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<Notes and Disclaimers>

* This report is produced by the trust corporation based on the contract with JICA. The contents of this
report are based on the information at the time of preparing the report which may differ from current
information due to the changes in the situation, changes in laws, etc. In addition, the information and
comments posted include subjective judgment of the trust corporation. Please be noted that any
actions taken by the users based on the contents of this report shall be done at user’s own risk.

* Neither JICA nor the trust corporation shall be responsible for any loss or damages incurred by use of
such information provided in this report.
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#3C . Feasibility Survey for Comprehensive Organic Resource Circulation System Using Compact
Methane Fermentation Technology in the Island Area.
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Introduction: Background and Purpose of the Survey

In Palau, it is necessary to take environmental measures as development and tourist’s has increased
environmental burden. Regarding waste management, the remaining years of existing landfill sites are short,
and although establishment of new landfill disposal site till 2023 is being processed, the reduction of waste
and proper treatment is an issue. In Koror State, the waste management office is engaged in recycling of
raw/recyclable garbage, metals and plastic wastes. By utilizing the proposed product i.e. “Comprehensive
Organic Resource Recycling System through Methane Fermentation Technology “food waste and sewage

sludge can be reduced and realize recycling of waste.

Chapter 1: Development Issues for Target Countries / Regions

As of 2005, the amount of waste in Palau was 23,810 Ibs (10.8 t) per day, but as of 2018 the amount of waste
generation has increased about 34 t / day. The classification is domestic garbage 40%, industrial garbage 60%,
main composition is 26% raw garbage, paper 15%, plastics 32% and so on.

Although the population of Palau has been around slightly less than 20,000, the number of foreign workers
and tourists has increased, and the proportion of tourism in GDP is about 50%. In addition, many of food,
energy and daily necessities depend on overseas import and the change in lifestyle has further expanded the
import volume which has resulted in the tendency of waste to increase in proportions.

In Koror State, a waste management office (recycling center) has been established to reduce the amount of
waste, increasing public awareness and developing waste recycling industry. However, the domestic largest M
- dock landfill disposal site’s capacity has exceeded, and a plan for construction of a new landfill disposal site
in State of Aimeliik is in progress. Furthermore, in agricultural sector over use of chemical fertilizers and
agricultural chemicals has resulted in soil deterioration.

These chemical substances flow from the farmland to the ocean through rainfall and have negative impacts
on the coral reef ecosystem. Therefore, a measure for agriculture promotion which guarantees preservation is
essential.

Chapter 2: Proposed companies, Products and Technologies

The concept of the proposed product is "inexpensive, compact, easy-to-carry, portable biogas system", and
the basic specifications are as follows. MFS - M is medium temperature fermentation, MHS - H is high
temperature fermentation facility, each facility can expand capacity by connecting fermenters. After
introducing organic waste into the fermentation tank, the biogas generated in the fermentation tank is stored in
the gas bag and then the hydrogen sulfide (H 2 S) is removed in the desulfurization tower. After that it is
stored in gas tank, and biogas is used in gas water heater and gas generator. Part of the hot water boiled in the
gas water heater is also used as the heating of the fermenter. On the other hand, the digestive juice
accumulated in the fermentation tank can be used as liquid fertilizer or as dried compost in agricultural sector.
Since the methane fermentation system which is now commercialized is only large-sized, the technology of
simplified small system, integrating the fermenter and generator of this product enables simple waste disposal

as on-site. Land is limited in Palau, there is a need for products and technologies that can be deployed in small
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spaces, and this proposed product is suitable to meet the needs. Thus, it can be considered as a promising

technology expected to be expanded in near future.

MFS-H

Item MFS-M MFS-H MFS-H+ MFS-H++
Price 22 million yen 24 million yen 32 million yen 49 million yen
Capacity of fermenter (m) 10 15 30 45
HRT (day) 30 10 10 15
Applicable PH 6.7-8.0 6.7-7.6 6.7-7.6 6.7-7.6
'(ILZTperature of fermentation 35-40 55 55 55
Capacity of disposal (ton/day) 0.3 1.5 2 3
Field conformity of Proposed Product
B) Origin and Procurable Amount of Organic Waste (Input Material)

Septic tank sludge can be procured steadily, garbage from both industrial and general waste are collected
daily as feed by the pig farms. Therefore, household garbage not collected by the pig farms can enable for
stable operation.

C) Input material sorting, collection scheme
Existing collection scheme can be used for sludge. It is possible to recover household garbage by
combining efforts of home compost.

D) Location of Biogas Plant
We examined by focusing on the new final disposal site, the new sewage treatment plant, and the Koror
state recycling center, and confirmed that the recycling center is highly compatible with the needs of the
biogas project and that the conditions are most suitable for the candidate site.

E) Operational capacity of biogas plant
The recycling center has the necessary vehicle, artificial and engineering skills.
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F)

G)

H)

Utilization of output raw materials (biogas)
At the recycling center, waste glass is used as a heat source instead of the JP gas. It is possible to secure
the necessary heat source by setting the scale to 3 t with raw garbage mixed raw material.

Areas of demand for output material (liquid fertilizer)

Demand of 0.6 t / day has been confirmed through fertilizer cultivation test at Oiska Palau. Since there is
also liquid fertilizer demand from other agricultural entities, after analyzing the test results and proposing
verification expansion of the demand is expected. We will also carry out cultivation of Napier grass (for
grass compost) in case the demand for liquid fertilizer is insufficient.

Since Palau has mainly red soil (laterite) unsuitable for agriculture, soil improvement of agricultural land
becomes necessary to raise the improvement of agricultural self-sufficiency rate. This can be expected to
have a substantial effect by executing a soil improvement method which can be carried out together with
compost (leaves branching during fermentation etc.) as a use application of methane fermentation digested
liquid.

Transportation / distribution system of output material (Liquid fertilizer)
Since farm roads are not being maintained in Palau, it is impossible to introduce liquid fertilizer
application vehicles. For this reason, a rice container can be set up on the farmer side; liquid fertilizer can
be supplied periodically, and from there can be distributed manually to the field. A

Chapter 3: ODA Proposal
We are planning to spread and demonstrate projects as ODA projects, aim to do business demonstration and

propose to deployment candidates. The counterpart organization has selected the recycling center of Koror

State Waste Management Office, evaluating the maintenance capability of the facility and the willingness to

solve the problem. The target area is Koror State of Palau (Proof of product proof, Separation and gathering

of garbage), Babeldaob Island (agricultural utilization of methane fermentation digestive juice, sorting and

collection of sludge), and installs products in the recycling center.

Item Specification for proposed product

- Model : MFS-H++ (Volume of fermenter 45m3)

+ Raw material :  Food Waste 0.6t/d Sludge 1.4t/d
Specification / Size - Disposal apacity :  2m3/d (30 m3 fermenter is used in Pilop Project)
+ Hydraulic retention time : 15 days

- Size :  Length 6m, Width 2.5m, Height 2.6 m

Price Total Initital Cost : 550,000 m USD (including Freight & Installation cost)

Quantity 20ft container x 4
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Purpose and Activities of Demonstration Project
1.Demonstration of operation of compact biogas system MHS-H
2.Establishment of raw material collection scheme
3.Establishment of operational scheme for utilization of total amount of digestive juice in farmland
4.Visiting other state governments, private companies, farmers and school officials
5.Awareness raising activities of biogas business for general citizens

Input

The Japanese department conducts plant detailed design, maritime transportation, site installation, and after
commissioning at the site, instructs the C / P side about plant operation and maintenance. Establishment of an
operation scheme for digestive juice (Liquid fertilizer), training for garbage separation / foreign matter
removal, dissemination and awareness raising activities of biogas project will be implemented.

The Palau side (recycling center) provides the staff to assist the operation of the installation site, the
necessary foundation work, the operation of the plant / resource crop farmland, the provision of means for
collecting raw materials and transporting liquid fertilizer, providing the seminar venue and participants
Perform recruitment. Then, after the diffusion demonstration project, in order to operate the transferred
product for a long time, acquire skills and knowledge, secure personnel, build management system, calculate
and acquire necessary budget so that employees can be maintained and managed.

Implementation Structure Diagram

Seminar/Study tour
| Other State Government |
Bur‘eau of Overseas Visiter
Public Works ! Local Company
Koror State The Palau Public. Utilities
Corporation
Government (PPUC)
JICA
Sludge | Sludge Collection Company
. Cooperation Cc/P
Vioce Solid Waste Management Office
Bureau of Agriculture

(BoA)

Food
waste Liquid

Fertilizer Farmer
0ISCA Palau
Taiwan Techncal
Mission

Private Farmer

Hotel / Restaurant Food vate Fa: rood
Household PPR
Sheraton Hotel etc.

Cooperative
Company

Ministry of Education
(MoE)

School

Collaboration Potential with ODA Project:

By proposing a biogas plant to the waste separation and collection scheme of Babeldaob Island planned by
Pacific Region Waste Management Improvement Support Project J-PRISM Phase 11, it is possible to reduce
organic waste recycling, transport volume and cost. And it will also be an effective technique for

formulating the intermediate treatment plan, so we are assuming that we will proceed with business proposals
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focusing on information sharing.

Necessity of EIS in this Project

Since the recycling center is an agency that collects, transports, sorts and recycles waste, it already has EIS
permission by EQPB, so it unnecessary to apply for additional EA. Furthermore, this project is a biogas
project for small-scale plants, there is no plan to expand land, and no threats of drainage leaks and emission of
air pollutants. This also confirmed that there is no need for EA as a judgment of the Environmental Protection
Committee.

Expected Development Effect

Contribution in reduction of landfill disposal can be made by recycling of organic waste and achievement of
soil improvement and organic agriculture through agricultural utilization of methane fermented digestive
juice.

The amount of recycling organic waste ( Food waste, Septic 730t/year
tank sludge, etc)

Reduction of waste to be landfill disposal 109t/year
Replacement of chemical fertilizer by supplying liquid 10t/year
fertilizer

Reduction of purchase cost of chemical fertilizer by $ 24,000/year
using liquid fertilizer

Agricultural land area that can be improved by using 7.3halyear
liquid fertilizer

Chapter 4 :  Business Development Plan

Due to the characteristics of this product, the target market will be a waste treatment infrastructure service,
resource recycling market in Palau. In the diffusion demonstration project, we will introduce a total of 2 tons
of plant to the recycling center and try to start household garbage waste, and ultimately aim to achieve
resource recycling of 3t. By confirming the validity and validity of organic resource recycling here, we will
accelerate the proposal to the deployment destination.

Since the amount of household organic waste (garbage) generated in the whole of Palau is estimated to be 4
to 5 tons per day and septic tank sludge is expected to be 7.7 tons / day, the scale of the proposed product will
be of 12 to 13 groups.

The following can be assumed as Potential customers
- Administrative organization (other state government waste management section,),
- Third sector (PPUC New Sewage Treatment Plant)
- Assume (pig farmer, food industry, restaurant etc.).
In addition, Palau country is a country with a population of around 20,000 people, so we cannot expect for a
big market of resource recycling. We are considering spreading not only in Palau but also in peripheral Pacific
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state countries. Saipan, which has an advisory agreement with Koror State, is also being researched as a
potential deployment destination.

Sales distination Business scale product The number Sales
of plants (JPY)
Recycle center 1t/ day MFS-H 1 unit 28 Millions
(expansion)
MJ Mart 1t/ day MFS-H 1 unit 54 Millions
(Pig farmer)
Bureau of Public Works 3t/ day MFS-H++ 1 unit 90 Millions
(Babeldaob Island)
PPUC 1t/ day MFS-H 1 unit 54 Millions
(New Sewage Treatment Plant)
Saipan 3t/ d x 4 places MFS-H++ 3 unit 360 Millions
Total 18t / day 7 unit 586 Millions

As the deployment value chain, it is assumed to be the same as the diffusion demonstration project, and the
products are exported. For transportation, entrusting Nanyo Boeki Corporation (NBK); who is adept at the
route and coordination of the ocean transportation in the Pacific Ocean, installation of transport route in Palau,
and entrusting the local Surangel Company about the necessary construction work. At the recycling center
which has a proven track record in popularization demonstration project, we will construct a cooperative
system for operation training, maintenance, assembly and construction afterwards.

The expected development results are reducing landfill waste amount of 2,920 tons per year, soil
improvement effect due to utilization of methane fermentation digestive juice and maximum of 29 ha / year i.e.
36% of farmland of 80 hectares in Palau country. Moreover, by recovering household food waste, we can
contribute to accelerate improvement of resident’s consciousness towards ' 3R.

By adding biogas and liquid fertilizer to the technology of the recycling center in Koror province, it becomes
possible to show an example of an ideal resource recycling society in island countries. The results also spreads
to neighboring countries and has the possibility of realizing reduction of waste by recycling of resources,
farming of agriculture, improvement of residents' consciousness and protection of the natural environment in
Oceania as a whole.
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