR, GU, BPPT
evaluated. document(s),
operation logs
24. Fundamental research of | 2.4. Experimental data MR/AR/FR, DR, Q1
Gas fermentation process is MRR, GU, ITB
conducted to collect data
for feasibility study.
Output 3: 3.1. Local trainings on for | 3.}. Training records MR/AR/FR, DR, Q/1
Development of human biomass energy utilization MRR, Report of
resources  related  to (at  least twice) and input, GU, BPPT,
implementation of the trainings for operation (at YDD
developed system and least once) are conducted.
establishment of network
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for promoting biomass | 3.2. Morc than ten (in total} | 3.2. Study report; | MR/AR/FR, DR, Q1
energy utilization rescarchers and students research report MRR, Report of
from both Japan and input, GU, BPPT,
Indonesia are exchanged to YDD
conduct research works.
3.3, International seminars are | 3.3, Seminar MR/AR/FR, PR, Q1
organized at least twice and participants”  list, | MRR, Report of
attended by more than 200 proceedings input, GU, BPPT,
participants in total. YDD
3.4, More than 10 newsletters | 3.4. Newsletters, MR/AR/FR, DR, Q1
are published with more delivery list MRR, Report of
than 750 copies for each. input, GU, BPPT,
YDD
35, At least ten scientific | 3.5. Publication list MR/AR/FR, DR, Q1
papers or publications are MRR, Report of
published, input, GU, BPPT,
YDD
(2) Input of the Project
Evaluation Questions Necessary information and Source of Research
TItems Details data information/data method
Input from Japanese | Experis: Number and number of | MR/AR/FR, MRR, | DR
side 1. Guama University: 5 persons experts dispatched, | Report of input
2. APEX: 4 persons institution, timing, duration,
3. Project Coordinator: 1 person and area of expertise
Equipment: Name  of  equipment, | MR/AR/FR, MRR, | DR, Q1
- Cold mode! of fluidized bed number, date of installation, | Report of input, GU,
- Gasifier pilot plant status of usage BPPT, YDD, ITB
- Methanol synthesis pilot plant
- Methanol synihesis prototype
- Gas analyzers
- Biomass pretreatment system
- Tar cracking device
- Catalyst characterization equipment
- Bio reactor
Trainings {n Japan: Number of trainees, training | MR/AR/FR, MRR, | DR, Q/1
- 5 trainees x 2 times/year place, purpose, duration, | Report of input, GU,
status afier the training BPPT
Project cost Amount, items, timing, etc. | MR/AR/FR, MRR, | DR
Report of input
Input from Indonesian | Counterparts; Name and number of | MR/AR/FR, MRR, | DR
side - Agency for the Assessment and Application | counterpart personnel, | Report of input
of Technology: 17 persons institation, duration, and
- Light of the Village Foundation: 3 persons area of expertise
- Institute Technology Bandung 5 persons
Office space with necessary equipment (such as | Location, facilities, ete. MR/AR/FR, MRR, | DR, Q/1
gas chromatography equipment} Report of input, GU,
BPPT
Supply or replacement of machinery, equipment, | Name of equipment etc., | MR/AR/FR, MRR, | DR
instraments, vehicle, tools, spate parts and any | number, date of installation, | Report of input
other materials necessary for the implementation | status of usage
of the Project other than the equipment provided
by JICA
Running  expenses necessary for the | Amount, items, timing, etc. | MR/AR/FR, MRR, | DR
implementation of the Project Report of input
Expenses necessary within  Indonesia for | Amount, items, timing, ete. | MR/AR/FR, MRR, | DR
transporiation and installation of equipment Report of input
imported from Japan as well as for operation and
maintenance after project completion thereof
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2. Implementation Process

Evaluation Questions Necessary information and data Source of Research
Topics Details information/data method
Progress of | Implementation of activities in | Plan of activities vs results, progress and | MR/AR/FR, MRR, GU, | DR, Q1
activities accordance with the plan of | issues BPPT, YDD, ITB
activities
Implementation Management structure Means of management, record of JCC | MR/AR/FR, MRR, GU, | DR, Q/I
structure meetings BPPT
Comnmnication among the | Communication of each work team, means | MR/AR/FR, MRR, GU, | DR, Q/1
project team members and frequency of information sharing | BPPT
(frequency of regular meetings and other
types of communication, etc.)
Means of joint | Means of joint research Level of achievement, means, satisfaction, | MR/AR/FR, MRR, GU, ! DR, Q/
research issues, ete. BPPT, YDD, ITB
Allocation of | Adequate allocation of experts | Number of experts, means and frequency of | MR/AR/FR, MRR, GU, | DR, Q1
human resources their work, division of roles, results of | BPPT, YDD, ITB
necessary for the activities, etc.
activities Adequate allocation of C/P: Amount of C/P personnel, means and | MR/AR/FR, MRR, GU, | DR, QA1
personnel frequency of their work, division of roles, | BPPT, YDD, ITB
results of activities, etc.
Involvement  of | Involvement and recognition | Situation of the involvement of companies | MR/AR/FR, MRR, GU, | DR, Q1
other stakeholders | of stakeholders such as | interested in the developed technologies BPPT, YDD
interested companies, etc.
Follow-up for the { (1) Communication issue - Means and frequency of the discussion | MR/AR/FR, MRR, GU, | DR, Q1
recommendations among Gunma University and BPPT for | BPPT, YDD, ITB
of Midterm decision making about the Project
Review activities.
- Distribution of necessary information in a
timely manner by the project coordinator
(2) Demarcation of the project | Revised demarcation of the project activities | MR/AR/FR, MRR, GU, | DR, Q/1
activities {“Role of Each Orpanization™) BPPT, YDD, ITB
(3) Project activities (Output | Results of collaborative research activities MR/AR/FR, MRR, GU, | DR, QA
1) BPPT, YDD, ITB
(4) Project activities (Output | Results of coliaboration for Methano!l | MR/AR/FR, MRR, GU, | DR, Q/1
) Synthesis related activities among Japanese | BPPT
researchers and Indonesian researchers,
including;:
- Fundamental study for "liquid fuel
production”
- Modification of existing facilities for
Methanol Synthesis in PUSPIPTEK, to
obtain fundamental kinetic data for
optimum design of pilot plant.
- Structure and scale of the demonstration
Methanol Synthesis process
(5) Project activities (Output | - Revision of the contents of the trainings | MR/AR/FR, MRR, GU, | DR, Q1
3) for Indonesian side in Guema University | BPPT, YDD, ITB
- “Number of research papers from
activities of the Project”
(6) Amendment of PDM and | - Amendment of PDM and PO following | MR/AR/FR, MRR, GU, | DR, Q1
PO the recommendations. BPPT
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3. Five (5) Evaluation Criteria

@ Evaluation Questions
E Necessary information and data Source of Rescarch
S Topics Details v information/data mcthod
Needs Consistency with needs of | Current situations related to the biomass | Planning Report of the { DR, Q/1
Indonesian society energy and the energy conversion of | Project (PR), MR/AR/FR,
bipmass wastes MRER, GU, BPPT
Priority Consistency with | Latest policies and strategies of | PR, MR/AR/FR, MRR, { DR, Q/
development  policies and | Indonesian Government on the new and | GU, RISTEKDIKIT,
strategies  of  Indonesian | renewable energy, the utilization of | BPPT,
Government biomass energy, and the energy
conversion of biomass wastes
Consistency with Japanese | Latest policy of Japanese government | Japan's Development | Document
assistance  policies  and | for ODA in Indonesia Cooperation Policy for the | review
strategies for Indonesia Republic of Indonesia
(September 2017)
g | Suitabitity as | Appropriatencss of contents, | Contents, design, approach of the | PR, MR/AR/FR, MRR, | DR, Q1
§ means design and approach of the | Project as means to develop | GU, RISTEKDIKIT,
= Project technologies which are applicable in | BPPT
= Indonesian society
Advantage of related Japanese ! Application/ utilization of Japanese | PR, MR/AR/FR, MRR, | DR, Q1
technologies technologies (knowledge, experiences) | GU, BPPT
Others Coordination and demarcation | Progress of other related projects of | PR, MR/AR/FR, MRR, | DR, Q/1
with other related projects of | government and other donor agencies, { GU, RISTEKDIKIT,
government and other donor | relationship between the Project and | BPPT
agencies, other projects
Changes of circumstances | Changes in organizational structures of | PR, MR/AR/FR, MRR, | DR, Q/I
surrounding the Project C/P institutions, changes in positioning | GU, RISTEKDIKIT,
or importance of the Project in | BPPT
governmental policies or in relation with
other related projects, changes in socio-
gconomic situations, ete.
Prospect  of | Achievement of the Project | Refer to “Achievement based on the | - -
achicving the | Purpose PDM”
Project Purpose | Promoting factors of the | Promoting factors MR/AR/FR, MRR, GU, | DR, QA
achievernent BPPT, ITB, YDD
Constraints (negative factors) | Constraints and issues which preventthe | MR/AR/FR, MRR, GU, | DR, Q1
for the achievement achievement BFPT, ITB, YDD
% Causal Extent of the progress of | Refer to “Achievement based on the | - -
g | relationship Qutputs to achieve the Project | PDM”
& | between Purpose
é project purpose | Influences of  important | - No serious economic recession nor | MR/AR/FR, MRR, GU, | DR, Q/1
B | and outputs assumptions to achieve the inflation hikes occur in Indonesia BPPT
Project Purpose - Destructive social unrest such as
terrorism, war, or civil strife do not
occur in Indonesia
- Destructive natural disaster such as
volcano eruption or earthquake do not
occur in/around project sites
Achievement Extent of the progress of | Refer to “Achievement based on the | - -
of Outputs Outputs PDM"
Promoting factors of the | Promoting factors MR/AR/FR, MRR, GU, | DR, Q/
N achievement BPPT, ITB, YDD
3 Constraints {negative factors) | Constraints and issues which prevent the | MR/AR/FR, MRR, GUJ, | DR, Q1
§ for the achievement achievement BPPT, ITB, YDD
Causal Sufficiency and adequacy of | Record of activities and achievements | MR/AR/FR, MRR, GU, | DR, Q/1
relationship activities  implemented  fo BPPT, [TB, YDD
between achieve the Qutputs
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outputs  and
activities
Efficiency in | Quality, quantity, timing of | Amount and quality required and | MR/AR/FR, MRR, GU, | DR, Q/1
the input implemented for project activities, | BPPT, ITB, YDD
implementation timing of the provision
process Implementation process which | Refer to “Implementation Process™ - -
affected the efficiency of
project activities
Prospect of { Overail Goal: Current situation of the utilization/ | MR/AR/FR, MRR, GU, | DR, Q1
achieving the | Established technology for | application of developed technologies BPPT, ITB, YDD
Overall Goal fluidized  bed  catalytic | Steps to be taken to achieve the Overall | MR/AR/FR, MRR, GU, | DR, Q/1
gasification of biomass wastes | Goal BPPT, ITB,YDD
and following liquid fuel | Influences of important assumptions to | MR/AR/FR, MRR, GU, | DR, Q/1
production s diffused | achieve the Overall Goal (Energy policy | BPPT
. (Indicator: Within 4 years | of Indonesian government remains
é from the project completion, at | unchanged)
8 least one plant using | Other factors which may promote or | MR/AR/FR, MRR, GU, | DR, Q/1
established technology are | impede the achievement of the Overall | BPPT, ITB,YDD
considered to be constructed | Goal
and operated.)
Other positive | Possible or observed | Effects on the political aspects (system, { MR/AR/FR, MRR, GU, | DR, Q/1
or negative | influences produced by the | law, regulation, etc.), people and society, { BPPT, ITB,YDD
impacts of the | Project and other socio-cultural aspects, etc.
Project
Political ~ and | Continuity of the political/ | Prospects of priority for theresearches in | MR/AR/FR, MRR, GU, | DR, Q/1
institutional institutional ~ support  of | energy conversion of biomass wastes RISTEKDIKTI, BPFPT
aspects Indonesian Government
Institutional issues Any  necessary Jegal systems/ | MR/AR/FR, MRR, GU, | DR, Q1
regulations whick allow the application | BPPT
of developed technologies
Organizational | Status of C/P institutions to | Allocation of human resources and | MR/AR/FR, MRR, GU, | DR, Q/1
= | aspect continue necessary researches | organizational  structure  for  the | BPPT, ITB,YDD
E continuity of related activities in the
E future, research plans
‘g Financial Financial status of C/P | Budgetary plan for future researches and | MR/AR/FR, MRR, GU, { DR, Q1
“ | aspect institutions  to  continue | related activitics BPPT, ITB,YDPD
necessary researches
Technical Technical status of C/P | Technical issues for the continuity of | MR/AR/FR, MRR, GU, | DR, Q/
aspect institutions  to  continue | related activities in the future BPET, ITB,YDD
necessary researches
Social aspect Socio-cultural aspect Influences for society and culture which | MR/AR/FR, MRR, GU, | DR, Q/1
may affect the sustainability of related | BPPT, ITB,YDD
activities
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(3) Installed Equipment by JICA's budget

; i Installati Year
No. Equipment Qty Original Price Price in JPY oralla Photo iristalled Remarks
Ealiastate tlagrataiyst 1| Rp100.000.000 762.000| BPPT 2014/10
evaluation equipment
Cold model fluidized bed with
loop seal stracture 1 Us$26.537 2.902.776| BPPT 2018/4
3|Screening devise 1 Rp75.000.000 571.500( BPPT 2016/2
Gas Chromatography, Shimadzu
4 8A TCD 1 BPPT 2018
Rp415.995.000 3.169.882 Including clummn
Gas Chromatography, Shimadzu
5 8A FID 1 BPPT 2018
Including
compressor, Gas
analyzer, Feeding
50kW pilot plant including system, Cabel,
6|biomass feeding system and pre-| 1| Rp8.855.730.826] 67.480.669| BPPT 2019/5  |Construction, screw
treatment coveyer, crushing
machine, and
inverter,




] ; . & Instaltati Year
No. Equipment Qty| Original Price Price in JPY on site Installed Remarks
Labo scale raw gas pre-
Fé treatment equipment 1 Rp250.000.000 1.905.000{ BPPT 2014/10
g|LoW pressure Methanol synthesis| 1 o075 660.000]  2.005.500] BRPT 2015/10
Pilot Plant
Gas Chromatography, Shimadzu
9 GC-2030N 1 ¥6.585.530 6.585.530| BPPT 2019/5
Including Gas
mixer, Booster
. pump, Gasmeter,
g Methand) aynthasks el 1 ¥4.292.028|  4.292.028| BPPT 2019/5  |Degital meter relay
equipment
pressure
transmitter and
spring hose.
11|BET surface area measurement 1 Rp588.677.700 4.485.724| BPPT 2019/5
EFB Pre-treatment (crashing
12 ifisstiliie) 1 US$4.015 439.185| BPPT 2019
Photocopy machine, Toshiba
13 Mo BSHIG S05TC 1 Rp37.000.000 281.940| BPPT 2016




No. Equipment Qty| Original Price Price in JPY Instal'latl Photo b Remarks
on site Installed
Pan Type Glanurator, AS ONE
14 DPZ-01R 1 Rp30.800.000 234.696| BPPT 2017
15)Cold model fluidized bed 1 Rp182.280.000 1.388.974| YDD 2015/11
Gas Chromatography, Shimadzu
16 GC-2014AT 1 ¥3.893.400 3.893.400( ITB 2019/5
2
Cj Equipment
‘,,} _ A provided by JICA
s 1| Rp225500.000|  1.718.310 ITB i1y 2019/5  |includes sensor,
ermentation TR 8 |
i control & supply |
; S 5 tower, vesel 2 L.
A L
18 ;’;;istaltlc Pump, Waton Marlow 5 US$3.841 420.152] 1B 2017
Mass Flow Controller, MFC :
19 " 1 Us$14.100 1.542.343] ITB | 2017
20|pH Probe, No. 52001315 1 Rp8.307.000 63.299| ITB ;'fj 2018




z s : a s Installati Year
No. Equipment Qty Original Price Price in JPY g 5 Photo Installed Remarks
Compact Digital Mini Rotator,
21 thermo Scientific 1 Rp25.500.000 194.310| ITB 2016
Total ¥104.427.217

Remarks: Based on JICA's management rate on June 2019 (1$ = JPY 109.3860, 1Rp = JPY 0.007620)
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Annex 5: List of Inputs (Indonesian side)

(1) List of Indonesian Counterparts

Assignment Period
No Name Institution Position From To
Year Month Year Menth
1 Dr. Adiarso, MSc BPPT Director 2014 6 2018 3
2 Dr. Ir Hammam Riza BPPT Deputy 2016 11 2018 3
3 E’ELQD’MEE% Eniya Listiani Dewl, | pppr Deputy of TIEM 2018 3 2019 5
4 Dr, Hens Saptra BPPT Director of PTSEIK 2017 7 2019 B
5 Dr, 8D. Sumbogo Murti, M.Eng BPPT Program Director 2016 5 2019 8
6 Dr, Edy Hermawan, MSc BPPT Head of Division 2017 1 2018 3
7 | Dr. Irhan Febijanto BPPT Renewable — Energy | ,445 6 2018 3
Specialist
8 Dr.Muhammad Abdul Kholig BPPT Program Manager 2018 2 2019 8
9 Niken Lerasati BPPT Staff 2017 7 2018 3
10 [ Dr. Joni Prasetyo BPPT Chief Engineer 2014 6 2019 6
11 | Dr. Erian Rosyadi BPPT Group  Leader  for| ;g 3 2019 6
Gasificationt
12 | Ir. Trisaksono, BP, M.Eng BPPT Team Leader for| 44 5 2019 6
pretreatment
13 | Wargiantoro P., ST BPPT Staff 2014 6 2019 6
14 | Trisno Anggoro, ST, MT BPPT Staff 2017 7 2018 3
15 | Imron Masfuri, ST BPPT Staff 2014 6 2019 &
16 | Abdul Hadi, ST BPPT Staff 2015 1 2019 <]
17 | Winda Wulansari BPPT Staff 2018 3 20189 6
18 | Bambang Muharto BPPT Staff 2018 3 2019 &
18 | Ridho Dwimansyah BPPT Staff 2018 3 2019 6
20 | Soleh Peocis BPPT Staff 2018 3 2019 6
21 | Soleh ibrahim BPPT Staff 2018 3 2019 ]
22 | Atti Sholihah, AMD BPPT Staff 2015 1 2019 6
23 | Arfiana, ST, MT BPPT Team Leader for| ,hg 11 2019 6
friization
24 | Fausiah, 8T, MT BPPT Staff 2017 7 2019 8
25 | Era Restu Finalis, ST, MT BPPT Staff 2017 7 2018 <]
26 | llhamsyah Noor BPPT Staff 2017 7 2018 6
27 | Dwi Lukman Hakim, ST BPPT Staff 2017 7 2018 3
28 | Dorit Bayu Islam Nuswantoro, ST | BPPT Staff 2016 i1 2019 ]
29 | Erbert Ferdy Destian, ST BPPT Staff 2018 11 2019 8
. ] Group  Leader for
30 | Dr. Ir. Herman Hidayat, Msi BPPT Methano! Synthesis 2015 5 2019 8
31 | Fusia Mirda Yanti, Ssi, Msi BPPT Team  Leader — of | ¢ 5 2019 6
Catalyst Design
32 1 Nurdiah Rahmawati 2017 7 2019 8
33 | Asmi Rima Juwita, ST BPPT Staff 2016 5 20189 5]
34 | Tvas Puspita Rini, AMD, Ak BPPT Staff 2014 11 2019 6
35 { Turiman BPPT Staff 2018 3 2019 6
36 | Samsudin BPPT Stafi 2018 3 2019 6
37 | Astri Pestiwi, ST, MT BPPT Team  Leader of| 5,4 1 2018 6
Methanot Production
38 | Zulaicha Dwi Hastuti, ST, MT BPPT Staff 2016 5 2018 6
39 | Galuh Wirama Murti, MSc BPPT Staff 2018 3 2019 3]
40 | Novio Valentino, ST BPPT Staff 2015 1 2019 8
41 | Frendy Rian Saptoro, 8T BPPT Staff 2017 7 2018 5
42 | Arya Bhaskara BPFPT Staff 2018 3 2019 6
43 | Desy Saptriana BPPT Staff 2018 3 2018 6
44 | Anindita, MSc BPPT Staff 2014 11 2018 3
45 | Rudi Surya Sitorus, ST BPPT Staff 2016 12 2018 3
46 | Ari Kabul Paminto, 8T BPPT Staff 2015 1 2018 3
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47 | Prima Trie Wijaya, SKom, MKom BPPT Staff 2015 1 2018 3
48 | Prima Zuldian, ST, MT, Meng BPPT Staff 2016 10 2017 10
49 | Hana Nabila Anindhitta, S.T, M.T BPPT Staff 2019 3 2019 6
50 | Bagus Alif, S.T BPPT Staff 2019 3 2019 6
51 | Herson Bangun, S.7 BPPT Staff 2018 3 2019 6
52 | Sekar Kumala Desi, ST BPPT Staff 2019 3 2019 6
53 | Muhamad Rodhi Supriyadi BPPT Staff 2019 3 2019 6
54 | lkhwanul lhsan BPPT Staff 2019 3 2019 6
55 | Anton Soejarwo YDBD Director 2014 6 2017 6
56 | Hemmanto Sujarwo YDOD Division Director 2014 6 2017 6
57 | Prof. Tjandra Setiadi ITB Professor 2016 12 2019 6
58 | Dr. M.T.A. Penia Kresnowati ITB Expert 2016 12 2019 6
59 | Dr. Ronny Purwadi ITB Expert 2016 12 2019 6
680 | Irika Devi, ST ITB Staff 2016 12 2018 7
81 | Guntur Adisurya Ismail, ST ITB Master's student 2016 12 2018 6
62 | Keryanti ITB Master's student 2016 12 2019 6
(2) Activity Cost by Counterpart's Budget
BPPT
FY2014
item Detail Rp. Remarks
. preparation and running cost for .
Miscellaneous experiment facility 40,000,000 | Elgctricity, Water
. Venue, food & beverage, — .
Meeting ransportation etc, 7,000,000 | Kick-off meeting
Total 47,000,000
FY2015
item Detail Rp. Remarks
Visit to State Owned Plantation
Travel expenses No.4 (PTPN 4) 10,000,000 | October 2015, two person
Visit to State OQwned Plantation
Travel expenses No.4 (PTPN 4) 5,000,000 | December 2015, one person
Travel expenses Business trip to Medan 23,160,000 | February 2018, four person
Visit to Institute of Technology
Travel expenses Bandung (ITB) 11,520,000 | January 2016, four person
Miscellaneous Consumables (reagents) 14,300,000
Miscellansous Consumables {gases) 14,300,000
Miscellaneous Henorarium remuneration 3,900,000
. Equipment maintenance, outsourcing,
Miscellaneous Others 15,000,000 communication costs, etc.
Visit to State Owned Plantation
Travel expenses No.3 (PTPN 3) 4,875,000 | March 2016, three person
Visit to State Owned Plantation
Travel expenses No.5 (PTPN 5) 3,650,000 | March 2016, three person
Total 105,705,000
FY2016 (Up to Midterm Review)
ltem Detail Rp. Remarks
Visit to State Owned Plantation ‘ .
Travel expenses No.3 (PTPN 3) 4,875,000 | April 2018, three person
Visit to State Owned Plantation
Travel expenses No.3 (PTPN 3) 4,666,000 | August 2016, one person
Travel expenses Visitto ITB 2,560,000 [ August 2016, one person
Miscellaneous Reagents, gases, laboratory 21,851,000 | from April to August 20186

instruments, other consumables

R




Total 34,052,000
FY2016 (After Midterm Review)
ftem Detail Rp. Remarks
- No details available 295,848,000 | from Sepiember 20186
Total 295,948,000
FY2017
ltem Detall Rp. Remarks
Travel expenses | pont opotate Qwned Plantation 30,640,000
Travel expenses Visit to ITB (8 person), training 48,000,000
Travel expenses Business trip to PTPN & 15,320,000
Travel expenses Visit to Bandung 10,500,000
Miscellaneous Chemicals, gaseous, reagent 42,560,000
Miscellaneous Others 2,980,000
Total 150,000,000
FY2018
ltem Detail Rp. Remarks
Visit to State Owned Plantation
Travel expenses PTPN 5 15,320,000
Visit to Surakarta Intemational
Travel expenses Seminar 21,880,000
Visit to Yoggyakarta International
Travel expenses Seminar 21,750,000
Miscellanacus Chemicals, gaseous, reagent 62,660,000
Travel expenses Visit fo Bandung 21,000,000
Travel expenses Visit to Banten 9,800,000
Miscellaneous Etréacartl rization of catalyst, fertilizer 47,590,000
Total 200,000,000
FY2019
ltern Detail Rp. Remarks
Miscellaneous Solar DEX (135 liters x 10 trial) 16,000,000
. Electricity installation for hot model
Miscellaneous oilot piant 1,000,000
. Gasification Laboratory renovation
Miscellaneous (Visit of Ka. BPPT) 5,000,000
Official travel: Jakarta-Bandung (3
Travel expenses days 2 nights) 6,380,000
Official travel: Jakarta Yogyakarta
Travel expenses (3 days 2 nights) 11,120,000
. Meeting consumption costs (lunch,
Miscellaneous snacks) 6,275,000
Total 45,775,000
BPPT Total | 878,480,000
YDD
FY2016
ltem Detail Rp. Remarks
Personnel Collect of Clay sample, 3person X
expenses 2days x Rp. 60,000 360,000 | for Cold Model
Personnel Sieving work, 2peron x 20days x 2,400,000 | for Cold Mode!
expenses Rp. 60,000
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Miscellaneous

Electric utility expense, Rp. 150,000
X 20 days

3,000,000

for Cold Mode!

Total

5,760,000

YDD Total: Rp. 5,760,000

ITB
FY2017
ltem Detail Rp. Remarks
Spectrophotometer | Total of 150 samples Laboratory of Microbiclogy and Bioprocess
. 4,500,000 . .
analysis Engineering, ITB
HPLC analysis Total of 150 samples Laboratory of Microbiclogy and Bioprocess
45,000,000 . .
Engineering, ITB
GC analysis Total of 60 samples 9,000,000 | Laboratory of Analysis and Instrument, ITB
Fermentor rent | New Brunswick Biofio/Celligen 115 Laboratory of Microbiology and Bioprocess
45,000,000 . .
expenses/year Engineering, ITB
Anaerobic chamber | Vynyl Coy Anaerchic Chambers Laboratory of Microbiology and Bioprocess
10,000,000 . .
rent expensesiyear Engineering, |TB
Stlpend for research | 1 person, Rp 5,000,000 per month 60,000,000
assistant
Total 173,500,000
FY2018
tern Detail Rp. Remarks
Spectrophotometer | Total of 80 samples 2 400.000 Laboratory of Microbiology and Bicprocess
analysis . Engineering, ITB
HPLC analysis Total of 80 samples Laboratory of Microbiology and Bioprocess
24,000,000 : .
T Engineering, ITB
Fermentor rent | New Brunswick Bioflo/Celligen 115 L aboratory of Microbiology and Bioprocess
45,000,000 X .
expensesfyear Engineering, ITB
Anaerobic chamber | Vynyl Coy Anaerobic Chambers 10.000 000 Laboratory of Microbiology and Bioprocess
rent expenses/year B Engineering, ITB
Stlgend for research | 1 person, Rp 5,000,000 per month 60,000,000
assistant
Miscellaneous Chemical for fermentation media,
chemical and | gas for fermentation, microtube,
[aboratory syringe, efc 7,000,000
expenses
Total 148,400,000
FY2019
em Detail Rp. Remarks
Spectrophotometer | Total of 30 samples Laboratory of Microbiology and Bioprocess
: 900,000 ; .
analysis ’ Engineering, ITB
HPLC analysis Totai of 30 samples Laboratory of Microbiclogy and Bioprocess
9,000,000 . .
Engineering, ITB
Stip_end for research | 1 person, Rp 5,000,000 per month 15,000,000
assistant
Total 24,900,000

ITB Total: Rp. 346,800,000
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(3) installed Equipment by Counterpart's Budget

BPPT
FY2015
item Detail Rp. Remarks
Equipment GC remodeling cost 18,000,000
Equipment Sulfide apparatus 28,000,000
Equipment Laboratery construction and equipment 25 000,000
costs
Total 71,000,000
FY2019
Item Detail Rp. Remarks
BID fagility (Printer, PC, Monitor, He
Equipment gas with cylinder, pressure regulator 88,581,900
for He, UPS, piping, hall valve )
. BET facility (PC, printer, trolley
Equipment Nitrogen gas) 25,300,000
Gas mixer facility (piping,
; instrumentasi, alphagaz regulator,
Equipment engineering and service, multiple 151,000,000
portable detector Oz and Hz)
Equipment Multi hotplate stirrer 57,860,000
Equipment Air dryer 38,500,000
Total 361,241,900
BPPT Total | 432,241,900 |
ITB
FY2017
Item Detail Rp. Remarks
Peristaltic Watson Marlow model 403U/R1 22,000,000 | Watson Marlow
pump
Anaerobic Vinyl Coy Anaerohic Chambers 36,000,000 | Coy Laboratories
chamber
pH probe | InPro3030/225 Sensor 9,137,700 | PT. Mettler-Toledo Indonesia
5300315
Total 67,137,700
Fy2018
item Detail Rp. Remarks
Fermentor Sartorius Biostat A 115,007,200 | Vessel 2 L and chiller for Biostat A
Total 115,007,200

ITB Total:

Rp. 182,144,800



Annex 6: Comparative table between PDM Version 1 and Version 2

Version | (May 2015)

Version 2 (November 2017)

Overall Goal:

Established technology for fluidized bed catalytic gasification of
biomass wastes and following liquid fuel production is diffused.

Established technology for fluidized bed catalytic gasification of
biomass wastes and following liquid fuel production is diffused.

Indicator of Overall Goal:

Within 4 years from the project completion, more than 4 plants using
established technology are constructed and operated.

Within 4 years from the project completion, at least one plant using
established technology are considered to be constructed and operated.

Project Purpose:

Fluidized bed catalytic gasification of biomass wastes and following
liquid fuel production system that is socially and economically
appropriate for Indonesia is established and bases for the diffusion are
prepared.

Fluidized bed catalytic gasification of biomass wastes and following
liquid fuel production system that is socially and economically
appropriate for Indonesia is established and bases for the diffusion are
prepared.

Indicators of PP

®  Demonstration plant with capacity of 250 kW biomass wastes
gasification and methanol synthesis is constructed and operated
continuously.

® At least 3 companies and/or other organizations are considering
to introduce the developed system.

® Pilot plant with capacity up to 50 kW biomass wastes
gasification is constructed and operated.

®  Prototype of methanol synthesis is developed.

®  Potential process of gas fermentation for bioethanol production
is identified.

Output 1:

1) Establishment of fluidized bed biomass gasification process using
clay catalysts

1) Establishment of fluidized bed biomass gasification process with tar
treatment technology.

Indicators of Output 1:

1-1) Highly-stabilized fluidized bed system is demonstrated.

1-2) The most active catalyst is identified among at least five kinds of
clay catalysts.

1-3) Char drawing system is demonstrated.

1-4) Biomass preparation and feeding system is established.

1-5) Production system of fertilizer from gasification residue is
developed.

1-6) Demonstration plant is successfully operated.

1-1) Stable operation of fluidized bed gasifier is demonstrated.

1-2) The most active catalyst is identified among at least five kinds of
clay catalysts.

1-3) Char drawing system is demonstrated.

1-4) Proper biomass pretreatment system is established.

1-5) Technology for utilization of gasification residue as fertilizer is
developed.

1-6) Pilot plant is successfully operated.

1-7) Tar treatment technology is developed.

Qutput 2:

2) Establishment of low cost and low pressure methanol synthesis
process

2)_Development of liquid fuel production system

Indicators of Qutput 2:

2-1) Methanol synthesis catalyst whose cost is less than half of usual
one is identified.

2-2) Methanol synthesis pilot plant whose pressure is less than 2 MPa
is operated.

2-3) Demonstration plant is operated successfully.

2-1) Sustainable catalyst for Methanol synthesis is developed.

2-2) Methanol synthesis prototype for small scale application with low
cost process is developed.

2-3) Methanol synthesis prototype is tested and evaluated.

2-4) Fundamental research of Gas fermentation process is conducted
to collect data for feasibility study.

Qutput 3:

3) Development of human resources related to implementation of the
developed system and establishment of network for promoting
biomass energy utilization

3) Development of human resources related to implementation of the
developed system and establishment of network for promoting
biomass energy utilization

Indicators of Output 3:

3-1) Trainings for biomass energy use (more than 4 times) and
trainings for operation (more than twice) are conducted with more than
100 and 20 participants in total, respectively.

3-2) International seminars are organized more than twice and
attended by more than 200 participants in total.

3-3) More than 10 newsletters are published with more than 750 copies
for each.

3-1) Local trainings on for biomass energy utilization (at least twice)
and trainings for operation (at least once) are conducted.

3-2) More than ten (in total) researchers and students from both Japan
and Indonesia are exchanged to conduct research works.

3-3) International seminars are organized at least twice and attended
by more than 200 participants in total.

3-4) More than 10 newsletters are published with more than 750 copies
for each.

3-5) At least ten scientific papers or publications are published.

Activities
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1) Development of fluidized bed catalytic gasification of biomass

1-1) Establishment of highly-stabilized fluidized bed technology
1-1-1) Investigation of structure and operational procedure of Pulse
Controlled Loop Seal

1-1-2) Investigation of scaling up procedure

1-1-3) Experiment with pilot scale cold model

1-1-4) Application to demonstration plant

1-2) Optimization of clay catalysts

1-2-1) Collection of clay mineral samples

1-2-2) Evaluation of the catalysts’ activities

1-2-3) Physical and chemical analysis of catalyst and elucidation of
catalytic mechanism

1-3) Development of char drawing system

1-3-1) Development of concept for char drawing system

1-3-2) Cold mode testing

1-3-3) Application to demonstration plant

1-4) Establishment of biomass preparation and feeding system

1-4-1) Development of concept for biomass preparation and feeding
system

1-4-2) Testing with prototype

1-4-3) Application to demonstration plant

1-5) Establishment of gasification residue recycling system for
fertilizer

1-5-1) Analysis of residue and evaluation as fertilizer

1-5-2) Development of fertilizer production process from the residue
1-5-3) Demonstration of fertilizer production

1-5-4) Field test of the fertilizer

1-6) Operation of demonstration plant

1-6-1) Designing of demonstration plant

1-6-2) Construction of the demonstration plant

1-6-3) Operation of the demonstration plant

1) Establishment of fluidized bed biomass gasification process with tar
treatment technology.

1-1) Establishment of highly-stabilized fluidized bed technology
1-1-1) Investigation of structure and operational procedure of Pulse
Controlled Loop Seal

1-1-2) Investigation of scaling up procedure

1-1-3) Experiment with pilot scale cold model

1-1-4) Application to pilot plant

1-2) Optimization of clay catalysts

1-2-1) Collection of clay mineral samples

1-2-2) Evaluation of the catalysts’ activities

1-2-3) Physical and chemical analysis of catalyst and elucidation of
catalytic mechanism

1-3) Development of char drawing system

1-3-1) Development of concept for char drawing system

1-3-2) Cold mode testing

1-3-3) Application to pilot plant

1-4) Establishment of biomass pretreatment system

1-4-1) Development of concept for biomass pretreatment system

1-4-2) Testing prototypes of pretreatment system

1-4-3) Application to pilot plant

1-5) Development of processing system of fertilizer from gasification
residue.

1-5-1) Analysis of residue and evaluation as fertilizer

1-5-2) Development of fertilizer production process from the residue
1-5-3) Demonstration of fertilizer production

1-5-4) Field test of the fertilizer

1-6) Operation of pilot plant

1-6-1) Designing of pilot plant

1-6-2) Construction of the pilot plant

1-6-3) Operation of the pilot plant

1-7) Development of tar treatment technology

1-7-1) Lab scale tar cracking experiment

1-7-2) Design of tar cracking system

1-7-3) Construction of tar cracking system

1-7-4) Operation at pilot plant

2) Development of liquid fuel production system

2-1) Development of low cost catalyst for methanol synthesis

2-1-1) Initial sereening of possible catalysts

2-1-2) Elucidation of catalytic mechanism and investigation for
activity enhancement

2-1-3) Application to demonstration plant

2-2) Establishment of low pressure methanol synthesis process

2-2-1) Investigation of raw gas pre-treatment
2-2-2) Pilot plant designing

2-2-3) Pilot plant construction and operation
2-2-4) Demonstration plant designing

2-2-5) Demonstration plant construction
2-2-6) Demonstration plant operation

2) Development of liquid fuel production system

2-1) Development of sustainable catalyst for methanol synthesis
2-1-1) Initial screening of possible catalysts

2-1-2) Elucidation of catalytic mechanism and investigation for
activity enhancement

2-1-3) Application to prototype

2-2) Establishment of Methanol synthesis prototype for small scale
application with low cost process

2-2-1) Investigation of raw gas pre-treatment

2-2-2) Prototype designing

2-2-3) Prototype construction and installation

2-2-4) Prototype operation

2-3) Conduct of fundamental research of gas fermentation process.
2-3-1) Literature Studies and Design of Experiment

2-3-2) Materials and Strains order

2-3-3) Review Paper Writing

2-3-4) Stock and Seed Culture Preparation

2-3-5) Bacteria cultivation and optimization

2-3-6) Preliminary Study of Fermentation (Bottle Serum)

2-3-7) Optimization in batch reactor

2-3-8) Productivity enhancement in continuous bioreactor using
membrane gas-liquid conductor
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3) Development of human resources and establishment of biomass
energy network

3-1) Development of human resources

3-1-1) Preparation for training programs

3-1-2) Implementation of training programs
3-2) Establishment of network

3-2-1) Organization of international seminars
3-2-2) Publishing newsletters

3) Development of human resources and establishment of biomass
energy network

3-1) Development of human resources

3-1-1) Implementation of training exchange programs in Japan

3-1-2) Implementation of local training programs

3-2) Establishment of network

3-2-1) Organization of international seminars

3.2-2) Publishing newsletters




Annex 7: List of Seminars, Workshops and Trainings

Number of
Year Date Name of Event Place (Country) participants
Workshop "Aiming at development of
biomass waste gasification and liquid fuel
1 2014 | 2015/2/28 production technology suitable for Asian Japan 32
region”
"Appropriate Technology and an ITR
2 2015 | 2015/4M13 | Alternative World - Based on Practical . Approx.120
- . - (Indonesia)
Experience in Indonesia
"Appropriate Technology and Future Tokyo institute of
3 2015 2015/7/8 international Cooperation-From Practice Technology 52
in Indonesia " {Japan)
"Appropriate Technology and an University of
4 2015 | 2015/8/22 | Alternative World - Based on Practical Indonesia Approx. 70
Experience in Indonesia" " {Indonesia)
" . University of
5 2015 | 2015/10/13 Deve_lopmgnt of Appropngte Technol_ogy Janabadra Approx.100
for Using Biomass Energy in Indonesia ;
(Indonesia)
2015/11/10- Local Technical Training “Technical
6 2015 Training Program for Utilizing Biomass as Indonesia 128 in total
2015/11/12 »
an Energy Resource
" . University of
7 | 2015| 20151124 | APPropriate Technology fora New Brawijaya Approx.50
Dimension and an Alternative World f
(Indonesia)
international Seminar “"Appropriate
8 2015 | 2016/2/17 | Technology for Biomass Derived Fuel Indonesia 120
Production”
9 2016 | 2016/7/19 | 1st Design WS Indonesia 32
10 2016 | 2016/8/23 | 2nd Design WS Indonesia 30
11 2016 | 2016/9/15 | 3rd Design WS Indonesia 30
12 2016 | 2016/12/21 | 4th Design WS Indonesia 30
13 2019 2019/5/2 Intemailonal Seminar "Biomass to Indonesia 94
Energy
Local Technical Training “Technical
14 2019 2019/5/3 Training Program for Utilizing Biomass as Indonesia 50
an Energy Resource”
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