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Chapter 1 Objective and Overview of Project and Work 

1.1 Project objective 

The Paris Agreement, which came into effect in November 2016 and entered the implementation 

phase in 2020, calls for accelerated action by central governments, as well as non-governmental 

actors, including municipalities and cities, to combat climate change. The “Ministerial Meeting of 

the ‘Online Platform’ on a Sustainable and Resilient Recovery from COVID-19, Climate Change 

and Environmental Action”, held in September 2020, also affirmed the need for decarbonization 

policies of local authorities with activities directly linked to communities, and the importance of 

community-led approaches to development. Japan has also declared that it will reduce overall 

greenhouse gas emissions to zero by 2050 as it aims to become a decarbonized society, and the 

number of municipalities that have declared their intention to reach net zero CO2 emissions has risen 

sharply to 598 (as of February 28, 2022). 

Accordingly, cities and municipalities are playing an increasing more important role in examining 

and implementing specific climate change measures and projects at the local level. It is necessary to 

accelerate the move towards building a sustainable decarbonized society, particularly in Asia, where 

economic growth is significant, to realize the creation of decarbonized societies throughout the world. 

There is a growing movement worldwide supporting urban initiatives to decarbonize and achieve 

low-carbon development in cities, which are hubs of activities that support socioeconomic 

development.  

As COVID-19 continues to spread around the world, cities are under pressure to recalibrate and 

reconsider new measures to achieve sustainable development while simultaneously handling 

challenges related to the spread of the virus, rendering it crucial to develop new methods and build 

new cities through city-to-city collaboration. In this project, a study team of private Japanese 

companies, research institutions, and Japanese cities with experience and expertise in the 

development of decarbonized and low-carbon societies took part in a study in Koror State in the 

Republic of Palau to provide support to local authorities in their efforts to form decarbonized and 

low-carbon societies, achieve a “decarbonization domino effect”, and introduce equipment and 

facilities that will contribute to the formation of a decarbonized and low-carbon society.  
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1.2 Project overview 

1.2.1 Overview of work 

(1) Study details 

A feasibility study was conducted in the following areas with a view to developing a JCM 

Model Project (Table 1-1 and Figure 1-1). 

Table 1-1. Overview of project 

Target sectors Outline of implementation 

Tourism sector Study and investigation into increasing the ratio of 

renewable energy and decarbonization through the 

introduction of EVs for passenger transport vehicles used 

for tourism (i.e., sightseeing buses, etc.)  

Waste collection and transport 

sector 

Study and investigation into the introduction of EVs for 

collection and transport vehicles as part of efforts to 

increase the ratio of renewable energy in the waste resource 

circulation flow  

Other technology sectors 

contributing to decarbonization 

and solutions to local 

environmental issues 

Study and investigation into the development of projects 

that contribute to future decarbonization by surveying local 

issues and needs, and examining the seeds and expertise 

that can be provided, mainly by companies in Kitakyushu 

City. 
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Figure1-1：Overview of project implementation 

(2) Target area 

Koror State and surrounding areas, Republic of Palau 

 

1.2.2 Implementation methods 

(1) Content of study 

The detailed content of surveys conducted in the tourism sector, waste collection and 

transportation sector, and other technology sectors that contribute to decarbonization and solving 

local environmental issues, as indicated in the previous section, are described below.  

Table 1-2. Content of surveys in each sector 

Tourism sector  

1) Survey on the feasibility of procuring electricity from existing PV power and  

potential locations for EV charging points 

Interviews were conducted with local stakeholders on PV power generation facilities that can 

be used to procure electricity (i.e., those introduced in other JCM, ODA projects in the past, as 

well as those in other projects). A survey was also conducted on EV charging points.  
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2) Details surveys on the project model, including implementing entities, project implementation 

structure and scale of facilities, as well as a feasibility study on public-private partnerships 

with Koror State 

Interviews and discussions were held on the project model (feasibility study to confirm 

technical requirements and standards, such as cruising range, number of charging points, charging 

times, needs, etc.) with private companies (related to the local international airport), and various 

organizations that have expressed interest in the project. 

 

3) Survey and investigation into cost models, implementation systems, and models on recouping 

investment required for the project 

Hypothetical implementation systems and estimated costs were examined based on the above 

results to develop more cost-effective models that reflect local needs. Estimates were also 

conducted on initial investment costs and the number of years required to recoup cumulative 

losses.  

 

4) Survey on maintenance and other issues to be resolved during operation 

In this survey, local issues (e.g., consistency with communications) and measures taken to 

introduce and use online maintenance tools were organized as systems were examined to resolve 

maintenance issues in island countries. Specific issues related to the operations of public transport 

in Koror State were identified and the content of expertise from Japanese counterparts was 

examined. 

 

5) Review and preparation of application to the JCM Model Project and MRV methodology 

proposal 

Interviews and surveys were carried out based on the content of the surveys in items 1) to 4), 

and a draft MRV methodology was considered with a view to applying for the model project 

subsidy and other funds. 

 

Some of the field work for surveys and analysis in items 1), 2), 4), and 5) above was outsourced 

to Palau International Airport Corporation (PIAC).  

Waste collection and transport sector 

1) Survey and investigation into the feasibility of commercializing waste collection and 

transport with officials from Koror State and other potential stakeholders 

Interviews and discussions were held with officials and representatives from local waste 

management offices and the final disposal site (M-Dock) on business models for the use of EV 
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vehicles in waste collection and transport (confirmation of technical requirements and needs, such 

as cruising distance, number of chargers and charging time). The team also discussed and 

examined ways to organically link up with the Transportation Station Project, which is being 

promoted on-site, in terms of the implementation system, securing funding and other pertinent 

points. 

 

2) Survey and investigation into cost models, implementation systems, and models on recouping 

investment required for the project 

Hypothetical implementation systems and estimated costs were examined based on the above 

results to develop more cost-effective models that reflect local needs. Estimates were also 

conducted on initial investment costs and the number of years required to recoup cumulative 

losses.  

 

3) Study on maintenance and other issues to be resolved during operation 

Similar to the tourism sector, a system for resolving issues related to maintenance in island 

countries was examined together with a review of local issues and measures to be taken when 

introducing and utilizing online maintenance tools (e.g., consistence with communications 

environment, other).  

 

4) Review and preparation of application to the JCM Model Project and MRV methodology 

proposal 

Interviews and surveys were carried out based on the content of the surveys in items 1) to 3), 

and a draft MRV methodology was considered with a view to applying for the model project 

subsidy and other funds. 

 

Some of the field work for surveys and analysis in items 1), 3), and 4) above was outsourced to 

KE+ Environmental Consulting Service. 

Other feasibility studies on the development of projects that will contribute to decarbonization 

efforts 

1) Surveys on project formation, including the specific project scale of the technology  needs 

based on information obtained through surveys in the previous fiscal year 

A survey was conducted on the technological seeds and know-how from local companies in 

Kitakyushu City to resolve environmental issues, including the introduction of LED lighting to 

streetlights on the island and the installation of renewable energy and energy-efficient 

equipment/facilities in hotels. 
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2) Conducting local online workshops 

Preparations were made to participate in the international “Our Ocean Conference” (which was 

postponed twice due to COVID-19 and was not held within the project period), deliver 

presentations at a JCM webinar, and take part in panel discussions where ideas could be 

exchanged.  

 

3) Presentations at and coordination of online meetings designated by the Ministry of the 

Environment 

Projects were introduced and outcomes reported at the 2nd Zero Carbon City International 

Forum (on March 9 and 10, 2022). 

 

Part of the research, analysis and preliminary coordination work for the Japanese team in items 

1), 2), and 3) above was outsourced to the Institute for Global Environmental Strategies (IGES). 

1.2.3 Implementation period  

August 19, 2021 to March 10, 2022 

1.2.4 Implementation system 

The structure used to implement the work in this project is shown in Figure 1-2 and Tables 1-

3 and 1-4 below. 
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Figure1-2：Implementation system 
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Table 1-3. Overview of organizations in Japan and roles in the project 

Organization name  Overview of organization/project  Role in project 

AT GREEN Co., Ltd. 

Consulting services in the 

environmental, energy, and waste 

sectors  

・Project proponent  

・Studies on project model  

・Development of MRV 

methodology  

International 

Environmental 

Strategies Division, 

Overseas 

Environmental Project 

Department, 

Environment Bureau, 

City of Kitakyushu 

・Overcame damage from past 

pollution to become an “SDGs 

Pilot Model City” (selected by 

OECD) 

・Municipality promoting 

advanced initiatives in multiple 

sectors, such as resource 

recycling, decarbonization, energy 

use, social welfare, SDGs, etc.  

・Overall coordination for city-

to-city collaboration 

・Promotion of G-to-G 

cooperation 

・Sharing extensive experiences 

and knowledge on the 

environment and SDGs 

EV Motors Japan 

・Sales and maintenance of EV 

vehicles (buses, trucks, and other 

commercial vehicles), and 

charging stations 

・Examination of technology and 

equipment adapted to local 

conditions 

・Study on business 

income/expenditure models 

AMITA 

CORPORATION 

・Provision of solutions to 

enhance the sustainability of 

companies and municipalities  

・Waste treatment/disposal and 

recycling 

・Feasibility studies on linkages 

with existing resource recycling 

PJs 

・Adjustments to ensure 

consistency with existing PJs 

Quando Inc. 

・Development and sales of 

remote maintenance systems 

・Selected as one of 50 startup 

companies under an acceleration 

program hosted by the Japan 

External Trade Organization 

(JETRO), Cabinet Office, and the 

Ministry of Economy, Trade and 

Industry 

・Identification of issues and 

effectiveness of remote 

maintenance systems in reducing 

labor shortages for maintenance 

work in island nations 

Institute for Global 

Environmental 

Strategies (IGES) 

・International research institute 

for strategic policy research 

related to the environment and 

SDGs from an Asia-Pacific 

perspective 

・Investigations on the 

introduction of additional 

decarbonization technologies 

・Support in organizing local 

workshops 

Table 1-4. Overview of local consultants and roles in project 

Organization name Overview of organization/project Role in project  

Palau International 

Airport Corporation 

・Joint venture between an 

intermediary holding company 

with Sojitz Corporation, Japan 

Airport Terminal Co., Ltd., and 

Japan Overseas Infrastructure 

Investment Corporation for 

Transport & Urban Development 

(“JOIN”), which holds the 

operational rights to Palau 

・Provision of assistance for 

studies in the tourism sector on 

the introduction of EV buses for 

transporting passengers 

・Organization of conditions and 

issues in introducing EV buses for 

transporting tourists and charging 

facilities at Palau International 

Airport 
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International Airport for 20 years 

from 2019, and the Government 

of the Republic of Palau 

・Add value to the Palau 

International Airport and enhance 

its value as a tourist destination 

KE+ Environmental 

Consulting Service 

・Local environmental consulting 

service 

・Numerous waste-related studies 

and research carried out in 

collaboration with the Koror State 

Solid Waste Management Office 

・Assistance in surveys of local 

government officials and the 

Koror State Solid Waste 

Management Office on the 

promotion of EVs in the waste 

collection and transport sector 

 

1.3 Background of work 

1.3.1 Overview of Koror State, Republic of Palau 

The Republic of Palau is located in the northern hemisphere in the western part of the Pacific 

Ocean at 2 to 8 degrees north latitude and 131 to 135 degrees east longitude on the western edge of 

Micronesia and the Caroline Islands. The capital was moved from Koror to Ngerulmud, Melekeok 

State on Babeldaob Island in 2006. The country has a total population of 17,501 (as of 2012), 

66.7% of which (or 11,655 people) are concentrated in the Koror region, which is the focus of this 

study. Due to its geographical location as an island state, Palau faces a number of issues, including 

waste treatment, outside dependence on food and energy, and an economy centered on foreign 

investment. The tourism industry accounts for more than 50% of the country’s GDP. However, as 

Palau depends on the marine environment, including its rich coral reefs and unique, tropical fish 

species, environmental protection is a priority for the country.  
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(Map source：Google Map) 

Figure1-3：Location of Koror State in the Republic of Palau 

 

【Climate change measures】 

Palau is a member of the Secretariat of the Pacific Regional Environment Programme (SPREP), 

and is promoting climate change action. Palau developed its Intended Nationally Determined 

Contributions (INDC) in November 2015. An overview of the INDC is below.  

 

Table1-4：Overview of INDC1 

Item Contents 

Implementation period  Starts in 2020, ends in 2025  

Reductions Emission reduction targets in the energy sector with additional 

reductions from the transport and waste sectors 

Base year 2005: Emissions in this year were 88,000 t-CO2 

Reduction targets Aims to achieve the following targets by 2025 

 

1 パラオ共和国 INDCより(http://prdrse4all.spc.int/system/files/palau_indc.final_copy.pdf) 
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・Reduce greenhouse gas emissions by 22% from 2005 levels 

・Increase the share of renewable energy to 45% 

・Energy savings target of 35% from 2005 levels 

 

【Energy-related policies and plans】 

Palau has been implementing the Pacific Islands Greenhouse Gas Abatement through Renewable 

Energy Project (PIGGAREP) as a mitigation project in the energy sector since 2007 to promote the 

use of renewable energy. 

Practical mitigation measures in Palau include shifting away from an energy dependence on fossil 

fuels. This is an important issue in terms of the cost of power generation for Palau, which is unable 

to secure fossil fuels without importing them from overseas. Palau has drawn up a roadmap to 

expand the introduction of renewable energy from diesel power, which accounts for around 98% to 

99%  of the country’s electricity to date, and has set a target of 20% electricity generation from 

renewable energy by 2021 (the original 2020 plan was abandoned), and 45% of electricity generated 

from renewable energy by 2025. As part of this roadmap, five PV projects (2.5 MW) have already 

been installed under the JCM Model Project program, and renewable energy using PV is being 

introduced with support from the New Zealand and South Korean governments. The Government of 

Palau is also conducting an international competitive public tender for a PV-based microgrid 

construction project under the agency of the Asian Development Bank (ADB). 

However, grid connections for this kind of large-scale PV system are problematic in terms of 

fluctuations over both long and short periods, and the need to absorb surplus power and sudden 

output fluctuations. The introduction of microgrids also runs the risk of further destabilizing 

electricity, as power generation from existing diesel generation facilities is subject to frequent 

power outages due to aging equipment, inadequate maintenance, and a lack of operational capacity.  

In view of these points, it is urgent that renewable energy be introduced and utilized for self-

consumption, taking into account the necessity of reducing the load on the grid, a need that the 

Palau side as also expressed. 

【Tourism sector】 
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Before the global pandemic of COVID-19 (see below), Palau was a tourist destination for 

between 120,000 to 160,000 visitors a year. Tourism accounted for approximately half of the 

country’s total national income of JPY 25 billion. However, the environmental impact from the 

tourism sector, including global warming, is also high. In addition, public transport is not 

completely developed, compelling the use of taxis and hotel transfer services. Furthermore, Koror 

Island has only one main road (Main Street), and traffic congestion is frequent, especially in the 

morning and evening. 

 

【Waste sector】 

In consideration of the importance of the 3Rs, the Koror State government constructed a 

recycling center in 2004 to strengthen waste management. Koror has introduced an organic waste 

composting project and sells the compost produced, and has established a deposit system where 

custom duties are collected on imported beverage products to cover the cost of 

collecting/processing empty cans, bottles, and PET bottles. Koror is actively promoting waste 

recycling businesses, including the introduction of a purification plant for waste plastics in 2015. 

Yet, only some kinds of waste can be recycled in Palau due to the lack of industries that can utilize 

waste within the country. However, reports have stated that the volume of waste, including 

household and business waste, has increased to over 27 tons per day, due in part to the increasing 

number of imports and tourists.2 

The final landfill site for waste in Palau (M-Dock) is nearing the end of its remaining service life, 

although that has been extended by raising the levees several times. For this reason, a new final 

disposal site was built in Aimeliik State with grant aid from Japan, and was completed in August 

2020. Over the years, each state operated a landfill site in which they landfilled their own waste. 

However, the new landfill site is planned for the disposal of all waste in Palau, with the exception 

of outlying islands. In order to make effective use of the limited capacity of the new landfill site, 

there is an urgent need to implement further waste reduction measures through the 3Rs. Koror 

State also needs to further improve the efficiency of waste treatment, since shifting waste treatment 

to the new final disposal site in Aimeliik State will result to increased haulage costs. 

 

2 CTI Engineering International Co., Ltd. (2018), Preparatory Survey on the Project for the Construction of a National Landfill in the 

Republic of Palau, Japan International Cooperation Agency  
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Koror State envisages waste collection and recycling businesses with a transshipment and storage 

facility to sort waste as the foundation for both improving recycling rates and reducing waste 

disposal costs. At the same time, the development of an international recycling system is desired to 

solve difficulties in handling waste that cannot be treated domestically.  

 

【Impacts from the global spread of the novel coronavirus (COVID-19) on Palau】 

COVID-19, which has spread to all corners of the world, had a significant impact on Palau. The 

country strengthened border control measures, and placed stringent restrictions on overseas travel 

to the country. Although the entry of overseas travelers resumed conditionally from August 2020, 

the impact on the tourism sector has been enormous. A large number of people are unemployed, 

and the government is providing compensation to those who have lost their jobs. Financially, Palau 

is also receiving support from other countries, including loans from the U.S. and a sovereign loan 

from ADB. 

Most recently (as of February 21, 2022), there has been a rapid uptick in the number of COVID-

19 cases, most likely caused by the Omicron strain. As of February 18, 2022, the number of 

infected persons in Palau stood at 3,464,3 with approximately 19% of the population having been 

infected. Scheduled passenger flights to other countries have also been significantly reduced.  

 

1.3.2 Collaborative relationship between Kitakyushu City and Koror State 

City-to-city collaboration between Kitakyushu City and Koror State dates back to 2015 and is 

based on the establishment of a resource recycling system. Initiatives that have been carried out to 

date are shown in Table 1-5 below. 

Table 1-5: Past city-to-city collaboration activities between Kitakyushu City (and local businesses) and 

Koror State 

FY Project name Project overview 

2015 
Project on the establishment 

of a comprehensive resource 

・Jointly implemented with the AMITA Institute for 

Sustainable Economies (AISE) 

 

3 Information on COVID-19 cases from the website of the Japanese Embassy in Palau (February 21, 2022)  

https://www.palau.emb-japan.go.jp/itpr_ja/11_000001_00409.html 
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circulation system in island 

regions 
・Conduct of surveys on landfill delivery volumes and 

setting the amount of material that can be disposed 

・Review of specifications and costs for recycling 

facilities 

・Review of business plans/schemes 

・Consensus building with government/project 

stakeholders to realize the objectives of the 

project/business 

・Visit by Palau officials to Japan and organization of 

workshops 

・Surveys on cultivating energy resource crops  

2016 

Project on the establishment 

of a comprehensive resource 

circulation system in island 

regions 

・Jointly implemented with the AMITA Institute for 

Sustainable Economies (AISE) 

・Signing of partnership agreements (AMITA Institute 

for Sustainable Economies (AISE) and Koror State) 

・Additional studies and consensus building on project 

schemes and plans, etc. 

・System design, acquisition of estimates, preparation for 

construction 

2017 

2018 

Feasibility study on the 

introduction of a 

comprehensive organic 

resource circulation system 

using small-scale methane 

fermentation technology in 

island areas  

・Participation as external human resources in the 

proposed corporation, Vioce Co., Ltd., with AMITA 

Institute for Sustainable Economies (AISE) 

・Study related to input feedstock for biogas facilities 

(food waste, resource crop napier grass, etc.) 

・Establishment of food waste sorting and collection 

schemes 

・Promotion of the use of liquid fertilizers 

・Feasibility study on deploying systems to island areas 

・Specifications and operational design of small-scale 

biogas facilities optimized for local regions 

・Awareness raising activities for local staff (activities to 

receive visitors to biogas facilities to Japan) 

2019 

Project on the development 

of a waste collection, 

sorting, and recycling 

system based on a 

transshipment and storage 

facility for sorting resources 

in Koror State, Republic of 

Palau 

・Jointly implemented with Amita Corporation and 

Beetle Engineering 

・Construction of a transshipment and storage facility 

equipped with a resource sorting function and the 

establishment of integrated systems for resource sorting 

functions 

・Consideration of international recycling system 

2020 

FY 2020 City-to-City 

Collaboration for Zero-

Carbon Society: Project to 

promote decarbonization 

and create co-benefits 

through the introduction of 

EV vehicles in Koror State, 

Republic of Palau 

・Jointly implemented with EV Motors Japan, Amita 

Corporation, IGES Kitakyushu Urban Centre, AT 

GREEN 

・Conduct of online interviews with representatives from 

the state government, waste management offices, hotel 

operators, and others to verify local needs and the 

effectiveness of introducing EV vehicles into the tourism, 

waste collection and transport industries  

・Identification of the formation of other 

decarbonization-related projects 
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As shown in the table above, exchanges between the two areas are ongoing, particularly in the 

waste sector. Kitakyushu has also been selected by the Cabinet Office as an SDGs FutureCity, as 

well as an SDGs Pilot Model City by OECD with the promotion of activities to achieve the SDGs 

at the city level. Koror State, which is also preparing to set up a department related to the SDGs to 

promote activities to achieve the goals, is expecting to share knowledge with Kitakyushu, and 

exchanges are currently taking place.  

1.3.3 Overview of projects and challenges in FY 2020 

This project is the continuation of a project that has been in operation since fiscal 2020. The table 

below provides a summary of the content, outcomes and challenges faced in surveys and verifications 

carried out in the project in the previous year. The work on this year’s project follows the achievements 

and challenges below and aims to further enhance and optimize the project model. 

Table 1-6. FY 2020 City-to-City Collaboration Project for Zero-Carbon Society (commissioned project): 

Content of studies and verifications, and outcome and challenges  

Tourism sector 

Content of 

studies and 

verifications 

・Local traffic and passenger transport conditions 

・Laws and regulations related to the introduction and operation 

of EVs (tariffs, road traffic laws, etc.) 

・Installation and operating conditions of photovoltaic power 

generation equipment/facilities 

・Local needs for the introduction and operation of EVs 

(expected benefits, concerns, important points) 

・Studies and analysis on precedents in Japan and overseas 

(expected effects, challenges and measures for implementation 

and operation) 

・Studies on introducing technology 

・Development of hypotheses and testing project models, 

calculating CO2 reduction effect 

・Examination of project implementation structure and 

financing methods  

Outcomes 

・Consideration of shuttle bus service model from airport to 

hotels 

・Lack of public transport at this time in the country shows that 

a certain level of profitability can be expected if used by tourists 

・Expression of expectations for the project by stakeholders 

from Palau, which is in line with national policies 

・Cooperation with international airports as the starting point 

for tourists is key and will be considered going forward 

Issues 

・Reduction in initial costs 

・Necessary to ensure a menu of support for the tourism 

industry that has been hard hit economically by COVID-19 

・Difficulties in establishing maintenance systems 

・Need to build capacity and knowledge of operational systems 
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due to a lack of expertise in public transport 

Waste 

collection and 

transportation  

Content of 

studies and 

verifications 

・Local waste collection and transportation conditions (vehicles 

in operation, collection areas, etc.) 

・Transshipment and storage facility for sorting resources 

(preliminary study) and progress 

・Positioning this study in the Koror State Policy Plan 

・Laws and regulations related to the introduction and operation 

of EVs (tariffs, road traffic laws, etc.) 

・Local needs for the introduction and operation of EVs 

(expected benefits, specifications) 

・Studies and analysis on precedents in Japan and overseas 

(expected effects, challenges and measures for implementation 

and operation) 

・Studies on introducing technology 

・Development of hypotheses and testing project models, 

calculating CO2 reduction effect 

・Examination of project implementation structure and 

financing methods 

Outcomes 

・Study on the introduction of waste collection and transport 

EVs (packer trucks) based at M-Dock 

・Although it was anticipated that transport will be based on 

haulage to the new landfill site (Aimeliik final disposal site), the 

local community expected EVs to operate in the same collection 

and transport areas as the current packer trucks. 

・Koror State expressed expectations for collaboration with the 

state’s ongoing project to build a resource-recycling society 

Issues 

・Reduction in initial costs 

・Selection of optimal driving models and battery capacities 

・This public project does not generate revenue, so it is 

necessary to secure as many subsidies as possible to reduce 

financial hardship. 

・Difficulties in establishing maintenance systems 

Other 

decarbonization 

projects 

Content of 

studies and 

verifications 

・Organization of know-how and candidate seeds for 

environmental technology that Kitakyushu City can provide 

・Interviews on energy efficiency and renewable energy needs 

for large-scale tourist hotels 

・Creating added value through the carbonization of waste tires 

・Conversion of streetlights to LED lights 

・Electric-powered vessels (e-ship) 

Outcomes 

・Identification of large hotels that are upgrading facilities 

・Difficulty in disposing of waste tires, involve high costs 

・Confirmation of the need for 250 LED street lights to be 

installed in Koror State as stand-alone LED street lighting 

・Needs exist for electric-powered vessels for eco-friendly 

marine recreation activities 

Issues 

・Identify details on hotel energy requirements and scale of 

equipment required 

・Additional need required for stand-alone LED street lighting 

in view of business potential. Should consider including states 

outside of Koror as well. 
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・Detailed studies on cost-effectiveness and development of 

maintenance systems for electric-powered vessels 
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Chapter 2 JCM Project Feasibility Study (Study on Increasing the Ratio of Renewable 

Energy and Decarbonization through the Promotion of EVs for Tourist Passenger 

Transport Vehicles) 

This chapter contains information on studies aiming not only at decarbonization by curbing the use 

of fossil fuels, but also at achieving co-benefits, such as decarbonization with reductions in exhaust 

emissions and traffic congestion, by replacing and consolidating the use of large EVs in local areas 

where public transport is not yet developed and tourists are transported by (white) taxis, shuttle buses, 

and individual transfers by hotel (all of which are powered by fossil fuels). Existing or new 

photovoltaic power generation is envisaged as the power source for large EVs, with projects that aim 

at 100% renewable energy rates considered.  

2.1 Preliminary case studies and analysis 

The introduction and spread of EVs has continued to expand rapidly in Japan over the past few years, 

with some used as tourist buses and other vehicles. This chapter provides a summary of the results of 

interviews with relevant parties, including Kyoto City, and on-site inspections of Keihan Bus’s 

activities, the first attempt in Japan to electrify all vehicles in a general bus fleet on a single route that 

uses multiple vehicles.4  

 

2.1.1 Overview of study 

(1) Interview subjects and participants 

The stakeholders involved in interviews and site visits, as well as participants on the survey 

team side are listed in Table 2-1 below. 

Table 2-1：Interview subjects and participants 

Interview targets 

Organization name Role in project Affiliation Name 

Environmental 

Policy Department, 

Global Warming 

Countermeasures 

Office, Kyoto City  

・Development and 

execution of plans to 

promote EVs in cities 

・Implementation of 

demonstration project for 

Head, Decarbonized 

Mobility Promotion 

Section 

NIIJIMA 

Tomoyuki 

In charge of promoting 

energy business  

TANIGUCHI 

Tomoya 

 

4 From press release by Keihan Bus (December 22, 2021)https://www.keihan-holdings.co.jp/news/upload/211222_keihan-bus.pdf 
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the practical application 

of EV buses 

Keihan Bus Co., 

Ltd.  

Introduction, operation 

and management of EV 

buses  

Manager, ICT Promotion 

Department and 

Corporate Planning 

Office, ICT Division 

OKUBO 

Sonoaki  

Manager, ICT Division  
YOSHIMURA 

Kiyoshi  

Kansai Electric 

Power Co., Inc. 

(KEPCO) 

Collaboration on the 

development of energy 

management models for 

efficient EV bus stations 

Deputy Head, e-Mobility 

Business Group  

NAKAGAWA 

Takafumi 

e-Mobility Business 

Group 

KITAGAKI 

Yumeno  

Survey Team  

Department of Environment and International 

Economy, Environment Bureau, Kitakyushu City 

Head, International 

Cooperation 
ARITA Yuichi  

Manager, International 

Cooperation  

NAGAHARA 

Tatsuro  

Section chief, 

International Cooperation 
MORI Naoko  

ATGREEN Co., Ltd. Senior Manager 
TOMINAGA 

Seiya  

 (2) Specifications and operating conditions of EV buses in operation  

The specifications and operating conditions of EV buses that are currently in operation in 

Kyoto City are summarized in Table 2-2 below. 

Table 2-2. Specifications and operating conditions of EV buses in operation in Kyoto City  

Item Details 

Vehicle 

specifications 

Manufacturer BYD, China 

Model BYD J6 

No. buses 4 

Date introduced December 2021 

Length × Width × 

Height  
6,990×2,080×3,060 ㎜ 

Rated output 100kW 

Charging time Less than 3 hours 

Cruising range 150km and over (with A/C running) 

Battery capacity 105.6kWh 

Capacity 29 people (including driver) 

Other 
・100-V power outlets in bus 

・USB ports installed throughout the bus  

Charger Manufacturer Daihen Corporation 
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specifications No. charger bases 2 ( Twin socket-type) 

Max. number. units 

charged simultaneously  
1 unit 

Charging system CHAdeMO Standard, DC 

Charge output 50km 

Storage battery 

installed/used 
None 

Renewable energy 

resources used  
None 

Backup, other 
・6-kW power station for EV discharge 

・Diesel generators for emergency use 

Charge time 

while in 

operation 

Full charge: 3 to 3.5 hours (evening) 

Charging during day (approx. 0.5 hours x 2 times) 

Vehicle 

mileage 
131 km/day/bus 

Total project 

cost 

(vehicle + 

charging 

equipment, 

etc.) 

(Vehicle cost) Approx. JPY 19,500/vehicle (Charging equipment) Not public 

1/3 of the above total cost subsidized. 

Maintenance 

Maintenance personnel 

In-house maintenance departments for existing diesel 

buses 

(Daily, regular, legal inspections) 

*Group companies only carry out automobile safety 

inspections 

Inspection times and 

frequency  

・Daily inspections: 10 min 

・Regular inspections: 5 hours, about 1x every 1.5  

months 

・Legal inspections: 6 hours, about 1x every 3  

months 

・Automobile safety inspections: 4 days  

*Maintenance is not performed on charging equipment 
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The buses operate in two areas: Kyoto Station – Nanajo Keihan-mae, and Nanajo Keihan-mae 

– Umekoji/Hotel Emion Kyoto (Figure2-1), for approximately 3.3 km. This is the first case of 

its kind in Japan where all vehicles on a single route of a multi-vehicle bus service are 

electrified. 

 

Figure2-1：Keihan Bus EV vehicle route5 

(3) Activities by Kyoto City and companies 

【Kyoto City】 

In 2011, Kyoto City formulated the “Kyoto City Automobile Environmental Measures Plan” 

(target period: to FY 2020), and considered policy options in one of the priority measures on the 

“Promotion of the Next-Generation EV Kyoto Project” to promote next-generation vehicles as a 

tourism-oriented, Eco-Model City. Specific actions include a demonstration project with 

Mitsubishi Heavy Industries on the practical applications of EV buses, and a demonstration 

with Nissan Motors on reflecting the status of use of charging facilities in car navigation 

systems. The results from the EV bus demonstration project offered indications that emissions 

can be reduced by approximately 40% compared to diesel vehicles under the same conditions. 

Decarbonization measures in the transport sector today have been moved under the “Kyoto City 

Program of Global Warming Countermeasures” (period: to FY 2030). Under the current plan, 

GHG emission reduction targets are set to achieving at least -40% below 2013 levels by 2030, 

and net zero by 2050. In September 2021, the mayor stated that the 2030 target should be -46%. 

Currently, Kyoto City is promoting initiatives for sharing EV bike batteries, educating the next 

generation, light up events, and other promotional and awareness-raising activities.  

 

【Keihan Bus Co., Ltd.】 

As part of the BIOSTYLE PROJECT, a project by the Keihan Group that plans and proposes 

 

5 From Keihan Bus press release (December 22, 2021) https://www.keihan-holdings.co.jp/news/upload/211222_keihan-bus.pdf 
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“lifestyles to realize the SDGs”, four EV buses have been managed and in operation since 

December 2021. The introduction and operation of EV buses will be the first step in this project 

carried out under an agreement between Kansai Electric Power (see below) and BYD Japan, 

with plans to conduct demonstration projects, including research into issues related to EV bus 

operation and optimal charging conditions until FY 2026. This agreement aims to expand the 

introduction of EVs on other routes in the second step, and to actually operate autonomous EV 

buses in the third step (Figure2-2). Servicing and maintenance for EVs is basically handled by 

in-house groups. The aim of this project is to compile know-how that will enable others to be 

able to handle maintenance for EV buses from other companies and the Kyoto Municipal 

Transportation Bureau in the future.  

 

Figure2-2： Implementation system (top) and expected steps (bottom) under an agreement to 

expand the introduction of EV buses6 

 

6 From Keihan Bus press release (December 22, 2021) https://www.keihan-holdings.co.jp/news/upload/211222_keihan-bus.pdf 
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【Kansai Electric Power Co., Inc. (KEPCO)】 

As part of actions to realize the e-mobility vision, KEPCO is developing EV infrastructure in 

collaboration with Keihan Bus. KEPCO is responsible for the energy management sector in this 

demonstration project. Specifically, the project involves: (1) collecting driving data from EV 

buses and examining how to use the data, (2) optimizing operating schedules for electric buses 

and timing for recharging and discharging, (3) building an optimal energy management system 

when multiple buses are introduced, (4) developing optimal charges for the operation of EV 

buses and building power receiving equipment. Furthermore, equipment (EV buses, charging 

and discharging equipment, charging and discharging management systems, construction work) 

is packaged as a service to reduce Keihan Bus’s initial costs and to support the promotion of 

EVs on city bus routes.  

 

2.1.2 Results of studies and analysis 

(1) Advantages of introducing and operating EV transit buses 

Table 2-3 below provides as summary of the advantages of introducing and operating EV 

transit buses that were identified in interviews. The use of EV buses is expected to result in 

reductions in both energy and CO2 emissions, with Keihan Bus, which operates the system, 

commenting that it is starting to see the effects of co-benefits that are highly compatible with 

transit buses. In terms of maintenance, it is important to have a system in place to respond 

quickly in the event of a problem. According to one comment, this was one of the key points 

considered when selecting a manufacturer. The study team reaffirmed that when EV buses are 

in operation in Palau, the challenge will lie in how a maintenance system can be expanded in an 

island nation that lacks the technology and supplies.  

Table2-3：Advantages and impressions on the introduction and operation of EV transit buses from 

interviews 

Category Details 

Energy and 

decarbonization 

・Annual energy costs are estimated to be less than 1/3 that of diesel 

vehicles (EV: JPY 400,000/year vs. Diesel: JPY 1.43 million/year) 

・Estimated CO2 reduction: 38.8 t-CO2/vehicle per year, or 155.2 t-

CO2/year for four vehicles 

・Converts regenerative energy into electricity, so seems to work better 

than expected on slopes 

Driving conditions 
・Buses are generally quiet, so they can be driven in residential areas. 

・There are few cases where pedestrians are unaware that the buses are in 
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operation because the motors produce an acoustic warning sound. 

・Co-benefit effects (e.g., emission gas, quiet operation, etc.), in addition 

to decarbonization. 

Disaster response 

・Buses can meet the electricity needs of 12 households in an emergency. 

・A 6-kW discharge power station has been installed for V2B use in 

anticipation of coordinated use in the event of a disaster or if operations 

are suspended. 

Maintenance 

・Manufacturers have developed a system capable of responding to non-

critical failures within 48 hours, which is important for buses that 

operate on a regular basis. 

Other 

・The manufacturer’s extensive track record in Europe and the 10 years 

of collected know-how offer a strong sense of security. 

・Batteries are mounted at the rear of the vehicle, which makes it easy to 

design a low-floor, high ceiling body. 

 

(2) Issues and key points in the introduction and operation of EV transit buses 

Issues related to introducing and operating EV transit buses that were identified in interviews 

and key points that should be kept in mind when considering the future of the project are 

summarized in Table2-4 below. Those interviewed commented on the importance of building an 

efficient integrated management system for charging and dispatching vehicles when EVs are 

used for transit buses (especially multiple vehicles), linking together the three aspects of vehicle 

conditions, energy management, and passenger movement. At present, the number of EV buses 

used for tourism in Palau is expected to be low (one or two) at the beginning. Although it is 

quite likely that this will not be an issue in the immediate future, as it is assumed to be an 

independent power source derived from solar power, it needs to be considered when multiple 

units are installed and operated in the future. 

Table2-4：Issues and key points related to the introduction and operation of EV transit 

Category Details 

Cruising range 

・Significantly impacted by heating in winter 

・When traffic conditions are congested, braking frequency/time increases, 

making it more difficult to convert regenerative energy, which has an 

impact on cruising range. 

Technical aspects 
・It is important to set up charging algorithms, including bus departures 

and operations, and update software. 
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・Battery cells need to be optimized to control capacity variations between 

EV battery cells (although optimization takes time). 

・Importance of maintenance when introducing EVs 

・Higher battery capacity and compact size 

Energy management 

・Difficulties in dealing with an increase in the number of facilities because 

operating two charging facilities (two buses) at the same time increases 

power consumption and affects electricity contracts (basic charges). 

Operations 

management 

・As the proportion of EV vehicles rises, there will be a need for charging 

and dispatching systems linked to vehicle IDs that connect EVs, energy 

management, and passenger movement. 

・Challenges in introducing and operating EV transit buses can be found 

more in ancillary areas (dispatch systems and energy management) than 

in areas attributable to the performance of EV buses. In cases where an 

organization with a large number of buses, such as a municipal bus 

company, introduces several EVs, it will be important to build a 

comprehensive operation system that combines vehicle dispatch, charging 

and energy management functions.  

Other 

・The three key elements for promoting the introduction and operation of 

EVs are environmental (decarbonization), economic (EMS, operating 

costs), and BCP (charging and discharging). 

 

(3) Inspection tours 

  

Side view of bus Rear view of bus 
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USB ports at all seats 100-V outlet at bottom right 

  

Battery charger (50 kW) Discharge facility (V20)  

 

 

Reservations can be made for charging a 

second vehicle 

CHAdeMO charging system  

(BYD system on the side) 
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2.2 Identifying local stakeholders 

The assumed stakeholders of this project are summarized in Table 2-1 below. We conducted a hearing 

survey with them on issues related to tourist transportation in Palau, needs for EV vehicles, and the 

possibility of cooperation with this project.  

Table2-5：Assumed local stakeholders (Tourism sector) 

Organization name Abbreviation Overview explanation 

Ministry of Public 

Infrastructure,  

Industries & 

Commerce  

MPIIC 

Palau government ministries. Palau government ministries. It consists of six 

departments: Bureau of Aviation, Bureau of Public Works, Bureau of Land 

and Survey, Bureau of Commercial Development, Small Business 

Development Center, and Palau Energy Office. 

Palau Visitors 

Authority 
PVA 

An independent organization established to promote tourism in Palau. 

A part of the Presidential Office of the Republic of Palau. 

Palau Chamber of 

Commerce 
PCC 

An organization integrated by the Palau Travel Association (PTA), which 

was a group of the tourism industry such as travel agencies and hotels.  

Palau Public Utility 

Corporation 
PPUC 

A public corporation established in February 1994 for the purpose of 

managing and operating Palau's electric power system. We own power 

generation facilities in various parts of Palau. 

Palau International 

Airport Corporation 
PIAC 

PIAC operates the Palau International Airport Terminal Building. PIAC is 

renovating and expanding the airport terminal. Support for this survey. 

Palasia Hotel ― 
One of the three major local hotels (approximately 160 guest rooms). 

Taiwanese. 

Palau Pacific Resort PPR 
One of the three major local hotels (approximately 160 guest rooms).  

Tokyu-Construction is the parent company. 

Palau Royal Resort PRR 
One of the three major local hotels (approximately 160 guest rooms). 

Although it is Taiwanese, it is operated by Okura Nikko Hotels. 

Cove Resort ― 
A medium-sized hotel (about 70 guest rooms). Japanese staff are engaged. 

Australian hotel. 

Garden Palace ― A small hotel (12 guest rooms). Japanese staff are engaged. 

DW Hotel ― A small hotel (20 guest rooms). 

 

2.3 Needs and issues from local hotels 

We conducted an interview survey of local hotels regarding the transportation situation of tourists 

and their requests and issues regarding this project. We conducted the survey in cooperation with PIAC 

based on the interview sheet we prepared. 

・Palau Pacific Resort 

・Palau Royal Resort 

・Palasia Hotel 

・Palau Pacific Resort 

・Cove Resort 
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・Garden Palace 

・DW Hotel 

The results are shown in Figure 2-3. Tourists often use shuttle buses operated by their staying hotels  

or tourist associations. The market price is generally $20/person one-way. In many of the interviewed 

hotels , hotel staff members also work at the same time, and securing a driver was the biggest issue. 

The following issue is the cost of purchasing and maintaining a vehicle.  

Because of this background, many of the respondents expressed positive interest in the project as 

long as the system would lead to cost reductions at their hotels without significantly compromising 

convenience, and the biggest concern was the maintenance system and cost burden. 
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Figure2-3：Results of interviews with local hotels 

Q1：What are the main means of transportation used and utilized by tourists? (Multiple answers are acceptable)

1 Buses or minivans operated by hotels and tourist associations 7

2 Cabs waiting at the airport 0

3 Taxi (chartered/with driver) 2

4 Rental car driven by tourists themselves 4

5 Other

・Arrange by local travel agents

Q2：What are your hotel's challenges in transporting tourists? (Multiple answers are acceptable)

1 S ecuring drivers 5

2 Cost of purchasing and maintaining vehicles 4

3 Aging and renewal of vehicles 2

4 Traffic congestion 0

5 Road maintenance and repair 0

6 Degradation of environmental image due to exhaust gas and other factors 0

7 Others

・Insurance

Q3：If there is ever an EV shuttle bus running between the airport and the hotel, 

　　　　　　　would you be interested in using it as transportation for hotel guests?

1 I'm interested if it will reduce the cost and burden on my hotel. 

(As a direct connection between the airport and my hotel.) 5

2 If it can be outsourced at a lower cost than before, I would consi der it. 

(Joint transfer between the airport and each hotel) 3

3 I would like to consider using it to promote environmental aspects. 2

4 I think it will be difficult to build a route that stops at other hotels. 1

5 I'm not interested because there are no or less issues with the current operation. 1

6 Others

・If EV shuttle fee is not too expensive will attract guest itself

・need to consider Palau guest is mainly long stay and some are diving guests 

　and bring lot of luggage and equipment

Q4：What do you feel are the challenges in implementing this model?

1 Initial cost 2

2 Running cost 1

3 Profitability of the project 2

4 Establishment of management system 2

5 Ensuring durability and safety of vehicles and charging equipment 2

6 Maintenance and trouble shooting in case of failure 5

7 Design of operation schedule 2

8 Impact on existing employment 1

9 Others

Q5：If the operation of EV buses were, what type of transportation would you like them to cover for travelers?

1 Transfer from the airport to the hotel when entering Palau 4

2 Transfer from hotel to airport upon return 4

3 Round trip to various sightseeing spots on the island 6

4 Transfer for optional tours 2

5 Other

・Details Shopping to down town

・Tour or Shuttle bus in Palau mainly operate by local argent

　and drivers it is challenge how you coexistence and co prosperity
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2.4 Survey of potential locations for vehicle recharging sites 

In considering EV vehicle charging bases and project implementers, we interviewed Palau 

International Airport Corporation, which operates international airport, the gateway for tourists to 

Palau, about the status of renewable energy introduction at the airport, energy risk management, and 

the current maintenance system for vehicles at the airport.  

 

【Renewable Energy Installation and Operation at Airports】 

・Electricity power consumption at the airport is approximately in the low 40,000 kWh range per 

month. Approximately half of this is covered by solar power installed by ODA in 2011. 

・Currently, there are no specific plans to install additional photovoltaic systems. 

・There is land (approximately 600 m2) adjacent to the existing panels that could be considered 

for additional panels (Figure 2-4). 

【Status of Response to Energy Risks】 

・An emergency generator with an output of 1,800 KVA (approximately 1,440 kWh at a power 

factor of 80%) has been installed. 

・There is no positive advantage to moving the power source to the new location, as it is 

important for the airport to have its own backup power source. 

【Existing vehicle maintenance system and assumptions maintenance system for the introduction 

of EV vehicles】 

・Company vehicles are rented, and maintenance is performed by the car rental company and 

not directly by the our company. 

・The company's own engineers will basically handle airport special vehicles (GSE/Ground 

Support Equipment). For cases that cannot be handled, we ask overseas manufacturers. 

・For repair parts, those that are frequently replaced are kept in stock. 

・Parts not in stock are purchased from manufacturers or distributors on a case-by-case basis, 

but this rarely happens. 

・We think it is necessary to keep some parts in stock when operating EV vehicles. Businesses 

will probably have their own parts, but the details of which parts they will have and the costs 

will need to be discussed separately. 

・Regarding maintenance staff for EV vehicles, if the airport were to conduct the project, it is 
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possible to consider having staff on hand. However, whether appropriate personnel can be 

secured locally is considered an issue. 

 

Based on the above, Palau International Airport is likely to be a suitable location for EV charging 

facilities powered by renewable energy. In terms of operation, there is still the issue of securing low-

cost and stable maintenance in terms of both materials and human resources. PIAC also commented 

that it is difficult to consider new projects under the current circumstances where COVID-19 continues 

to expand and tourists are not expected to return. 

In considering EV vehicle operation projects in the tourism sector in Palau, it is assumed that other 

operators are in the same situation, so it will be necessary to reexamine the situation once the impact 

of COVID-19 on tourists is expected to be reduced. 

 

 

Figure 2-4：Solar panel installed parcels and possible expansion areas at Palau International Airport 

 

 

Plots with solar panels 
installed

Plots where solar 
panels can be added
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Areas where additional panels can be 

added(Figure2-4 Left side) 

Areas where additional panels can be 

added(Figure2-4 Right side) 

 

Solar panels installed on parking lot roof 

Figure2-5: Images of current panel installation locations and possible installation locations 

 

2.5 Introduction and operation model under consideration 

This section summarizes the results of our study of the possibility of reducing the initial cost of 

the sightseeing buses studied in the previous year, which has become an issue.  

2.5.1 Details of Introduced Technology under consideration 

The buses to be considered are the models shown in Figure 2-6 below and Table 2-6 below. See 

Table 2-7 below for chargers. 
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Figure 2-11：EV bus and charging system to be considered for introduction 

Table 2-6: Specifications and features of EV buses to be considered for introduction 

Items Contents 

Model F8 siries4-mini BUS  

Size Overall length: 6,990 mm 

Overall width: 2,100 mm 

Overall height: 3,050mm 

Number of seats 14 seats (including driver), 30 people 

Battery capacity 114kWh 

Cruising range 230km 

Other features Adoption of lightweight EV chassis frame 

Can also be used as a large-capacity battery in the event of a disaster 

Flexible solar panels can be installed on the ceiling as an option 

Table 2-7: Specifications and features of charger to be considered for introduction  

Items Contents 

Model ENC-DCB100-BJ 

Maximum output 100kW 

Charging standard Compatible with CHAdeMO ver2.0 

Other features IP54 waterproof 

The bus to be introduced is a model equipped with a 114kWh battery and has a cruising range of 

230km. This time, we are aiming to promote decarbonization by using all the electric power to be 

charged as a renewable energy power source, and the capacity of the photovoltaic power generation 

equipment required to charge this battery is 50 kW and the storage battery is 136 kWh. (Utilize 

reused batteries to ensure storage battery capacity) 

 

2.5.2 Introduction and Operation Model under consideration 

As discussed in the previous fiscal year, the Palau International Airport is currently the originating 

base for the tourist buses. 

In this estimation, it is assumed that the buses will travel two routes: Route A from Palau 

International Airport to PPR via Central Road, which is a major arterial road, and Route B to Icebox 

Park, which is a scenic spot. See Figure 2-7 below for the routes.  
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(Map Source：Google Map) 

Figure 2-7：EV bus travel route to be examined 

 

<Planned driving route> 

Route A (Palau International Airport-Palau Pacific Resort Hotel / 14.6km) 

Route B (Palau International Airport-Icebox Park / 13.1km) 

<Fare> 

The fare will be 800 Japanese-yen for a round trip from the airport to each destination. Since the cost 

of the current transfer service to the hotel and taxi transfer is about 20 to 30 dollars, and in the case 

of bus transfer, the fee will be collected individually, the above transfer fee will be apportioned by 3 

people. Furthermore, the bus transfer fee per person is set as the above price, taking into 

consideration the viewpoint of giving incentives for bus selection due to time constraints. In 

addition, a trial calculation was made assuming that 20% of local tourists (122,000 in 2017 x 20% = 

24,400) will use the bus.  

  

Figure2-8：Battery Container Unit 
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The cost of storage batteries, which had been a bottleneck in the previous year, was also examined. 

This time, a model that utilizes reused batteries in a mobile storage battery container unit was studied. 

(Figure 2-8 ) The aim was to reduce costs by using reused batteries. This has allowed for an increase in 

battery capacity. On the other hand, it is now necessary to consider increasing the installation scale of 

solar power generation. 

 

2.6.3 Profitability 

Under the conditions described in 2.5.1 to 2.5.2, one EV bus, a charger, a solar panel (including a 

power conditioner), and a storage battery were installed, and the business profitability was evaluated. 

The evaluation was carried out when the initial cost was 100% self-paid and when 50% self-paid. 

Other trial calculation conditions are as follows.  

 

<Common calculation conditions> 

・ Vehicle / equipment costs 

(Approximately 85 million JPY / Various equipment, tariffs, engineering costs, training costs, 

etc. recorded) 

・ Revenue from tourists (assuming annual sales of about 20 million yen) 

・ 5 year borrowing 

・ Equipment transportation costs are not included 

・ Maintenance costs (5% of equipment costs are recorded every year) 

・ Driver costs are recorded 

・ Transportation business consignment costs from hotels, etc. have not been recorded. 

・ It was decided to reserve about 5 million yen every year as a reserve for equipment renewal. 
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＜Case of No subsidy: 100% self-pay project implementation＞ 

Figure 2-9：No subsidy for introducing one EV bus for tourism sector 

In this case, it is expected that the company will be profitable in a single year after the 6th year 

when the borrowing is completed, and the cumulative balance will be expected to be profitable in the 

8th year. Since the burden of repayment of the initial cost is relatively large, it is considered. Since 

the battery capacity is sufficient to charge two buses, it is possible to reduce non-bus costs by 

charging and using one charger every other day with two buses when multiple buses are installed. 

 

＜Case of 50% subsidy and:50% self-pay project implementation＞ 

Figure 2-10：50% subsidy for introducing one EV bus for tourism sector 
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In this case, the result was expected to be profitable from the first year. In order to establish this 

model, it is important to obtain user income as expected, and it is expected that the acquisition of 

subsidies will greatly contribute to the improvement of profitability in this project.  

 

2.5.4 CO2 reduction effect  

We referred to J Credit System Methodology EN-S-012 Ver3.0 “Introduction of Electric Vehicles 

or Plug-in Hybrid Vehicles” for the effect of reducing greenhouse gas emissions associated with the 

conversion of tourism buses to EVs.  

ER＝EMBL－EMPJ 

Table 2-8: Concept of emission reduction 

Sign Definition Unit 

ER Emission reduction tCO2/year 

EMBL Baseline emissions tCO2/year 

EMPJ Post project Emissions tCO2/year 

Since this project is the introduction of electric vehicles, baseline emissions will be emissions 

from the use of fossil fuels associated with the use of (conventional) vehicles, and post-project 

emissions will be emissions from the use of electricity from the use of electric vehicles.  

Post-project emissions are calculated by the following formula. 

EMPJ＝ELPJ×CEFelectricity.t 

 

Table 2-9: Calculation of post-project emissions 

Sign Definition Unit 

EMPJ  Post project Emissions tCO2/year 

ELPJ  Electricity consumption in electric vehicles post project kWh/year 

CEFelectricity.t CO2 emission factor of electric power tCO2/kWh 

Baseline emissions are organized according to the following concept. 

DBL＝DPJ 

DPJ＝ELPJ×BUPJ 
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Table 2-10: Concept of baseline emissions 

Sign Definition Unit 

DBL  Baseline car mileage km/year 

DPJ  Post project car mileage km/year 

ELPJ Post project electricity consumption in electric vehicles kWh/year 

BUPJ Post project energy consumption efficiency electricity of 

electric vehicles 

km/kWh 

The calculation of baseline emissions is carried out based on the following concept. 

EMBL＝DBL×1÷BUBL×HVBL,fuel×CEFBL,fuel 

 

Table 2-11: Calculation of baseline emissions 

Sign Definition Unit 

EMBL Baseline emissions tCO2/year 

DBL  Baseline car mileage km/year 

BUBL Baseline energy consumption efficiency of fossil fuel vehicles km/kL etc. 

HVBL,fuel Unit calorific value of fuel used in baseline automobiles GJ/kL etc. 

CEFBL,fuel CO2 emission factor per unit calorific value of fuel used in 

baseline automobiles 

tCO2/GJ 

 

Based on these assumptions, the CO2 reduction effect of EV bus driving when the annual mileage 

is about 75,000 km is as follows. 

Table2-12：CO2 reduction amount by introducing EV bus 

Number of EV buses introduced Expected CO2 reduction 

1bus 44t-CO2/year 

10 buses 435t-CO2/year 

30 buses 1,306t-CO2/year 

If the number of buses introduced increases and economies of scale can be achieved in terms of 

price, the unit price per bus is expected to decrease, and the cost effectiveness of CO2 emission 

reduction per ton in applying for JCM facility subsidies is also expected to improve. In addition, as 

for other ancillary facilities such as battery chargers, solar panels, and storage batteries, if the 

number of buses increases, efficient operation (e.g., two buses alternately using one battery charger) 
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is expected to be possible.  

 

2.5.5 Monitoring method 

Regarding the methodology used to calculate the amount of reduction in certification due to the 

conversion of vehicles to EV, the "Promotion of Electric Vehicle Use for Taxi in Costa Rica (2014 

JCM F / S)" project and the methodology in the J-credit system in Japan " Refer to "EN-S-012 Ver.3.0 

Introduction of electric vehicles or plug-in hybrid vehicles". 

The target is project activities that introduce EV vehicles and replace ICE vehicles (internal 

combustion engine vehicles). The general monitoring parameters are shown in Table 2-13 below. 

 

Table2-13：Monitoring items 

Items Unit 

Car mileage km 

Energy consumption efficiency electricity of electric vehicles km/kWh 

Power consumption for driving kWh 

Energy consumption efficiency of fossil fuel vehicles km/L 

In this project, it is assumed that the EV vehicles will be powered by renewable energy sources, but 

it is possible that backup power from the local grid could be used in the event of capacity shortages 

due to solar or power system failure or continued bad weather, etc. Therefore, when evaluating the 

reduction of GHG emissions, it is necessary to know where the charged power is generated from (grid 

power or renewable energy). In this regard, it is assumed that vehicle ID management and recharge 

data from storage batteries will be recorded and managed using data loggers, etc. 

2.5.6 Study of project implementation scheme 

Regarding the promotion structure of the project, we have received favorable comments from the 

Minister Obichang , Ministry of Public Infrastructure and Trade (MPIIC),  in previous year, as the 

project is in line with the national policy. 

It is necessary to consider the implementation structure of this project, including the possibility of 

developing the project as a public transportation system. 

In addition, Palau is currently considering updating its master plan for transportation planning, and 

the State of Koror has expressed a desire to promote decarbonization from the transportation sector. 

Among these, there are expectations from both the state and the country for a shift in mobility to EVs 

and other vehicles in the transportation aspect of the project.  

Because of the pandemic of the COVID-19 infection has prevented travel to the Palau for two years, 
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there are still issues in developing an implementation system and building communication with the 

relevant parties. In the next fiscal year, we would like to discuss the specific implementation system 

with interested parties again.  

 

Figure 2-11: Assumptions for International Consortium 

The structure of the international consortium envisioned at this time is as shown above. It will be 

necessary to further develop the structure by deepening the involvement of local hotels and other 

organizations. 

2.6 Maintenance scheme and utilization system 

All stakeholders have been commented Maintenance is the biggest issues. Maintenance issues exist 

in both the securing parts and human resources aspects. The issues of securing parts are mainly related 

to the cost of maintaining spare parts, etc., while the issues of human resources are related to the 

training of maintenance personnel, etc. 
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Figure 2-12: Maintenance issues and proposed measures 

Project considerers are aware of the need to retain a certain quantity of parts when introducing EV 

vehicles. They are also aware of need detailed discussions on the scope of parts to be retained. In most 

cases, the majority of parts for internal combustion engine vehicles can be secured on the island. 

Therefore, there is a high possibility that parts used for both internal combustion engine vehicles and EVs 

will be available locally. 

Project considerers are aware of the need to secure or train personnel who can handle the maintenance 

work on a permanent basis. This is an important issue that will affect profitability and the ability to 

acquire appropriate human resources. In any case, human resource development is also necessary, and 

JICA has commented that support for training sessions can be considered in this regard. In addition, it is 

considered necessary to take various measures, such as providing online support by utilizing "SynQ 

Remote" provided by Quando Inc. within our survey team. 
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Figure2-13： overview of the remote maintenance tool 

 

2.7 Consideration of financing methods 

Regarding funding, Minister Obi chang, ,the MPIIC, mentioned the possibility of public-private 

partnerships depending on the business model, but the reality is that it is difficult to generate funds in 

the Republic of Palau, where the tourism industry, which is the core industry, has been hit hard. On 

the other hand, it is considered essential to add value to the tourism sector in order to revive the 

Palauan economy after the Covid-19 pandemic.  

Therefore, securing subsidies or other means to reduce initial costs is considered essential. 

Specifically, we are considering applying for the JCM equipment subsidy program, but the amount 

of GHG reduction per EV vehicle is inevitably limited. For example, while utilizing the JCM 

equipment subsidy project for solar power generation equipment and storage batteries, it is necessary 

to consider a multifaceted support scheme for EV buses, such as utilizing JICA and ADB funds from 

the aspects of infrastructure development and corona recovery, and this study should be continued. 

In addition, for financing, collaboration with leasing companies is also expected. There have been 

an increasing number of tie-ups with leasing companies in recent years, where the Japanese 

representative and the local company are affiliated, and leasing companies have commented that 

such projects are relatively easy for them to work on. In Palau, where it is difficult to raise initial 

costs, the introduction of such a system should be considered. 
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2.8 Consideration of Project Implementation Schedule 

Based on the results of this year's survey, the project implementation schedule for the Tourism EV 

Project is envisioned in Table 2-14 below.  

 

Table2-14：Examination of future project implementation schedule 

Items FY2022 FY2023 FY2024 

1st half 2nd half 1st half 2nd half 1st half 2nd half 

Examination and construction of 

project implementation system  

      

Scrutiny of cost / introduction model        

Examination for acquisition of 

various subsidies  

      

Support application such as JCM 

equipment assistance 

      

The study of the tourism sector will be greatly affected by the situation of the pandemic of the 

COVID-19 infection and the recovery of tourism demand, but we will continue to discuss the 

implementation system of the project with local officials in the next fiscal year to build the system, 

and also promote studies for obtaining various subsidy programs, aiming to obtain the subsidy 

programs in FY2023 or 2024.  

2.9 Summary / Issues to overcome in the future 

The following is a summary of the survey for the introduction of tourist EV vehicles and future 

issues. 

＜Summary＞ 

⚫ Considering a shuttle bus operation model from the airport to the hotel 

⚫ Considered utilizing reused batteries for reducing costs and increasing capacity against for a 

factor of increasing costs 

⚫ Since there is no public transportation in Palau, it was found that profitability can be expected if 

a certain percentage of tourists can be used. However, it will be necessary to share roles and 

collaborate with existing pick-up and drop-off schemes conducted by hotels and tourist 

associations. 

⚫ When receiving equipment subsidies, it is necessary to consider applying to different fund 

donors for solar power generation, storage batteries, and EV buses, considering for effective 

operation. 

⚫ Stakeholders in Palau and Koror State commented  their expectations for this project, which is 
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consistent with the direction of the transportation policy (master plan) review. 

⚫ Need to continue to work with international airports as a starting point for tourists and resolve 

issues one by one for implementation  

 

＜Issues to overcome in the future＞ 

⚫ Ongoing review of initial costs 

⚫ While tourism is a core industry, it has been hit hard economically by the pandemic of the 

COVID-19 infection and needs to establish a menu of support services for Palau. 

⚫ Ongoing challenge of establishing a maintenance system 

⚫ Optimal modeling of subsidies and other forms of support, further study of financing schemes, 

including leases, etc.  
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Chapter3 Feasibility study toward for Project formation about improvement of renewable 

energy ratio and decarbonization by introducing EV vehicle for waste treatment sector. 

3.1 Understanding local issues and needs 

3.1.1 Identifying local stakeholders 

Table 3-1 below summarizes the organizations that are assumed to be interested parties in this study. 

Interviews were conducted with these interested parties regarding local needs and the possibility of 

collaboration for this project.  

Table 3-1 Assumed Stakeholders (Waste Sector) 

Organization name Abbreviation Overview explanation 

Solid Waste Management 

Division, Public works 

Department, Koror State 

Government 

― 

It belongs to the state's Public Works Department and is 

responsible for Koror's recycling projects, waste collection 

and transportation, waste research, composting and 

education programs and material recovery. 

Solid Waste Management 

Office 
SWMO 

An organization that aims to reduce landfill waste 

generated in Koror through the 3Rs and resource recovery. 

It consists of the Bureau of Public Services System and 

Ministry of Health of Palau, the Environmental Quality 

Protection Commission, and the State Solid Waste 

Management Division. 

Ministry of Public 

Infrastructure, Industries & 

Commerce  

MPIIC 

Palau government ministries. Palau government ministries. 

It consists of six departments: Bureau of Aviation, Bureau 

of Public Works, Bureau of Land and Survey, Bureau of 

Commercial Development, Small Business Development 

Center, and Palau Energy Office. 

Asian Development Bank ADB 

An international development finance institution 

established to foster economic growth and economic 

cooperation in Asia and the Pacific and to contribute to the 

economic development of developing member countries. A 

study on a project to establish a comprehensive resource-

recycling society in Koror State is planned. 
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3.1.2 Preliminary study project "Resource segregation type transshipment storage facility" and its 

progress 

(1)Project background and outline 

In Palau, the resident population, corporate offices, hotels and stores are concentrated in Koror, and 

its high environmental load has been an issue for Koror. SWMO has been planning and developing a 

recycling center that contributes to the collection and recycling of specified waste in collaboration 

with AMITA CORPORATION, which is a member of this business implementation system, in order 

to reduce the environmental burden Since 2014. (Table3-2)。 

 

Table3-2: Past collaboration and survey results between Koror and AMITA CORPORATION 

Koror State and AMITA CORPORATION will use a public-private partnership (PPP) to consider the 

construction of a "storage facility", where is separate and sort waste using the site of the M-Dock. The 

relocation spot of final disposal site is the Aimeliik (located in northside in Palau) (Figure3-3)。The 

reason for this consideration is that the new final disposal site in Aimeliik will be far away (about 15 

km from the M-Dock) and will incur tipping fee, so it will be efficient in the state to reduce the amount 

of landfill waste through the implementation of waste disposal and the expansion of recycled items 

and quantities. Furthermore, the goal of this project is not limited to waste recycling, but ultimately it 

is a project that aims to create a wide range of value such as agricultural development, creation of 

tourism industry (green tourism), zero emission management by renewable energy (Figure 3-1).  

 

 

Year Phase Activity 

2014-15 Basic survey 
Waste composition survey 

Demonstration of waste separate collection 

2015-16 
MOEJ  project of Promoting Overseas 

Expansion Commercialization 

F/S for Business plan 

Demonstration of liquid fertilizer 

Partnership agreement signed 

2016-17 
MOEJ  project of Promoting Overseas 

Expansion Commercialization 

Specification design of biogas plant 

2017-18 

JICA Knowledge co-creation program 

(private partnership) under the SDGs 

business model formulation survey 

(Feasibility survey) 

F/S for small biogas plant 

Specification design of plant 

2019-20 
MOEJ  project of Promoting Overseas 

Expansion Commercialization 

F/S for resource-separated transshipment storage 

facility 
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Figure 3-1：Concept for resource circular recycling model 

From an energy point of view, there are several projects. 

1)self-use of power generated from plastic oiling,  

2)self-use of power generated by the introduction of solar power generation 

3)generated gas from a biogas refining facility is used for tourists in glass workshop   

The glass studio plans to use sorted and sorted waste glass, and is considering attracting tourists. 

(2) Progress 

The recycling center has already been stably operated as an initiative activity of the state of Koror, 

and has already been introduced except for the methane fermentation facility and the solid fuel 

conversion / gasification facility. 

In addition, the glass workshop has completed the demonstration at the test workshop, and the 

construction work of this operation facility was completed in July 2020.  

However, due to the serious economic impact of Covid-19 (due to the fact that about 50% of GDP 

depends on the tourism industry), PPP's consideration of "resource-separated transshipment storage 

facilities" is pending. 

It is expected to resume with the convergence of Covid-19 and the resurgence of tourists.  

 

3.1.3 Positioning of this EV introduction survey in the Koror State Policy Plan 

The state of Koror has been considering the ideal way of "building a comprehensive resource 

recycling society" to promote resource recycling in the state, triggered by the consideration of 

"resource-separated transshipment storage facility" by PPP with AMITA CORPORATION. The study 

project for the introduction of the EV waste collection and transportation vehicle is also being 
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positively consideration in this whole project. (See Figure 3-2) 

Figure 3-2: Relationship of each project in Koror State 

The Asian Development Bank (ADB) is currently scheduled to conduct a feasibility study on this 

project as a PPP project, which will include the EV project for the waste collection and transportation 

vehicles. 

3.1.4 Local needs, possible schemes, and issues for conversion to EV 

The following is a summary of the results of interviews with Mr. Selby and Mr. Fuji regarding their 

impressions of the project concept and local needs for waste vehicles, EV vehicles, and specifications 

for charging facilities.  

1) Reduce reliance on fossil fuels and reduce fuel costs when renewable energy is the source of 

charging. 

2) Improving the image of environmental consideration in the waste management department and 

building a zero carbon society. 

3) There are three points that contribute to the achievement of the SDGs in terms of waste 

management. 

While these merits will lead to the creation of a clean and safe environment for the state, the 

following are the issues for introduction. 

1) High initial cost burden required for acquisition and installation of equipment to maintain the 

operation of EV vehicles 

2) Concerns about maintaining the durability and safety of vehicles and charging stations 

3) Establishing a maintenance system in case of emergency. 

The Solid Waste Management Office has commented that it will be the lead agency for this 
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project and will install, operate, and maintain the vehicles and equipment.  

(2) Specifications of waste transportation vehicles, EV vehicles and charging equipment  

The points when procuring a waste collection and transportation vehicle are as follows. 

1) Economic efficiency of vehicles and systems 

2) Loadable capacity 

3) Resistance to salt damage 

 

The points when procuring EV waste collection and transportation vehicles are as follows. 

1) Battery capacity 

2) Battery durability and service life 

3) Battery control and safety (control against overheating) 

4) Convenience of quick charging 

5) Vehicle load capacity and salt damage countermeasures  

 

(3) Assumptions for Procurement of Electricity and Location of Charging Facilities and Photovoltaic 

Power Generation 

The current plan for the transportation station calls for approximately 150 kW (250 W/sheet x 

600 panels) of solar panels to be installed on the roof of the facility and on adjacent land (red 

frame in Figure 3-3) to provide part of the power source for facility operations.  

The existing biofuel generator (220 kVA) can also be used to supply power, and it is assumed 

that these renewable energies will be used to power the EV waste collection and transportation 

vehicles. The installed capacity of solar panels is currently under review by ADB, and further 

capacity increase is expected due to the high potential for facility expansion (black box in Figure 

3-3). 

In addition, the area framed in yellow plus black in Figure 3-3 is planned to be a parking lot for 

about 20 large vehicles. The state is considering installing photovoltaic panels on the roof of this 

building as well as a charging space for EV vehicles.  
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Figure 3-3：Planned solar panel installation at a resource separation and Transshipment storage facility 

(4) Status of vehicle maintenance and maintenance when EVs are introduced 

As noted above, we have received comments that SWMO expects to perform maintenance on 

EV vehicles as well. 

Regarding the current maintenance system for internal combustion engine vehicles, SWMO has 

a full-time mechanic who oversees the regular maintenance of existing refuse collection vehicles 

and other vehicles under its jurisdiction, and currently handles minor breakdowns with no 

problems. When major repairs are required, inspections and repairs are carried out at vehicle 

maintenance stores in Koror.  

The state does not keep vehicle parts in stock, and if parts cannot be procured domestically, the 

state can arrange for the necessary parts within two weeks, depending on the urgency, based on 

supply contracts with local, Japanese, and U.S. manufacturers and maintenance companies.  

They recognize the need to train personnel first when introducing EV vehicles, as well as the 

need to stock a certain number of parts depending on the frequency and importance of 

replacement. 

3.2 Consideration for introduction and operation model 

In this section, technologies for introducing EV vehicles for waste collection and transportation 

will be studied, and cost estimates will be made to understand issues to be addressed in further 

studies in the future.  
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3.2.1 Contents of introduced technology 

The waste collection and transportation vehicles to be considered are the models shown in Figures 

3-6 and Table 3-3. See Table 3-4 for chargers. 

 

Figure 3-4：EV waste transportation vehicle and charging system to be considered for introduction 

Table3-3：Specifications and features of EV waste transportation vehicle to be considered for 

introduction 

Items Contents 

Model pure electric compression type garbage truck 

Size Overall length: 6,795mm 

Overall width: 2,100 mm 

Overall height: 2,400mm 

Vehicle total weight 8,280kg 

Load capacity 1,995kg 

Battery capacity 110kWh 

Cruising range Less than 180km 

Other features Compression method: Press type 

Table3-4: Specifications and features of charger to be considered for introduction 

Items Contents 

Model ENC-DCB100-BJ 

Maximum output 100kW 

Charging standard Compatible with CHAdeMO ver2.0 

Other features IP54 waterproof 

The EV waste collection and transportation vehicle to be introduced is a packer truck model with 

a 110 kWh battery and a cruising range of less than 180 km. All electricity used will be from 

renewable energy sources stored in storage batteries, with the aim of promoting decarbonization. The 

solar power generation system required to charge these batteries has a capacity of 50 kW, and the 

storage batteries have a capacity of 288 kWh. As for the storage batteries, the project envisions the 

use of container units that accumulate reused batteries, as is the case with the tourism EV vehicles. 
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3.3.2 Introduction and Operation Model 

The State of Koror has requested the following two transportation routes using EV vehicles: 1) 

collection and transportation of waste within the State of Koror and 2) transportation to the new final 

disposal site in Aimeliik. They want to transport as much waste as possible on route 2) with a single 

vehicle, and requests have been received for larger vehicles. See Figure 3-5 below for collection 

areas. In addition, the Koror State Solid Waste Management Office has expressed a need to convert 

all four of its packer trucks to EV vehicles. In this regard, it was confirmed with the Koror State that 

one charger may be insufficient and that it is necessary to consider using two chargers in order to 

reduce the risk of breakdowns.

 

(Map source：Google Map) 

Figure 3-5：Waste collection and transportation area for EV vehicles to be considered for introduction 

 

Figure 3-6: Operational image of EV waste collection and transport vehicles 
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3.2.3 Project Feasibility 

The profitability of the project was evaluated based on the following conditions: four EV waste 

collection and transportation vehicles (packer trucks), two battery chargers, solar panels (including 

power conditioners), and storage batteries. The initial cost was evaluated in the case where 50% of 

the initial cost was subsidized or supported and the rest was borne by the client, and in the case 

where all of the initial cost was covered by subsidies, etc., and 0% was borne by the client. Other 

estimation conditions are as follows.  

＜Common trial calculation conditions＞ 

・Vehicle and equipment costs(approx. 130 million JPY/accounted for various equipment, tariffs, 

engineering & training costs, etc.) 

・Installment payments are estimated based on a five-year loan term. 

・Equipment transportation costs are not included. 

・Maintenance cost (5% of equipment cost is allocated annually) 

・Fuel cost reduction contribution is recorded as an income component. 

・The company estimates that it will set aside about 4 million yen annually for equipment renewal. 

 

＜Case of 50% subsidy and:50% self-pay project implementation＞ 

Figure3-7：50% subsidy for introducing one EV garbage truck 
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＜Case of 100% subsidy for initial cost＞ 

Figure3-8：100% subsidy for introducing one EV garbage truck 

In each case, the project is a public project, and it is difficult to secure profitability only by 

reducing energy costs, since EV vehicles are introduced in a non-revenue-generating project. It is 

clear that this project would be difficult to implement without obtaining subsidies as well as 

reducing initial costs. (Note that this estimate is positive if 100% subsidy is received and the 

accumulation of maintenance and equipment renewal is excluded.) 

Further investigation is needed to determine whether the benefits of introducing EV vehicles, 

including maintenance costs, can be increased. In general, it is said that the use of EV vehicles will 

reduce maintenance costs, but it remains to be seen to what extent this will be applicable in island 

areas.  

3.3.4 CO2 reduction effect  

We also referred to J Credit System Methodology EN-S-012 Ver3.0 “Introduction of Electric 

Vehicles or Plug-in Hybrid Vehicles” for the effect of reducing greenhouse gas emissions associated 

with the conversion of waste transportation vehicles to EV. 

Based on the concept of this methodology, the CO2 reduction effect of EV waste collection and 

transportation vehicle running when the annual mileage is set to about 6,000 km based on the results 

of hearings in Koror is as follows.  
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Table3-5：Amount of CO2 reduction when introducing EV waste collection and transportation 

vehicles 

The number of EV waste collection and 

transportation vehicles introduction 

Expected CO2 reduction 

1 car 4.35t-CO2/year 

4 cars 17t-CO2/year 

Unlike tourism buses, it is not a profitable business and there are no economies of scale, so it is 

difficult to secure the cost-effectiveness of reducing CO2 emissions per t when applying for JCM 

equipment subsidies. In this regard, it would be useful to form a fund in the resource circulation 

project to be studied and examined by the ADB, and to receive financial assistance from the fund. 

On the other hand, this initiative is in line with the effects of co-benefits and the philosophy of 

building a comprehensive resource-recycling society in the region. Therefore, it is required to design 

the business from the next fiscal year onward with a view to funding the deposit system and forming 

various project finance.  

The possibility of applying for a JCM equipment subsidy project for only PV power generation or only 

PV power generation and storage batteries will be discussed in the future. Since it is thought that this will 

lead to supporting the realization of the above-mentioned projects, we will consider this issue in 

cooperation with the ADB's investigation. 

3.2.5 Monitoring method 

Regarding the methodology used to calculate the amount of reduction in certification due to the 

conversion of vehicles to EV, the "Promotion of Electric Vehicle Use for Taxi in Costa Rica (2014 

JCM F / S)" project and the methodology in the J-credit system in Japan " Refer to "EN-S-012 Ver.2.0 

Introduction of electric vehicles or plug-in hybrid vehicles".  

The target is project activities that introduce EV vehicles and replace ICE vehicles (internal 

combustion engine vehicles). The general monitoring parameters are shown in Table 3-9 below. 

Table 3-6: Monitoring items 

Items Unit 

Car mileage km 

Energy consumption efficiency electricity of electric vehicles km/kWh 

Power consumption for driving kWh 

Energy consumption efficiency of fossil fuel vehicles km/L 

In this project, it is assumed that the power source for EV vehicles will be a renewable energy power 

source. However, there is a possibility of using a backup power source from the local grid power when 

the capacity is insufficient due to a failure of solar power or a power conditioner or unseasonable 

weather. 



 

56 

 

Therefore, when conducting a reduction evaluation of greenhouse gas emissions, it is necessary to 

understand where the charged power is generated (renewable energy or non-renewable energy). 

In this regard, it is assumed that vehicle ID management and recharge data from storage batteries 

will be recorded and managed using data loggers, etc. 

3.2.6 Study of project implementation scheme 

As for the implementation structure of the project, as mentioned above, the Koror State Waste 

Management Office has expressed its willingness to positively incorporate the project into the project 

to establish a resource-recycling society, which is currently under study and consultation by the ADB, 

so the project can be implemented while reducing the financial burden. It is necessary to consider the 

implementation structure of this project. The promotion scheme is shown in Figure 3-9 below. 

 

Figure3-9：Study of project implementation scheme 

3.3 Maintenance and utilization scheme 

As in the tourism sector, all stakeholders have commented maintenance is a major issue. The issue 

of maintenance exists in both the parts and human resources aspects, as previously mentioned. 
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Figure 3-10: Maintenance issues  and actions 

The Solid Waste Management Office of Koror is aware of the need to retain some of these hardware 

parts, and has indicated its intention to do so. However, detailed discussions with the manufacturer are 

required regarding the retention of detailed parts. 

On the other hand, there are some soft aspects that cannot be completed in the short term, and the 

state solid waste management office has expressed a desire for assistance in training maintenance 

personnel. In this regard, as mentioned previously, JICA has commented that support for training 

sessions, etc., could be considered. In addition, it is necessary to promote measures by providing online 

support through the use of "SynQ Remote" by Quando Inc. 

 

3.4 Discussions for funding 

It is essential to secure subsidies to reduce the burden of fundraising for this project, which is a 

public project. It is necessary to consider a multifaceted support scheme that includes JICA and ADB 

funds from the aspect of infrastructure development, as well as JCM facility subsidy projects. As one 

of the possibilities, we exchanged opinions several times with the Koror State Solid Waste 

Management Office and ADB officials of the Public-Private Partnership Division on how to procure 

funds in cooperation with the "Comprehensive Resource Recycling Project" in Koror State, as 

described in 3.1.3. 
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【Summary of exchange of opinions. Comments by ADB staff unless otherwise noted】 

(1) History in Palau and ADB to date 

・ADB has been paying attention to the waste management project currently planned by the state 

government (referring to the project to establish a comprehensive resource-recycling society) as a 

candidate for a regional model project. Solid Waste Management Office in Koror State is willing 

to promote the project through public-private partnership. 

 

・The ADB's Public-Private Partnerships Department is responsible for advising the government 

on projects that use the vitality of the private sector to build social infrastructures. Technical 

assistance is deployed on a project-by-project basis to support project implementation. 

・The project was for solar power generation (13 MW) in Palau, and the company provided 

advice to the government on this project as well.  

 

(2) Obtaining funds for waste management projects, including the introduction of EV vehicles 

・We believe that the funds being considered are not only ODA from ADB, but also the 

possibility of collaboration with JICA and the Ministry of Environment, Japan. JFJCM and others 

could also be a possibility. 

・The project is being considered in order to maximize results by securing a certain level of scale 

from an overall project perspective. 

 

(3) Comments after the explanation of the project regarding the introduction of EV vehicles 

・The project is considered to be useful as a model because it contributes to the utilization of 

renewable energy and decarbonization. 

・The fact that the battery can be moved in a container unit may also be useful from the viewpoint 

of resilience. 

・For container units, trucks are needed to move them. However, the Solid Waste Management 

Office does not currently own any vehicles, so the cost of renting a vehicle is an issue (comment 

from Koror Province). 

・If the project is to be supported by ADB in the future, it is highly likely that it will be an 

international bid, so it would be desirable to have some strong points in this regard. 

・We would like to study the model in cooperation with the survey that ADB will conduct in the 

future. 
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3.5  Project implementation schedule 

 

Table3-7 is assumed for the project implementation schedule of the waste collection and 

transportation EV project based on the survey results of this year.  

 

Table3-7：Examination of future project implementation schedule 

Items FY2022 FY2023 FY2024 

1st half 2nd half 1st half 2nd half 1st half 2nd half 

Examination and construction of 

project implementation system  

      

Scrutiny of cost / introduction model        

Examination for acquisition of 

various subsidies  

      

Support application such as JCM 

equipment assistance 

      

 

In collaboration with the ADB study to be launched in the future, we will finalize the model, 

create the strengths of the project, prepare for bidding, and build a scheme for bidding. At the same 

time, we will examine the possibility of JCM facility subsidy projects in which only a portion of the 

facilities are cut out, and move toward obtaining various other subsidy programs, with the aim of 

obtaining subsidy programs in FY2023.  

3.6 Summary / Challenges to overcome in the future 

The following is a summary of the study and future issues for the introduction of EV vehicles 

for waste collection and transportation. 

<Summary＞ 

・Study on introduction of waste collection and transportation EV vehicles (packer trucks) 

based at M-Dock was conducted. 

・Solid Waste Management Office expressed a desire to convert all four packer trucks to EV 

vehicles, and estimates were made based on this request. 

・After discussions with ADB, the company commented that it would conduct a survey and 

study on a project to introduce EVs in waste collection and transportation vehicles as part of a 

project to build a comprehensive resource-recycling society in Koror State. 

<Future issues＞ 

・Ensure competitiveness with international bidding in mind 

・Continued reduction of initial price 

・Conducting surveys on local needs for larger vehicles, unique, etc. 

・Ongoing concrete establishment of a maintenance system   
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Chapter 4 Feasibility Survey on Collaboration in Promoting Carbon-free Projects in 

Koror State and Other Locations 

In addition to the survey on the introduction of EVs in Koror State, which is the main theme of 

this work, this study investigated the technological needs of a wide range of local stakeholders and 

the technological seeds in Japan, including companies in Kitakyushu City, with the aim of 

identifying low-carbon projects in Koror State (and possibly in Palau as a whole, including other 

states) that would be useful for decarbonization and promotion of the SDGs, and examined 

possible candidates. Stakeholders interviewed and related projects are listed in the table below. 

Table 4-1：Assumer local stakeholders (Carbon-free Projects) 

Organization 

name 

Abbrevia

tion 
Overview explanation Related Projects 

Palau Public 

Utility 

Corporation 

PPUC 

Private company established in 1994 to 

manage and operate the electric power system 

in Palau. 

LED conversion 

MPIIC 

Palau Energy 

Administratio

n 

PEA 

It is the administrative arm of Palau's 

renewable energy and energy efficiency 

projects. It is also the country's point of 

contact for energy-related conferences abroad. 

LED conversion 

・Offshore solar 

power 

generation・ 

海洋温度差発電 

Palau Pacific 

Resort 
PPR 

One of the three major local hotels (160 guest 

rooms). Tokyu Corporation is the parent 

company. 

Energy savings in 

large hotels 

Koror State 

Department of 

Conservation 

& Law 

Enforcement 

DCLE 

The agency responsible for the management 

and implementation of the management plan 

for Rock Island South Lagoon. It is in charge 

of the tour guide program and safety 

management to minimize the impact of 

tourism on the ecological environment. 

Electric-powered 

ships (E-ships) 

Environmental 

Quality 

Protection 

Board Office 

EQPB 

An executive branch agency of the 

government organized under the 

"Environmental Quality Protection Act" (24 

PNCA) of the Palau National Law of 1981. It 

implements essential environmental protection 

programs that safeguard the quality of the 

Recycling and 

utilization of lead-

acid batteries 
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environment and ensure the conservation of 

adequate resources, while at the same time 

enabling development in line with the social 

and economic goals of the nation. 

Surangel & 

Sons Comapy 
― 

Established in 1982. Offers home design, auto 

repair, and equipment rental. Sells groceries, 

scuba gear, and boats. 

One of the main importers of lead-acid 

batteries from overseas. 

Recycling and 

utilization of lead-

acid batteries 

Western 

Caroline 

Trading 

Company 

WCTC 

Established in 1948. Operates a local shopping 

mall. One of the major importers of lead-acid 

batteries from overseas. 

Recycling and 

utilization of lead-

acid batteries 

 

4.1 Energy savings in large hotels 

Palau is one of the Pacific countries with the highest dependence on tourism, which accounted 

for 36.5-53.4% of GDP in FY 2010-2019 before the COVID-19 pandemic7. In Palau, where there 

are many small-scale businesses, large tourist hotels are among the major energy consuming sectors. 

Therefore, in the last fiscal year's survey, interviews were conducted with two major large-scale 

hotels to confirm their needs for updating facilities with high CO2 emission reduction potential. As 

a result, the Palau Royal Resort (PRR) indicated that they have no immediate plans to upgrade their 

facilities as their facilities are relatively new, while the Palau Pacific Resort (PPR) indicated that 

they have plans to upgrade their diesel generators and chillers due to their old facilities. 

Since it has been difficult for the hotel industry in Palau to make a decision on facility renewal 

due to the disruption of tourist arrivals (i.e., income) caused by COVID-19, this year, the JCM 

equipment subsidy program was explained in detail to PPRs for reference when updating their 

equipment in the future, and further interviews were conducted on their needs for facility renewal. 

  

 

7 ADB (2021) Recovery through Improved Systems and Expenditure Support Program, Subprogram 1: Report and 

Recommendation of the President. https://www.adb.org/projects/documents/pal-54284-001-rrp 
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(1) Interview with PPR 

As a result of interviews with PPR, in addition to the needs for updating diesel generators and 

air-cooled chillers identified in the previous fiscal year, we were able to identify a new need for 

updating 20KW mercury lamp to LED lighting. In addition, we were able to identify issues such as 

problems caused by the long-term shutdown of facilities due to COVID-19, deterioration of 

facilities due to salt damage, replacement of parts when facilities fail, and lack of personnel who 

can perform maintenance (see Annex 4). 

(2) Possibility of using the JCM Model Project in PPR 

【Diesel generator cogeneration system】 

JCM states, "In principle, it should not be a business related to thermal power generation using 

fossil fuels, except equipment that effectively utilizes the heat generated during power generation 

and equipment that contributes to decarbonizing technology such as carbon capture and storage 

(CCS)" (FY2021 Guidelines for Submitting Proposals ). Therefore, if fossil fuels are used to 

generate electricity, the facility must be able to effectively use the heat generated. In the PPR, an 

existing diesel generator is used for cogeneration to boil and supply hot water using exhaust heat, 

so a high-efficiency facility with a similar cogeneration system could be eligible for subsidies. 

As for cogeneration systems, five JCM Model Projects have been selected so far (as of February 

2022), all of which are gas cogeneration systems (Table4-2). 

【Air-cooled chillers】 

As for chillers, there are many adoption cases in JCM. Generally, water-cooled chillers have 

higher cooling efficiency than air-cooled chillers, but even air-cooled chillers can be expected to 

have energy efficiency and conservation effects compared to the baseline if they are the latest 

high-efficiency equipment. In fact, one air-cooled chiller has been adopted for the JCM Model 

Project (Table 1.1.1). 
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Table4-2： Similar projects selected for the JCM Model Project (cogeneration and air-cooled 

chiller) (Source: GEC website)8 

Technology Adopted JCM project name 
Partner 

country 

Adopted 

year 

Gas co-

generation 

Introduction of Gas Co-generation System and Absorption 

Chiller to Fiber Factory 
Thailand 2018 

Introduction of Gas Co-generation System and Absorption 

Chiller to Motor Parts Factory 
Indonesia 2017 

Introduction of Co-generation System to Motor Parts Factory Thailand 2016 

Installation of Co-Generation Plant for On-Site Energy Supply 

in Motorcycle Factory 
Thailand 2015 

Installation of Gas Co-generation System for Automobile 

Manufacturing Plant 
Indonesia 2015 

Air cooled 

chiller 

Introduction of High Efficiency Air-conditioning System and 

Air Cooled Chillers to Office Buildings 
Vietnam 2019 

 

【LED Lighting】 

LED lighting consumes about 1/3 to 1/4 of the power and lasts 4 to 10 times longer than 

mercury lamp lighting, so the benefits of replacing it are great, including the reduction of running 

costs (electricity bills). If we compare 1000W mercury lamps (20 units) and 1000W equivalent 

LED lighting (20 units) for a 5-hour use per day, we can reduce the monthly electricity bill from 

US$930 (about 100,000 yen) to US$269 (about 30,000 yen) (Table4-3). 

 

Table4-3：Comparison of energy consumption and electricity rates for LED lighting with the same 

illuminance as 1000W mercury lamps 

Specifications Power consumption and electricity rates 

1000W mercury lamps 
Power consumption: 1,000 W x 20 units x 5 h x 30 days = 3,000 kWh/month 

Electricity rates: 3,000 kWh x US$0.31/kWh9 = 930 US$/month 

LED lighting equivalent 

to 1000W 

(RZNA-1000-50RT10) 

Power consumption: 289.2 W x 20 units x 5 h x 30 days = 867.6 kWh/month 

Electricity rates: 867.6 kWh x US$0.31/kWh = 269 US$/month 

 

 

8 GEC homepage “JCM projects” https://gec.jp/jcm/jp/projects/ 
9 Palau Energy Snapshot: Energy Transitions Initiative: https://www.energy.gov/sites/default/files/2020/09/f79/ETI-Energy-

Snapshot-Palau_FY20.pdf 
10 RZNA-1000-50RT (NIINUMA): Power consumption 289.2 W, consumption efficiency 159.8 lm/W 
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4.2 LED conversion 

Since last fiscal year's survey showed that there seemed to be a certain amount of potential for LED 

streetlights, additional surveys were conducted through local consultant. 

According to the interview with the PPUC, the PPUC has completed the conversion of almost all of 

the streetlights along the public roads, including the main roads in Koror and the compact roads in 

Babeldaob, to a total of 1,943 LED units. The PPUC has also completed the conversion of secondary 

and tertiary roads in Koror and other roads in Babeldaob to LED. The cost of electricity for streetlights 

is borne by the PPUC for all public roads and by the respective states for secondary and tertiary roads. 

In addition, the PPUC is responsible for the maintenance of the streetlights. 

From the interview with the Palau Energy Administration (Annex4), it was also found that there 

would be no particular need for LED streetlights, as the introduction of LED streetlights has largely 

been completed. On the other hand, we found out that there is a need for LED installation in public 

facilities. While the necessary specifications and number of units will need to be investigated in the 

future, consideration should be given to the introduction of a package with unified standards, as well 

as an automatic detection function to turn off the system when no one is present. 

4.3 E-ship 

In small island nations such as Palau, ships are an important means of transportation, and the 

electrification of ships, along with the electrification of vehicles, is an important issue in the 

decarbonization of these small island nations. EV Motors Japan (EVMJ) is also involved in the 

development of electric-powered ships (E-ship), so we conducted a survey and study on the 

possibility of introducing E-ships in Palau. 

(1) Outline of E-ship 

The propulsion system of a ship is generally divided into three types: (1) "inboard", in which 

the power is placed around the center of the hull and the shaft drives the propeller outside the 

ship; (2) "outboard", in which the propulsion unit, consisting of the engine, transmission, rudder, 

and propeller, is installed outside the ship; and (3) "inboard/outboard", in which the engine itself is 

installed inside the ship and the drive unit is installed at the stern. Of these, EVMJ proposes to 

replace the inboard engines of existing ships with electric motors, and to install batteries and 

inverters for electrical power, as well as lightweight, foldable CIGS flexible solar power as an 

auxiliary power source (Fig.4-1). 
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E-ship is basically electrification by converting a ship with existing inboard motor specifications. 

EVMJ has experience in providing technology for the development of "vibes one," a catamaran 

equipped with a high-capacity lithium-ion (120kWh) and motor11 . The ship's engine is easily 

removable, and the motor and propeller are connected by a flexible shaft, so there is no need to be 

sensitive about the installation of the motor, as is the case with converted EVs, which has the 

advantage of easy introduction. Also, since ships are not as weight-sensitive as cars, inexpensive 

lead-acid batteries can be used instead of expensive lithium-ion batteries. 

 

Figure 4-1 Conceptual diagram of the E-ship and the E-ship demonstration cruise ship "vibes one" 

(Source: EVMJ) 

(2) CIGS flexible solar 

Ordinary solar cells use silicon as the semiconductor, but CIGS (copper, indium, gallium, 

selenium) solar cells, which use a mixture of CIGS instead of silicon, are now in practical use. This 

technology absorbs light more easily, allowing for thinner panels while retaining the advantages of 

silicon-based solar cells 12 . EVMJ is dealing with CIGS flexible solar that can be bent for 

installation on curved surfaces (Fig.4-2). 

 

11 Chiburian Okinawa Media (2015.03.12) Demonstration of the electric propulsion cruise ship "vibes one" begins on Ishigaki 

Island. http://www.tibulian.com/2015/03/vibe-2/ 
12 National Institute of Advanced Industrial Science and Technology: CIGS Solar Cells. https://unit.aist.go.jp/rpd-

envene/PV/ja/about_pv/types/CIGS.html 
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Figure 4-2 Conceptual diagram of CIGS flexible solar (Source: EVMJ) 

 

The main features of CIGS flexible solar are as follows: 

 1/3 the thinness of regular solar panels 

 1/6 the weight of regular solar panels 

 Long life span 

 High power generation efficiency  

 Low cost 

 Can be bent and stored freely 

 Angle can be changed according to the position of the sun 

 Unaffected by temperature changes 

 Waterproof structure 

 

When comparing ordinary polycrystalline solar panels and CIGS flexible solar panels, the 

theoretical "conversion efficiency" is higher for polycrystalline solar panels, but the annual power 

generation is almost the same. Also, the system installation cost is almost the same, but since 

CIGS flexible solar has a longer life, the average annual profit when the generated electricity is 

sold is higher for CIGS flexible solar (Table4-4). 
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Table4-4：Comparison of 30 kW roof-mounted solar power systems 

(Source: extracted from EVMJ) 

Item Polycrystalline Solar 
CIGS Flexible Solar 

(2015-2016 models) 

Conversion efficiency (%) 16 13 

Light absorption efficiency 1 1.08 

Weight (kg/m2) 12 2.5 

Installation area (m2) 284 256 

30kW System cost ¥8,700,000 ¥8,391,000 

Annual power generation 

2,000 h/y x 30kW (kWh) 
60,000 60,000 

System life (years) 20 25 

Average annual profit / 20 years 

(Purchase price ¥36/kWh) 
¥1,725,000 ¥2,280,450 

 

(3) Number of ships registered in Palau 

Through a local consultant, the registration status of ships in Palau was surveyed. The 

information we obtained is as follows. 

 Vessels over 65 feet (about 20 meters) are registered in the ship registry maintained by the 

Palau Ministry of Public Works and Industry. 

 Ferryboats (mainly for passenger and cargo use) between Koror and other inhabited islands 

are also managed by the central government, and 26 vessels over 50 feet (about 15 meters) 

are registered (Table4-5). 

 Motorboats are registered and managed by each of the 16 states. The state of Koror, which 

has the largest number of boat registrations, has 355 registrations as of 2022. The majority 

of these are gasoline engine outboard motors, and less than 10 are inboard/outboard motors 

(Table4-6). 

Most of the boats with gasoline engine outboard motors are used for sightseeing tours such as diving 

or for fishing purposes by fishermen, who travel at high speed from Koror to the site, which takes 

more than an hour each way. 
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Table4-5：List of specifications for ferry boats connecting Koror with other inhabited islands 

(Source: Palau Ministry of Public Works and Industry)  

 

Table4-6 ：Actual boat registrations in Koror State in FY2022(Source: Koror Stat Government e). 

Registered ship type Number of registrations 

Inboard engines 0 

Outboard engines 345+ 

Inboard and outboard engines 10 or less 

Total 355 

 

(4) Potential of E-ship in Palau 

 Length (m) Engine Application 

1 15.54 YANMAR CO., LTD / 50.2KW X 2 PASSENGER 

2 16.56 TWIN VOLVO D13-800 / 800HP X 2 PASSENGER 

3 16.75 VOLVO D16 / 551KW FISHING 

4 18.2 TWIN YANMAR 6CXBM-GT / 394HP X 2 
PASSENGER 

/CARGO 

5 19.11 TWIN CATERPILLAR CD12 / 526KW X 2 PASSENGER 

6 19.6 MAN / 900HP X 2 PASSENGER 

7 19.9 2 X CATERPILLAR 3406 / 300HP EACH 
PASSENGER 

/CARGO 

8 20.4 TWIN YANMAR 6CH-WVTE / 255HP EACH 
PASSENGER 

/CARGO 

9 21.28 CUMMINS / 500 BHP FISHING 

10 21.38 TWIN CUMMINS NTA-855 / 480HP CARGO 

12 22.123 2 X DETROIT / 257KW EACH CARGO 

13 22.85 MITSUBISHI S6A3-MPTK / 2 X 477.42KW CARGO 

14 23.05 VOLVO PENTA / 553KW FISHING 

15 27.35 TWIN G.M. / 2 X 170KW PASSENGER 

16 32.22 TWIN CATERPILLAR / 2 X 783 KW PASSENGER 

17 32.3 TWIN CATERPILLAR / 2 X 783.0KW PASSENGER 

18 33.72 YANMAR / 2 X 302KW PASSENGER 

19 34.76 
MITSUBISHI (MHI SAGAMIHARA S6R2-MTK / 2 X 

478KW 
PASSENGER 

20 38.35 TWIN PROPMECH CAT / 330KW X 2 PASSENGER 

21 41.46 MITSUBISHI 6D-22 / 480HP PASSENGER 

22 46.8 CUMMINS / 2 X 477 KW PASSENGER 

23 47 MWM/TDB / 398.0HP EACH X 2 PASSENGER 

24 51.4 AKASAKA DIESEL / 2,698HP PASSENGER 

25 54 CUMMINS / 2 X 316.93KW EACH CARGO 

26 15.54 YANMAR CO., LTD / 50.2KW X 2 PASSENGER 
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The conversion of existing ships to E-ships is not yet at a realistic level, due to the increased 

cost of installing batteries and the limited cruising range. In fact, the aforementioned cruise ship 

"vibes one" is equipped with a 120 kWh lithium-ion battery, but its cruising time at a cruising speed 

of 8 knots (about 15 km/h) is limited to about 2 hours on a full charge13 On the other hand, ships 

at anchor or moored are powered not only by batteries, but also by generators that run through the 

engines, so the engines are often running even when the ship is not underway. If such ships can be 

equipped with CIGS flexible solar to provide auxiliary power, it will help reduce CO2 emissions 

from engine operation. Although the hurdle of converting a ship to an E-ship, including the 

replacement of the engine, is high, it is relatively easy to introduce CIGS flexible solar power if it 

is installed only on the ship. 

 

4.4 Electric outboard motors 

Since outboard motors are widely used in Palau, except for large vessels, the potential for the 

spread of electric outboard motors is greater than that of E-ships, which are limited in scope. In 

Japan, Yamaha Motor Co., Ltd. has announced its next-generation electric outboard motor 

"HARMO," and Honda Motor Co., Ltd. has also announced a concept model of a small electric 

outboard motor. In this survey, we first conducted a web search to find out about trends in electric 

outboard motors in Japan and overseas, and then interviewed Yamaha Motor. 

(1) International trends in electric outboard motors 

Table4-7 shows the manufacturers of electric outboard motors and the output range of their 

products extracted from the web search. Currently, there are many new entrants to the EV market 

around the world, and the same trend can be seen in the electrification of ships, with many 

electric outboard motor manufacturers in disarray, mainly in Europe. The overall trend seems to 

be that there are few large, high-powered (about 50 horsepower or more) outboard motors of 30 

kW or more, and the mainstream seems to be small outboard motors of less than 30 kW. In Palau, 

large, high-power outboard motors that can navigate long distances to dive sites in a short time 

are widely used. 

  

 

13 Chiburian Okinawa Media (2015.03.12)The demonstration of the electric propulsion pleasure boat "vibes one" 

has started on Ishigaki Island. 
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Table4-7： Electric outboard motor manufacturers and product power ranges (Compiled by the 

survey team from a web search, based on information available as of December 2021) 

 

(2) Possibility of introducing electric outboard motors in Palau 

According to the interview with Yamaha Motor (Annex 3), the current performance and cost of 

batteries are still limited to practical applications because the batteries quickly run out when a ship 

with high wave resistance sails at high speed. Since the HARMO developed by the company is 

designed to navigate at a slow speed of about 10 km/h in quiet inland waters such as canals, it is not 

suitable for the main application in Palau (high-speed navigation at sea). In addition to such usage 

environment, the advantages of introducing electric outboard motors will be diminished in a country 

that does not have a renewable energy power supply infrastructure, so the market conditions must be 

met in order to introduce electric outboard motors. Considering these factors, the introduction of 

electric outboard motors is likely to start with boats used for slow cruising over short distances, such 

as mangrove tours and glass boats. Although electric outboard motors may be eligible for the JCM 

equipment subsidy program, a certain number of lots will be required for application due to the small 

scale of each piece of equipment. 

4.5 Offshore solar power generation 

In island countries where land area is limited, there are restrictions on the installation of solar 

power generation equipment on land, so some cases of solar power generation on the ocean, where 

there are fewer restrictions, are beginning to appear. Through discussions with EVMJ, the company 

proposed the application of its CIGS flexible solar system to offshore solar power generation, and 

we examined the possibility of its application in Palau. 

1 5 10 20 30 40 50 60 70 80 90 >100

TORQEEDO Germany https://www.torqeedo.com/

Evoy Norway https://www.evoy.no/

e’dyn Slovenia https://www.edyn-marine.com/

Remigo Slovenia https://remigo.eu/

Mitek Italy https://www.mitekitaly.com/

Huracan Italy https://www.huracanpower.com/

Aquamot Austria https://aquamot.at/

Aquawatt Austria https://www.aquawatt.at/

Krautler Austria http://www.kraeutler.at/

Bellmarine Netherlands https://ecoboats.com.au/products/

Propel Netherlands https://plugboats.com/

Rim Drive Technology Netherlands https://rimdrivetechnology.nl/

Combi Outboards Netherlands https://combi-outboards.com/

Elva Netherlands https://www.elva.nl/buitenboordmotoren/

Electro-Mobile Sweden https://www.electro-mobile.se/

Stream Sweden https://stream-propulsion.com/

E-Tech Poland https://starboats.eu/

Karvin Czech Republic https://www.karvin.eu/

Navigaflex Switzerland https://www.navigaflex.ch/

RAD Propulsion UK https://www.radpropulsion.com/

Flux Marine USA https://www.fluxmarine.com/

Pure Watercraft USA https://www.purewatercraft.com/

Elco USA https://www.elcomotoryachts.com/

Stealth Electric Outboards USA https://www.stealthelectricoutboards.com/

EP Carry USA https://www.electricpaddle.com/

Ray Electric Outboards USA http://rayeo.com/

ePropulsion Technology China https://www.epropulsion.com/

Golden Motor China https://www.goldenmotor.com/

Parsun China http://www.parsunmarine.com/

LGM Korea http://www.lgmarines.com/

Yamaha Japan https://www.yamaha-motor.co.jp/

Oceania EClass Rechargeable BoatsAustralia https://eclassoutboards.com.au/

URL

Europe

North

America

Asia

Power (kW)
CountryManufacturerRegion
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(1) Trends in the introduction of offshore solar power 

Swimsol (headquartered in Austria) announced the world's first offshore solar power 

generation system, SolarSea, in 2014, and has been in practical operation in the Maldives since 

2019. The company has built a robust system that does not degrade over time (lifespan of about 

30 years), and has constructed a floating solar platform consisting of 196m2, 25kW units (capable 

of powering about 25 households per platform) (Fig4-3). The company also offers a PPA contract 

system (a financing model that allows for zero initial investment and a return on investment in 

monthly electricity bills) that uses a hybrid system of diesel generators and solar power to provide 

electricity at more than 50% lower cost14. 

Similar offshore solar power generation systems are also being introduced in other countries 

such as the United Arab Emirates (80kW system) 15, South Korea (100MW system) 16, and the 

Netherlands (50kW system) 17. 

These examples show that the advantages of offshore solar power are: (1) there is more 

space than on land; (2) there is no need to pay for land or go through cumbersome installation 

procedures like on land; and (3) there is no obstruction at the sea surface, and the reflection and 

cooling effect of the sea surface allows for 5-10% more power generation than on land. 

  

Figure4-3：A view of SolarSea, an offshore solar power system provided by Swimsol in the 

Maldives (Source: Swilmsol18) 

(2) Offshore solar power concept using CIGS flexible solar 

 

14 SolarSea (Swimsol): https://swimsol.com/ 
15 WAYA Media (2020/02/25) MENA’s First Floating Solar Power Plant to Begin Production. https://waya.media/uaes-first-

floating-solar-power-plant-to-begin-production/ 
16 Offshore Energy (2020/07021) Ocean Sun lands floating solar deal in South Korea. https://www.offshore-energy.biz/ocean-sun-

lands-floating-solar-deal-in-south-korea/ 
17 Oceans of Energy (North Sea 1): https://oceansofenergy.blue/north-sea-1/ 
18 SolarSea (Swimsol): https://swimsol.com/ 



 

72 

 

EVMJ offers a foldable CIGS flexible solar system. This will allow the panels to 

concentrate light for a longer period of time than a horizontal installation by adding a certain tilt 

angle, and will also allow for better drainage even when covered with water splashes (since the 

surface is fluorinated). In addition, since the panels themselves are light, the structure and 

strength of the floating platform can be simplified, and cost reductions can be expected. 

In offshore solar power generation, submarine cables are usually laid to supply the generated 

power to the grid on land, but depending on the surrounding environment and the distance from 

shore, there are concerns that the cables may not be laid, or that the cost may increase. 

Therefore, it is thought that the problem associated with cable laying can be solved by 

preparing two ships with batteries (battery ships) as an option, and exchanging (towing by ship) 

a charged battery ship and a discharged battery ship once a day at the sunset. Since battery ships 

are not weight-sensitive, it is thought that inexpensive lead-acid batteries can be used (Fig.4-4). 

(3) Potential for introduction in Palau 

We examined whether it would be possible to reenergize the power supply on inhabited 

islands, etc., by combining an offshore PV power generation system with a backup power 

source on land (PV power generation + batteries) instead of diesel generators that depend on 

imported fossil fuels (Fig.4-5). However, as Palau is not as land-scarce as the Maldives, and 

projects to introduce renewable energy are already underway on several inhabited islands 

(Annex6), the needs were considered to be limited. 

 

Figure4-4：Conceptual diagram of transmission options via submarine cables (top) and battery ship 

replacement (bottom) for offshore solar power generation. 
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Figure4-5：Conceptual diagram of the expected effects of introducing offshore solar power 

generation on remote islands 

 

4.6 Recycling and utilization of lead-acid batteries 

Storage batteries were an issue for the offshore PV power generation and ship electrification 

examined in this study, but it was suggested that the widely used lead-acid batteries could be 

substituted for the expensive and difficult-to-recycle lithium-ion batteries, so the regeneration 

technology for lead-acid batteries was investigated. 

(1) Lead-acid battery reconditioning technology 

In lead-acid batteries that have been used for a long time, the surface of the negative electrode 

plate crystallizes, causing a sulfation phenomenon that diminishes the charging function. If this 

sulfation is eliminated, the charging capacity can be restored. Therefore, methods such as 

applying pulsed current and chemical decomposition are known. Among the various battery 

reconditioning technologies found through the web search, we looked for technologies that met 

the following three conditions: (1) they are already commercialized, (2) major reliable companies 

are involved, and (3) they have been introduced in developing countries. 

As a result, the patented technology (lead-acid battery regeneration unit: SOTO WW1) 

developed by Reconsulting was deemed to meet these requirements. IGUAZU Corporation has 

signed an exclusive sales contract for this technology in Japan, and is providing the MOTTA 

forklift battery restoration service. Idemitsu Energy Solutions has also partnered with IGUAZU 
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Corporation to start demonstration tests of "ReBS", a low-cost energy storage solution that uses 

recycled lead-acid batteries. Reconsulting is continuing its overseas business, and is involved in 

the regeneration of backup power sources (lead-acid batteries) for cell phone base stations in 

developing countries where grid power sources are unstable. Therefore, we conducted an 

interview with IGUAZU Corporation (see Appendix 6). 

This technology decomposes sulfation by passing a special waveform current through the 

lead-acid battery, and it can be used with a wide variety of lead-acid batteries. However, since 

the reconditioning process uses electric power, it is necessary to be located in a place with a 

certain level of stable electric power, and since there are concerns about structural deterioration, 

it is necessary to be careful about batteries made overseas that have a weak structure. It was 

mentioned that there is no need to worry about the safety of the reconditioning process, even in 

developing countries, as long as the proper procedures are followed. 

(2) Actual status of lead-acid batteries in Palau 

The status of the use of lead-acid batteries as ascertained through the collection of information 

through local consultants and interviews with the Palau Environmental Quality Protection Board 

(EQPB) (Appendix 4) is as follows: 

 Lead-acid batteries are imported mainly from the United States, Japan, and Taiwan. 

 In addition, used lead-acid batteries attached to second-hand automobiles imported from 

Japan (about 30 units are imported once a month on a regular cargo ship operated by Kyowa 

Shipping Co., Ltd. 

 The following two companies are the main importers of lead-acid batteries, with a total of 

approximately 9,000 lead-acid batteries imported in a single year of 2021: 

➢ Surangel & Sons Company: approx. 4,800 units 

➢ Western Caroline Trading Company: approx. 4,200 units 

 EQPB is responsible for the management of hazardous waste, including batteries, and has 

introduced a buy-back guarantee system for used lead-acid batteries in order to reduce illegal 

dumping and promote recycling. The obligation to collect lead-acid batteries is clearly stated 

in the EQPB regulations19. 

 The guaranteed purchase price used to be $1.00 per unit regardless of size or condition of 

the batteries, but is now $2.00 per unit for collection. Battery collection points are located 

 

19 Chapter 2401-31 SOLID WASTE MANAGEMENT REGULATIONS: https://www.palaugov.pw/wp-

content/uploads/2021/11/Chapter-2401-31_Solid-Waste-Regulations.pdf 
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at M-Dock, and batteries can also be brought to other scrap dealers for the same price. 

 Since used lead-acid batteries are guaranteed to be purchased at a valuable price, few people 

dump them illegally, and it is believed that most of them are collected. 

 The collected lead-acid batteries are exported to overseas countries for recycling through 

vendors. On average, about 1,500 used lead-acid batteries are stored in a 20-foot container 

and exported overseas once every three months. 

(3) Possibility of introducing lead-acid battery reconditioning technology in Palau 

Since a system to guarantee the purchase of used lead-acid batteries has already been 

established, the introduction of lead-acid battery reconditioning technology can be expected to 

have a number of advantages, including extending the service life of storage batteries, reducing 

the economic burden on users, reducing GHG emissions associated with transportation, and 

facilitating the securing of stationary storage batteries for solar power generation. In particular, it 

is conceivable that the system could be utilized as a stationary storage battery to store electricity 

generated by PV modules in areas such as remote islands where grid power is not supplied, and 

provided as a set with a battery reconditioning system (Fig.4-6). 

On the other hand, in order to introduce the technology, it will be necessary to clear various 

issues such as securing business feasibility (financing), ensuring safety, developing the 

capabilities of operators, establishing an inspection system and judgment criteria for batteries to 

be recycled, and establishing a system to encourage the recycling of batteries. 

Under the JCM Model Projects, the equipment must be "equipment that directly contributes 

to GHG emission reductions, including energy-derived CO2", and since the equipment in 

question does not contribute to direct GHG emission reductions, it is not considered eligible. 

 

Figure4-6： Conceptual diagram of an in-house power generation system that provides a set of PV 
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power generation, lead-acid stationary storage battery use, and storage battery reconditioning 

systems in off-grid areas, etc. 

 

4.7 Ocean Thermal Energy Conversion (OTEC) 

Based on the interview with the Palau Energy Administration (Appendix 6), which expressed 

interest in the introduction of Ocean Thermal Energy Conversion (OTEC) on Angaur (or Peleliu) 

Island, the possibility of introducing this technology was examined. 

(1) OTEC technology 

OTEC is a power generation technology that utilizes the temperature difference between the 

warm surface water and the cold deep sea water (sea water of 1 to 7℃ at depths of 600 to 1,000 

meters). It can be used as a base power source because it is a stable energy source with little 

fluctuation like solar power and wind power (facility operation rate is about 90%). In order for 

OTEC to be economically viable, the temperature difference between surface seawater and deep 

seawater must be at least 20°C on average per year20,21. 

In Japan, a 50kW demonstration plant (Okinawa Ocean Thermal Energy Conversion 

Demonstration Test Facility) has been in operation since 2013 on Kume Island in Okinawa 

Prefecture22. In Japan, the Institute of Ocean Energy of Saga University has been conducting 

research on OTEC, and the institution signed a MOU for academic research exchange with Palau 

in April 200123. 

(2) Introduction environment 

The islands of Peleliu and Angaur are located at the southern end of the Palau archipelago, 

both of which are served by regular ferry services from Koror. The population of Peleliu is 484, 

and that of Angaur 119 (according to the 2015 census24 ), which is relatively large among 

inhabited islands. 

 

20 Xenesys Inc. Ocean Thermal Energy Conversion. http://www.xenesys.com/products/otec.html 
21 NEDO (2010) NEDO Renewable Energy Technology White Paper. Current Status and Roadmap of Ocean Thermal Energy 

Conversion Technology. https://www.nedo.go.jp/library/ne_hakusyo_2010_index.html 
22 Okinawa Ocean Thermal Energy Conversion Demonstration Test Facility: http://otecokinawa.com/ 
23 Institute of Ocean Energy, Saga University: https://www.ioes.saga-u.ac.jp/jp/ 
24 Office of Planning and Statistics (2015) 2015 Census of population, housing and agriculture for the Republic of Palau. 

https://www.palaugov.pw/wp-content/uploads/2017/02/2015-Census-of-Population-Housing-Agriculture-.pdf 
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On Peleliu Island, One Energy Island Co. Ltd. of South Korea, with support from the Korea 

Energy Agency (KEA), has signed an MOU with the PPUC to promote the introduction of 

renewable energy in Palau, and is conducting a study and demonstration starting in 2019. Peleliu 

Island is currently powered by a 2.2 MW diesel generator and a 164 kW PV, and the study is 

working to optimize the power supply, including the introduction of renewable energy, while 

making effective use of existing power sources25, 26. On the other hand, as for Angaur Island, 

there are still no projects such as the introduction of renewable energy. 

Both islands have a unique topography with steep slopes descending from the coast to a depth 

of over 1,000 meters. The surface seawater temperature in the Palau Sea is stable at 27.5 to 30℃ 

per year, and when the surface seawater temperature is 30℃, it is said to drop to about 17℃ at a 

depth of about 180 meters27.  In the case of Kume Island, where the demonstration project is 

being conducted in Japan, the surface seawater temperature varies widely from 22 to 29℃, and 

the water temperature at a depth of 200 meters is about 20℃ throughout the year28. This suggests 

that Angaur and Peleliu Islands are more suitable for the introduction of OTEC. 

(3) Feasibility 

Assuming that ordinary households use about 10 kWh of electricity per day (about 3,600 kWh 

per year) and that the equipment utilization rate is 80%, a plant with an output of 50 kW, which 

is the same as the one on Kume Island, would generate enough electricity for about 97 households, 

and a plant with an output of 100 kW would generate enough electricity for about 194 households. 

Taking into account the fact that both Angaur and Peleliu islands have small populations and 

limited night-time electricity demand, a small-scale demonstration plant with an output of 50 to 

100 kW seems realistic. However, the scale of the plant is inversely proportional to the cost, and 

the cost of 1 MW class plant is estimated to be about 50 yen/kWh (Table4-8). Considering that 

the electricity price in Palau is about 36 yen/kWh (commercial and government facilities)9, even 

smaller small-scale plants would not be economically viable. In addition, in terms of electricity 

 

25 PPUC (2019) PPUC signed a Memorandum of Understanding (MOU) with One Energy Island Co. Ltd: 

https://www.facebook.com/palaupuc/posts/ppuc-signed-a-memorandum-of-understanding-mou-with-one-energy-island-co-ltd-oei-

/293494101225289/ 
26 Korea Energy Agency (2019) The Feasibility Study of Micro-grid Project at South Pacific Island Countries and Territories 

(PICTs). 
27 Colin P.L. (2009) Marine Environments of Palau. Coral Reef Research Foundation. 
28 Kumejima Town (2017) Kume Island Deep Sea Water Combined Use Basic Research Report: 

https://www.town.kumejima.okinawa.jp/docs/eepocean_water_inspection_slip/ 
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demand and utilization of deep sea water, it would be more advantageous to introduce the system 

on Peleliu Island, which has a larger population, but there are concerns about clashes with a 

Korean company that is already engaged in a project to introduce renewable energy on the island. 

Therefore, it is necessary to consider these factors in a comprehensive manner. 

 

Table4-8：Approximate power generation cost of ocean thermal energy conversion (Source: 

NEDO29)  

Plant size Cost 

Several 100 kW or less Not yet calculated 

1MW Approx. 50 yen/kWh 

5MW 30.4 to 45.7 yen/kWh 

10MW Approx. 20 yen/kWh 

100MW Approx. 10 yen/kWh 

 

4.8 Finance 

In Palau, tourist traffic has been disrupted due to COVID-19, and the economy dependent on 

tourism income has been severely hit. With no prospect of when the tourist traffic will resume, many 

institutions do not have the financial resources to bear the remaining initial capital investment, even 

if they receive a certain amount of subsidy from the JCM Model Project. Therefore, we investigated 

and examined the possibility of financing through the intervention of financial institutions to reduce 

the amount of the initial burden on local businesses and repay it through instalment payments. In 

particular, we interviewed Tokyo Century Corporation, which has a great deal of experience in JCM 

Model Project and JCM Eco Lease Scheme, and asked them about the possibility of providing cross-

border financing from Japan (Appendix 6). 

(1) Instalment payment schemes in JCM 

In the JCM Model Project, restrictions on projects using leasing were relaxed in 2017. In this 

scheme, a Japanese leasing company acts as the representative business operator and its local 

 

29 NEDO (2014) NEDO White Paper on Renewable Energy Technologies, 2nd Edition: 

https://www.nedo.go.jp/library/ne_hakusyo_index.html 
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subsidiary holds the equipment while leasing it. In addition, restrictions on cross-border deferred 

payments were relaxed in 2019. In this scheme, even if the leasing company does not exist in the 

partner country, it is possible to buy and sell in instalments across the border, and a Japanese 

leasing company becomes a representative business operator and conducts cross-border deferred 

payment trade from Japan or a third country (assuming a local subsidiary of the representative 

business operator in the third country) 30.  

(2) パラオにおける適用可能性 

Since we could not confirm any branch of the Japanese leasing company in Palau, we 

examined the possibility of cross-border deferred payment. As a result of the interview, it is 

possible to make cross-border deferred payment by taking the corporate risk of the Japanese 

parent company, if the equipment is delivered to the local subsidiary through the Japanese parent 

company (Fig.4-7 above). It is also possible to make a cross-border deferred payment to a local 

company in dollars (Fig.4-7 bottom), but the issue is whether or not the local company can obtain 

credit. Particularly in developing countries, the credit rating of government agencies and state-

owned companies is not necessarily high, so caution is needed. When the possibility of installing 

specific equipment and applying for the JCM Model Project arises, these financing schemes 

should be considered as an option. 

 

 

30 Call for Proposals for JCM Model Projects in FY2021 Guidelines for Submitting Proposals.  

https://gec.jp/jcm/jp/kobo/r03/mp/jcmsbsdR3_koboyoryo.pdf 
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Figure 4-7：A schematic diagram of the financing method for a JCM Model Project using cross-border 

deferred payment envisioned for Palau. A case in which equipment is installed in a local subsidiary 

through a Japanese parent company (above) and a case in which equipment is installed in a local 

company without a Japanese parent company (bottom). 
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Chapter 5 Consideration for further strengthening city-to-city collaboration  

Further strengthening city-to-city collaboration is expected to contribute not only to the direct 

introduction and deployment of superior decarbonization technologies, but also to the resolution and 

mitigation of other local policy issues. We conducted a study on the current policy initiatives and 

issues in the Koror State, as expanding the decarbonization dominoes will also create opportunities 

for the transfer of excellent technologies from Japan and Kitakyushu. 

 

5.1 The efforts and support needs of Koror State for decarbonization 

The Republic of Palau as a whole has set targets for the introduction of renewable energy and 

reduction of greenhouse gas emissions in the energy sector. The following responses were received 

from the State of Koror.(Table5-1)  

Table5-1：The efforts of Koror State for decarbonization 

Item Contents 

Target Setting for 

Decarbonization 

No clear goal setting exists. 

Specific reduction action plan No clear plan exists. 

Current efforts Promoting the following activities, mainly in the waste sector 

⚫ Composting 

⚫ Recycling for beverage container 

⚫ Utilization of energy from waste plastic through oil 

conversion 

Issues (policy) The following points are perceived as issues 

⚫ Current greenhouse gas emissions are not yet understood. 

⚫ The amount of reduction in the specific initiatives 

described above is also not yet understood. 

Emission Reduction Focus 

Areas 

The following areas of reduction are considered important 

⚫ Emission reductions in the transportation sector, including 

traffic congestion, is a priority. 

⚫ Consumer (household/business) sector 

⚫ Hotel / Resorts 

⚫ Power generation 

⚫ Waste management sector 

 

The above results were obtained. Currently, Koror State is not able to grasp the situation, and 

therefore, Koror State is not able to effectively consider measures for reduction. Palau has a weak 

power grid, and many hotels and other facilities do not use power from the grid, but only generate 

their own power. It can be inferred that it is difficult to keep track of energy consumption, especially 

electricity consumption, from these points of view, and this is an issue that needs to be addressed. 
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On the basis of these backgrounds, the following points were raised as expectations from the Koror 

side. 

⚫ Assessing and evaluating greenhouse gas emissions in Koror 

⚫ Recommendations to Koror for emission reductions based on the assessment results 

 

The issues raised by Koror are of great importance, as they are fundamental to the consideration of 

future decarbonization measures, and we will consider the framework for support in the next fiscal 

year of this project. 

5.2 The efforts and support needs of Koror State for promoting SDGs achievement 

Kitakyushu city was selected as one of the first SDG Future Cities by the Cabinet Office, 

Government of Japan and was also selected as a "Global Model City for SDG Promotion" by the 

OECD. Koror State has expressed a desire for collaboration based on this experience from the 

beginning. 

At first, we first conducted a survey and study on the current status of goal setting and activities 

toward achieving the SDGs in the state. 

Table 5-2: Current Status of Koror State's Efforts to Achieve the SDGs 

Item Contents 

Target Setting for SDGs 

achievement 

Although no clear set of goals exists, they are focusing on 

achieving the following goals. (Goals 6, 7, 8, 9, 11, 13, 14, 15, 

and 17) 

 
Specific action plan for SDGs No clear plan exists. 

Current Initiatives Promoting the following activities, focusing on the waste sector 

⚫ Recycling activities (composting/beverage container 

recycling/use of energy from waste plastic oil) 

⚫ Integrated waste management (Urban Grower's Program) 

⚫ Marine environment conservation 

⚫ Biodiversity Protection

 
 

Issues (policy) The following points are perceived as challenges 

⚫ Limited funding makes it difficult to address only the 

above priority areas (transportation, marine conservation, 

waste management, agriculture, and power generation).  

The above results were obtained. Currently, the SDGs are being achieved on an individually 

specific activity basis, depending on the priority level for achieving the SDGs promoted by the 

government. 
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In light of these points, the following points were raised as expectations from the local side.  

 

⚫ Introduction of Japanese Cities' Efforts to Achieve the SDGs 

⚫ Assistance in developing a plan to achieve the SDGs in the State of Koror 

⚫ Implementation of joint projects in the areas of solid waste management/transportation/power 

generation (also applicable to this project)  

Koror State has expressed a need to develop a plan to achieve the SDGs. 

Since there is a high affinity between decarbonization measures and activities to achieve the 

SDGs, this is also highly important, and we will consider a framework for support in the next 

fiscal year of this project.  
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Chapter 6 Participation in Workshops, International Conferences and Seminars 

A workshop with local stakeholders was held online as an opportunity to share content and exchange 

views on the study. The workshop was attended by Koror State, Kitakyushu City, JICA Palau Office, 

and local counterparts. 

In addition, internal meetings with SWMO have been held separately several times since its 

adoption. 

The project was scheduled to be presented at the Our Ocean Conference scheduled to be held in 

Palau in February 2021, but due to the impact of COVID-19, the meeting was postponed to April 16, 

2022. 

6.1 Workshop with local stakeholders 

Date/time: March 1, 2022, 14:00-15:30 

Location: Zoom (online) 

Participants:  

Solid Waste Management Office, Koror State: Katsuo Fuji, Selby P. Etibek 

     Kitakyushu City: Yuichi Arita, Tatsuro Nagahara, Naoko Mori  

     Palau International Airport Corporation (PIAC): Manabu Yoshida 

     JICA Palau Office: Yasutoshi Sagami  

     AT GREEN Co.,Ltd.: Seiya Tominaga, Sho Koizumi, Naoyuki Taya 

          Institute for Global Environmental Strategies (IGES): Kohei Hibino 

 

1. Summary of project survey results 

(1) Feasibility Study on the Introduction of EV Vehicles (Tourism Sector, Waste Sector) (Seiya 

Tominaga, ATGREEN) (Appendix7) 

An explanation was given on the feasibility study conducted this fiscal year on the 

introduction of EV vehicles for sightseeing (courtesy buses and light vehicles for 

sightseeing) and EV waste packer trucks. Quick chargers and battery containers were also 

discussed. 

(2) Feasibility study on other low-carbon technologies (Kohei Hibino, IGES) (Appendix7) 

A survey was conducted to identify candidate projects for low-carbon technologies other 

than EVs. In this fiscal year, surveys on the introduction of energy-saving equipment in 



 

85 

 

hotels, electrification of ships, offshore solar power generation, lead-acid battery 

regeneration technology, ocean thermal energy conversion, and deferred payment finance, 

were conducted. 

2. Questions and Answers 

 Moving the battery containers to other locations is beneficial. On the other hand, we need a 

trailer to move them, and we do not have a trailer, which is a problem. Rental fees for trailers 

are high. (State of Koror) 

 A trailer is needed to move the battery containers to other locations, and the rental fee for 

the trailer is high. (State of Koror) 

➢ Noted about the situation. (ATGREEN) 

 I would like to know about the process of disposal of waste tires. (State of Koror) 

➢ The disposal of waste tires is still in the conceptual stage and there is no prospect of its 

realization yet. (IGES) 

 The government of Palau has expressed interest in public transportation, so the project is 

scheduled to start next year as a technical cooperation project, and a preliminary survey will 

be started this year. The Ministry of Land, Infrastructure, Transport and Tourism is also 

considering conducting a survey on public transportation in Palau. The Ministry of Land, 

Infrastructure, Transport and Tourism is also considering conducting a survey on public 

transportation in Palau. In addition, it has been decided to start a system survey of small EVs 

on remote islands as early as this year as a private sector collaborative project. (JICA)  

➢ Thank you for the information. Are electric vehicles and FCVs going to be included in 

the master plan? (ATGREEN) 

➢ The Ministry of Public Infrastructure, Industry and Commerce (MPIIC) is also 

interested in EVs, and is considering including them in its master plan. (JICA) 

➢ Currently, maintenance is an issue when EVs are introduced, but is it possible for JICA 

to support the development of human resources for maintenance? (ATGREEN) 

➢ JICA has been conducting various training programs including climate change training 

programs and EV training programs. It is possible to utilize these opportunities. (JICA) 

 Since the end of last year, JICA Palau Office has been investigating the potential for energy 

efficiency in hotels, hospitals, and department stores. Since Palau has no factories, we 
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believe that energy efficiency in these buildings (air conditioning, lighting, heaters/boilers, 

etc.) would be effective. Although the use of LEDs is progressing, it is not yet at 100%. In 

particular, since the central air conditioning systems in hospitals and other facilities are aging, 

we believe that the energy saving effect of updating the air conditioning systems will be 

significant. In addition, many of the large hotels in Palau use diesel generators to generate 

their own electricity due to the instability of the grid power. Although the individual projects 

may be small, we believe that if they are bundled together, the potential for JCM will emerge. 

We can introduce you to the PPUC and other related parties who are working together on 

this project, and we would like you to consider forming a JCM project. (JICA) 

➢ Thank you for the information. Since we were not able to travel to the area at all last 

year or this year, we lacked information on the area, so this kind of information would 

be appreciated. It would be great if you could introduce us to the key people involved 

in the research for next year and beyond. (IGES) 

3. Kitakyushu city's SDGs and decarbonization efforts (Naoko Mori, City of Kitakyushu) 

(Appendix7) 

Introduction of Kitakyushu City's experience in overcoming pollution, efforts toward 

decarbonization, and international cooperation. 

 

4. Questions and answers 

None in particular. 

 

Figure 6-1：Workshop (online) 
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6.2 Our Ocean Conference 

Our Ocean Conference is an international conference where heads of state and other representatives 

from around the world, as well as representatives of international organizations, research institutions, 

and non-profit organizations, gather to discuss ocean-related issues and announce their commitments. 

The first meeting was held in 2014 in the United States and has been held annually since then. The 

government of Palau, as a representative of the island nations, has committed to the meeting and 

announced that it will host the 7th meeting in Palau on August 17-18, 202031. 

In this work last year, a planning application had been submitted to organize a side event in 

participation with the Our Ocean meeting. In addition to the side event, a new commitment, 

"Development of Transportation Station at the former landfill site (M-Dock) in Koror State: As an 

important base for building a resource circulation society" was submitted as a joint proposal by Koror 

State, AMITA CORPORATION, and Kitakyushu City32. However, due to the global spread of COVID-

19, the event was postponed to December 7 and 8, 2020, and since there was no improvement in the 

situation after that, it was decided to postpone it for another year. 

This year, we were preparing to travel to the site in conjunction with the field survey, to hold a side 

event there, and to resubmit the commitments submitted last year. However, the meeting that was 

scheduled to be held on February 16 and 17, 2022 was further postponed due to COVID-19, and the 

meeting is currently scheduled to be held on-site (physically) on April 13 and 14, 2022 (as of February 

2022). Since this falls outside the work period of this study and the possibility of holding the meeting 

online was not mentioned, we had to abandon our participation. 

  

 

31 7th Our Ocean Conference: https://www.ourocean2020.pw/ 
32 ATGREEN Co.,Ltd. (2021) FY2020 Commissioned Project for City-to-City Collaboration to Realize a Decarbonized Society 

(Project to Promote Decarbonisation and Create Co-benefits through the Introduction of EVs in Koror, Republic of Palau 

[Kitakyushu City - Koror State Collaboration Project]) Report. Ministry of the Environment. 
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京都市役所・京阪バス様訪問調査レポート(簡易版) 

2022年 1月 27日 

株式会社 ATGREEN 

 

京都市役所 環境政策局 地球温暖化対策室 脱炭素モビリティ推進係長 新島 智之 様 

京都市役所 環境政策局 地球温暖化対策室 エネルギー事業推進担当 谷口 友哉 様 

京阪バス株式会社 ICT事業部 ICT推進部兼経営企画室 課長 大久保 園明 様 

京阪バス株式会社 ICT事業部 課長 吉村 潔 様 

関西電力株式会社ソリューション本部  

開発部門 eモビリティ事業グループ 副長 中川 貴文 様、北垣 佑芽乃 様 

北九州市 環境局 環境国際経済部 国際連携推進担当課長 有田 雄一 様 

国際連携推進係 係長  永原 達朗 様 

国際連携推進係 主任  森 直子 様 

株式会社 ATGREEN シニアマネージャー 冨永 聖哉 

 

〇走行している EVバスについて(京阪バス様から) 

・導入バスは 4台 

・バッテリーは 105kWh 

・100Vコンセント搭載 

・USB端子は車内各所に搭載 

・非常時は家庭 12軒分相当の容量に相当 

・バッテリーは基本後部である為、低床、高天井な設計にしやすい 

・走行可能距離について冬は暖房による影響を受ける 

・下り時に回生エネルギーを活用して充電できる為、坂道は想像より苦としていない印象。 

・路面バスはこれらの観点から EVには適していると考える 

・走行距離については一番影響を受けるのは渋滞によるものである 

・渋滞時でも航続距離として 150㎞程度は確実に見込めている状況(メーカー公表値は 200㎞) 

・年間のエネルギーコストは 1/３程度になることを想定している 

・音は全般的に静かで住宅街などの走行にも適している。全く音がしないとなるとそれはそれで問題となるが、

モーター稼働音は出ており、走行していることに気が付かないというケースは少ないと考えられる。 
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バス横景 バス後部 

  

USB端子を全席に装備 右下に 100Vコンセント 

 

〇国内外の EV車両メーカーについて 

・まず、日本メーカーと海外メーカー間での価格差が大きい。 

・BYD はメンテナンス体制も力を入れている。彼らは 48 時間ルールと呼んでいるが、根本的な故障(心臓部)以

外については基本的に 48 時間以内に対応できる体制を構築している。日本法人も有り、日本人スタッフが在

籍していることも大きい。 

・機能面は一長一短な部分もある。だが、BYDも欧州への豊富な導入実績を含めて水準は高く、何よりも 10年

に及び海外での EVバス運航実績を豊富に保有している点は強みであると感じる。 

 

〇充電設備及びエネマネについて(京阪バス洛南営業所) 

・50kWのツインソケットタイプが２基(同時充電は出来ない) 

・単純に 2台を動かせばいいという問題ではなく、消費電力の問題があり調整が必要。そうしないと基本契約が

上がってしまい、電気料金が大きく上昇してしまう。 

・営業所の建屋の消費電力が 44kW、充電器が各 50kWなので単純合算では 144kWになってしまう。実際の運用

では電気料金も考慮して 80kWとなるようにエネマネを行っている。これは今後国内で商用 EVの充電ステー

ションが増える上で問題となる点と考えている。(受変電設備を通る関係で契約は別々にならない) 

・別途新たに 6kW の EV 放電用のパワーステーションを導入した。V2B として災害時利用や運休時などに調整
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利用することを想定している。 

・バスの出庫を管理した充電のアルゴリズム設定が重要でソフトウェアの更新を行っていく必要がある。 

・バッテリーの状態管理、制御を上手く行うことが重要で、ここができればバッテリーの寿命を延ばしながら使

用することが期待される。 

・バッテリー交換は数百万円で可能とは聞いている。 

・充電をしながら、建屋全体のエネルギー利用との利用エネルギーバランスとバッテリーとしての最適な充電方

式を両立させていくことが重要。 

・EV バッテリーは一般的にセル間の容量のばらつきが発生してしまい、このばらつきの中で最大の容量値を示

すセルをベースに充電率を表示してしまう。このバランスを整える最適化を行うことが重要となる。実際最適

化を行うことで期待している走行可能距離を出せるようになっている。(作成者追記：おそらくアクティブバ

ランス調整を指す) 

・関西電力様とはこれらの効率的な EVバスステーションのエネルギー管理モデルの構築について連携を行って

いる。 

・ディーゼルの発電機を非常用電源として保有している。 

・最終的には、EVが増えれば増えるほど EV、エネマネ、人の動きの 3つを連動させた充電と配車のシステムが

必要になってくる。これらを車両 ID と紐づけて管理していくことが必要と考える。(BYD はこのデータを取

ることが出来ない) 

  

50kW充電器 放電設備(V2O) 

 

 

2台目の充電予約が可能 CHAdeMO方式充電(横は BYD方式) 
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〇関西電力様での協議 

＜京都市様の取り組み＞ 

・「京都市自動車環境対策計画」(以下、前計画と記載)は 2011～2020年(2021年 3月まで)が対象期間。 

・その後の交通分野の脱炭素施策は「京都市地球温暖化対策計画」(以下、現計画)にて引き継いでいる(2030年度

まで) 

・前計画では公害と低炭素が主のテーマであった 

・重点施策については 10のテーマがあり、「次世代 EV京都プロジェクトの推進」において観光に立脚した環境

モデル都市として次世代自動車の普及政策を検討してきた 

・その中で三菱重工業と EVバスの実用化に向けた協定を調印し、実証事業に取り組んだ 

・上記実証事業では、同じ走行条件のディーゼル車と比較して 40％程度の排出量を削減することが出来た。 

・関係者からのコメントによる成果としては、脱炭素は勿論、コ・ベネフィットの効果(排ガス・静音等)が挙げ

られる。 

・コメントから寄せられた課題としては、電池の大容量化とサイズ小型化、多数導入するには充電も含めた運行

の前提条件を大きく見直す必要性等が挙げられた。 

・その後、本格導入を検討するうえでネックとなったのがバッテリー容量と車両価格になった。(半分以下の容量

で価格が大きく高い) 

・現計画では GHG 削減目標を 2030 年に 2013 年比マイナス 40％以上、2050 年は実質ゼロを掲げている。更に

2021年 9月には市長が 2030年目標についてマイナス 46％を目指すとした。 

・現在は EVバイクのバッテリーシェアリング事業の取り組みや次世代教育、ライトアップイベント等普及啓発

の取り組みを推進している。 

・今後市営バスに EV を導入していくうえでの課題となるのは、EV バスの性能に起因する部分よりも、付随す

る領域(配車システム・エネマネ)等の部分となっている。 

・特に市営バスのような多くのバスを保有する組織が EVを複数台導入するうえでは配車、充電、エネマネを含

めた総合的な運行システムを再考していく必要がある点が今後の課題である。 

 

＜京阪バス様の取り組み＞ 

▼EVバス関連 

※ここまででお聞き出来なかったことを中心にコメント頂く 

・導入した EVバスエネルギーコストは机上計算では EV40万/年、ディーゼルは 143万円/年 

・CO2削減見込量は 38.8t-CO2/台・年、4台で 155.2t t-CO2/年 

・メンテナンスについて基本は整備を行うグループ会社にて対応している。ノウハウを蓄積していき、他社の EV

を受け入れていくことなども視野に入れていく。 

・その他は調査票記載事項の通り。 
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＜関西電力様の取り組み＞ 

・e モビリティビジョンの実現に向けた取り組みの一環として EV インフラの整備に取り組んでおり、京阪バス

様との連携を行っている 

・本ビジョンは、脱炭素化・分散化・デジタル化が大きなコア 

・デマンド＋サプライサイド双方でのゼロ・カーボンを目指す(水素活用等も視野に入れている) 

・車載電池はエネルギーとモビリティの双方に貢献。自動車だけでなく、空飛ぶ車両、バス、船なども視野に入

っている 

 

＜その他意見交換_京阪バス様中心＞ 

・これらを推進するうえでの重要な要素は、環境性(脱炭素)・経済性(EMS・運行コスト)・BCP(充放電)の 3側面 

・EVの電力コストは基本料金、従量料金、工事、リース費用などがベースになっている 

・ブラックアウトスタートについても検討していきたい(費用が別途出る) 

・EV導入に際してはやはりメンテナンスが重要。 

・自社グループでメンテナンスができる体制を作ることで他社や京都市交通局のバスをメンテナンスしていくよ

うな体制を構築していきたい。この中でメーカーの 48時間ルールが重要だと考えている。 

以上 
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The following is a “Summary Report” for the above mentioned project. It sums up the answers to inquiries 

made through the provided hearing questionnaire. 

 

Hearing Conductor: KE+ Environmental Consulting Service on behalf of  

   ATGREEN Co., Ltd. 

 

Respondents: - Mr. Katsuo Fuji, Consultant, Solid Waste Management,  

Department of Public Works, Koror State Government 

 - Mr. Selby Etibek, Manager, Solid Waste Management,  

Department of Public Works, Koror State Government 

- Palau Public Utilities Corporation 

- Koror State Department of Conservation & Law Enforcement 

- Mr. Keefe Techitong, Bureau of Commercial Development, Ministry of Public 

Infrastructure & Industries 

- Environmental Quality Protection Board Office 

- Surangel & Sons Comapy 

- Western Caroline Trading Company 

    

“Summary Report” 

 

Primarily a total of three (3) individuals were interviewed face to face and three (3) public offices and two 

(2) private companies were contacted through telephone interviews during the survey. 

 

In the cases of 1) Introduction of EV vehicles for waste collection and transportation and 2) Climate 

Change measures and promotion of the SDG’s in Koror State, Mr. Katsuo Fuji and Mr. Selby Etibek 

from Koror State Solid Waste Management were the primary respondents. Interviews covered a period of 2 

days, from February 15 to February 16, 2022 and a single day follow-up was conducted on February 18, 

2022 at the Koror State Recycling Center in M-Dock, Koror.  

 

In the case of Other potential projects for carbon free society, the respondents were as follows: Theme 1: 

LED Street lighting- Palau Public Utilities Corporation, Theme 2: e Ship- Koror State Department of 

Conservation & Law Enforcement, Mr. Keefe Techitong from the Bureau of Commercial Development, 

Ministry of Public Infrastructure & Industries, the Environmental Quality Protection Board Office, Surangel 

& Sons Company, and Western Caroline Trading Company. 
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Introduction of EV vehicles for waste collection and transportation 

 

The assumed EV vehicle introduction model is accurate as depicted in the hearing form. 

 

• Routes: 

o Initially, Koror State Solid Waste Management will continue to utilize the M-Dock Landfill 

site in Koror for waste disposal until it reaches its full capacity in approximately 4 to 6 years. 

After the M-Dock Landfill is capped and officially closed, and a Sorting & Transportation 

Station is installed, the following waste collection and transportation system will ensue: 

1) Garbage collection and transportation is conducted in central Koror and deposited into the 

Transportation Station in M-Dock 

2) Recyclable materials are sent to Recycling Center 

3) Non-Recyclable waste are transported to final disposal site in Aimeliik 

 

• Vehicle Type: 

o EV Garbage Truck 

o EV 4T Flatbed Truck 

 

• Project implementation entity: 

o Koror State Government Solid Waste Management will be responsible for vehicle and 

equipment  installation, operation and maintenance 

 

• Cost  

o Part of the initial cost is expected to be covered by using external fund (JCM subsidy project 

under the bilateral credit system, ADB fund, and JICA ODA. 

 

• Electricity to be used  

o The charging station for electric vehicles will be located next to a solar power generation 

system and will use the electricity generated by the system. New photovoltaic (PV) power 

generation system will be installed on the roof of the M-Dock Transportation Station to 

supply renewable energy for the facility as well as the EV vehicles 

 

THEME 1: Renewable energy and charging facilities 

In the original plan for the Comprehensive Resource Recycling System Project in Koror State, the scale for 

solar power generation through installation of photovoltaic solar panels is approximately 150 kW. This plan 

is laid out as follows: 

• 600 pieces of photovoltaic solar panels at a generation rate of 250 W per panel 

• Installation space: 450 m2 on the rooftop and 400 m2 on Embankment Slope adjacent to the 



参考資料４ 

119 

 

Transportation Station (Field standing) Please see map in figure 1 below. 

However, this project is being further reviewed by ADB and there is a very high possibility for expansion of 

facilities, therefore allowing for more rooftop space for additional PV panels to increase. Expansion 

information will be available in March or April 2022. 

  

Figure 1. Bird’s eye view of M-Dock Landfill site. Location for the planned Transportation Station Project. 

Red boxes indicate locations for installation of solar PV panels. Black boxes are potential areas to install 

additional solar PV panels. Yellow box indicates available roofed parking space (parking space can 

accommodate more than 20 large vehicles and a charging station) and additional rooftop space for PV 

panels. 

  

At present, the total capacity and power consumption for the Transportation Station is not clear yet as the 

facility is still under planning and there are possibilities of further expansion from the original plan. 

Additional surveys will be conducted by a Japanese private consulting company through funding by the 

Asian Development Bank. This survey is expected to commence as early as March 2022. However, it is 

clear that intentions are to provide 100% renewable energy to cover the total energy consumption of the 

Transportation Station and EV vehicles altogether. Main targets for renewable energy are solar PV panels 

and Generator using bio-fuel derived from Koror State’s plastic recycling activity. 

 

The surrounding areas around the dumpsite have available space that can accommodate additional PV panels 

as indicated in the map shown in Figure 1 above. In addition, the planned parking space will be a roofed 

space which can also accommodate additional PV panels as well as a charging station for EV vehicles. An 

estimated 1000 m2 or more of additional space is projected to be available for additional PV panels. 
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THEME 2: Addressing energy risks 

The Koror State Solid Waste Management Office and its recycling facilities are equipped with backup power 

supply through generators which utilize plastic derived bio-fuel. This backup power supply can produce 220 

kWh of energy. In addition, the planned Transportation Station will also be equipped with the same type of 

generator and Solar PV panels as the primary source of power for the facility. The public utility grid is 

expected to be the backup power supply in cases where the renewable energy sources are not adequate to 

meet power demand. 

 

The mobile battery, backup power supply is a great idea and there is a great need for it. However, Koror 

State is not equipped to move such container. To make the proposal more convenient, a trailer is a necessary 

component that must accompany the mobile battery. 

 

THEME 3: Maintenance scheme for EV vehicles 

The Koror State Solid Waste Management employs a full-time mechanic who oversees regular maintenance 

of garbage collection vehicles as well as all other vehicles assigned to the Solid Waste Management. Minor 

breakdowns are easily handled by this mechanic. However, in cases where major repairs are needed, the 

vehicles are usually referred to the Koror State Auto Shop or to a private auto shop for further assessment 

and repairs. 

 

Koror State does not stock up on vehicle parts. This is because most common auto parts are available 

locally. In cases where special parts are needed, Koror State has an overseas supply chain which can supply 

needed parts as quickly as within 2 weeks or even less, depending on the urgency of the need. 

 

The most common suppliers of auto parts for Koror State are 1) Local maintenance companies, 2) Japanese 

manufacturers and maintenance companies, and 3) US manufacturers and maintenance companies. 

 

Special considerations may be made for keeping certain number of parts in stock for the maintenance of EV 

vehicles. However, if prices are too high, it can be very difficult. 

 

The Koror State Solid Waste Management is very open and willing to assign staff members to receive 

training necessary for daily maintenance of EV vehicles. 
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Climate Change measures and promotion of the SDG’s in Koror State 

 

 

THEME 1: Climate Change measures 

Koror State does not have a specific target pertaining to the reduction of greenhouse gas emissions. 

However, many of its Solid Waste Management activities are aligned with the SDG’s in terms of GHG 

emissions reduction. Such projects include but are not limited to Composting, Beverage Container 

Recycling, and Plastic conversion to oil as a source for renewable energy. The National target for Palau as a 

signatory to the Paris Agreement is to achieve 45% renewable energy to replace the conventional use of 

diesel-generated energy by the year 2025 and a 22% reduction in its energy sector emissions below 2005 

levels. 

 

There are no specific plans or targets set for achieving a zero-carbon city by 2050 for the state of Koror. But 

as mentioned previously, many activities and projects, ongoing as well as under planning, aim toward 

reducing carbon emissions. However, greenhouse gas emissions and the reductions achieved through the 

aforementioned activities are not being tracked. 

 

Koror State is the most populous state in Palau and therefore, it accommodates nearly 75% of Palau’s total 

population. It is also the economic center and social activity center for the Republic. One of the most visible 

issue in Koror State is traffic congestion during rush hours from 7:30 am to 9:00 am, from 11:30 am to 12:30 

pm, and from 3:30 pm to 5:30 pm during weekdays. This sector (transportation) should be a prioritized 

target for reducing GHG emissions through introduction of environmentally-friendly passenger vehicles 

and/ or introduction of a public transportation system. In addition, all other sectors, Home, Office, Hotel and 

resort, Power generation, and Waste management should continue to step up efforts to reduce greenhouse 

gas emissions.  

 

If Koror State is able to receive support from the Japanese side, it would be in the area of calculating current 

GHG emissions and proposing ways to reduce emissions. Currently, there is no specific department in Koror 

State Government which is solely responsible for promoting a carbon free society. However, a proposal is in 

place to organize the Department of Resource and Development to undertake the responsibility for activities 

and programs related to GHG emissions reduction and the SDG’s. 
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THEME 2:  Promotion of the SDG’s 

Koror State has taken actions to achieve the SDG’s in the following fields: 

 

Solid Waste Management: 

• Recycling activities- Composting, Beverage Container Recycling, Plastic conversion to oil as 

source for renewable energy. 

 

• Integrated Waste Management- Urban Grower’s Program. Resource circulation and food security 

initiatives 

compost         farm  

 

consumption 

Marine Environment: 

• Conservation efforts 

• Bio-diversity protection 

 

Generally, the State of Koror through its government efforts focus their attention and resources specific to 

the following SDG goals: 

• Goal #6 Clean water and sanitation 

• Goal #7 Affordable and clean energy 

• Goal #8 Decent work and economic growth 

• Goal #9 Industry, Innovation and Infrastructure 

• Goal #11 Sustainable cities and communities 

• Goal #13 Climate Action 

• Goal #14 Life below water 

• Goal #15 Life on land 

• Goal #17 Partnership for the goals 

 

Difficulty to access adequate funding for related activities is an issue related to the SDG’s. This has to do 

with National priorities and whereas other non-priority agendas are not given access to funding sources. 

 

Koror State Government would prioritize working in the area of Transportation, Marine Conservation, Waste 

Management, Agriculture and Power generation to promote and achieve the Sustainable Development 

Goals. Therefore, Koror State would seek support from Japan in,        1) Introduction of Japan’s Efforts 

to Achieve the SDG’s; 2) Planning for SDG’s in Koror State; 3) Implementation of joint projects in the field 

of Solid Waste Management, Transportation, and Power Generation. 
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Other potential projects for carbon free society 

 

THEME 1: LED street lighting 

Palau Public Utilities Corporation (PPUC) has replaced nearly all of the street lights in Palau with LED. 1,943 

LED Street Light have been installed on the main “public” road in the city center of Koror to the Compact 

Road around the big island of Babeldaob.  They have also installed LED Street Lights in Koror secondary 

road and tertiary roads including local village wharfs and docks.  PPUC has also installed LED Street Lights 

in the states on the big island of Babeldaob.  PPUC pays for the power cost of street lights on the main public 

road in the city center of Koror and the Compact Road.  Each State government pays for the power cost of 

the street lights on their secondary and tertiary roads. PPUC owns the power poles and the street lights and 

has management over them.  Street light repair and maintenance are also the responsibility of PPUC.    

 

THEME 2:  e SHIP 

• Palau does not have any e-Ship or electric drive ship boats or vessels. The Palau Ministry of Public 

Infrastructure & Industries (MPII) oversees the ship registry in Palau of boats over the length of 65 feet. 

  

• Twenty-six (26) Vessels over 50 feet in length are registered under the National Government and are 

used primarily for transporting passenger and cargo between the commercial center of Koror and the 

out-lying islands.    

•   

 

• Palau has 16 States and each state registers their motor boats.   

 

• Koror State which is the biggest state and the commercial center of Palau has the most number of motor 

boats registered with 355 in 2022.  

 

• Of the 355 boats registered in Koror State, almost all of them use gasoline with some using diesel fuel.  

Almost all of them utilize Outboard Engine motor. Less than 10 are Inboard Engine/Inboard Engine 

Outboard Drive. 

 

• Most gasoline motor boats in Palau are used in the Tour Industry for their power and fast-transporting of 

scuba diving customers to-and-from dive sites which are about an hour boat-drive from the city center of 

Koror State.  

 

• Most local fishermen also use gasoline motor boats for their power and speed to bring fishermen to distant 

fishing spots and return to shore before sundown.  
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I. Data on registered power vessels in Palau 

 

 

 

II. List and specifications of inboard engine ships in Palau  

 

Ships that are 50 Feet or Longer in length registered with the Palau National Government Registry. 

(Inboard Engine type) 

Data source Koror State- Department of Conservation 

& Law Enforcement 

Data year 2022 

Data URL (if available online) None available yet 

Number of 

vessels 

inboard engine  

outboard engine 345+ vessels 

inboard engine outboard 

drive 

Less than 10 vessels 

Number of total vessels 355 Vessels 

 Length(meters) Engine type(diesel/gasoline) Purpose of use  

1 15.54 YANMAR CO., LTD / 50.2KW X 2 PASSENGER 

2 16.56 TWIN VOLVO D13-800 / 800HP X 2 PASSENGER 

3 16.75 VOLVO D16 / 551KW FISHING 

4 18.2 TWIN YANMAR 6CXBM-GT / 394HP X 2 
PASSENGER/CAR

GO 

Inboard engine 

Inboard engine 

Outboard drive 

Outboard engine 
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III. Status of lead-acid batteries (LAB) in Palau 

5 19.11 TWIN CATERPILLAR CD12 / 526KW X 2 PASSENGER 

6 19.6 MAN / 900HP X 2 PASSENGER 

7 19.9 2 X CATERPILLAR 3406 / 300HP EACH 
PASSENGER/CAR

GO 

8 20.4 TWIN YANMAR 6CH-WVTE / 255HP EACH 
PASSENGER/CAR

GO 

9 21.28 CUMMINS / 500 BHP FISHING 

10 21.38 TWIN CUMMINS NTA-855 / 480HP CARGO 

12 22.123 2 X DETROIT / 257KW EACH CARGO 

13 22.85 MITSUBISHI S6A3-MPTK / 2 X 477.42KW CARGO 

14 23.05 VOLVO PENTA / 553KW FISHING 

15 27.35 TWIN G.M. / 2 X 170KW PASSENGER 

16 32.22 TWIN CATERPILLAR / 2 X 783 KW PASSENGER 

17 32.3 TWIN CATERPILLAR / 2 X 783.0KW PASSENGER 

18 33.72 YANMAR / 2 X 302KW PASSENGER 

19 34.76 
MITSUBISHI (MHI SAGAMIHARA S6R2-MTK / 2 X 

478KW 

PASSENGER 

20 38.35 TWIN PROPMECH CAT / 330KW X 2 PASSENGER 

21 41.46 MITSUBISHI 6D-22 / 480HP PASSENGER 

22 46.8 CUMMINS / 2 X 477 KW PASSENGER 

23 47 MWM/TDB / 398.0HP EACH X 2 PASSENGER 

24 51.4 AKASAKA DIESEL / 2,698HP PASSENGER 

25 54 CUMMINS / 2 X 316.93KW EACH CARGO 

26 15.54 YANMAR CO., LTD / 50.2KW X 2 PASSENGER 

 Data Data year Data source 

Total units of LAB 

import per year 9000+ 2021 

Surangel & Sons Company 

and 

Western Caroline Trading Company 

Total amount of 

LAB import per 

year (USD) 

N/A N/A N/A 

Origin of import LAB’s are 2021 Surangel & Sons Company 



参考資料４ 

126 

 

(exporting 

country); 

If multiple 

countries, specify 

the allocation 

imported mostly 

from USA, 

Japan, and 

Taiwan 

and 

Western Caroline Trading Company 

Status of used 

LAB in Palau 

- treatment, 

disposal ways 

- waste category 

(hazardous 

waste?) 

- regulations on 

used LAB 

treatment 

- Government only 

encourages and urges public 

not to discard used/old LAB 

in dumpsite or environment, 

but to bring them to 

designated local private 

company for proper storage, 

acid neutralization and off-

island shipment. 

- LAB is categorized as 

hazardous waste 

- 2401-31-29 Lead Acid 

Batteries (A) Lead Acid 

Batteries shall be transported 

to the battery recycling 

facility at M-Dock or other 

EQPB approved facility in a 

safe and secure manner. 

Batteries may be staged at 

the national landfill and then 

transferred to the approved 

facility. (Excerpt from the 

Envinronmental Quality 

Protection Board- EQPB 

Regulations, Palau’s 

National Regulatory 

Agency) 

Palau Government- Environmental Quality 

Protection Board office 

Availability of 

LAB regeneration 

business in Palau 

- any business 

doing LAB 

regeneration? 

No availability of LAB 

regeneration business in Palau.  

Government offered token cash 

for used LAB, and ship out used 

LAB off island for recycling and 

disposal.  Now government has 

Palau Government- Environmental Quality 

Protection Board office 
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There are two major companies that import (LAB) Lead Acid Batteries to Palau. One is Surangel & Sons 

Company; the other is Western Caroline Trading Company. Surangel & Sons Company imported over 4,800 

units in year 2021. Western Caroline Trading Company imported over 4,200 units in year 2021. To prevent 

the disposal of used Lead Acid Batteries (LAB) into the landfill and the surrounding environment, and 

encourage recycling of used batteries, the Palau Environmental Quality Protection Board office (EQPB) 

offered token cash for used/old batteries.  Because of the lack of LAB regeneration business in Palau, the 

government packed the used/old LAB and shipped them off island for recycling and proper disposal. 

Now, the government has outsourced the service to a local private company but continues oversight to ensure 

processes are followed from storage to packaging to shipping.  

 

On the average, one 20-foot container containing 1,500 used/old LAB is shipped out of Palau every 3 months 

for recycling and disposal.  

End of Report 

  

- What type of 

machines are 

used for 

regeneration? 

- Amount of 

regeneration 

per year? 

outsourced process to a local 

private company (Magic Metal 

& Spices) but continues to 

monitor. 
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打ち合わせメモ 

件 名 
アジア開発銀行・コロール州協議 

(令和３年度脱炭素社会実現のための都市間連携事業委託業務) 

開催日時 令和３年 12 月 19 日(日) 14:00～15:00 場 所 オンラインにて実施 

参 加 者 

・アジア開発銀行 官民連携部：神田氏 

・パラオ国コロール州：藤氏 

・ATGREEN 冨永 

内容 

質疑応答(Q＝質問、A=回答、C＝コメント) 

１．パラオ国と ADB におけるこれまでの経緯について 

C1：州政府が現在計画している廃棄物管理には地域モデル事業の候補として ADB としても注目している。

官民連携でプロジェクトを進めたいという藤氏のご意向を受けた。ADB 官民連携部は社会基盤構築を

民間の活力を用いて進める案件に対して、政府側に立って助言をするポジション。テクニカルアシス

タンスを案件ごとに配備し、案件推進を支援している。これまでパラオでは太陽光発電(13MW)の案

件があり、その際も政府側への助言を実施。廃棄物管理についても 2 年前より協議してきた。今回の

廃棄物収集運搬車両の EV 化については環境省と密に話をされていると聞いている。現在の事業モデ

ルや諸条件(台数や充電設備等)についてお伺いしたい。廃棄物管理プロジェクトの重要パーツの 1 つ

として検討したい【神田氏】 

 

Q1：今後は実証実験のフェーズに移るという認識で良いか？【神田氏】 

A1：その意向であるが、イニシャルに係るファンドをどのように獲得するかが現在の論点。よって今回の

廃棄物管理 PJ との連携は重要な検討内容である【冨永】 

 

２．「EV 車両導入を通じた脱炭素化促進およびコ・ベネフィット創出事業」について 

(冨永より既存資料を用いて説明) 

C2：前提として本事業は環境省 地球環境局の国際協力・環境インフラ戦略室が毎年公募している「脱炭素

社会実現のための都市間連携事業委託業務」にて採択を受け、実施している。北九州市とコロール州

の都市間で脱炭素等に関して連携を図ることを目的としている。現在はまだ FS 段階であり、実導入

はまた別のフェーズとなる【冨永】 
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C3：現在は既存の 4 台のパッカー車(2t 車)の電化を想定。イニシャルコストの圧縮と州側からの車両の大

型化および平ボディー車両の要望について検討している。費用についても大まかに積算済みである

が、廃棄物収集運搬は公共サービスであり、営利事業でないことから、何らかの補助を受ける必要が

ある。蓄電池コストが最も負担であるため、移動式リユースバッテリーの活用も含めて検討中。イニ

シャル圧縮ついては日本側と現地側でコンソーシアムを組織して JCM 設備補助事業へのトライを検

討していたが、条件の 1 つである 4,000 円/t-CO2の費用対効果の達成が困難であるため、他ファン

ドも検討していたところである【冨永】 

Q2：リユースバッテリーということは途中で取り換える可能性もある？【神田氏】 

A2：メーカー側の話では 4000 回の充放電耐久の保証はするとのこと。概ね 10 年は使用できると思われ

る【冨永】 

３．EV 車両導入に向けたファンド獲得・費用感について 

Q3：JCM 設備補助事業は JICA の ODA 事業と同時に活用できる？【神田氏】 

A3：JICA は別枠で環境省と連携した JCM 関連の事業がある。基本的に環境省も JICA も日本政府支援であ

り、ADB とはセクション分けを行った上で検討を進める必要があると思われる【冨永】 

C4：ADB のパブリックセクターが出す ODA もあるが、JICA も関心を示しており、JCM と併用できればも

う一つの大きな可能性となり得る。ADB パブリックセクターから迅速に資金供給ができない場合もあ

る【神田氏】 

C5：JCM 設備補助事業と JICA は同一プロジェクトで併用は基本的には不可能であるという認識である。

詳細を詰める段階で確認は行う【冨永】 

Q4：その場合は尚更、ADB と連携した方が良い？【神田氏】 

A4：そこは期待できると有難い。【冨永】 

C6：トランスポーテーション施設の件で以前、J-PRISM(JICA 大洋州地域廃棄物管理改善支援プロジェク

ト)と話をした。その際はバックウエスト(欧州ファンド)と JCM 更に草の根事業も組み合わせる(協調

融資)ことは可能という回答であった【藤氏】 

C7：JCM にも 3 つ(環境省設備補助事業・ADB との JFJCM・JICA スキームによる支援)のパターンが存在す

る。いずれのパターンも 100％補助にはならないため、どのファンドと組み合わせるかがポイントと

なる【冨永】 

C8：例えば太陽光、コンバーター、充電設備は JCM、車両は他ファンドといった同じものに複数ファンド

の資金を用いるという見せ方をしなければ複数ファンドを活用できる可能性もあると思われる【神田

氏】 

C9：移動式蓄電池であれば脱炭素ではなく、離島のレジリエンスというアプローチも考え得るため、切り
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分けて考えることも検討している【冨永】 

 

４．プロジェクトのタイムラインについて 

Q6：ADB で進める調査は 1 年程か？【冨永】 

A6：1～1 年半を想定。調査(マスタープラン策定)＋実行(民間事業者との PPP、コンセッションのプロセス

/入札/評価/コンセッション)が大まかな実施内容。【神田氏】 

以上 
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打ち合わせメモ 

件 名 
アジア開発銀行・コロール州協議 

(令和３年度脱炭素社会実現のための都市間連携事業委託業務) 

開催日時 令和 4 年 1 月 15 日(土) 15:00～16:00 場 所 オンラインにて実施 

参 加 者 

・アジア開発銀行 官民連携部：神田氏 

・パラオ国コロール州：藤氏 

・ATGREEN 冨永 

内容 

質疑応答(Q＝質問、A=回答、C＝コメント) 

1．イニシャルコストの再考を行ったモデルの紹介 

(冨永より資料を用いて説明) 

C1：バッテリーがコンテナユニットで動かせるというのは災害対応などで一定のメリットが期待できそう

である【神田氏】 

2．実施プロセスについて 

C2：最終的には調査が終わった後、事業者を選定する際にはこの案件については国際入札を開催すること

になると思われる。【神田氏】 

C3：価格だけでなく様々な観点からの総合的な評価も検討される。各国との競争になることから何らかの

差別化要因は必要であると考える。【神田氏】 

C4：本件については融資となるか補助となるかによって話が変わってくると考えられ、詳細は確認を要す

るが、融資であれば補助事業の活用が検討できるかもしれない。反面、補助の場合は補助金を重複さ

せられない建付けとされているので難しくなると考える【冨永】 

3．今後について 

C5：今後、事業モデルの検討などもしていく必要があるので引き続きやり取りをさせて頂きたい【全員】 

 

以上 
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Meeting Record: Palau Pacific Resort 

Date/time: February 17, 2022, 3:00 p.m. - 4:30 p.m. 

Location: Zoom (online) 

Participants: Seiji Sone, Palau Pacific Resort 

          Katsuo Fuji, Koror State Solid Waste Management Office 

          Seiya Tominaga, AT GREEN Co.,Ltd. 

          Kohei Hibino, Institute for Global Environmental Strategies 

 

Interview was conducted on the needs and issues of introducing energy-saving equipment at the Palau Pacific Resort (PPR) 

upon providing information on the structure and benefits of JCM. 

 

Operational status of facilities 

 PPR was forced to suspend the operation of various facilities due to the lack of guests as a result of COVID-19, and 

various problems have arisen due to the long period of suspension of facility operation. In anticipation of a large number 

of guests for the Our Ocean Conference to be held in April 2022, PPR is currently busy with the maintenance and 

restoration of the facilities. 

 

Chillers 

 Of the three chillers, one air-cooled chiller installed 6-7 years ago is no longer available, so PPR is considering installing 

an air-cooled chiller. Since water is precious in Palau, air-cooled chillers are used rather than water-cooled chillers, which 

are more efficient. 

 Chillers are susceptible to rust due to salt damage (due to their proximity to the ocean) and also due to the exhaust gas 

from the steam boiler. To prevent rusting, stainless steel frames and covers are specially installed, which costs more than 

usual. 

 

Diesel generator 

 A 600KW diesel generator went down. Since it is an old piece of equipment, it was deemed impossible to revive it. PPR 

need to install a new generator. 

 PPR is hurrying to take measures to cope with the situation with the existing equipment so that they will not have a 

power outage during the Our Ocean Conference in April. 

 PPR has negotiated with the PPUC to be able to receive grid power in the event that their own power generation system 

fails. However, PPR is located at the end of the grid and there are four power fuses in between, so if one of the fuses 

blows, the power goes out. As a stopgap measure, PPUC has responded to increase the capacity of the fuse so that it 

would be harder to fall out. 

 

Chilled water and hot water supply facilities 

 Chilled water is supplied by a central system. A water-cooled turbo chiller with high cooling effect has been installed, 
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but since the inverter failed, it has been reinstalled without an inverter to cope with the problem. The capacity of the 

system is not sufficient for full operation. The underfloor piping is not properly insulated. Increasing the effectiveness 

of heat retention is expected to reduce wasteful power consumption in that area. 

 Hot water is usually supplied by boiling it using the exhaust heat from the diesel generator. The boiler is used for steam 

supply and is not used for hot water supply except in emergencies. 

 

Solar power generation 

 PPR has already installed a solar power generation system, but it is only generating about 2% of the total electricity. 

Since it is not sunny all year round in Palau, they have the impression that it is not generating as much power as they 

have initially expected. 

 

Refrigerators and freezers 

 All the refrigerators and freezers in the kitchen were installed with Japanese equipment, but since there is no after-sales 

service, PPR has been having troubles replacing parts when they break down. When they try to import spare compressors 

from Japan, it takes a long time to obtain an export certificate. 

 

LED lighting 

 PPR is considering of replacing the lights for two tennis courts (mercury lamp 1KW x 20 = 20KW) with LED. 

 

Others 

 In Palau, there is a shortage of engineers who can perform maintenance, and in particular, there are almost no personnel 

who can perform comprehensive management. It is necessary to train human resources before introducing equipment. 

This would be much more cost effective. 

 

 

  



参考資料６ 

134 

 

Meeting record (Palau Energy Administration) 

Date/time: February 9, 2022, 10:00 - 11:30 a.m. 

Location: Zoom (online) 

Participants: Keefe Techitong, Energy Planner, Palau Energy Administration 

Kohei Hibino, Institute for Global Environmental Strategies 

 

Discussions were held on energy issues and the possibility of introducing renewable energy in remote islands and areas where 

grid electricity does not reach in Palau.  

 

LED needs 

 In Palau, 90% of the residents live in the states of Koror and Airai, and LED streetlights are well developed in the 

residential areas. Therefore, the need for LED streetlights is limited. 

 Lighting fixtures in government buildings (public facilities) have a high occupancy rate, and older buildings have not 

yet been converted to LED, so it would be good if they could be installed in bulk. Research is needed to determine the 

necessary specifications and number of units. 

 

Battery reconditioning 

 In Palau, all batteries are taken over by the Palau Environmental Quality Protection Board (EQPB), but we do not have 

information on what happens to the batteries after they are taken back. 

 It would be good if lead-acid batteries could be reconditioned in Palau. 

 

Renewable energy needs and trends in remote islands, etc. 

 Koror, Airai, and Aimeliik are covered by the grid, but remote islands and other areas are being addressed with individual 

diesel power generation. 

 On Peleliu Island, a backup power system including solar power has been installed by a Korean company. In the future, 

the same system will be installed on Kayangel Island, but Angaur Island does not have such a system yet. 

 On Angaur, there is interest in the possibility of introducing ocean thermal energy conversion (OTEC). For OTEC, we 

have not yet decided on a specific partner. 

 

Electric boats 

 In Palau, it will not be easy to transition to slow sailing (to reduce battery consumption) because people want to speed at 

sea and dive spots are far away. 

 Installing CIGS flexible solar on cruisers and yachts is a good idea because it can shut down the engine while at anchor. 

 

Offshore Solar Power 

 Palau is not as densely populated as the Maldives and has more land available, so the need for the offshore solar power 

may not be as great. 
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 The Palau Network of Marine Protected Areas (PAN) 33 has outpost offices in various locations adjacent to protected 

areas, so there may be a need for offshore solar power to supply electricity to the offices. 

 

  

 

33 Palau Protected Area Network: https://www.palaugov.pw/executive-branch/ministries/natural-resources/protected-areas-network/ 
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Meeting record (Yamaha Motor Co., Ltd.) 

Date/time: January 26, 2022, 14:00 - 15:15 

Location: Zoom (online) 

Participants: Kazuyuki Kitajima, Marine business unit, Yamaha Motor Co. Ltd.  

           Atsushi Watanabe, Ocean Policy Research Institute, Sasakawa Peace Foundation 

Kohei Hibino, Institute for Global Environmental Strategies 

 

In order to explore the possibility of decarbonisation in the marine sector in Palau, interviews were held on the trends of 

electric outboard motors and the issues of introducing them to island countries. 

 

Yamaha Motor's electric outboard motors 

 Yamaha Motor has begun accepting orders for its next-generation HARMO electric outboard boat control system34 for 

the European market. This model uses a rim drive system that is more efficient than conventional propeller-driven 

systems, and is suitable for navigating at a slow speed of about 10 km/h in quiet inland waters such as canals. 

 As the No. 1 brand in reliability when it comes to electric outboard motors, it is aiming to create differentiated products 

that are unique to Yamaha Motor, and HARMO is part of that effort. 

 The small outboard electric motor35 is used for auxiliary steering of fishing boats and fishing boats. 

 

Development status and international trends of electric outboard motors 

 As part of its efforts to address climate change, Yamaha Motor is studying outboard motor models powered by renewable 

energy sources, including electric models and the use of "e-fuel," a synthetic fuel that uses hydrogen or hydrogen derived 

from renewable energy sources, with the aim of shifting to models powered by such renewable energy sources for 

approximately 80% of its fleet by 205036. 

 Yamaha Motor is not ruling out the possibility of converting internal combustion engines to hydrogen engines and FCVs 

(fuel cell vehicles), but it is a prerequisite that the hydrogen infrastructure be developed and that hydrogen itself be 

derived from renewable energy sources. e-fuel is technically established, but the cost of producing fuel is an issue. 

 Since ships are moored for relatively long periods of time, the installation of solar panels may be beneficial in areas 

where there is sufficient sunlight and under conditions where ships sail slowly like HARMO. However, if the ship were 

to sail at speed, the solar panels would be quickly consumed, so for now they are limited to supplementary uses. 

 The state of California, which is considered to have the strictest power engine regulations in the world, has announced 

(but not finalized) a guideline37 that all outboard motors with an output of less than 19 kW must be converted to electric 

power within a certain transition period starting in 2029. We are keeping a close eye on that trend. 

 

34 HARMO: https://global.yamaha-motor.com/jp/news/2021/0915/harmo.html 

35 Small outboard electric motor: https://www.yamaha-motor.co.jp/marine/lineup/outboard/marinemotor/ 

36 Integrated Report 2021: https://global.yamaha-motor.com/jp/ir/integrated-report/integrated2021/ 

37 2020 Mobile Source Strategy (California): https://ww2.arb.ca.gov/resources/documents/2020-mobile-source-strategy 
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Conditions, issues, etc. for introducing electric outboard motors to developing countries such as Palau 

 Electric outboard motors will be introduced sequentially from countries and regions where the following two conditions 

are met: (1) where renewable energy power supply infrastructure is in place, and (2) where the operating environment is 

in place. As for (1), it is meaningless if the electricity itself is generated from fossil fuels, so the infrastructure for 

renewable energy sources must be widespread. As for point (2), unlike cars, ships have a high resistance to wave 

formation, so if they navigate in wavy waters or at high speed, their batteries will quickly run out. Based on the current 

performance and cost of batteries, a large number of batteries will need to be loaded for use at sea, where higher reliability 

is required than on land, and depending on the balance between the size of the boat and the intended use, the number of 

practical applications will be limited.  

 Even in developing countries, if these conditions are met, the deployment of electric models can be considered. Also, if 

there are opportunities such as demonstration projects to introduce them on a trial basis, it is possible to consider them. 

 It is understood that Palau has a large share of the market for Yamaha outboard motors, but even so, the absolute size of 

the market is so small that it is not a high priority market. 
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Meeting record (IGUAZU Corporation) 

Date/time: January 19, 2022, 14:00-15:45 

Location: Zoom (online) 

Participants: Manabu Kumada, MOTTA Sales Department, Business IGUAZU Corporation 

Reo Ominato, Idemitsu Energy Solutions 

    Kohei Hibino, Institute for Global Environmental Strategies 

 

Since storage batteries are indispensable for promoting the introduction of renewable energy on remote inhabited 

islands in Palau, an interview was held on the possibility of reconditioning lead-acid batteries instead of lithium-ion batteries, 

which are expensive and difficult to recycle. 

 

Organization and Business Structure  

 The lead-acid battery reconditioning technology (SOTO LAB®) is a patented technology developed by Reconsulting 

and an exclusive sales contract for lead-acid battery reconditioning equipment (SOTO WW1) and testing equipment 

(SOTO EV2) was signed with IGUAZU Corporation (December 2016). IGUAZU Corporation provides MOTTA, a 

forklift battery reconditioning service that utilizes the said equipment. 

 Idemitsu Energy Solutions partners with IGUAZU Corporation to start demonstration tests of "ReBS", a low-cost energy 

storage solution that uses recycled lead-acid batteries (April 2021). 

 The domestic business in Japan in Reconsulting has been transferred to IGUAZU Corporation, but the overseas business 

continues to be conducted by Reconsulting. MOTTA and ReBS are both targeted at the domestic market in Japan. 

 

Reconditioning technology for lead-acid batteries 

 There are two types of deterioration in lead-acid batteries: structural deterioration and deterioration caused by sulfation 

(crystallization of lead sulfate) of the electrodes. Structural deterioration cannot be regenerated, but sulfation 

deterioration can be regenerated by decomposing the crystals. 

 The reconditioning time depends on the degree of degradation, and may take only a couple of hours, or close to 10 hours 

in some cases. 

 The number of times the battery can be reconditioned can be repeated if only from the perspective of recovering from 

sulfation degradation. However, in consideration of the deterioration of the battery structure (safety), the number of times 

it can be reconditioned is limited to less than its capacity. 

 In Japan, the number of times it is reconditioned is limited to once for quality assurance purposes. In overseas cell phone 

base stations, the battery is reconditioned about twice. 

 Image of the cycle when a battery is reclaimed twice overseas: Since the life cycle of a new battery is usually about 2 

years, the first reconditioning is done 2 years after the purchase of the new battery, and the second reconditioning is done 

1.5 years after that. After another 1.5 years of use, the life cycle is completed (=> the battery is then collected and refined 

for material recycling). 

 Reconditioning technology can be used for a wide variety of lead-acid batteries. However, due to concerns about 

structural deterioration, care must be taken with batteries made in China, which have a weak structure. Batteries made 
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in Japan are safe. 

 There is no need to worry about the safety of the reconditioning process (e.g., harm from lead) in developing countries 

if the proper procedures are followed. It is already in operation in several developing countries. However, care must be 

taken to ensure that batteries that have been reconditioned are not illegally dumped. 

 MOTTA has received two types of certification (EcoLeaf "Type III" Environmental Declaration (EPD) and Carbon 

Footprint (CFP)) under the EcoLeaf environmental labelling program operated by the Sustainable Management 

Promotion Organization (SuMPO). 

 

Overseas business development (backup power supply for mobile phone base stations) 

 In Myanmar, Azerbaijan, Georgia, Cyprus and other countries, reconditioned lead-acid batteries are being used as backup 

power sources for cell phone base stations. In these countries, the grid power supply is unstable and power outages are 

common, so there is demand for cell phone base stations to have backup power. 

 A local subsidiary has also been established in Indonesia (in Bandung). In Indonesia, due to local regulations, the main 

purpose is not mobile base stations, but backup power for AI's data centre. 

 These mobile base stations recondition batteries in the order of 3,000 to 4,000 per month. Compared to renewing new 

batteries every two years, this is a huge cost savings. 

 Because the reconditioning process uses electricity, it must be in a location with a certain amount of stable power. For 

this reason, even in these countries, reconditioning sites are chosen in urban areas where grid power is relatively stable 

(reconditioning of renewable energy using solar power is also theoretically possible). 

 

Overseas business development (small unit independent power supply) 

 Currently, we are considering a service to provide independent power sources (on a scale of two to three households) in 

small units that combine recycled lead-acid batteries and used solar panels for un-electrified areas in developing countries. 

Instalment sales (PPA) are envisioned to eliminate the initial cost burden. 

 High quality Japanese-made storage batteries will be reconditioned and used. 

 The independent power supply for the small unit is intended to be installed in Africa. We are assuming countries that we 

have connections between investors and local telecom companies in places like Cote d'Ivoire and Ghana, but we are not 

particular about where those conditions exist. 

 The independent power supply of the small unit can take power generation logs, so monitoring of electricity usage is 

possible (possibility of applying for JCM Model Project may also be considered). 

 In many countries in Africa and elsewhere, Chinese battery manufacturers are currently operating a business in which 

they bring used batteries back to China for refining and exporting as new batteries (not reconditioning). This business 

model has a short battery life cycle and little local benefit. 

 We are preparing to announce the outline of the independent power supply for small units in early February 2022.  
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Meeting record (Palau Environmental Quality Protection Board) 

Date/time: February 24, 2022, 10:00-11:00 a.m. 

Location: Zoom (online) 

Participants: Palau Environmental Quality Protection Board (EQPB):  

Kimie Ngirchechol, Olkeriil Yaoch, Darwin Florencio, Bernie Besebes, Rebecca 

Schuster 

Kohei Hibino, Institute for Global Environmental Strategies 

 

In order to study the possibility of reconditioning lead-acid batteries in Palau, an interview was held with EQPB, 

which is responsible for the management of hazardous waste such as batteries. 

 

Current status of lead-acid batteries 

 In Palau, the demand for lead-acid batteries is great because of the large number of vehicles and boats (each person owns 

several) in spite of the small population. 

 New lead-acid batteries are also imported, but because of the high cost of Japanese and U.S.-made lead-acid batteries, 

many people buy less expensive third-hand products. 

 A regular cargo ship (operated by Kyowa Shipping Co., Ltd.) makes a port call once a month, and as approximately 30 

used vehicles are usually imported at a time, the used lead-acid batteries installed in these vehicles also come in. 

 

Status of recovery and recycling of lead-acid batteries 

 EQPB regulations stipulate that hazardous wastes such as batteries must be collected and properly disposed of. 

 In order to facilitate the collection of lead-acid batteries, the EQPB has set up a collection point for used batteries at M-

Dock and offers a guarantee that the batteries will be taken back for a valuable price. In the past, the cost was $1 per 

battery regardless of size or condition, but now they are being collected for $2. The price is the same for taking them to 

other scrap dealers. 

 Because used lead-acid batteries are guaranteed to be taken by valuable price, few people dump them illegally, and it is 

believed that most of them are being collected. 

 Collected lead-acid batteries are recycled in the countries to which they are exported. 

 Since lead-acid batteries contain hazardous liquids, packaging regulations are in place to ensure safety during 

transportation. There is also a limit to the amount of lead-acid batteries that can be exported due to the limited number 

of containers that can be allocated for each export. 

 

Interest in the reconditioning of lead-acid batteries, etc. 

 There is interest in lead-acid battery reconditioning technology from the perspective of promoting appropriate hazardous 

waste disposal. 

 Further study is needed on the safety, cost, number of times the batteries can be reconditioned, and criteria for judging 

structural deterioration when reconditioning is carried out. 
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➢ It was explained that safety is not a problem as long as the appropriate procedures are followed since no liquid is 

taken out. 

 Once the effectiveness of the lead-acid battery recycling technology and the possibility of introducing it have been 

confirmed, regulations can be created to encourage reconditioning (for example, regulating the types of storage batteries 

that can be recycled). 

 An interest in the recycling of dry cell batteries was also expressed. 
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Meeting record (Tokyo Century Corporation) 

Date/time: January 18, 2021, 10:00-11:00 a.m. 

Location: Zoom (online) 

Participants: Tokyo Century Corporation: Aoki, Hirai, Yasufuku, Harada 

           Kitakyushu City: Arita, Nagahara, Yamane, Mori 

           ATGREEN Co. Ltd.: Tominaga 

           IGES: Hibino 

 

One of the issues in Palau is that it is difficult to structure financing for JCM projects because the local companies 

are small and their payment capacity is generally low, and Japanese financial institutions do not have a presence in the 

country. Therefore, we interviewed Tokyo Century Corporation, which has a wealth of experience in JCM Model Projects 

and JCM Eco Lease Scheme, about the possibilities and issues of cross-border instalment sales, loans, and other forms of 

financing. 

 

Cross-border deferred payment to a Japanese company 

 It would be possible to make deferred payments to the Japanese parent company. As a financial institution, it is difficult 

to take risks in project finance from a technical point of view, but we can take corporate risks for the Japanese parent 

company. 

 If the Japanese parent company has the money, there would be no need for a financial institution to stand in as the 

representative business operator. 

 If the counterparty to the deferred payment is a large Japanese company with local subsidiaries and affiliates, it would 

be safe, and it would be possible to structure a JCM Model Project through the way the roles are shared. 

 

Cross-border deferred payment with local companies 

 It is possible to make cross-border deferred payments in dollars, but the issue is whether or not you can get credit from 

local companies (state-owned companies). 

 In Japan, government agencies (such as state-owned companies) have the highest credit rating, but in overseas 

(especially developing countries), the opposite may be true. Also, banks may not want to do business with state-owned 

companies because they may not have money or may be selfish. 

 

Lease or deferred payment 

 Cross-border leasing is not impossible, but it has few advantages because it often has many negative effects, such as 

needing permission from the central bank in some countries, withholding tax on the whole thing, or needing to return 

the equipment to Japan after the lease period (e.g. Vietnam). 

 If you want to do cross-border, a loan or deferred payment trade is better. This is a method of selling the equipment in 

instalments by removing the ownership of the equipment (handing it over to the local owner), and can be handled in 

places where foreign currency remittance is possible. 
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 For example, in Vietnam, there are cases where equipment was purchased in Japan (by a financial institution) and then 

sent to the local market for instalment sales (cross-border deferred payment trade). 

 It is important to note that some countries have strict foreign currency regulations. In the case of Palau, there is no 

problem because the US dollar is in circulation. 

 

Needs for financial institutions 

 There is a need for companies that have no experience in JCM or are struggling with the administrative work of JCM 

to have us handle the administrative work (scheme management) on their behalf. 

 There are a number of companies and consultants that we know of that are interested in being representative business 

operator, so we can introduce (share information with) such companies depending on the content and location of the 

project. 

 It is important to have sufficient knowledge of new technologies, as various projects come in through overseas alliance 

partners. Otherwise, it is impossible to take risks. 

 

Others 

 As there were some issues with conventional JCM financing, we helped the Ministry of the Environment to establish a 

system to introduce leasing (2017) and cross-border deferred payment (2019) in JCM. 

 We have been involved in 10 JCM Model Projects overseas so far, and it is sometimes difficult to deal with 

counterparts from overseas. 

 When individual projects take shape in the future, we will be able to consult with them if there are any issues with 

financing. 
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