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Executive Summary 

Renewable energy technologies (hereafter termed “RET”) are becoming more feasible for use in 

remote areas because of decreasing equipment costs and uncertainties regarding the supply and 

price for fossil fuel alternatives. For example, remote areas that once had no option other than 

producing electricity from burning imported oil now can consider wind, solar, hydro, and 

biomass as renewable energy and indigenous energy sources. RETs can reduce carbon dioxide 

and other air pollutant emissions in addition to improving local energy security. Installing RETs 

in an energy system has a potential to improve the lives of residents in remote communities by 

providing technology-based employment and the potential for sustainable development through 

complementary industries. There remain many technical, social, economic, and logistical barriers 

to RET implementation. Some issues are similar in any location, some factors are specific to 

remote areas, and still other elements may be completely site-specific. 

 

Faculty members from three Japanese universities (Doshisha University, Kyushu University, and 

Hiroshima University) and the LBJ School of Public Affairs of The University of Texas at 

Austin (UT) co-taught a course entitled “Renewable Energy Technology for Development in a 

Remote Area: Oki Islands, Japan.” Professor Takashi Okamoto, Ph.D., of the Graduate School 

for International Development and Cooperation (IDEC) of Hiroshima University (HU) 

coordinated the course. The 34 students and 12 faculty worked with Oki Island (Oki) community 

leaders from the four municipalities as well as staff from Chugoku Electric Power Company 

(hereafter Chugoku), the regional electric utility, to discuss the feasibility of renewable energy—

solar, wind, water, hydro, biomass, and energy storage—for Oki. 

The Oki Islands include four inhabited islands surrounded by a ring archipelago lagoon 

approximately 24 miles north of the Honshu Coast, part of Shimane Prefecture in Japan’s 

Chugoku Region. During the week of August 17-21, 2015, the students gathered on Oki to attend 

lectures on the islands’ sustainability issues, such as the regional decline in population, 

transportation and economic activity, the cost and environmental issues associated with power 

generation from burning heavy oil, Oki’s eco-tourism potential as a Japanese Geopark, and the 

Oki’s role as a Japanese border community. The students visited sites for processing of biomass 

waste, the heavy oil-fired power plant, the electrical storage facilities, and a site where a future 

windmill will be installed for power generation. During this week the students also visited 

Duogo waste management facilities and observed processes for treatment of solid waste and 

wastewater. The students divided themselves into groups of four to five people to investigate 

how to improve job creation, energy security, and community participation within the Oki 

Islands. On Oki the students developed ideas that could contribute to a feasibility report for 

Chugoku, the local electric company, on whether to consider RET as part of Japan’s initiative for 

reducing carbon emissions. 

The report assesses the feasibility of replacing through diverse renewable energy sources and 

supplemental electrical energy storage a portion of the energy now produced on Oki from two 

heavy oil-fired power plants. The report builds upon a memoranda developed by the 34 students 

in nine groups investigating diverse renewable energy topics during field research on the Oki 



 xx 

Islands during August 2015. Twelve UT students conducted substantial supplemental research 

and drafted this report during the fall 2015 semester to refine and augment recommendations. 

The UT students also shot and edited a documentary video about their experiences. 

This report recommends that the citizens of the Oki Islands and the Chugoku Electric Power 

Company consider investing in wind, solar, biomass, and micro-hydro sources, along with 

energy storage, to provide Oki’s baseload electricity, allowing existing oil-fired power plants to 

remain as a backup source for electrical power generation. Survey results suggest that a majority 

of Oki inhabitants would support an energy grid powered by renewable energy, although they are 

skeptical of RET installations on personal property. 

Oki could develop centralized wind energy generation on Dogo, the main island of Oki, to 

provide the baseload annual electricity demand on the islands. The analysis below indicates that 

sufficient energy resources would require a minimum of 32 and a maximum of 34 wind turbines, 

each with 2 MW capacity, similar to the scale of the proposed Ama Wind Power Station on 

Dogo. Residential adoption of solar photovoltaic installations on homes could increase system 

reliability. If Oki or Chugoku were to invest to expand the existing hybrid battery system, its 

storage could supplement electricity during times of renewable energy intermittency or spikes in 

demand. Oki and Chugoku ought to retain the existing oil-fired power plants as sources of 

electricity generation for periods when renewable energy sources are not sufficient.  This three-

tiered system of energy provision (renewables, batteries, and oil-fired generation) will increase 

the redundancy and reliability of the current energy infrastructure on Oki, so that the system 

could accommodate both current and future energy demands with a substantial margin of safety. 

Oki could create a Renewable Energy Technology Center to serve as an educational institution 

and research laboratory to demonstrate the success of renewable energy efforts for other remote 

areas and Japanese municipalities. Oki could benefit from a campaign throughout Japan of public 

information and engagement to spur eco-tourism activity on the islands. Oki’s status as a 

National Geopark can be leveraged to promote a sustainable and engaging visiting experience for 

tourists. Oki ought to develop an education campaign to promote renewable energy 

implementation to address some citizen misconceptions regarding RET.  

As this report only seeks to identify renewable energy opportunities for Oki Islands leaders or 

the Chugoku Electric Power Company, those professionals are in the best position to evaluate 

independently available renewable energy resources. Future research in Oki could include data 

collection of hourly or daily data on wind speed and irradiance, the local potential for geothermal 

heat temperatures, island topography, and flows in small streams to identify sites for RET 

deployment. Both the Oki Island government and the Shimane Prefectural Energy Company 

have independently reviewed the preliminary results of this study. They have provided letters of 

assessment that appear as Appendices A and B at the end of this report. 

 



 1 

Chapter 1.  Overview of Renewable Energy on the Oki Islands 

The Oki Islands of Japan (Oki) include Dogo, a round-shaped island, and three small inhabited 

islands in the Dozen district (Nishinoshima, Nakanoshima and Chiburi), which are part of a 38-

island ring archipelago 40 kilometers (24 miles) north of Japan’s Honshu coast in the Shimane 

Prefecture. Oki’s population of approximately 20,493 has decreased 53 percent since 1955.
1
 The 

islands’ traditional businesses of fishing, forestry, agriculture, and tourism have declined. 

Economic interactions with mainland Japan via boat have fallen as the inhabited islands are 

becoming more isolated. The Oki District would prefer to maintain a healthy population size to 

support local livelihoods and Oki residents wish to protect their natural environment and 

preserve the unique culture and geological history of the islands. 

There are abundant local renewable energy sources, such as wind, sun, falling water, and 

biomass. As of 2015 most of the Oki’s electricity is generated by heavy fuel oil imported to the 

islands and subsidized by the prefectural Shimane and Japanese governments. Renewable energy 

sources constitute less than 15 percent of the current total energy supply. The Chugoku Electric 

Power Company (hereafter Chugoku) recently invested in an experimental hybrid battery storage 

system to increase security and efficiency for storing and regulating the electrical grid.
2
 Battery 

storage, combined with a number of renewable energy sites around the islands, creates a 

potential for reducing Oki’s dependence on imported oil and increasing the availability of 

electricity across the islands. 

The Oki Islands have four seasons, with cool summers, warm winters, and an annual average 

temperature of 14.3 degrees Celsius.
3
 This mild climate is due to the Tsushima warm current 

flowing around the islands. The land on the island includes forests and mountains (88.2 percent 

of the land area), followed by agriculture land (5.9 percent), roads (1.8 percent), and residential 

areas (1.5 person).
4
 Japan and UNESCO have designated Oki as a National Geopark due to its 

natural beauty, unique geophysical conditions, and geographical significance.
5
 

The Oki Islands’ population has been decreasing for decades. While Japan’s total population 

increased by 40 percent from 1955 to 2014, the number of persons living on Oki has fallen by 

over 50 percent during that period.
6
 The population is also aging; the residents 65 years old or 

older accounted for 16 percent of total population in 1965, while the fraction of elderly increased 

to 36 percent by 2010.
7
 The Oki Islands’ working-age population, people aged 15 to 64, was 54.5 

percent of the total population in 2010, a decrease from 63.8 percent in 1975. The ratio of male 

to female was 48:52 in 2010.
8
 

The Oki Islands’ economy has weakened due to its decreasing and aging population and the 

comparative disadvantage of primary, resource-based industries distant from the Japanese main 

island. In 2009, Oki’s gross regional product was 75 billion yen (US $750 million), a decrease of 

25 percent from 1999.
9
 Tertiary industries contributed 79.3 percent of total production in Oki, 

followed by secondary industries (15.1 percent) and primary industries.
10

 From 1999 to 2009, the 

volume of public works fell, so secondary industry firms also declined. In 1975, the primary 

industries (including fishery, forestry, and farming) accounted for 38.3 percent of total Oki 

employment; that fraction of employment fell to just 13.4 percent in 2010.
11 

Secondary and 
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tertiary industries continued to grow; in 2010, they accounted respectively for 17.0 percent and 

69.4 percent of total employment.
12

 The medical/welfare industry has become a major employer 

on Oki, accounting for 16.5 percent of total employment in 2010, followed by wholesale/retail 

industry (14.6 percent) and the construction sector (13.1 percent).
13

 Figure 1.1 illustrates the 

components of the Oki Islands’ regional economy.
14

 Figure 1.2 illustrates sources of employment 

on Oki.
15

 

Figure 1.1. Industrial Structure of Oki Region in 2009 

Source: Prefectural Bureau, Oki Branch of Shimane, “Oki Islands Development,” unpublished materials provided to 

program participants as a PowerPoint slide on August 18, 2015. 

Chugoku and its affiliated companies operate an Oki electrical power grid not connected to the 

national grid. The primary sources of electricity are two oil-fired power plants, the Kuroki plant 

on Dozen, and the Saigo plant on Dogo, inter-connected by a 22 kV submarine power cable, 

named the Saigo-Kuroki cable (see Figure 1.3).
16

 Kuroki’s plant can provide electricity of 7.38 

MW while the Saigo plant can produce electricity of 25.32 MW.
17

 Besides these two diesel 

plants, a number of renewable energy power plants have been installed on Oki. On Dogo, there is 

a 0.3 MW small hydroelectric dam, three 0.6 MW windmills, and a 0.1 MW hydroelectric run-

of-river hydroelectric facility.
18

 As illustrated in Figure 1.4, demand for electrical power on the 

Oki Islands falls between 10 and 22 MW, with a peak demand from 11:00 to 21:00 that can 

exceed 20 MW (see Figure 1.3).
19
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Figure 1.2 

Employment by Industry in Oki in 2010 

 

 

  

 

 

 

 

 

 

 

 

Source: Okinoshima, “Vision for Renewable Energy Promotion in Okinoshima” (2014)  (隠岐の島町, 

隠岐の島町再生可能エネルギー推進ビジョン, 2014). 

Figure 1.3 

Power Transmission on the Oki Islands 

 

 

 

 

 

 

 

 

Source: Chugoku Electric Power Co., Inc., “Trial Operation of a Prototype Hybrid Storage Battery System on the 

Oki Islands,” unpublished materials provided to program participants as a PowerPoint on August 18, 2015. 
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Figure 1.4 

Oki Islands’ Seasonal Demand for Electricity, 2012 

 

 

 

 

 

 

 

 

 

Source: Chugoku Electric Power Co., Inc., “Trial Operation of a Prototype Hybrid Storage Battery System on the 

Oki Islands,” unpublished materials provided to program participants on August 18, 2015. 

The Oki Islands have natural renewable energy sources that could self-generate sufficient 

electricity to meet all its needs. Table 1.1 lists Oki’s anticipated renewable energy potential and 

availability. There are far more solar photovoltaic, solar thermal, wind, biomass, and small 

hydroelectric sources than Oki residents are likely to use. Shimane Prefecture along with Japan’s 

New Energy and Industrial Technology Development Organization (NEDO) launched the 

Omineyama Wind Power Plant Construction Project in 2002, and initiated operation of a 1.8 

MW windmill in February 2004.
20

 Chugoku began trial operation in September 2015 of a 6.2 

MW prototype battery storage system.
21 

Private energy companies also participate in the Oki 

Islands’ energy market, as the Neonite Corporation is planning to build a 180 kW biomass power 

plant in Okinoshima sometime between 2016 to 2020.
22

 

The Oki Islands’ demographic and economic development challenges include a decreasing 

number of residents, an aging population, a dwindling birth rate, reduced economic activity, 

declining employment, and a reduction in the number of boat trips between the Japanese 

mainland and Oki. Transportation costs and oil prices contribute to Oki’s geographical 

disadvantage as remote islands. As most of the Islands’ electricity is generated from the two oil-

fired power plants, bad weather conditions, especially in winter time, can create energy supply 

reliability risks. 

The Shimane Prefecture and local Oki governments prefer to address these demographic and 

economic trends before the Oki Islands decline further. Investments in renewable energy sources 

could enable sustainable economic development, job creation, and population growth. 
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Table 1.1. Energy Consumption of Oki Islands in 2009 

 Unit: GJ Percentage Note 

Electricity 285,360 32.7% 79,266,451 kWh 

Petroleum fuel 

LPG 73,554 8.4% 901,588㎥ 

Kerosene 108,816 12.5% 2,965,001 ℓ 

Heavy oil 34,926 4.0% 893,239 ℓ 

Diesel 159,772 18.3% 4,237,999 ℓ 

Gasoline 196,943 22.6% 5,692,000 ℓ 

Jet fuel 9,601 1.1% 261,607 ℓ 

Vessel fuel 2,528 0.3% 64,665 ℓ 

Total 871,500 100% - 

Source: Okinoshima, “Vision for Renewable Energy Promotion in Okinoshima” (2014)  (隠岐の島町, 

隠岐の島町再生可能エネルギー推進ビジョン, 2014). 

Community Surveys 

The Okinoshima municipal government has twice asked different population samples of Oki 

residents for advice about a possible transition from fuel-oil to renewable energy sources. One 

result of the survey is that the people of the Oki Islands expressed a strong interest in stimulating 

economic development and job creation as well as preserving the quality of the diverse 

ecosystem that makes up the Oki Island Geopark, a UNESCO World Heritage site.
23

 Two 

analysts have written “greater use of renewable energy systems and energy efficiency provides 

economic benefits through job creation, while at the same time protecting the economy from 

political and economic risks associated with over-reliance on a limited suite of energy 

technologies and fuel.”
24

 Following the triple disaster in March 2011 of a 9.0 magnitude 

earthquake, a subsequent tsunami, and meltdown of three reactors at the Fukushima Daiichi 

nuclear power plant, Japan has an interest in transitioning its electrical grid to use more 

sustainable energy systems.
25

 

Outside of the Oki Islands some Japanese businesses and small farming operations have begun to 

use micro-grid distributed energy.
26

 Other developed nations are considering the feasibility of 

using 100 percent renewable energy in rural, low-income areas on isolated islands where there is 

strong political, public, and private support,
27

 as discussed in a subsection below. Those studies 

identified drivers and barriers to RET implementation in locations of “high historic, ecological, 

and tourist value.”
28

 

Japan has created policies to support sustainable development through its Remote Island 

Development Plan (RIDP), first implemented in 1953 and revised every 10 years.
29

 The most 

recent RIDP, enacted on April 1, 2014, included provisions concerning energy, job opportunities, 

and the natural environment.
30

 

In 2006 and again in 2013, the Okinoshima municipal government conducted surveys on 

awareness and acceptability of RET as a basis for developed policy.
31

 The Oki government 

collected information from 155 local residents, of whom 113 were surveyed. The Oki 

government also sought advice from 62 offices and government branches, of which 40 were 
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surveyed.
32

 The survey listed seven initial questions, a few follow-up questions, and a section for 

comments and recommendations; the following paragraphs report on survey results.
33

 

Residents were asked to identify where they live and their familiarity with different RETs, such 

as solar power, solar thermal, wind power, biomass power, biomass fuel, geothermal power, 

hydro power, and marine energy. Citizens were asked to choose an aspect of RET about which 

they wanted to know more. Such options included information on the benefits, costs, and risks of 

sources, how to use and purchase RET, as well as the electric utility’s aid and subsidy systems 

for renewable energy. Residents were asked about any personal experiences, such as whether 

they have or plan to have Oki RETs, including solar panels, solar water heaters, micro-wind 

power, wood stoves, and pellet stoves. If respondents indicated no interest in RETs, the survey 

asked them to indicate reasons for their disinterest. Residents were asked for advice on activities 

and policies that could promote RET.
34

 

The results of the survey revealed that residents support Oki energy self-sufficiency, especially 

through expanding solar and wind power. Some residents have reservations about residential 

RET options. Among the reasons cited for unwillingness to install residential RET include the 

cost of installation and maintenance, the old age of the resident without a successor, lack of 

knowledge, satisfaction with the status quo, concern for malfunction, and limited financial 

resources. Residents have concerns for employment opportunities both gained and lost in the 

implementation of new energy sources.
35

 The Oki citizens’ comments and concerns are 

understandable for a remote location with an aging population. Biomass energy using excess 

wood and solar energy were preferred RET sources. Biomass could also help revitalize the 

beautiful Japanese cedar forests found on the Oki Islands, whose preservation could benefit from 

thinning. Citizens also expressed an interest in promoting RET options as well as finance sources 

for RET-related industries.
36

 Community members wanted to know more about what new RET 

could mean for their day-to-day lives. A number of issues ought to be considered in any follow-

up survey or strategic planning meeting. 

What would happen if the Oki Islands decided to substitute renewable energy as a base 

electricity source to replace the existing heavy oil-fired power plants? Transitioning to different 

fuel sources in a remote, ecologically sensitive location brings with it a host of potential benefits 

and risks. Clean, renewable, and reliable RET could facilitate sustainable development and 

reallocate funds used previously to purchase traditional fossil fuels to other sectors. Conversely, 

poor RET choices deployed without a thorough plan could disrupt island life. Question 7 (Q7) of 

the survey asked residents about activities or policies that could promote RET. The question did 

not connect RET to tourism, which is a priority of the Oki government. Japan’s designation of 

the Oki Islands in 2013 as a Geopark indicates how the community can organize to protect and 

promote natural resources.
37

 Renewable energy sources could encourage people to come to the 

islands through ecotourism, a growing trend. The Oki Tourism Association or an alternate 

consortium could consider developing a plan to enable ecotourism up to limits to retain local 

residents’ culture and ease of life on the island. The survey did not ask whether the Oki Islands’ 

government leadership met with citizens about ecotourism outside of the Geopark designation 

process. A municipal worker in Goka indicated that residents were not familiar with any tourism 

plan.
38

 Public meetings could inform residents about Japan’s Remote Island Development Plan 

and its potential for Oki. 
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The Oki Islands’ current energy industry is built around imported heavy oil, so any shift to 

renewable sources could affect local employment. Implicit in any change in energy source would 

be a change in the labor and maintenance skills to manage it. How many jobs would be lost if the 

existing power plants served as a backup source rather than a base source for electricity? How 

many jobs would be created by investment in RET? How could the local utility train a work 

force with the appropriate technical skills? Such a conversion could enable possible employment 

and job training for a younger generation, to encourage young people to stay or invite youth 

migration from the mainland. 

Samsø Island and Hawaii Cases 

There are international examples where islands have sought energy self-sufficiency through 

renewable energy replacement. Two cases, Samsø Island, Denmark, and Hawaii in the USA, are 

discussed below. 

Samsø is a Danish island located in the Kattegat strait, 15 kilometers east off the Jutland 

Peninsula. It has an area of 114 square kilometers and its population is about 4,000. In November 

1997, Samsø was designated as Renewable Energy Island after winning a national competition to 

become a model renewable energy community.
39

 The project Samsø Renewable Energy Island 

was launched the same year targeting 100 percent renewable energy in ten years. The Samsø 

Renewable Energy Project includes 21 wind turbines, four district heating installations running 

on straw, Samsø Energy Academy, and privately-owned renewable geothermal and solar heating 

energy facilities; in total, DKK 368 million were invested on this project and annual energy 

imports avoided were estimated at DKK 24 million.
40

 

Of 21 wind turbines installed, 11 are 1 MW onshore wind turbines and ten are 2.3 MW offshore 

wind turbines. Their total annual generation is 105,500 MWh (77,500 MWh from 10 offshore 

wind turbines and 28,000 MWh from 11 onshore wind turbines),
41

 which exceeds the Samsø 

Island’s total annual electricity consumption of 29,000 MWh.
42

 Since 2003, when offshore wind 

turbines began operation, Samsø has been energy independent and started exporting surplus 

electricity to the mainland; should any local generation shortfalls occur, Samsø can import 

energy from the mainland. There are four district heating plants on Samsø, three of which are 

straw-fired plants and one is a woodchip-fired/solar thermal plant.
43

 As of 2005, 65 percent of 

heat production on Samsø comes from these renewable energy sources.
44

 

As part of the Samsø Renewable Energy Project, Samsø Energy Academy opened in May 2007. 

It provides free consultation to local residents on renewable energy in an effort to raise public 

awareness and enhance community engagement. This center also serves as a convention center 

for international meetings and visitors can see an exhibition on the Samsø Island’s effort to 

become the first energy-independent island. Furthermore, Samsø has become an eco-tourism 

draw—there are about 500,000 overnight bookings annually and this number is increasing.
45

 

Hawaii is the state in the U.S. most dependent on fossil fuel and as late as 2013 oil accounted for 

70 percent of its electricity generation, followed by coal (14 percent) and wind (5 percent). Its oil 

dependence makes Hawaii vulnerable to oil price fluctuation and its availability. For example, 

Hawaii’s average electricity price (US $0.34) is three times higher than the U.S. average (US 

$0.10).
46

 In an effort to reduce dependence on imported oil and pursue an energy-independent 
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future, Hawaii launched a Clean Energy Initiative in 2008. In September 2014, the State of 

Hawaii and U.S. Department of Energy reaffirmed a commitment to the initiative.
47

 

The goal of the Hawaii Clean Energy Initiative is to achieve 100 percent renewable energy 

generation by 2045. The recently enacted measure House Bill 623 supports this initiative by 

identifying a renewable portfolio standard for each target year: 30 percent by 2020, 70 percent by 

2040, and 100 percent by 2045.
48

 There are two objectives in this initiative, energy conservation 

and conversion. Hawaii now offers 29 state incentives/policies to encourage renewable energy 

and efficiency, including a feed-in-tariff and net energy metering.
49

 

Hawaii is estimated to have reached grid parity owing to high electricity cost, which benefits the 

transition to renewable energy.
50

 In 2012 alone, 12,561 distributed renewable energy systems 

with a total capacity of 79 MW were installed. This effort also contributed to its economy by 

creating 11,000 green jobs.
51

 The total renewable energy generation increased from 978 GWh in 

2008 to 1,913.6 GWh in 2014, accounting for 21.3 percent of Hawaii’s total electricity 

generation.
52

 This upward trend is likely to continue with government support and Hawaii’s high 

electricity cost. 

Renewable Energy Options for the Oki Islands 

The Samsø Island and Hawaii cases illustrate how an island can seek to become self-sufficient in 

renewable energy if natural conditions are appropriate and if citizens are willing to invest to 

achieve sustainability goals. Given that heavy oil is the fuel for most of Oki’s electrical energy, it 

is worthwhile to examine whether there is a physical and fiscal rationale for Oki Island to invest 

in RET to produce electricity. 

This section introduces RET options that could be considered for generation of electricity or heat 

on the Oki Islands. These technologies include biomass and biogas, micro-hydro, geothermal, 

on-shore and offshore wind, and solar. This section explains, analyzes and posits the case for 

each RET for Oki. Different parameters are taken into consideration: cost, available area, 

availability of the primary source, and opportunities for each technology. Table 1.2 lists some of 

the renewable energy options available in Oki, and Table 1.3 lists cost estimates for some of 

these technologies. Due to limited information available to study participants, only a few 

renewable energy options are assessed in the remainder of the report; other topics such as 

geothermal or tidal power are beyond the scope of this report. 

Table 1.2. Available Renewable Energy in Oki Islands 

Energy Source Unit: GJ/year Note 

Solar PV 243,231 67,564,018 kWh/year 

Solar Thermal 58,476 - 

Wind 2,439,117 677,532,583 kWh/year 

Biomass 66,129 9,362 t/year 

Small Hydro 3,443 956,322 kWh/year 

Source: Okinoshima, Vision for Renewable Energy Promotion in Okinoshima, 2014 (隠岐の島町, 

隠岐の島町再生可能エネルギー推進ビジョン, 2014). 
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Table 1.3. Costs of Renewable Energy Technologies 

Type 
Life 

(years) 

Specific Capital Cost 

($/kW/year) 

Fixed Operating 

Cost ($/kW/year) 

Variable Operating 

Cost (cent/kWh) 

Photovoltaic 20 5000 12.86 0 

Wind 20 2000 50.02 0 

Biomass 20 47,486 589.43 1.63 

Geothermal 20 1800 0 0 

Source: Chugoku Electric Power Co., Inc., “Trial Operation of a Prototype Hybrid Storage Battery System on the 

Oki Islands,” unpublished information provided to project participants on August 18, 2015. 

Biomass is a fuel for energy generation derived from organic matter from animals and plants, 

such as wood chips, mulch, sewage, and manure. Plant biomass is degraded from cellulose to 

glucose through a series of chemical treatments prior to use as biofuel.
53

 While burning biomass 

energy releases carbon dioxide, growing biomass absorbs it, so that on balance the carbon 

footprint for biomass resources could be low to carbon-neutral, depending on the biomass fuel. 

Biomass sources on Oki are abundant and renewable since they come from living organisms on 

earth. Biomass energy is versatile, as diverse organic matter can be used to create different fuel 

products. For example, biomass derived from municipal solid waste or animal matter can be 

converted to methane gas, ethanol, or biodiesel. Burning garbage from landfill waste is 

considered another source of energy.
54

 New biomass research is considering algae as a source to 

produce biodiesel. When compared to fossil fuels, biomass is relatively inefficient (see Table 

1.3) as it is a combustion driver process. Methane gas is a greenhouse gas. Since biomass 

facilities require land and burn waste to produce fuel, combustion of biomass produces air 

pollution. Conversion inefficiencies, high water content, and storage, technical and logistical 

issues are considered as disadvantages for this technology. 

Biogas is produced via anaerobic digestion or fermentation through the breakdown of organic 

materials, such as agricultural waste, manure, municipal waste, sewage, plant material, or food 

waste. Biogas is composed primarily of methane, carbon dioxide, and hydrogen sulfide. When 

combusted or oxidized, energy is released and can be harnessed for heating, electricity, or 

engines. In landfills, anaerobic microbes decompose wet organic waste and produce landfill 

gases, such as methane and nitrous oxide, that can be captured. If uncontained, landfill gases that 

escape into the atmosphere can contribute to smog. The methane that a landfill produces is a 

potent greenhouse gas (GHG); the U.S. Environmental Protection Agency estimates that 

methane’s comparative impact on climate change is 25 times greater gram for gram than carbon 

dioxide over a 100-year period.
55

 Rural areas can harness biogas and use generation plants for 

power production.
56

 Biogas has characteristics similar to natural gas, with an additional risk from 

hydrogen sulfide’s toxicity and the fact that biogas can be explosive if it comes in contact with a 

rich oxygen atmosphere.
57

 Negative pressure from leakage in a biogas system could also cause 

an explosion. Biogas contains impurities even after refining; after compression, these impurities 

can corrode or damage equipment. 

Micro-hydro power refers to small-scale hydroelectric technologies that can produce anywhere 

from 5 kW to 100 kW of hydroelectric power using the natural downstream flow of water. 

Installations can be particularly useful for isolated communities where there is water flow and 

can connect to networks or solar photovoltaic power systems. Year-round water flow from 
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natural streams, rivers, or waterfalls can enable a micro-hydro plant to run successfully.
58

 A 

micro-hydro power plant can be relatively inexpensive, efficient, reliable, and cost-effective, 

while also being flexible and adaptable to different environments. Electricity generated from 

micro-hydro can be stored in batteries. One of the challenges on Oki for micro-hydro power is 

that some of the streams do not flow continuously and cannot assure a reliable water supply for 

micro-hydro systems. Since waterpower is reliant on the quantity and velocity of water, small 

mountainous islands like Oki with seasonally fluctuating flow can be unreliable or relatively 

costly as hydropower sites. Other challenges include distribution and transmission based on the 

distance separating the source of power to site of use. 

On-shore wind refers to the capture of natural wind power from the atmosphere by wind 

turbines that can harness kinetic energy from wind using rotating blades, which then spin a shaft 

and connect to a generator that converts the kinetic energy into electricity.
59

 On average, a wind 

turbine requires a wind speed of 14 mph to convert wind energy into electricity. This is highly 

favorable for rural areas where many of the best wind sites are located.
60

 As higher wind speeds 

can damage turbines, most turbines are equipped with protective features that can cease blade 

rotation. On-shore wind has become a relatively inexpensive source of energy, now costing 

between four to six U.S. cents per kilowatt-hour in the U.S.
61

 Different-sized turbines can 

generate anywhere from 10kW to 7.5 MW of power.
62

 Single small turbines can generally be 

used onsite for homes, telecommunication dishes, water pumping, or in connection to diesel 

generators, batteries, and photovoltaic systems. Commercial onsite wind turbines with wind 

towers can exceed 200 feet and some utility scale turbines have rotors measuring over 250 feet in 

diameter.
63

 As technology advances, there will be newer installations able to operate over a wide 

range of wind speeds that can produce electricity during more diverse conditions of the year. For 

example, in 2014, windmills in the U.S. generated electricity during approximately 34 percent of 

the year.
64 

There are disadvantages of on-shore wind, including the inconsistency and variability of wind 

speed, noise and aesthetic pollution, as well as the impact on wildlife and the surrounding 

environment. Because wind power can vary by season, day, or even hour, turbines are designed 

for particular regions that receive enough wind to generate yearlong power. Areas that are not 

coastal or hilly may have difficulty harnessing wind power, which would lead to grid stability 

issues.
65

 

Offshore wind utilizes reliable, strong winds and flat seascape of the oceans to collect power. 

Turbines built offshore can be larger than on-shore facilities without causing acoustic disruptions 

to people. Offshore wind energy is more expensive than its conventional landside counterpart 

due to the added costs in construction, maintenance, and power transmission. There are two 

types of offshore wind turbines: fixed and floating. Fixed turbines are conventional wind 

turbines, anchored to the seabed instead of land. Fixed turbines cannot be built in very deep 

waters. Floating turbines can be moored even in deep water. Despite its benefits, offshore wind 

power is considered too expensive to be competitive with other renewable resources.
66

 

Geothermal produces heat or energy generated by the internal heat of the Earth. One approach is 

to pipe water flow through fissures to depths where the temperature is high enough. The resulting 

steam rises to the power plant, turns a turbine, and condenses back to liquid water. Unlike wind 
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or solar power, geothermal energy provides consistent power throughout the day and it can be 

ramped up or down to meet variations in power demand. Geothermal power plants (GHP) can be 

characterized by large capital costs and small operating costs. There are three primary types of 

GHP energy: dry-steam, flash, and binary. Dry-steam, which has been in use the longest, 

requires high-temperature rocks and groundwater conditions that result in steam naturally rising 

to the surface. It emits the steam into the air, along with sulphur compounds. The result is cleaner 

energy production than methane, although there are still air pollutants from the gas residuals. 

Flash energy power plants draw hot water from the ground and reduce the pressure to create 

steam to drive a turbine. Residual water is condensed and the water injected back into the 

ground.  This method produces fewer emissions than dry steam and is suitable in many more 

ground conditions. Binary GHP systems use two closed fluid loops, where hot water flows from 

the ground into a heat exchanger and injects the cooled water back into the ground. The second 

loop uses a fluid that evaporates at lower temperatures than water. That fluid evaporates in the 

heat exchanger, turns a turbine, and then is condensed back into a liquid. As both systems are 

closed, binary power plants produce no emissions. This technology is able to use a wide range of 

ground geologies due to the low evaporation temperatures from the second liquid used in the 

process. 

Wave and tidal power is generated on the ocean, although extracting energy from waves is not a 

well-developed technology. Various technologies extract energy from ocean tides. One approach 

is to construct a tidal lagoon where the water rushes in and out of the lagoon with the tides, and 

passes through restricted openings with turbines. The size of the tides in the area where they are 

installed directly affect the generation potential.
67

 For example, Carnegie Mellon University is 

currently developing several experimental wave farms in Western Australia and the UK.
68

 Some 

examples of tidal power are the 240 MW Rance Tidal Power Station in France and the 254 MW 

Shiwa Lake Tidal Power Station in South Korea. 

Ocean thermal gradient power generation relies on the temperature difference between warm 

surface water and cooler deep water. The two-loop process is similar to a binary GHP system, 

although the marine temperature gradient restricts which liquids are suitable for the secondary 

loop. Lockheed Martin is currently developing a 10MW facility for a company based in Beijing 

and that project will provide information about this technology’s potential for widespread 

implementation.
69

 Transmission costs to shore may be expensive. 

Solar energy technology converts sunlight to electricity or heat through photovoltaics or solar 

thermal panels, respectively. In recent years, the installation cost of solar technology has 

decreased significantly, making it more attractive for use not only in small or medium 

applications, but at a utility scale. Solar farms with multi-megawatt capacity have been installed 

throughout the world. Some solar capacity is installed on rooftops and used in-situ or as a 

distributed source, where homes are plugged to the grid—homes can sell power to the grid 

during periods of intense sunlight and buy back the power on cloudy days or at night. Utility-

scale solar farms use either solar panels or concentrated solar power (CSP) to produce steam 

through heat and use turbines to generate electricity. Solar modules in the market are made out of 

multi-crystalline silicon (c-Si) and can convert the order of 14 to 19 percent of the incident solar 

energy electricity. These are referred to as first-generation solar cells and are mainly used for 

residential or commercial application as well as for small-scale solar farms.
70

 Other technologies 
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can convert a layer fraction of the incident solar energy into electricity at a substantially higher 

cost per KWh.
71

 Second-generation solar cells can be manufactured as thin-film and flexible 

cells. Figure 1.5 illustrates solar radiation to electricity conversion efficiencies. 

Figure 1.5. Solar Cell Efficiencies 

Source: Zachary Shahan, “Which Solar Panels Are More Efficient?” (updated Aug. 29, 2015), online at  

http://cleantechnica.com/2014/02/02/which-solar-panels-most-efficient/, accessed Nov. 19, 2015. 

Solar panels convert sunlight to direct current (DC) power and then use inverters to convert this 

power to alternating current (AC) to be used in homes or businesses. Conventional arrays are 

usually connected in series and then connect to a centralized inverter, which is not ideal to 

maximize power generation. When one module is defective, broken, or shaded, it will not be 

producing at its maximum power capacity and it will affect the total generation. Micro-inverters 

can maximize conversion to AC power at the module level. Solar applications can maximize 

power by using sun-tracking modules, which can follow the scan’s path in all directions in order 

to follow the sun path and harvest as much sunlight as possible throughout the day, producing 

more electricity for more hours every day. 

Energy storage is useful when the sun is not shining or when the wind is not blowing, as it can 

deliver reliable, on-demand energy. Common forms of storage include pumped hydroelectric 

dam storage, thermal energy storage, compressed air energy storage, and rechargeable battery 

systems. In an electrochemical system, the battery is rechargeable and consists of one or more 

electrochemical cells based on any of several combinations of chemicals, such as nickel 

cadmium, lithium ion, or lead acid. Although a battery storage system has a high initial cost, it 

http://cleantechnica.com/2014/02/02/which-solar-panels-most-efficient/
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has a lower total cost of use, as well as low environmental impact, as batteries can be recharged 

and reused.
72

 Each type of energy storage technology has its own performance characteristics, so 

the appropriate applications will differ. 

Potential Renewable Energy Technologies for the Oki Islands 

For the Oki Islands, biogas can be generated from agricultural, human, and marine waste to 

create methane gas as well as fertilizer. Methane gas can be burned for electricity and heating. A 

decentralized, household biogas system would not be appropriate on the Oki Islands, as each 

home or farm cannot produce enough organic fuel. An alternative is to centralize diverse waste 

sources for biogas for electricity or heat. Micro-hydro power is relatively simple, low-cost, and 

can be employed in remote areas with many small streams like those which occurs on the Oki 

Islands. Micro-hydro installations that generate electricity can drive machinery or be coupled to 

agro-processing facilities, such as rice mills. One challenge for micro-hydro is to identify sites 

that have a sustained adequate water flow over a year rather than experiencing seasonal 

fluctuations.  

The remainder of this report evaluates the feasibility, benefits, and costs of some types of 

renewable energy for Oki. Chapter 2 presents options for new wind renewable energy and solar 

energy on Oki. Chapter 3 discusses the potential for biogas, biomass, and micro-hydro power. 
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Chapter 2.  The Potential for Solar and Wind Energy on Oki Islands 

This chapter examines options for investing in new wind and solar energy on the Oki Islands to 

substitute for the heavy-oil-fired power plants for producing baseload electricity. One section 

evaluates renewable energy potential on Oki Island, a second section assesses sites for 

constructing renewable energy generation facilities on Oki Island, and a third section discusses 

costs and benefits for substituting renewables as baseload versus the existing oil-fired power 

plant. 

Electricity consumption on the Oki Islands on an average day has two peaks: a small morning 

peak, which occurs between 3 am to 5 am, and a higher evening peak between 7 pm and 9 pm, 

although actual peaks and consumption patterns vary during the year. A morning peak of about 

17 MW is highest during the winter season, reflecting heating. An evening peak of about 24.1 

MW is highest during the winter season, also due to residential heating (see Figure 2.1).
1
 The 

highest annual peak of about 24.1 MW is well below Oki’s total rated generation capacity of 

34.80 MW.
2
 The total rated capacity (nameplate capacity) is the generation potential of the 

island, in contrast to the actual generation which depends on the availability of generation 

facilities and demand. For example, in the case of wind and solar generators, the amount of 

energy that can be produced depends on wind speed and solar radiation, respectively. Of the 

34.80 MW nameplate capacity, oil-fired generators can produce 32.70 MW, wind generation 

1.80 MW, and hydroelectric generation 0.30 MW. Table 2.1 lists details of the 34.80 MW 

existing capacity and 7 MW planned renewable generation capacity.
3
 

Figure 2.1. Electricity Load Curve for Oki Islands 

Source: Chugoku Electric Power Co., Inc., “Trial Operation of a Prototype Hybrid Storage Battery System on the 

Oki Islands,” unpublished material provided to program participants on August 18, 2015. 
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Table 2.1. Oki Islands Electricity Generation Portfolio 

Island Source Type Capacity 

Dogo    

 Siago Plant Internal combustion 25.32 MW 

 Minamintani Plant Hydroelectric run of river 0.10 MW 

 Yui Plant Hydroelectric dam 0.20 MW 

 Ohmineyama plant Wind 1.80 MW 

 Subtotal   27.42 MW 

Dozen    

 Kuroki plant Internal combustion 7.38 MW 

 Subtotal  7.38 MW 

 Grand Total  34.84 MW 

Planned    

  Wind 2.0 MW 

  Solar 5.0 MW 

 Total Planned  7.0 MW 

Source: Municipality of Okinoshima, “The Municipality of Oki Island’s Okinoshima Energy Vision Report” 

(unpublished, Japan, 2014). 

Oki’s oil-fired nameplate capacity of 32.70 MW exceeds peak demand of 24.1 MW by 35 

percent, a reserve margin that exceeds a conventional U.S. target reserve margin of 15 to 20 

percent.
4
 In addition to two oil-fired power plants, the island has 2.1 MW of renewable 

generation installed and 7.0 MW of renewable generation planned.
5 

Solar and wind generation 

depend on solar radiation and wind speed; they do not produce electricity when the sun does not 

shine and the wind does not blow, respectively. As an alternative that already exists, the heavy 

oil-fired power plants can produce electricity as long as there is fuel. For example, the installed 

Ohmineyama wind generation plant works at an average utilization of 32 percent.
6
 In 2015, Oki 

Islands’ utility operator took proactive measures to balance the renewable energy variable supply 

issue by introducing 6.2 MW of online battery storage that can shift electricity dispatch from 

periods of surplus generation to periods of unreliable generation. The battery storage facility is a 

hybrid combination of 2 MW lithium-ion batteries for short-term fluctuations, and a 4.2 MW 

sodium-sulfur battery for long-term fluctuations.
7
 

It is not easy to forecast the future energy demand of the Oki Islands, as its population has fallen 

by 50 percent between 1955 and 2014; its gross regional economic product also dropped by 25 

percent between 1999 and 2009.
8 

Unless these trends differ in the future, any new installed 

renewable generation capacity would substitute for the baseload of the oil-fired power plant. 

Hence, there is no reason to invest in maximum capacity for renewable energy that exceeds 

Oki’s annual peak electricity load, with a modest margin. Several renewable energy sources can 

replace the 25 MW oil-fired generation, including solar photovoltaics (PV) or wind. 

Average solar irradiation on the Oki Islands during the past five years was about 1,700 hours, 

which means that the sun shines for about 19 percent of the hours in a year on Oki.
9
 The terrain 

of Oki is hilly with some flat regions near the shore, which leaves some areas in shade as 

compared to other regions on the island. The island is 80 percent forest, so any large-scale solar 

PV installation would require clearing some parts of the forest. The Municipality of Okinoshima 

estimated Oki’s maximum solar PV resource at 2.4 MW, accounting for non-forest areas, non-
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agricultural areas, and after taking into account the effect of shade and orientation during the 

day.
10

 

Wind speed is highly variable on the Oki Islands, so any estimate of Oki’s wind potential ought 

to account for the wind speed variation over the islands. One common method for calculating 

wind energy potential is to estimate a probability distribution of wind speeds assuming a Weibull 

distribution to represent wind data.
11 

The Weibull distribution uses a scale parameter and a shape 

parameter to define the probability distribution over a range of values of wind speed for any 

particular location. Actual variation of wind speed over an area defines the shape and scale 

parameters of that area, and the Weibull distribution uses the two parameters to generate the 

probability distribution unique to locations under observations. Equation 2.1 defines the 

probability of observing wind speed  as a function of scale and shape parameters.
12

 

 

   Equation 2.1 

 

Where , is the probability of observing wind speed ,  is the shape parameter, and  is 

the scale parameter. The Municipality of Okinoshima estimated the shape parameter for Oki 

equal to 1.9.
13

 The scale parameter in a Weibull distribution is equal to the 63.2 percentile value 

of the distribution based on actual wind speed observations for a location, so by definition 63.2 

percent of the observations will be less than the scale parameter.
14

 Continuous wind speed data 

over multiple locations on Oki could provide the most appropriate information for estimating the 

scale parameter. In the absence of such continuous data, this project used annual average wind 

speeds as a substitute estimate. Figure 2.2 illustrates the annual average wind speeds over 903 

grids, with each grid covering about 0.25 square kilometers.
15

 Based on this data, Oki’s annual 

average wind speeds can be categorized into six classes, and the color scale on Figure 2.2 shows 

the location of these classes.
16 

Annual average wind speed can be used to estimate a unique scale parameter for each class of 

grids (Table 2.2).
17

 Assuming the shape parameter to be same throughout the island, it is possible 

to calculate a unique Weibull distribution equation (Equation 2.1) for each class of grids. Monte 

Carlo simulation can be used to simulate wind energy production in a typical year on an hourly 

basis. Each of the 8760 hours in a year assumes wind speed defined by Equation 2.1 to represent 

hourly wind speed data in a year. If this exercise is re-iterated a sufficient number of times, it is 

possible to generate wind speed data for a typical year.
18

 Figures 2.3 and 2.4 illustrate results of 

1000 such iterations for class 6 and class 5 grids.  
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Figure 2.2. Annual Wind Speeds on Oki Islands 

 

Source: Municipality of Okinoshima, “The Municipality of Oki Islands’ Okinoshima Energy Vision Report” 

(unpublished, Japan, 2014). 

Note: The color of the grids represents wind speed. 

Table 2.2. Wind Speed Distribution on Oki Islands 

Class 
Wind Speed 

(meters/second) 
Number of grids 

Area cover 

(square kilometers) 

1 5.65 98 24.5 

2 6.16 307 76.75 

3 6.68 302 75.5 

4 7.19 162 40.5 

5 7.70 33 8.25 

6 8.22 1 0.25 

Source: Municipality of Okinoshima, “The Municipality of Oki Islands’ Okinoshima Energy Vision report” 

(unpublished, Japan, 2014). 
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Figure 2.3. Simulation of Annual Energy Output, Class 6 Grids 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Figure 2.4. Simulation of Annual Energy Output, Class 5 Grids 

 

 

 

 

 

 

 

 

 

 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 
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A windmill’s power generation depends on its characteristics, such as height, swept area, 

conversion efficiency, and climate characteristics, such as wind speed, air density, temperature, 

and relative humidity. Equation 2.2 computes wind power generation for a windmill as a 

function of these characteristics. As indicated in Equation 2.2, wind power generated by a 

windmill is given by the product of variables that govern efficiency of conversion from wind 

energy to electrical energy (conversion coefficient, output coefficient, and correction 

coefficient), variables governing windmill characteristics and availability (swept area and 

available rate), and climatic variables (cube of wind speed and air density).
19

 

 

   Equation 2.2 

 

In this equation, c is the conversion coefficient, D is air density, SA is swept area, WS is wind 

speed, OC is output coefficient, CC is correction coefficient, and AR is the available rate. Table 

2.3 lists the value for each of the parameters. Windmills planned for installation at the upcoming 

Ama wind power plant have a swept area of 5,024 square meters and a cut-in speed of 4 meters 

per second, which is the minimum speed at which a windmill starts producing power.
20

 Equation 

2.2 assumes the same characteristics to calculate power. For the wind speed variable in this 

equation, the input comes from the Monte Carlo simulation’s hourly wind speed output for a 

typical year to calculate wind power.  

Table 2.3. Equation Parameters for Wind Power Generation 

Parameter Value 

 0.50 

 1.225 kg/m3 

 5024 m2 

 from Monte Carlo Simulation 

 0.30 

 0.90 

 0.95 

Source: Municipality of Okinoshima, “The Municipality of Oki Islands’ Okinoshima Energy Vision Report” 

(unpublished, Japan, 2014). 

Assuming a windmill density of five windmills per square kilometer
21

 and the total available area 

of each grid class (see Table 2.2), grid class 6 can accommodate only one windmill, class 5 can 

accommodate 41 windmills, and class 4 can accommodate 202 windmills.
22

 These numbers 

represent the maximum capacity of grids; actual capacity would be smaller because of land use 

restrictions. The following section describes those land use restrictions and reports actual 

availability of land for windmill construction. 

Based only on the Monte Carlo simulations and aggregate results of Equation 2.2 and ignoring 

land-use restrictions, the mean combined energy output of all windmills could reach 3.3 million 

kWh per annum in class 6 grids with a standard deviation of about 71,000Wh (see Figure 2.3). 
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Maximum wind energy production in class 5 grids is estimated at and 171.9 million kWh per 

year with a standard deviation of 3.7 million kWh (see Figure 2.4). Table 2.4 lists result of the 

Monte Carlo simulation and Equation 2.2’s results including the mean, 90 percent confidence 

interval, and standard deviation of the generation capacity of all grid classes. 

Table 2.4. Cumulative Wind Energy Generation Per Grid Class 

Grid Class 
Mean Generation 

(10
6
kWh/year) 

Low 90% 

Generation 

(10
6
kWh/year) 

High 90% 

Generation 

(10
6
kWh/year) 

Standard 

Deviation 

(10
6
kWh) 

1 127.4 122.3 132.7 3.3 

2 561.0 539.3 584.4 13.6 

3 750.2 722.7 779.5 17.2 

4 526.0 507.5 546.1 11.5 

5 171.9 166.0 178.4 3.7 

6 3.3 3.2 3.5 0.07 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas at The 

University of Texas at Austin (2015). 

Note: The total number of grids and wind speed (see Table 2.2) independently influence the total generation 

potential. 

One research study estimated total electricity consumption of the Oki Islands at around 79 

million kWh per year.
23

 It is beyond the scope of this report to determine the wind generation 

capacity required to instantaneously meet demand at all times, as such a calculation would 

require high resolution wind speed data and electricity consumption data. According to 

calculations based only on the annual average wind speed at the islands, it is possible for about 

24 to 32 windmills to generate Oki’s total average annual demand. Oki’s existing 6.2 MW 

battery storage provides a buffer for instantaneous energy shortages and the existing oil-fired 

generation ensures a backup source to meet instantaneous shortages in wind power generation in 

events of low wind speed or high demand. 

While Table 2.4 lists the Oki Islands’ maximum wind energy endowment, the wind energy that 

can be used for generation is affected by land use restrictions. Japan limits activities that can 

occur within a radius around a windmill site so as to reduce fire risks and other land-use conflicts 

(hereafter referred to as an exclusion buffer radius zone). If the Oki’s municipality chooses to 

maintain an exclusion buffer of 500 meters instead of 200 meters around each windmill site, the 

area available for wind farm development would be smaller. 

Table 2.5 lists the land available and the number of windmills required to generate 79 million 

kWh in a year for both the scenarios. This project calculates that if Oki installs 24 to 26 

windmills (in the 200 meters buffer radius zone scenario) or 30 to 32 windmills (in the 500 

meters buffer radius zone scenario), wind can generate 79 million kWh per year. The wind speed 

characteristics on the available land differ by scenario, which is the reason for the difference in 

the number of windmills. The following section discusses the land-use restrictions and 

methodology for selecting sites. 
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Table 2.5. Windmills Required to Generate 79 million kWh/year 

200 Meter Buffer around Restricted Areas 

Annual energy 

consumption of Oki 

Islands = 79 Million kWh 

Annual energy generated 

by each windmill 

(Million kWh) 

Possible energy 

generation by class 

(Million kWh) 

Number of windmills 

required 

Speed 

Number of 

windmills 

possible 

Low 90% High 90% Low 90% High 90% High 90% Low 90% 

7.7 10 4.05 4.28 40.49 42.78 10 10 

7.19 74 2.51 2.70 185.92 200.06 16 14 

6.68 155 1.92 2.07 297.13 320.48  0  0 

6.16 139 1.41 1.53 195.73 212.09  0  0 

5.65  8 1.00 1.09 8.02 8.70  0  0 

            26 24 

500 Meter Buffer around Restricted Areas 

Annual energy 

consumption of Ok Island 

= 79 Million kWh 

Annual energy generated 

by each windmill (kWh) 

Possible energy 

generation by class 

(Million kWh) 

Number of windmills 

required 

Speed 

Number of 

windmills 

possible 

Low 90% High 90% Low 90% High 90% High 90% Low 90% 

7.7  0 4.05 4.28 0.00 0.00  0 0.00 

7.19 31 2.51 2.70 77.88 83.81 31 30 

6.68 64 1.92 2.07 122.69 132.33  1 0 

6.16 53 1.41 1.53 74.63 80.87  0  0 

5.65  2 1.00 1.09 2.00 2.18  0  0 

            32 30 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Note: Values are computed after taking land use restriction under consideration. 

Selecting Wind Turbine Sites on Oki Islands 

This section explains the methods used to identify sites for wind turbines on Oki. Under ideal 

conditions, 17 turbines would be sufficient to supply the electricity requirements of Oki, 

assuming appropriate energy storage.
24

 This section makes use of the Monte Carlo simulation 

results previously reported and geographic information systems (GIS) to evaluate locations for 

Oki’s wind turbines. 

The available wind energy on the Oki Islands amounts to approximately 677 million kWh per 

year, which is sufficient to achieve Oki energy independence.
25

 To generate electricity from 

wind, wind turbines would need to be installed. As its standard wind turbine for Oki, the 

Chugoku Electric Power Company has selected the Hitachi HTW2.0-86, which has been used in 

prior Oki wind projects.
26

 Table 2.6 lists the equipment specifications. The HTW2.0-86 wind 

turbine has a wide range of working capability and the environmental conditions on Oki are 

consistent with its use.
27

 The peak altitude of 608 meters and the range of Oki temperatures are 

within its required limits. The average Oki wind rate is between 5.5 to 8 meters per second (m/s), 

which also fall within the range recommended by the manufacturer.
28 
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Table 2.6. Windmill Equipment Specifications 

Windmill Model HTW2.0-86 

Rotor Diameter 86m 

Swept area 45764m 

Rotor location Downwind 

Rotational speed 10.4~18.5/min 

Blade Quantity 3pcs 

Length 42m 

Generating system Output 2000kW 

Voltage 690V 

Environmental conditions Operation temperature -20~40℃ 

Altitude 1000m or less 

Source: Energia Solution and Services Co. Ltd, “The outline of Ama wind plant construction project,” Chugoku 

Electric Power Company, August 2015. 

Figure 2.5 illustrates areas of the Dogo Island deemed “off-limits” due to renewable energy 

generation projects.
29

 Protected areas have been designated for wildlife, nature preservation, 

special protection purposes, soil/sand conservation, disaster protection, and agriculture. These 

protected areas exclude a large portion of Dogo from installing wind generation capacity. Several 

smaller areas exist on the north, northeast, and south ends of the island for which wind energy 

may be viable. 

Figure 2.5. Oki Regions Protected for Various Purposes 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 
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Figure 2.6 shows the annual average of wind speeds found across the island when typical 

average annual wind speeds range from 5.5 m/s to 8.5 m/s.
30

 Figure 2.6 can be interpreted as a 

collection of grid cells, each with a cell area of 0.25 square kilometers.  Based on the set of grid 

cells, it is possible to compute what portions of the island are associated with each wind speed 

(see Table 2.7).
31

 Table 2.8 lists additional considerations for choosing wind turbine installation 

sites.
32 

Figure 2.6. Average Annual Wind Speeds on Oki 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Table 2.7. Available Areas by Wind Speed 

Wind Speed 

(meters/second) 

Number of Grid Cells  

(on Oki) 

Total Available Area  

(km
2
) 

5.5 – 6.0 121 30.25 

6.0 – 6.5 337 84.25 

6.5 – 7.0 317 79.25 

7.0 – 7.5 160 40 

7.5 – 8.0 32 8 

8.0 – 8.5 1 0.25 

Total 968 242 

Source: Oki Islands Government, “Vision for Renewable Energy Generation in Oki-Hiroshima” (Shimane 

Prefecture, Japan, 2013). 
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Table 2.8. Installation Considerations for Wind Turbine Site Selection 

Parameter Practice 

Proximity to transmission 

equipment 

Wind farm should be placed near entry point to electric grid network 

Proximity to human activity 200 meter radius (500 meters for large-scale farms) 

Disaster risk Sites should be away from disaster areas and avoid farmland 

Access Site should be close to existing roads or access roads may be required 

Soil stability Soil should be thick enough to hold equipment and sites should not be 

located in erosion-prone areas 

Elevation /topography Less than 3% grade at any location within the site and maximum average 

grade of 0.8–1.3% 

Vegetation 1,300-foot clearing radius surrounding turbine 

Source: Shen Jie, Yi Yuanchun, and Jia Dianbin, “The Superficial Analysis on the Site Selection of Wind Farm,” 

China Wind Electricity Development Report, 2008. 

The topography and elevation requirements present challenges for Oki windmill siting. The 

majority of the topography on Dogo is mountainous and much of the population already lives in 

the flat areas on Dogo, so a large-scale wind farm on an existing flat plain would be difficult to 

site. Figures 2.7 and 2.8 illustrate available locations for installation of wind turbines, based on 

alternate assumptions of 200 meter or 500 meter exclusion buffer zone radii from human activity 

around each windmill, as well as the corresponding average wind speed for each site on the 

island.
33

 Areas in white with black hatching are the off-limits locations mentioned previously.  

Therefore, the available area for wind speeds in most areas is substantially lower than what is 

technically feasible. For example, there are 32 grid cells (8 square kilometers) with an average 

annual wind speed of 7.5 m/s to 8.0 m/s. However, after excluding any off-limits areas, only 20 

grid cells (total area of 5 square kilometers) are available as possible wind turbine sites.
34 

Using available data (Figures 2.7 and 2.8), the north end of the island is the best site for wind 

turbines, where the wind speed is highest on average. Wind speeds in this area range from 7.0 

m/s to 8.0 m/s as the annual average. Using areas with wind speeds of 7.5 m/s to 8.5 m/s only, 

Oki would need 17 wind turbines to generate a sufficient amount of electricity to satisfy the 

energy demands of the islands, with energy storage. However, based on Figure 2.7, there are not 

enough viable sites at these wind speeds to accommodate 17 turbines. To find the best sites, it is 

possible to use a method known as “greedy adding” to maximize the high-speed wind turbine 

site selections and minimize the total number of turbines needed. Greedy adding begins with 

selecting the best site for turbine installation and allowing the installation of the maximum 

number of wind turbines on the site. For any remaining capacity requirements, a greedy-adding 

approach picks the next best site and determines the maximum number of wind turbines that can 

be installed on that site, continuing in this manner until sites have been selected for installing all 

remaining required capacity. 
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Figure 2.7. Available Wind Turbine Installation Sites, 200m Buffer from Human Activity 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Figure 2.8. Available Wind Turbine Installation Sites, 500m Buffer from Human Activity 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 
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Based on the Monte Carlo simulation results presented in an earlier section in this chapter on the 

generation of windmill energy that meets annual average energy demands, Oki would require a 

range of 24 to 26 turbines and 32 to 34 turbines, respectively, for the 200 meter and 500 meter 

exclusion space buffers. Figures 2.7 and 2.8 show the “best” locations for the maximum number 

of required wind turbines based on the greedy adding algorithm; the results are displayed as 

polygons outlined in black, with the corresponding number of turbines that can be installed 

within the polygon. For example, in the case of the 200 meter buffer radius, there is relatively 

little sprawl among the suggested wind turbine sites. This layout is preferable due to ease of 

access, facilitation of monitoring/evaluation practices, and construction efficiency.  However, in 

the case of a 500 meter buffer radius, good sites are not as densely located. For the 500 meter 

buffer case, there would be at least two turbines constructed on the northwest corner of the 

island, as well as three other turbines on the south end of the Dogo.
35

 According to best practices 

for wind turbine installation, a 500 meter residential buffer is only required for large-scale wind 

farms, though it is unclear what the large-scale criterion means.
36

 

The 200 meter buffer is a safe assumption given the relatively small capacity of the entire 

proposed installation on the island. Given a 200 meter residential buffer, 26 wind turbines in the 

locations suggested in Figure 2.6 would allow Oki to generate wind energy that delivers the 

equivalent of Oki’s annual average electricity demand. It is beyond the scope of this report to 

address the issue of wind intermittency, as wind speed and topographical data for the Dozen 

islands were not provided to participants in this study. However, based on the information above, 

it is possible that adequate land area would be present to install the required number of wind 

turbines to generate Oki’s baseload electricity. 

Oki Islands Renewable Energy Economics 

This section evaluates two potential futures, one with no new renewable energy sources and a 

second where renewable energy sources provide the baseload for electricity generated on the 

Islands, with the heavy oil-powered plant contributing as backup generation capacity. 

Costs and benefits associated with replacing Oki’s electricity generated from the combustion of 

heavy oil can be compared with solar and wind sources and energy storage. As of 2015, the Oki 

Islands produce most of the baseload capacity of 32.7 MW (maximum load: 24.1 MW) 

electricity from two heavy oil-fired power plants which are located on Dogo Island and Dozen 

Island.
37

 Three renewable energy sources on the Oki Islands contribute to the grid, including a 

1.8 mega-watt (MW) wind turbine, 0.3 MW of micro-hydro, some rooftop solar sources, and 6.2 

MW of energy storage. This section evaluates two potential futures, one with no new renewable 

energy sources beyond those that exist, versus a second scenario where it is possible to provide 

sufficient renewable energy sources to generate all of Oki’s electricity demand, with the existing 

heavy oil power plant contributing as backup generation capacity in the event of insufficient 

sunlight or wind. 

To compare oil with renewables, the first step is to estimate the future cost of oil. The World 

Bank recently estimated that crude oil costs will increase by roughly 54 percent in constant 

dollars between 2015 and 2040.
38

 The power plant on the Oki does not burn crude oil but rather 

heavy oil, whose cost the World Bank did not forecast. This study assumes that heavy oil, a 
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crude oil byproduct, will increase in price in parallel to the crude oil price change. Table 2.9 lists 

World Bank data estimates for the percentage change in crude oil price over the next ten years. 

Figures 2.9 and 2.10 illustrate these trends, expressed in dollars per barrel ($/bbl) of crude oil 

and yen/liter (¥/L) of heavy oil.
39

 As the World Bank ten-year oil forecasts are too short a period 

for this analysis of renewable-source substitution for fuel oil, Figure 2.11 assumes a comparable 

annual increase in the base price of crude oil in yen per liter during 2015 to 2040. 

Table 2.9. Forecasted Change in Crude Oil Price, 2015-2025 

Year Cost per Barrel Percent Change 

2015 $57.50  

2016 $61.20 6.43 

2017 $63.70 4.08 

2018 $66.30 4.08 

2019 $29.10 4.22 

2020 $71.90 4.05 

2021 $74.90 4.17 

2022 $78.00 4.14 

2023 $81.30 4.23 

2024 $84.70 4.18 

2025 $88.30 4.25 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Figure 2.9. Crude Oil Barrel Price Estimates, 2015-2025 

 

 

 

 

 

 

 

 

World Bank, World Bank Commodities Price Forecast, online at http://www.worldbank.org/content/dam/ 

Worldbank/GEP/GEPcommodities/Price_Forecast_20150722.pdf, accessed Nov. 15, 2015. 

http://www.worldbank.org/content/dam/%0bWorldbank/GEP/GEPcommodities/Price_Forecast_20150722.pdf
http://www.worldbank.org/content/dam/%0bWorldbank/GEP/GEPcommodities/Price_Forecast_20150722.pdf
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Figure 2.10. Heavy Oil Price Estimates in Yen per Liter, 2015-2025 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Figure 2.11. Heavy Oil Price Estimates in Yen per Liter, 2015-2040 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Over the last decade, the islands’ population has dropped; the number of persons on the islands 

in 2014 was about half the total population in 1995.
40

 Demand for electricity may decrease with 

the population. Considering that it is difficult to estimate the islands’ population, this study 
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assumes that the electricity needed to power the islands after 2015 will be constant for the next 

25 years. 

The existing Oki primary power plant burns 1.8 million liters of heavy oil per month to generate 

electricity used on the island, or 21.6 million liters of heavy oil per year.
41

 This study assumes 

that heavy oil costs 65.6 ¥/L and the Oki Islands’ government will spend 1.4 billion yen (US $14 

million) for the fuel oil.
42,43

 As 0.25 liters of fuel generates 1 kWh of electricity, the 1.4 billion 

yen investment generates 86.4 million kWh of electricity.
44

 If oil prices increase from 2015 to 

2040 (see Figure 2.11),
45

 the total price to generate electricity using heavy oil in diesel engines 

over the 25-year period is roughly 61 billion yen (US $610 million), as illustrated in Figure 

2.12.
46

 In 2015, operation and maintenance for the oil-fired power plants and heavy oil 

transportation fees were equal to 3,800 yen (US $38) per kW. As the primary oil-fired generator 

is 34.5 MW, 2015 operational costs can be estimated as roughly 131 million yen (US 1.31 

million).
47

 

Figure 2.12. Total Cost of Heavy Oil, 2015-2040 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

As it is difficult to accurately predict the inflation rate for the next 25 years, this study assumed 

an across-the-board inflation rate of 2.3 percent. The current yield on a 10-year Japanese 

government bond is 0.30 percent,
48

 so the assumed discount rate for the benefit-cost analysis is 

0.30 percent. Figure 2.13 illustrates how operation costs increase over time. Following the 

current set of assumptions, oil-fired power plant operational costs from 2015 to 2040 would be 

roughly 4.4 billion yen (US $44 million).
49

 Table 2.10 lists costs for burning heavy oil for 

electricity generation on the Oki Islands; the total costs for maintaining the current energy 

production system to 2040 are 65 billion yen (US $650 million) during 2015-2040.
50 
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Figure 2.13. Operational Cost for Oil-Fired Power Plants, 2015-2040 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Table 2.10. Costs for Burning Heavy Oil in the Oki Islands, 2015-2040 

Variable Cost 

Cost of Heavy Oil ¥ 60,826,896,000.00 

Cost of Operation ¥   2,931,694,444.02 

Total Cost ¥ 63,758,590,444.02 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

A scenario of “no new renewable technology” installation implies that no government money 

would be invested in the implementation of new energy sources. With no new construction of 

renewable energy sources on the islands, the cost of electricity will increase with inflation. The 

community can continue to purchase and use heavy oil to fuel the power plant, so whether the 

wind is blowing or not, electricity will be generated from combustion of oil. With no new 

investments, no additional land will be excavated for RET to disrupt the landscape. 

A second scenario is to replace 100 percent of the electricity generated by oil with two renewable 

energy sources, solar photovoltaic and wind energy. This scenario accepts that the islands need 

to generate 86.4 million kWh of electricity per year and that the peak power demand will remain 

at 24 MW even if the population of the islands falls. To meet all demands, a nameplate value of 

25 MW of solar PV and 64 MW of wind would meet the Oki Islands’ reliability and power 

needs.
51

 The 64 MW of wind turbines assumes that 32 turbines, each rated at 2 MW, will be 

installed with a 500 meter buffer from human activity as stated previously in the chapter. It is 

difficult to know the cost for installing the PV solar systems in the future, so this study would 
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assume 325,000 yen/kW (US $3,250/kW) installed over 10 years.
52

 Using the prior assumptions, 

installation costs will increase at the 2.3 percent inflation rate, with the 0.3 percent discount rate 

also assumed. Figure 2.14 illustrates these costs.
53 

Figure 2.14. Marginal Cost in ¥/kW of Solar PV Installation, 2015-2030 

 

 

 

 

 

 

 

 

 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

To simplify a new solar PV analysis, assume that 2.5 MW of solar PV are installed each year 

beginning in 2018, so all of the 25 MW solar PV are installed by 2027. Figure 2.15 illustrates the 

costs for installing the solar PV.
54

 The total investment for implementing 25 MW of new solar 

PV Oki would be around 9.3 billion yen (US $93 million). The cost for solar PV operation is 

roughly 10,000 yen/kW (US $100/kW) of installed solar PV.
55

 Figure 2.16 illustrates the pattern 

of the construction of solar PV to meet the volume of capacity required and the cost per year for 

operation and maintenance of solar PV from 2018 to 2040.
56

 The total cost of operation and 

maintenance for the solar PV from 2019 to 2040 is 6 billion yen (US $60 million). Table 2.11 

lists all construction, operation, and maintenance costs for the 25 MW of installed solar PV.
57 

Table 2.11. Total Cost of Solar PV, 2015-2040 

Variable Cost 

Construction ¥   9,436,952,150.56 

Operation/Maintenance ¥   6,024,151,586.03 

Total ¥ 15,461,103,736.59 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 
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Figure 2.15. Total Solar PV Installation Cost, 2018-2027 

 

 

 

 

 

 

 

 

 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Figure 2.16. Solar PV Operation and Maintenance Costs, 2018-2040 

 

 

 

 

 

 

 

 

 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 
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Wind turbine installation costs about 300,000 yen (US $3,000) per installed kW.
58

 Table 2.12 

and Figure 2.17 illustrate the cost of installation of the wind turbines over ten years, roughly 22 

billion yen (US $220 million). Wind turbines operation and maintenance costs 6,000 yen/kW 

(US $60/kW).
59

 Figure 2.18 illustrates the operational and maintenance costs for wind turbines 

from 2015 to 2040.
60

 The total cost of operation and maintenance for the wind turbines is close 

to 10.8 billion yen (US $180 million) for 64 MW of wind turbines (see Table 2.13).
61 

Table 2.12. Number of 2 MW Wind Turbines Installed Per Year 

Year MW Installed 

2018 7 

2019 7 

2020 7 

2021 7 

2022 7 

2023 7 

2024 7 

2025 7 

2026 4 

2027 3 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Figure 2.17. Wind Turbine Installation Cost, 2018-2027 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 
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Figure 2.18. Wind Turbine Operation and Maintenance Costs, 2015-2040 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Table 2.13. Total Cost of Wind, 2015-2040 

Variable Cost in Yen 

Construction ¥ 21,730,819,682 

Operation/Maintenance ¥ 10,786,678,514 

Total ¥ 32,517,498,196 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Based on the above scenario, Oki would meet all of its baseload electricity through renewables 

by 2022. Even as renewable energy technologies are being implemented, heavy oil would 

provide backup power, so the Oki Islands would continue to import oil to provide baseload 

electricity generation until the renewable transition occurs and afterwards as backup. It is 

assumed that Oki would need 100,000 liters of oil delivered each year from 2022 to 2040 to 

ensure that fuel will be present if the diesel generators are needed to meet the electricity 

demand.
62

 Figure 2.19 illustrates the oil costs from 2015 to 2040 under the assumption that 

heavy oil will be imported to satisfy the backup demand electricity.
63

 Note that the y-axis is 

plotted on a log scale to show the capital spent on heavy oil from 2022 to 2040. Given that 0.25 

liters of heavy oil can be burned to produce 1 kWh of electricity, the island will have a reserve of 

400,000 kWh, the equivalent of roughly two days of electricity, in the event that the renewable 

sources fail. During 2015 to 2040, 7.1 billion yen (US $71 million) would be spent on heavy oil 

to back up Oki’s renewable electricity supply.
64 
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Figure 2.19. Cost of Heavy Oil with Renewables 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

This second scenario assumes that Oki will have the capacity to generate all of its electricity 

from renewable sources by 2022, so after 2022, this study assumes that the annual cost of 

operation and maintenance for the oil-forced power plant drops to 5 percent of that of the 

original cost, based on maintenance costs to ensure that the oil-fired power plant is ready to 

provide backup power generation when it is needed. The net present value of the cost of oil 

operation and maintenance with renewables is roughly 58 million yen (US $580,000). Table 2.14 

lists the accumulated costs associated with the second scenario.
65

 Figure 2.20 illustrates the total 

cost of oil operations with renewable sources under the assumption of reduced maintenance 

costs.
66

 

Table 2.14. Costs for 100 Percent Renewable Electricity Generation 

Variable Cost 

Solar Installation ¥   9,436,952,150.56 

Solar Operation ¥   6,024,151,586.03 

Wind Installation ¥ 21,730,819,682,25 

Wind Operation ¥ 10,786,678,513.87 

Oil Cost ¥   7,057,965,203.47 

Oil Operation ¥ 10,786,678,513.85 

Total Cost ¥ 55,072,384,240.02 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 
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Figure 2.20. Cost of Oil Operation with Renewables 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 

Renewable energy implementation will reduce the dependence on oil shipments from the 

mainland and save money in oil transport. Construction of new RET can create jobs for the 

residents on Oki and encourage immigration of young people to work on these jobs. Once the 

construction costs of RET have been sunk, the cost of energy generation will ultimately be 

lower. Carbon dioxide emissions also fall by replacing oil with renewables. 

This assessment explores of some of the cost and benefits of replacing Oki’s oil-fired electricity 

with renewable energy sources as opposed to “staying-put” with current levels of wind, solar, 

and hydro RET. Although the cost of implementing RET can decrease the 25-year cost of 

generating energy, this investment would require government investments or subsidies to 

businesses willing to invest. One component left out of this analysis is the potential role of more 

energy storage through hybrid battery technology. It is difficult to evaluate the amount of storage 

capacity needed without the power generation curves of both the solar and wind renewable 

technologies. It is beyond the scope of this study to evaluate either the social cost of carbon 

discharge or any damages associated with pollutant emissions, although these costs represent 

supplemental benefits from the substitution of renewables for oil. It is also beyond the scope of 

this study to determine what supplemental construction costs such as new roads or port facilities 

would be required to support potential renewable energy sources. 

This chapter has addressed two possible renewable energy sources, wind and solar energy. The 

next chapter considers other renewable energy options, including fuels derived from biological 

materials, hydropower, and vehicle-to-grid storage.  
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Chapter 3.  Other Renewable Energy Opportunities and Issues 

This chapter discusses a series of renewable energy options investigated by project members 

including vehicle-to-grid energy storage, micro-hydro power, waste to energy options, recovery 

of biofuel resources through forest management, and remote maintenance of renewable energy 

sources. The burning of fuel oil currently provides most of Oki’s electricity delivered through a 

micro-grid with a hybrid energy battery storage system via high-voltage DC transmission lines. 

A small amount of wind energy generates electricity at night while solar energy generation 

occurs during the day. Battery storage technology is utilized to respond to demand fluctuations. 

Vehicle-to-Grid Energy Technology 

This section examines the feasibility of using electric vehicles (EVs) and plug-in hybrid electric 

vehicles (PHEVs) to provide grid storage and reliability support for renewable energy generated 

on Oki. Vehicle to grid (V2G) technology permits an electric vehicle battery system to store and 

discharge energy to and from the grid. V2G systems can provide grid services such as peak load 

leveling, storage of surplus renewable energy, backup power, and load shifting. 

Conversion of all automobiles on the Oki Islands (approximately 7,000 vehicles) to pure EVs 

would provide sufficient storage and power generation capacity to satisfy current minimum and 

maximum demands for electricity on Oki, as discussed below.
1
 However, the incremented 

system cost to substitute EVs for the existing vehicle fleet, as well as the marginal cost of 

capacity (in ¥/kW) necessary to achieve this conversion would be high compared to the marginal 

cost of the current battery system. If the pattern of resident demand for transportation services 

coincides with peak power demand, EVs would provide a relatively low capacity factor for 

power “generation” due to simultaneous use of transportation and electricity services. It is not 

known whether the Oki residents would prefer to purchase EVs versus the current energy storage 

media, as the costs of the current system are borne by the utility system. 

If the Oki Islands sought to achieve 100 percent renewable generation, the power grid would 

benefit from energy storage services to capture and store surplus renewable energy that would 

otherwise be rejected from the grid. The islands currently have a 6.2 MW hybrid battery storage 

system, which is not enough capacity to meet the Oki’s 11 MW minimum demand or the peak 

demand of approximately 22 MW.
2
 Therefore, in principle, V2G technology through EVs and 

PHEVs might enhance grid reliability in times of low generation from renewable power sources. 

V2G systems consist of three components: a vehicle fleet, an energy aggregator, and the electric 

power grid operator. The fleet includes a pool of electric and plug-in hybrid electric vehicles 

(EVs and PHEVs) within the service area that have storage capabilities and can be connected to 

the grid. Typical EVs only have a one-way flow of electricity when the grid is used to charge 

each vehicle battery for driving purposes. To permit a two-way flow of electricity between the 

EV and grid, vehicle owners would need to obtain charging stations that permit a flow of 

electricity from vehicle to the grid, as well as recharging vehicles from the grid. The aggregator 

is a third-party that tracks the power supply and demand from the grid and dispatches individual 

EVs to provide storage. The aggregator needs to manage loads and generation, both when supply 
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exceeds demand as well as in times when demand exceeds supply. The aggregator can use real-

time data to calculate current power needs or surpluses as well as forecast expect needs/surpluses 

for upcoming time periods. The aggregator can contact EV owners and request vehicles to either 

store or release energy as needed by the grid.  The grid operator tracks the available supply of 

power, compares it to the total demand for power from utility customers, and works to assure a 

balance of generation of energy use, net of storage. 

Based on information provided by the Okinoshima government, there are approximately 7,000 

automobiles across the four islands, but only four are EVs or PHEVs. Given an average demand 

profile of the Oki Islands, with daily and seasonal variations, it is possible to assess the minimum 

and peak demand for each year and use these two values to estimate a required power capacity of 

a V2G system that could supply all of Oki’s baseload electrical power.
3
 For ease of calculations, 

we assume that the amount of time necessary to meet these demand parameters would be six 

hours, the average length of peaks in the demand profile, so that the role of the V2G system 

would be to provide additional capacity during peak demand periods.
4
 

Project staff used battery capacity to evaluate three EVs for their potential to store and dispatch 

renewably generated energy: the Toyota Prius Hybrid PHEV was chosen for the “low capacity” 

case,
5
 the Mitsubishi i-MiEV was chosen for the “medium capacity” case,

6
 and the Nissan Leaf 

was chosen for the “high capacity” case.
7
 These three vehicles were chosen in part based on their 

widespread availability in the Japanese EV market, as well as their relative affordability when 

compared to higher-end models. Table 3.1 lists relevant technical data for each of the three 

models, including the cost of each model and the accompanying charging station necessary for 

V2G integration. 

Table 3.1. Technical and Cost Data for Electric Vehicles 

Brand Toyota* Mitsubishi** Nissan*** 

Model Prius i-MiEV Leaf 

Type PHEV EV EV 

Power Output (kW) 0.73 6.00 15.00 

Car Cost (JPY) ¥2,850,000.00 ¥4,000,000.00 ¥3,760,000.00 

Charging Station Cost (JPY) ¥168,750.00 ¥106,250.00 ¥250,000.00 

Total Cost (JPY) ¥3,018,750.00 ¥4,106,250.00 ¥4,010,000.00 

Storage Capacity (kWh) 4.4 16 24 

Range (km) 26.4 160 121 

Power Input 6.6 6.6 6.6 

Charge Time, in hours 0.67 2.42 3.64 

Average Battery Life 5 5 5 

Battery Efficiency (kWh/km) 0.167 0.100 0.198 

Sources: * Toyota Motor Corporation, “2015 Toyota Prius Plug-In Hybrid, The most efficient Prius yet,” online at 

http://www.toyota.com/prius-plug-in-hybrid/#!/features, accessed Aug. 21, 2015. 

** Mitsubishi Group, “Electric Car – Mitsubishi i-MiEV,” online at http://www.mitsubishicars.com/imiev, accessed 

Aug. 21, 2015. 

*** Nissan Motor Company Ltd., “Nissan LEAF Electric Car: 100% Electric, 100% Fun,” online at 

http://www.nissanusa.com/electric-cars/leaf/, accessed Aug. 21, 2015. 

http://www.toyota.com/prius-plug-in-hybrid/#!/features
http://www.mitsubishicars.com/imiev
http://www.nissanusa.com/electric-cars/leaf/
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Based on each vehicle’s rated power output capacity as well as battery storage capacity, it is 

possible to estimate the number of vehicles required to meet the minimum and maximum power 

demand, as well as the amount of energy needed to satisfy six hours of grid operations at these 

demand values. Equations 3.1
8
 and 3.2

9
 below can be used to estimate the number of vehicles 

whose electrical capacity could meet the energy constraint and the power constraint, 

respectively. Table 3.2 reports fleet-size estimates if Oki wanted to use V2G as a storage source 

for baseload electricity. 

Equation 3.1 estimates the number of vehicles needed to provide six hours of energy to Oki by 

dividing the MW demand by the power output possible from an individual vehicle. 

Equation 3.1 

 

 

 

Equation 3.2 estimates the number of vehicles necessary to store sufficient energy for six hours 

of Oki’s energy demand by dividing the storage needed by the storage capacity that a vehicle 

could provide. 

Equation 3.2 

 

As indicated in Table 3.2, the Toyota Prius PHEV would not be a feasible V2G electric power 

source as the number of cars required to provide baseload power exceeds the number of vehicles 

on Oki (about 7,000). However, both the Mitsubishi i-MiEV and the Nissan Leaf EV have large 

enough power outputs and battery capacities to satisfy both the Oki Islands’ minimum and 

maximum electricity demands. The number of required Mitsubishi i-MiEVs would exceed the 

number of available cars by a relatively large margin in the maximum demand scenario. These 

results indicate that if batteries are discharged from full to empty and without regard for cost, 

complete conversion of the available Oki automobile fleet is sufficient to satisfy storage and 

power supply needs.  

Table 3.2. Required Electric Vehicle Fleet Sizes 

 Toyota Prius PHEV  

(Low) 

Mitsubishi i-MiEV  

(Medium) 

Nissan Leaf EV  

(High) 

Power Capacity (kW) 3 6 15 

Minimum Required Fleet 15,000 1,833 733 

Maximum Required Fleet 29,318 3,583 1,433 

Battery Capacity (kWh) 2 15 21 

Minimum Required Fleet 15,000 4,125 2,750 

Maximum Required Fleet 29,318 8,063 5,375 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). 
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The total cost of EV conversion and the marginal cost of power (in JP¥/kW) can be estimated for 

each of the three scenarios using the minimum required fleet sizes. Estimates of available battery 

capacities after use of EVs for transportation to and from work for different lengths of trips, from 

short distance (5 kilometers) to medium distance (10 kilometers) to long distance (25 

kilometers), can be calculated using the average battery efficiency (in KWh/km) for each model 

and determining the amount of energy required to complete each of the three round-trip 

distances. Requirements for transportation can be accounted for in determining the available 

battery capacity. These transportation-neutral battery capacities and power outputs can be used to 

estimate the total system cost, or the cost of the EV and the accompanying charging station, for 

the required fleet size of vehicles. Table 3.3 lists the transportation-neutral results of this 

estimation, as well as the marginal cost of power (in JP¥/kW). The capital cost per installed kW 

varies between ¥5.9 to ¥7.8.
10

 

Table 3.3. Vehicle Numbers by Battery Capacity 

Parameter Low Medium High 

Battery Capacity (kWh) 2.2 14.7 21.4 

     Minimum Required Vehicles 30306 4500 3091 

     Total Required Cost ¥91.5 Billion ¥18.5 Billion ¥12.4 Billion 

     Maximum Required Vehicles 59235 8795 6041 

     Total Required Cost ¥178.8 Billion ¥36.1 Billion ¥24.2 Billion 

Power Capacity (kW) 3 6 15 

     Minimum Required Vehicles 3667 1833 733 

     Total Required Cost ¥11.1 Billion ¥7.53 Billion ¥2.94 Billion 

     Maximum Required Vehicles 7167 3583 1433 

     Total Required Cost ¥21.6 Billion ¥14.7 Billion ¥5.75 Billion 

Capital Cost (per kW installed) ¥5.9 Million ¥8.0 Million ¥7.8 Million 

Source: Members of the graduate class on Renewable Energy Technologies Development in Remote Areas, The 

University of Texas at Austin (2015). 

The purchase cost for acquiring the necessary vehicles for a sufficient V2G system is well 

beyond the capability of the islands. The existing 6.2 MW hybrid battery storage system now on 

Oki cost 2.5 billion JP¥, with an average marginal cost of 20,000 JP¥ per installed kW.
11

 There is 

a three-order-of-magnitude difference between a cost of 20,000 JP¥/kW versus a minimum 

capital cost of 5.9 million yen (US $59,000) per installed kW using vehicle batteries. 

A V2G system for the purposes of energy storage and grid reliability on the Oki Islands is not a 

cost-effective decision based on comparative costs, given the size of the fleet required and the 

expected cost to integrate 7,000 vehicles. The cost of using a V2G system as an energy storage 

backup would be hard to justify for grid support services. The avoided cost of imported oil from 

reduced gasoline consumption could offset some high system costs, if V2G energy storage could 

lower import costs. If V2G would be implemented on Oki, it could become a supplementary 

storage option for balancing energy supplies and peak-load and demand. However, a discussion 

of how to substitute the V2G system for baseload energy production is beyond the scope of this 

section. The Oki government could use a survey to determine public interest in vehicle-to-grid 

technology; Table 3.4 illustrates the type of questions and answers that could be useful.
12
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Table 3.4. Oki Islands Transportation Survey 

1. Please indicate your gender:     Male or Female 

2. Please indicate your age:    Under 18      18-25     25-35      35-50    50-65     65+ 

3. Please indicate your primary mode of travel to/from the following places: 

Location Walk Bicycle Private Car Public Transit 

Home     

Work     

Errands     

Leisure     

4. Please indicate the average round-trip travel distances for the following trips types: 

Location 0-5  km 5-15 km 15-25 km 25+ km 

Home     

Work     

Errands     

Leisure     

5. How many cars do you own in your household? 

1  2  3  3+ 

6. How much more would you be willing to pay for an electric vehicle over a conventional gasoline-powered 

vehicle? 

0¥  10,000¥  50,000¥ 100,000¥ More than 100,000¥ 

7. Please indicate your typical daily travel schedule: 

Time Walk Bicycle Private Car Public Transit 

12 am – 3am     

3 am – 6 am     

6 am – 9 am     

9 am – 12 pm     

12 pm – 3 pm     

3 pm – 6 pm     

6 pm – 9 pm     

9 pm – 12 pm     

Source: Prefectural Bureau, Oki Branch of Shimane Prefecture, “Future Vision of Promoting Renewable Energy, 

Introduction in Okinoshima-cho,” unpublished document provided to project members, August 2015. 

Micro-hydro Power on Oki 

There are four typical water sources for producing electric power from flowing water: 

impoundment, diversion, pumped storage, or in-stream flows. Dams and their associated multi-

purpose reservoirs are used to produce electricity, recreation, flood control, water supply, 

irrigation, wetlands, and stock/farm ponds. A dam stores river water in a reservoir; water 
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released from the reservoir flows through a turbine to generate electricity. A diversion 

hydropower facility, sometimes called run-of-river, channels a portion of a river through a canal 

or penstock. Pumped storage works like a battery, pumping water from a lower pool of water to 

an upper pool when energy costs are low, and then releasing the water to produce power when 

electricity costs are high. Micro-hydro systems can use the altitude differentials of terraced 

irrigation water to generate power as water flows through fields. Typical terms for hydro power 

facilities are “large” (a capacity of more than 30 megawatts) and “small” (a capacity of 100 

kilowatts to 30 megawatts). For even smaller hydro systems, the term “micro-hydro power” refer 

to a capacity from 5 kW up to 100 kilowatts, and “pico-hydro power” refers to systems under 5 

kW.
13

 Table 3.5 lists some advantages and disadvantages of micro-hydro systems.
14

 

Table 3.5. Advantages and Disadvantages of Micro-Hydro Power 

Advantages 

Efficient energy 

source 

It only takes a small amount of flow (as little as eight liters per minute) or a drop as low 

as two feet to generate electricity-with micro hydro. Electricity can be delivered as far as 

a mile away to the location where it is being used. 

Reliable electricity 

source 

Hydro produces a continuous supply of electrical energy in comparison to other small-

scale renewable technologies. The peak energy season is during the winter months when 

large quantities of electricity are required. 

No reservoir 

required 

Micro-hydro is considered to function as a “run-of-river” system, meaning that the water 

passing through the generator is directed back into the stream with relatively little impact 

on the surrounding ecology. 

Cost effective 

energy solution 

Building a small-scale hydro-power system can cost from US $1,000-$20,000 (100,000-

2,000,000 yen), depending on site electricity requirements and location. Maintenance 

fees are relatively small in comparison to other technologies. 

Power for 

developing countries 

Because of the low-cost versatility and longevity of micro-hydro, developing countries 

can manufacture and implement the technology to help supply much-needed electricity 

to small communities and villages. 

Integrate with local 

power grid 

If a site produces excess energy, some power companies will buy back electricity 

overflow. Power companies also can supplement micro-hydro with electricity from the 

power grid. 

Disadvantages 

Suitable site 

characteristics 

required 

To take advantage of the electrical potential of small streams, a suitable site is needed. 

Factors to consider are distance from the power source to the location where energy is 

required; stream size (including flow rate, output and drop); and a balance of system 

components — inverter, batteries, controller, transmission line and pipelines. 

Energy expansion 

not possible 

The size and flow of small streams may restrict future site expansion as the power 

demand increases. 

Low-power in the 

summer months 

In many locations stream size will fluctuate seasonally. During the summer months there 

may be less flow and therefore less power output. 

Environmental 

impact 

While the ecological impact of small-scale hydro may be minimal, most regulating 

systems assume that even low-level environmental effects must be taken into 

consideration before construction. As stream water may be diverted away from a portion 

of the stream, proper caution ought to be exercised to ensure there will be no damaging 

impact on the local ecology or civil infrastructure. 

Source: AE News, “Micro Hydro Power—Pros and Cons” (October 2015), online at http://www.alternative-energy-

news.info/micro-hydro-power-pros-and-cons/, accessed Nov. 5, 2015. 

http://www.alternative-energy-news.info/micro-hydro-power-pros-and-cons/
http://www.alternative-energy-news.info/micro-hydro-power-pros-and-cons/
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Micro-hydro uses the natural flow of water to generate hydroelectric power from 5 kW to 100 

kW. These installations can provide power to an isolated home or small community, or are 

sometimes connected to electric power networks, particularly where net metering is offered. 

Micro-hydro systems can complement solar PV power systems; in some regions, water flow (and 

thus available hydro power) is highest in the winter, when solar energy may be at a minimum. A 

pelton wheel for high-head, low-flow water supply can be used for micro-hydro generation in 

low-flowing streams. An installation could be a pool behind a small dam or at the top of a 

waterfall, with a pipe leading to the generator site. 

There are two small hydro power plants on the Oki Islands (see Table 3.6).
15

 One is the Yui 

hydro power plant on the west of Dogo that produces 0.2 MW electricity.
16

 The second site is at 

Minamitani on the east of Dogo, which relies on an impoundment that can produce as much as 

0.1MW electricity.
17

 There are 351 households that farm 1,189 hectares on Dogo along streams 

in the Oki Islands
18

 that may have the flowing water resources to generate electricity (see Figure 

3.1).
19

 If each of those households acquired a pico-hydro turbine, they could relieve pressure on 

public power generation by generating electricity at peak hours for either farm equipment or 

household use.  

Table 3.6. Hydropower Facilities on Oki Islands 

Some hydro power site prerequisites: 

 Fall head and waterway length according to 1/5000 topographic map 

 Water flow calculated on-site 

 Assessment on construction based on renewable energy policies 

 Operation and maintenance expenses available from equipment vendors 

 Per-unit electricity cost = (construction fee + maintenance fee) / electricity output 

Constructed Sites 

Name Type Quantity Fall Head Power Output Construction Date 

Yui Impoundment 0.155m
3
/s 183m 200kW March 1951 

Minamitani Combination 0.195 m
3
/s 71.23m 100kW September 1946 

Potential Site 

Location Facility Flow Fall Head Power Output Local Price Electricity Cost 

Harada Choshi Dam 0.42m
3
/s 23.8m 72kW 43 yen/kWh 34 yen/kWh 

Sources: Shimane Prefecture Government, “Small Hydro Electricity Generation Installment Research” (Shimane 

Prefecture, Japan, 2013); and  National Small Hydro Promotion Association, “Power Plants” (2008), online at 

http://www.geocities.jp/shuji_maru/simane/oki/index.html#01, accessed Nov. 6, 2015. 

Japan’s government encourages either stand-alone or pumped‐storage hydro power construction, 

and almost 60 percent of Japan’s natural hydro power resources are already exploited.
20

 As not 

all potential hydro power sites are cost-effective, Japan’s hydro power promotion policies 

include financial assistance to owners for hydro construction and operation, as well as subsidies 

to municipalities for installation of public facilities using hydro power stations.
21 

Micro-hydro sites ranging from 5kW to 100kW occur along Oki rivers. This project’s staff did 

not have accurate data on water flow, so it is beyond the scope of this report to calculate 

potential power output at any potential site. However, according to one Shimane Prefecture 

report, there are six potential sites on Oki available for small hydro facilities.
22

 Table 3.6 lists 

information on Harada, one such site.
23

 Table 3.6 also lists hydropower site prerequisites.
24

 

http://www.geocities.jp/shuji_maru/simane/oki/index.html#01
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Figure 3.1. Land Use on Dogo, Oki Islands 

Source: Oki Islands Government, “Vision for Renewable Energy Promotion in Oki-Hiroshima” (Shimane 

Prefecture, Japan, 2013). 

If the cost of electricity purchased by the user exceeds the cost to install a system, then micro-

hydro construction may be an option. For example, according to Vision,
25

 the power generated 

by Choshi is 365 MWh/year, divided by its power output 72 kW, with 5,072 hours of operation, 

which yields potential hydro energy of 956 MWh a year and a total power output of 188.5 kW, 

based on the assumptions listed above and calculations. As mentioned above, there are 351 

household farmers who are potential micro-hydro or pico-hydro consumers. If every household 

were to operate a 300W pico-hydro, then the systems could yield 105.3 kW power output. 

Without knowledge of turbine types, it is difficult to assess the costs of micro- or pico-hydro 

construction. For example, at the hydro power facility at Genkikun No. 2, the water wheel 

maximum output is 19 kW. The construction fee was 62 million yen (US $620,000). 

Construction costs were paid by the city (6 million yen), national financial aid (32 million yen) 

and donations (24 million yen).
26
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Table 3.7 lists costs associated with a pico-hydro installation of 300W. Fixed equipment and 

construction costs for a 300W system are US $726 (72,600 yen) per watt, with an additional $68 

(6800 yen) for variable costs of installation. Annual operating costs are $215.30 (21,530 yen) per 

unit per year.
27

 If the costs of the hydro power facilities listed in Tables 3.7 are consistent with 

the Genkikun facility, the costs of the three facilities could be between US $1.5 million to $3 

million (150 million to 300 million yen). 

Table 3.7. Costs for a 300W Hydropower Installation 

  A. Fixed Construction Cost 

Item 
Unit Cost  

(USD) 
Quantity 

Total Cost  

(USD) 
Source 

Pico-hydro turbine generator, 300W $250.00 1 $250.00 IHR receipts 

Electronic load controller, 500W $56.00 1 $56.00 IHR receipt 

Main circuit breaker $20.00 1 $20.00 Estimated 

Distribution board/equipment $20.00 1 $20.00 Guesstimate 

Main power cables $2.00/m 20 $20.00 Guesstimate 

Draft tube and tail pipe $140.00 1 $140.00 IHR receipt 

Cement $0.50/kg 100 $50.00 Guesstimate 

Construction labor $10.00/day 10 $100.00 Guesstimate 

Transportation $50.00 1 $50.00 Estimate 

TOTAL $726.00 
   

  B. Variable Construction Costs  

Item 
Unit Cost  

(USD) 
Quantity 

Total Cost  

(USD) 
Source 

Power cables $2.00 / m 10 $20.00 Estimate 

Circuit Breaker $8.00 1 $8.00 Estimate 

Poles and insulators $15.00 1 $15.00 Estimate 

Lamp holder and switch $5.00 1 $5.00 Estimate 

Current limiter $2.00 1 $2.00 Estimate 

Distribution board $5.00 1 $5.00 
Plasterboard 

backplate 

Compact fluorescent lamp $3.00 1 $3.00 Estimate 

Construction labor $10.00/day 1 $10.00 Guesstimate 

TOTAL $68.00 
   

  C. Annual Maintenance and Operating Costs  

Item 
Service 

Life (Yrs) 

Unit Cost 

(USD) 
Quantity 

Annual 

Cost (USD) 
Source 

Pico-hydro turbine generator, 300W 4 $250.00 1 $62.50 IHR receipts 

Electronic load controller, 500W 10 $56.00 1 $5.60 IHR receipt 

Main circuit breaker 10 $20.00 1 $2.00 Estimated 

Distribution board/equipment 10 $20.00 1 $2.00 Guesstimate 

Main power cables 20 $2.00 / m 20 $2.00 Guesstimate 

Maintenance Technician 1 $141.20 1 $141.20 100,000 kip/mon 

TOTAL 
 

$215.30 
   

Source: Fikret Velagic, “Pico-Hydro Cost Estimate” (Open Electrical, May  2014), online at 

http://www.openelectrical.org/wiki/index.php?title=Pico_Hydro_Cost_Estimate, accessed Aug. 20, 2015. 

Micro-hydro or pico-hydro can use hydro power at a small but efficient scale. Given the 

abundant water resources and moderate environmental impact of small hydro facilities on Oki, 

http://www.openelectrical.org/wiki/index.php?title=Pico_Hydro_Cost_Estimate
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water power could in principle be a renewable, reliable energy source for Oki (see Figure 3.2). 

The challenge to using micro-hydro or pico-hydro systems on Oki is that water flow in 

ephemeral streams on a mountainous island varies significantly over the seasons. For example, 

the Chosi Dam with its reservoir has the capacity to generate electricity at the will of the 

operator, as water can be released from the dam to run the generators. For an occasional stream 

without a reservoir that is dry during some of the year, the question of cost-effectiveness should 

be addressed. 

Figure 3.2. Possible Hydropower Sites and Their Potential Power Output 

Source: Members of the graduate class on Renewable Energy Technology Development in Remote Areas, The 

University of Texas at Austin (2015). (Based on a map from Google.) 

Oki is a small island where many drainage basins are small and rainfall runs off to the sea. 

Variable water flow with no dam to balance flows would mean that energy can be generated just 

part of the year. Project members did not have data on daily, weekly, or even annual flows by 

streams, and so were not able to estimate the cost-effectiveness of pico-hydro installations on 

Oki. Micro-hydro on Oki probably would not provide energy to support more than a small 
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number of households. For example, if all 41 of the viable micro-hydro systems on Oki would 

operate, they could generate on the order of 1.25 percent of Oki’s demand, 2.41 MW total 

electricity versus the 24.1 MW demand on the Oki Islands.
28

 As a result, wind and solar power 

represents more likely choices for reliable renewable electricity for Oki. 

Waste to Energy Options for the Oki Islands 

Under its 1970s Waste Management and Public Cleansing Act, Japan allocates to municipalities 

responsibility for managing domestic waste and separately requires industry to dispose residuals 

at their expense.
29

 Residuals considered harmful such as explosives, toxic chemicals, and 

infectious waste are subject to special control.
30

 Japan, like many other developed nations, has 

implemented waste reduction reuse and recycling. At the municipal level, potable wastes 

treatment, wastewater treatment, sewage solids, and solid wastes are each considered a municipal 

responsibility. On Oki the residuals from the water supply and wastewater treatment plants are 

separated into liquid and solid wastes, which are discharged to the ocean and processed onto 

manure, respectively. 

Waste management is more difficult on islands than on the mainland because space for waste 

disposal can be at a premium on remote islands, isolated islands may allow uncontrolled burning 

of waste, there can be an increase in waste during tourism peak periods, rain can wash land-

disposed waste into the oceans, and there is a lack of regional tax capacity to construct waste 

infrastructure or transport waste. 

Dogo residents recycle PET plastic bottles, glass, and aluminum, and other waste is considered 

“burnable.” Figure 3.3 illustrates how Dogo residents should separate trash. Recyclable wastes 

are depicted in the figure on the right, burnable waste is placed on the top left of the graph, while 

unburnable and industrial wastes are shown on the bottom left of Figure 3.3. 

The Dogo landfill has available capacity for the next ten years. Dogo also has a recycling plant 

where cardboard, plastic bottles, and aluminum cans are rinsed and crushed and sent to the 

mainland to be processed into recycled paper, bottles, and aluminum sheet. Potable water and 

wastewaters are treated within the island using conventional treatment processes and UV 

radiation for bacteria disinfection; water and wastewater effluents are discharged into the ocean. 

Sludge (solid waste) is processed into manure that stays on the island, although some excess 

waste is dried, burnt, and then disposed into the landfill. 

The Oki Islands generate more waste per capita than residents of other Shimane districts, 

according to government data from general waste processing in 2013.
31 

As Oki’s population has 

decreased, the total volume of produced waste has decreased to approximately 1.25 tons per day 

of unburnable waste, such as clothing, cooking utensils, light bulbs, and other items that need not 

be placed in the landfill; these wastes are sent to the mainland for recycling.
32

 Dogo recycles 

approximately 0.2 tons per day of PET, glass bottles, and aluminum cans. These items are 

crushed and they are sent to the mainland, despite high per-unit transportation costs.
33

 

Approximately 2.7 tons per day of Dogo’s waste is burnable and citizens bring it to the 

incinerator. Organic and inorganic items are not separated, so the volume of waste burnt is 

greater than necessary. The incinerator flame, which is controlled by throwing fresh water to the 
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flame, can reach over 1000°C. Its gas emissions are not captured or controlled. Ashes from the 

fire are transported to the landfill for final disposal.
34 

Figure 3.3. Dogo’s Recycling Illustration 

Source: Oki Islands Government, unpublished materials provided to program participants in August 2015. 

Oki faces a number of waste-related challenges. Its landfill capacity is available for only another 

ten years. Oki does not control air emissions at its incinerator, where about 90 percent of the 

waste generated in Dogo is burnt.
35

 Oki uses potable water collected from the island’s reservoir 

to control the incinerator flame, which is not a particularly high-valued potable water use. The 

incinerator flame could produce electricity by heating water to create steam for a turbine, which 

could replace a portion of the baseload power plant that burns heavy oil. While glass, PET 

plastic, and aluminum are recycled, burnable wastes could be separated between organic and 

inorganic material, so organics could be reused through composting. A decrease in the amount of 

waste burned would reduce energy use, water consumption, and the volume of ashes discarded to 

the landfill, enabling a longer landfill life. Separated organic waste could be used for biogas 

generation as a renewable energy within the island. Treated wastewater now discharged to the 

ocean instead could be used for gardening or other uses, such as control of the incinerator flame. 

Treatment of solid waste and wastewater could reduce waste transport costs for recycled waste to 

the mainland. If Oki invested funds and education to bring these industries to the island, 

residuals reuse could create jobs and replace steam to produce electricity. If Oki could generate 

biogas from organic wastes, it would reduce the demand for oil combustion to produce 

electricity. 
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Oki Islands Biogas Potential 

Methane, sometimes referred to as natural gas (CH4), is a colorless and odorless gas produced as 

a byproduct of anaerobic respiration in micro-organisms in the guts of cattle, termites, or in 

landfill ecosystems. Biogas is a mixture of methane (CH4), carbon dioxide (CO2), and trace gases 

resulting from anaerobic bacterial degradation of organic matter. Biogas composition depends on 

the source of organic matter, type of feedstock, as well as conditions of degradation defined by 

parameters of the digester operation. Table 3.8 lists components of a typical biogas. 

Table 3.8. Chemical Composition of Biogas 

Components Concentration Properties 

CH4 50-75% (v/v) Energy carrier 

CO2 25-50% (v/v) Decreases heating value  

Corrosive, especially in presence of moisture 

H2S 0-5000 ppm (v/v) Corrosive 

Sulfur dioxide emission during combustion 

NH3 0-500 ppm (v/v) Nox – Emissions during combustion 

N2 0-5% (v/v) Decreases heating value 

Water vapor 1-5% (v/v) Facilitates corrosion in presence of CO2 and sulfur dioxide (SO2) 

Source: K.C. Surendra, Devin Takara, Andrew G. Hashimoto, and Samir Kumar Khanal, “Biogas as a sustainable 

energy source for developing countries: Opportunities and challenges,” Renewable and Sustainable Energy 

Reviews vol. 31 (Mar. 2014), online at http://www.sciencedirect.com/science/article/pii/S1364032113008290, 

accessed Nov. 15, 2015. 

Figure 3.4 illustrates such a biogas process. Biogas is an option on the Oki Islands because its 

traditional agricultural, animal husbandry, fishery, and forestry industries produce raw materials 

that can be utilized for biogas energy production. Biogas can be burned by diverse costumers, 

and its use prevents the release of methane to the atmosphere. Biogas as a business has potential 

to facilitate sustainable development through developing local industry, employment, and 

investment opportunities. The relatively low-cost of biogas could reduce dependence on fuel oil 

within these remote Oki communities. 

The conversion of organic matter to biogas occurs through metabolic stages including 

hydrolysis, acidogenesis, accetogenesis, and methanogenesis (see Figure 3.5). Biogas is 

produced from anaerobic digestion in a sealed vessel, as the absence of oxygen is a condition of 

production. Organic wastes are the most common process inputs, but biogas can be produced 

from biomass energy feedstocks as well.
36

 

 

http://www.sciencedirect.com/science/article/pii/S1364032113008290
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Figure 3.4. Illustration of a Biogas Process 

 

Source: Ibaraki Prefectural Central High School Science Department, “Can Japanese Farmers Start Using 

Biogas,” online at http://www.edu.pref.ibaraki.jp/board/topics/news/photo/h24/10/image/29.pdf, accessed Nov. 

15, 2015. 日本の酪農家はなぜバイオガスを始めないのか 茨城県立中央高等学校科学部 ２年３組 

佐川貴哉，２年１組 飯塚浩市. 

Although the production processes divert a small amount of energy for microbial growth (about 

10 percent for fermentative bacteria and 4 percent for methanogens), most of the energy (86 

percent) is stored in the end product, CH4.
37

 Biogas can be a renewable energy source, utilized 

for cooking, lighting, electricity production, or mechanical power. Biogas can become a 

transportation fuel after being upgraded to biomethane or, if upgraded to natural gas quality, can 

be used for more diverse applications.
38

 

Biogas is considered a biofuel, meaning its feedstock is renewable and organic. Like natural gas, 

biogas has low volumetric energy density in comparison with liquid biofuels. However, biogas 

can be purified to natural gas equivalency, used as fuel for pipeline injection, or compressed 

further for use as transportation fuel. Methane, the principal biogas component, has four times 

the volumetric energy density of hydrogen and is suitable for many types of fuel cell generators. 

On a per-acre basis, biogas production may be the most efficient way of capturing the energy 

found in energy crops.
39

 Although liquid biofuels have the advantage of convenience and energy 

density, biogas maximizes energy recovery from biomass and wastes. Biogas can improve the 

energy balance of liquid biofuel production by using waste residuals from liquid fuel 

production.
40

 

A community biogas system for renewable energy can be cost-effective because costs are low 

and the process prevents pollution and uses renewable resources.
41

 Biogas also is an efficient 

biofuel option for conversion of organic material to energy.
42

 Biogas production enables 

employment because it requires staff for collection and transportation of raw materials, 

Biogas can provide fertilizer and methane to the community to 

use for energy; the cycle is a carbon-neutral system. 

http://www.edu.pref.ibaraki.jp/board/topics/news/photo/h24/10/image/29.pdf
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equipment manufacturing, as well as staff for operating and maintaining the biogas plant. 

Diverse agricultural residuals may be used for biogas production, allowing for market 

diversification in rural areas using wastes from agriculture, animal husbandry, forestry, and 

fisheries.
43

 

Figure 3.5. A Typical Biogas System 

Source: Ann C. Wilkie, “Biogas, a renewable biofuel” (University of Florida, 2015), online at 

http://biogas.ifas.ufl.edu/biogasdefs.asp , accessed Nov. 16, 2015. 

Biogas production from anaerobic digestion residuals from industries that use wood or other 

plant residues could reduce solid and liquid pollutants as well as greenhouse-gas discharges.
44

 

Anaerobic digestion has an advantage over composting, incineration, or the combination of 

digestion and composting in its higher conversion rate of biomass to energy and reduced 

emission of volatile compounds such as ketones, aldehydes, ammonia, and methane.
45 

Wastewater from digesters has a much more constant composition than the wastewater from 

manure landfills.
46

 

Biogas production can reduce rural residents’ health risks associated with burning biomass 

within households, such as fuel wood, crop residues, charcoal, or animal dung. Burning firewood 

or other plant materials within a home can contribute to diseases associated with indoor air 

pollution, such as child pneumonia, chronic obstructive pulmonary disease (COPD), and lung 

cancer.
47

 The link between IAP and a variety of other health problems such as asthma and 

http://biogas.ifas.ufl.edu/biogasdefs.asp


 58 

cataracts, low birth weight, stillbirth, tuberculosis, and high blood pressure are also well-

documented.
48

 The World Health Organization (WHO) estimates 1.5 million premature deaths 

per year (over 4,000 deaths/day) are directly associated with IAP from solid fuel use, with 1.3 

million attributed to biomass use, and the rest due to coal use.
49

 Biogas facilities promote a clean, 

smoke-free, low-cost energy alternative, which could reduce IAP incidence of IAP-related 

diseases. 

Anaerobic digestion of manure and other biogenic digestate wastes can be used as fertilizer. 

Biogas gas produces fewer odors or biological pathogens risks than many other biomass 

sources,
50

 so biogas can prevent indoor air pollution (IAP) health problems, as it can be a clean 

and economical substitute as an alternative to direct biomass burning for cooking indoors and 

without proper ventilation. Biogas production is less labor-intensive than biomass collection, 

which requires intensive work and time, can lead to physical ailments, and is disproportionately 

carried out by women and children. 

Biogas has been recognized as both a renewable energy technology and one that mitigates 

greenhouse gases. For example, anaerobic digestion projects are considered greenhouse gas 

reduction investments under the Clean Development Mechanism (CDM) of the United Nations 

Framework Convention on Climate Change (UNFCCC) for carbon trading.
51

 Kyoto Protocol 

countries can trade in greenhouse biogas emissions rights as a commodity within the 

international emissions trading market, as each ton of methane release prevented by biogas 

equals 21 metric ton of CO2.
52

 

Japan incorporated biomass as a renewable energy source in 2002 and again in 2009 through a 

Basic Act.
53 

Prior to 2009, Japan installed several hundred biomass plants, but some experienced 

operational issues and were not initially profitable. In 2012, a so called feed-in tariff (FIT) was 

implemented to support community energy projects, enabling biogas to be profitable in Japan.
54

 

After the Great East Japan Earthquake and Fukushima nuclear accident in 2011, the Japanese 

government enhanced RET development assistance including a biomass strategy as part of 

regional green industries and distributed energy supply systems.
55

 Table 3.9 lists selected 

Japanese biogas policies. 

The Oki Islands’ energy problems reflect their geographic distance from the main island of 

Japan, as Oki users currently buy and transport fossil fuels from foreign sources though domestic 

refiners and bulk suppliers. Agriculture, fishery, and human waste excreta, as well as household 

trash can all be used as sources for biogas production and diversified local economic growth. 

One challenge to introducing profitable biogas production on Oki is the islands’ carrying 

capacity, as there is limited land for cattle because of the Islands’ mountainous terrain. A low-

density cattle culture is true both in Japan and in Oki especially (see Figure 3.6). Household 

biogas production is viable within a maximum capacity of about 100kW and minimum capacity 

of 50kW.
56

 These types of generators would not work for Oki because of the limited capacity,
57

 

so a low-capacity generator such as a Cornes 50kW might be more appropriate.
58

 Investments in 

development of more low-capacity biogas generation could prove useful in supporting more 

profitable biogas production in Japan. Table 3.10 lists assumptions for using a Japanese 

manufactured Cornes 50 kW biogas generator and just waste from cattle on the island to 

produce local biogas.
59 
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Table 3.9. Japanese Biogas Policies 

Year Policy/Measure Outline 

2002 Biomass Nippon Strategy  Provides basic national strategy for achieving full biomass 

utilization 

 Begins to create Biomass Town in 2004 

2005 Kyoto Protocol Target 

Achievement Plan 
 Promotes biofuel use for transportation (500,000 kL by 2010) 

 Builds Biomass Towns 

 Develops biomass energy conversion technologies 

2006 Biomass Nippon Strategy 

(Revised) 
 Using biomass energy, including fuel for transportation 

 Fortifying Biomass Town creation (300 by 2010) 

2007 Ethanol (E3) Production 

Demonstration 
 Research, Development, & Deployment (RD&D) 

 Demonstration project for biofuel for transportation  

2008 Cool Earth-Energy 

Innovative Technology Plan 
 RD&D research program for technology development and policy 

support of multiple RE sources including biogas for heating 

2009 Basic Act for the Promotion 

of Biomass Utilization 
 Draws up the National Plan for the Promotion of Biomass 

Utilization 

 Creating the National Biomass Policy Council 

2010 Basic Energy Plan  Introduces RE as 10% of primary energy supply by 2020 

 Cutting gasoline demand by 3% nationwide by 2020 and 

replacing with equivalent volume of biofuel 

2010 Global Methane Initiative  Policy support and institutional creation facilitating public-

private sector agreements for increasing biofuel production 

2010 Act Concerning 

Sophisticated Methods of 

Energy Supply Structure 

 Requires oil refiners to produce a certain amount of biofuels 

 FY2011: 210,000kL -> FY2017: 500,000kl (crude oil equivalent) 

2010 National Plan for the 

Promotion of Biomass 

Utilization 

 Sets utilization targets for 2010 

 Sets basic policies on the development of renewable energy 

technologies using biomass 

2012 Biomass Industrialization 

Strategy 
 Targets conversion technologies (biogas production %) and 

biomass for realizing industrialization goals 

 Sets principles and policies for realizing biomass 

industrialization 

2012  

(2015 

update) 

Feed-in tariff for electricity 

from renewable energy 

sources 

 Electric utilities obliged to purchase electricity from renewable 

sources at fixed contract terms 

 As of July 2012, FIT level at 40.95 JPY/kWh over 20 years 

Sources: International Energy Agency, “Joint Policies and Measures Database – Japan,” online at 

https://www.iea.org/countries/membercountries/japan/policiesandmeasuresdatabases/, accessed Nov. 17, 2015. 

There is also potential on Oki to increase yields through co-digestion techniques where multiple 

material inputs are used, for example, manure, human waste, agricultural, and kitchen waste.
60

 

Single-stage digesters are faster and have a smaller footprint and infrastructure costs; there is less 

control of anaerobes, which is relevant to cost calculations if there are seasonal temperature 

fluctuations.
61 

The Hitachi Zosen Corporation started to study biogas options to serve Oki and conducted field 

experiments (2013-2014) before they decide whether to test at a larger scale (2015-2017); the 

next steps would be facility design (2016-2017) with subsequent construction (2018-2019), and 

later commissioning.
62

 Based on community surveys, the Oki population supports building plants 

to burn garbage, process wastes, or produce biogas. As the organic wastes are limited, one option 

https://www.iea.org/countries/membercountries/japan/policiesandmeasuresdatabases/


 60 

would be to develop a central waste management system to increase efficiency. Given the 

Hitachi Zosa Corporation’s interest, it might be possible for Oki to develop a public-private 

biogas partnership to share the cost of capital and operations while creating investment 

opportunities for local stakeholders. 

Figure 3.6. Number of Cattle Per Japanese Farmer 

Source: Ibaraki Prefectural Central High School Science Department, “Can Japanese Farmers Start Using Biogas,” 

online at http://www.edu.pref.ibaraki.jp/board/topics/news/photo/h24/10/image/29.pdf, accessed Nov. 15, 2015. 

日本の酪農家はなぜバイオガスを始めないのか 茨城県立中央高等学校科学部 ２年３組 

佐川貴哉，２年１組 飯塚浩市. 

Table 3.10. Assumptions for Oki Islands’ Biogas Products 

Assumptions: 

 The input of biogas for a 50kW engine is 9.04 cubic meters per hour. 

 The Cornes 50 kW will provide 465 kWh per day from 217 cubic meters of biogas. 

 Animal waste from the main island Dogo yields a yearly average of 31,922 tons. 

 Current practice of incineration has a potential energy cost of approx. 6.3 MW per day. 

 The 6.3MW per day represents 2.3 GW of the approximately 79 Gigawatts annual demand. 

 If facility construction costs can be brought down to ¥2 million/kW, a biogas enterprise would be 

profitable enough to benefit community stakeholders, such as substrate providers and farmers who use 

digestate as fertilizer on the islands. 

Source: Katou Nozomi, “Expanding use of biogas as community energy project” (Fujitsu Research Institute, Feb. 

2014), online at http://jp.fujitsu.com/group/fri/downloads/report/research/2014/no413.pdf, accessed Nov. 17, 

2015; Agricultural data supplied by Shimane Prefectural Government; analysis by study participants. 

There is potential for introducing biogas production to the Oki Islands and the prospect is 

promising measured in terms of potential economic, environmental, and social impacts. The 

organic resources are available and a biogas business can be profitable with the right technology. 

The Oki population endorses the concept. There exist opportunities for community ownership 

and local private investment opportunities. 

http://www.edu.pref.ibaraki.jp/board/topics/news/photo/h24/10/image/29.pdf
http://jp.fujitsu.com/group/fri/downloads/report/research/2014/no413.pdf
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Recovering Biofuel Resources: Returning to Satoyama Forestry 

Forests remain Oki’s primary renewable ecosystem, accounting for more than 88 percent of land 

use, which means that there is a large renewable biomass available for use as a source for 

electricity generation.
63

 In recognition of the available resources, the Neonite Corporation is 

planning to build a 180 kW biomass power plant in Okinoshima between 2016 and 2020.
64

 

The concept of sustainable forest management is not new, as in Japan the traditional forest 

management system, called satoyama,
65

 has provided employment and biodiversity. Satoyama 

involves the clearing of debris from forests to collect residuals and enable transition ecosystems. 

Satoyama practice could be used to produce biofuels that displace current non-renewable energy 

sources on the islands. Satoyama (里山) comes from the words sato (里), meaning village, and 

yama (山), meaning mountains. Satoyama is used in the transition zone between the built and 

natural environments. Compared to cities and even farms, satoyama landscapes appear largely 

natural, although influenced by human intervention.
66

 

Farmers in the past used satoyama to gather debris strewn across the forest floors as a source of 

heating fuel and fertilizer. Clearing such materials left open paths through the forest, allowing 

sunlight to filter to the ground. It promoted growth of diverse plants in the underbrush that 

provided additional sources of animal or human food. Several hectares of satoyama forest could 

support a hectare of farmland under cultivation.
67

 In traditional Japanese farming, the increased 

biodiversity in satoyama also provided farmers with foods and resources they could gather and 

sell profitably. 

Satoyama was common when large portions of the Oki population were farmers who benefitted 

from managing the forests around their farms.
68

 Since the 1960s, however, fossil fuels and 

chemical fertilizers became inexpensive enough so that gathering resources manually from 

forests was no longer cost-effective. As a result, some forest lands have been cleared to increase 

farmland, while other forest lands are no longer managed, allowing the most prolific species to 

supplant other plants and lower biodiversity. 

Japan’s government has recently recognized the drawbacks of allowing satoyama lands to 

disappear, and now advocates reinvigorating satoyama as a component of achieving sustainable 

environmental goals.
69

 In recent years, there have been Japanese projects to revitalize satoyama 

landscapes. In 1990, the Totoro Hometown Fund Campaign in Sayama Hills outside of Tokyo 

brought together 110,000 people who donated 110 million yen (US $1.1 million) in the first two 

years to support satoyama practices and provided volunteer support to establish satoyama 

landscapes in the area, seeking to limit the sprawl as residential buildings spread outwards.
70

 The 

project has been successful due to governmental support and strong local backing. In Yokohama, 

a small-scale satoyama initiative began with a conservation effort near the new environmental 

studies campus of the Musashi Institute of Technology.
71

 The initiative expanded into a city-

wide effort that has now conserved more than 40 percent of Yokohama’s 3,000 hectares of 

satoyama forest land.
72

 Satoyama initiatives have not been limited to Japan, as there have been 

projects to reinvigorate satoyama on every inhabited continent since the 1980s.
73

 

In the Dozen District of the Oki Islands, the focus of this study, there has been one successful 

satoyama initiative related to beef and horsemeat production, where farmers have started paying 
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fees of approximately ¥5500 per head per year to use common land to raise livestock.
74

 The fees 

go to help support the revitalization of the landscape and to ensure sustainable grazing on 

common lands. 

The Oki Islands do have several challenges to overcome if satoyama forest management is to be 

successful. Due to the population decline and emigration, it is not clear whether labor is available 

to support large-scale conservation. Oki residents themselves do not have a large economic base 

to fund preservation. However, if the satoyama forest management initiative could be linked to 

activities with high economic values, a program could flourish. 

There is an opportunity on Oki to produce biofuels, as satoyama forest management collects 

large quantities of fallen trees, loose leaves, and other underbrush, as well as waste products 

from wood construction that could be used as a fuel source for electricity. Biofuels are 

combustion resources that come from living material and could be used in lieu of other fuel 

resources, such as fossil fuels. One advantage that biofuels offer for a remote community (such 

as the Oki Islands) is that they can be produced in situ from plants grown on the islands, instead 

of importing oil and other petroleum products. If enough biofuels could be produced they could 

be exported, providing the islands with income. Producing biofuels from the biomatter collected 

in satoyama forest management could avoid a common conflict between food and fuel, where 

growing plants for biofuels can displace food crops and requires intense agricultural 

cultivation.
75

 Instead of harming the land for plant cultivation, satoyama actually increases 

biodiversity.
76 

There is currently a biofuel processing facility planned for Dogo, the largest and most populous 

island, capable of processing roughly 30,000 tons of woody materials annually from satoyama 

forest management.
77

 Within the facility, wood resources would be split, with 2,500 to 5,000 

tons being converted into wood powder and the remaining 25,000 tons becoming wood chips, 

which can be made into roughly 50,000 cubic meters of wood pellets that can be sold as fuel for 

heating. Of the wood powder, half will be used for lignin, which can be used to make a strong 

wood lacquer.  The other half will be used for its wood cellulose to produce some 400,000 cubic 

meters of methane gas and 100,000 liters of ethanol.
78 

The production numbers for the Dogo biofuel processing facility may appear impressive, but the 

quantity of methane gas that the biofuel processing facility would generate contains enough 

energy to generate less than 2 percent of Oki’s electricity. (This assumes a power plant with 33 

percent final efficiency, which is in the mid-range for boiler and steam turbine power plants.
79

) 

The facility’s ethanol production would substitute for slightly more than 2 percent of the liquid 

petroleum fuel stocks that Oki imports.
80 

Unlike the facility’s other end-products, the 50,000 cubic meters of wood pellets would carry a 

substantial energy content; that quantity of wood pellets would be enough to substitute for 45 

percent of the islands’ electricity demand.
81

 This means that even if all of the planned biofuel 

facility’s production was dedicated to electricity production, less than half of the island’s 

electricity demand would be met from biofuels. Oil imports would have to continue unless other 

renewable energy resources, such as wind and solar, were expanded. Given the limited size of 

the proposed biofuel plant, the production volume would not be large enough to enable Oki to 

export biofuels profitably. Instead, biofuels might be kept on the islands to displace current 
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imports. Depending on the actual cost of running the processing facility, the islands could 

experience reduced costs from lower imports. 

Burning biofuels are not without residuals risk, as their combustion would create air pollution 

and wastewater. In some sustainability analyses, biofuels are considered carbon-neutral, an 

assumption that relies on a net increase in plant matter from the biofuel production cycle. In the 

Oki Islands, the satoyama forest management would actually clear underbrush and thereby 

reduce the total amount of carbon sequestered in the islands’ forests.  According to the 

Brookhaven National Laboratory in the United States, burning wood pellets produces more than 

double the oxides of nitrogen and roughly 20 times as much particulate matter as burning an 

equivalent amount of fuel oil.
82

 Oxides of nitrogen are reactive and can contribute to ground-

level ozone. Particulate matter can lodge itself in the human respiratory tract. Using estimated 

figures from the United States Department of Transportation (USDoT), the extra emissions from 

burning wood pellets instead of oil could add health costs of nearly ¥580 million annually,
83

 a 

figure that does not take into account sulphur oxides or carbon monoxide emissions, although the 

economic and health consequences of the actual emissions might be less due to the isolation of 

Oki and the site for the wood pellet-burning power plant. The method of estimating direct health 

costs does not consider climate change consequences from carbon dioxide emissions.
84

 

Processing biomatter cleared from satoyama forest management into biofuels could save funds 

from fuel imports, but the quantities currently planned would be modest.  The consequences of 

shifting to satoyama forest management on Oki are hard to evaluate because it is not clear 

whether the local population is willing to tend to the satoyama. As a preliminary measure, the 

District could offer instruction to small groups on the islands and advertise the effort.  If 

voluntary satoyama does not catch on, economic incentives might encourage people to manage 

the forests. It is also unknown whether well-tended satoyama forests can positively or negatively 

influence the islands’ nascent tourism industry. 

Maintenance of Renewable Energy Sources Using Remote Sensing 

The existing oil generation facilities on the Oki Islands are easily accessible for maintenance and 

repair. Renewable energy sources can be challenging to monitor due to their location far from 

residential centers and sources of electrical demand. In the case of Oki, the wind facilities are 

difficult to access and thus require remote sensing in order to monitor efficiency and safety. 

Due to both the declining population on the Oki Islands and the limited number of technically 

trained local staff, training in renewable technology maintenance and installation is required to 

empower local human resources to access and check renewable energy plants to prevent damage 

or losses due to wild animals, inclement weather, and unpredictable situations. The training of 

Oki residents in the maintenance of renewable technology fulfills the objectives of job creation 

and re-population as stated in Japan’s Remote Island Development Act.
85

 

This section explores the option of using remote sensing for maintenance of renewable energy 

facilities. Remote sensing, in contrast to site observation, is the acquisition of information 

without making physical contact with an object.
86 

Remote sensing makes it possible to collect 

data in dangerous or inaccessible areas, either through satellite or plane, via radio waves, or the 

Internet. These options can be potentially expensive, and thus it may serve the purposes of the 
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Oki Islands to train specialists to physically monitor renewable energy sources. This section 

examines how remote sensors could be used by an Oki renewable energy industry and how such 

a system can prevent or reduce risks from natural disasters, wild animals, and unpredictable 

situations. 

It is beyond the scope of this section to identify the specific remote sensors appropriate for Oki 

solar generation. The solar array at the airport ought to be secure because it is at the airport 

facility, which is already protected. Inverters can be used to measure and transmit solar 

irradiation data remotely, but the solar farm planned for the Oki Island airport does not include 

invertor technology.
87

 Remote sensors at DC-to-DC step-up transformers for high-voltage 

transmission do exist but are still experimental and could be costly.
88 

The Chugoku Electrical Utility in Shimane Prefecture has selected the Hitachi HTW2.0-86 as its 

turbine of choice to generate electricity from wind on the Oki Islands.
89 

Its nacelle is a cover 

housing containing the generator components, gearbox, and brake assembly. The nacelle also is 

programmed to regulate pitch, yaw, cut-in, and cut-out speed.
90

 Components that maintain 

consistent energy production and the long-term health of the turbines are housed within the 

turbines’ nacelle structure and operate automatically. The wind variability components are 

powered by a lead acid battery, which must be checked regularly in order to maintain efficiency 

and prevent fire. Monitoring the lead acid battery represents a potential job for an Oki resident. 

Hitachi recommends the use of a non-flammable lubricant within the HTW 2.0-86 generation 

hub,
 
because when emergency brakes are deployed, sparks can cause fire resulting in loss of a 

turbine.
91

 

Common causes of turbine accidents include blade failure (19 percent), fire (15 percent), and 

structural failure (9.7 percent).
92

 Fire is particularly costly because 90 percent of turbine fires 

result in a total loss of the turbine, representing a complete loss on investment, where an 

estimated 84 percent of the total installation costs are upfront capital costs. The high turbine loss 

rate when fire occurs is due to the height of the turbines and the remoteness of location.
93

 Fuel 

(oils and polymers), oxygen (wind), and ignition (electric, mechanical, and lightning) are housed 

within the confined space of the nacelle, thus making fire a wind industry concern. As a fire 

safety science article states, “(f)uel control, detection, and automatic suppression remain the only 

tools for protection.”
94

 

In populated onshore areas, fire could ignite surrounding vegetation and buildings.
95

 In a rural 

areas such as the Oki Geopark, a forest fire would decrease the natural beauty. Any fire is risky, 

as substantial time would elapse after a fire can be detected and before a response could be 

mobilized. One standard practice to protect the area around a windmill is to clear vegetation 

surrounding a turbine within a radius of 1,300 feet to prevent secondary ignition.
96

 These risks 

are increased in the Oki Islands, which have a high incidence of lightning strikes. The Hitachi 

HTW2.0-86 has a lightning strength rating of 250kA (peak current) and 600C (total charge), 

which conforms to industry standards.
97

 Due to the hub height and remote location, effective fire 

prevention systems at a remote wind power site will be a challenge. Water may not be available 

on site. Road access may be limited for local fire prevention services. Even if vegetation is 

trimmed and regularly maintained, secondary ignition can lead to a forest fire. Vegetation 

trimming is a potential job for an Oki resident that does not require training. 
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One practice that could reduce fire risk would be to include heat detectors to report in an 

automated manner regarding fires. Smoke detectors could be useful, but given ambient 

environmental conditions that include high humidity and air salinity, they could produce false 

alarms and increase costs.
98

 

The Hitachi HTW2.0-86 is equipped to withstand 70m/s for 3 seconds and 50m/s for 10 minutes, 

which conforms to industry standards.
99

 It is beyond the scope of this chapter to assess the 

likelihood of typhoons. 

In the aftermath of the Fukushima disaster, Japan has enacted strict building codes for seismic 

disturbance. It is assumed that any new energy generation or storage facilities would be built to 

Japanese seismic standards.
100

 Standing generation facilities should be retrofitted to seismic 

standards following Japanese law and practices. 

Burglary and theft of copper cables is a concern at a remote wind turbine or solar site, as copper 

is valuable. Any theft could lead to downtime and loss of generation capacity in addition to 

stolen materials. Remote surveillance cameras, motion detectors, and audio alarm systems could 

deter potential thieves. Video recordings of any entry attempts could be transmitted as evidence 

remotely to a central maintenance center or even to smartphones. Chugoku could also invest in a 

loudspeaker audio intervention to dissuade theft and wild animal entrance. Solar panels can be 

used to power these components when electricity is unavailable and a secure connection when 

Internet access is unavailable. The firm Bosch offers cloud-based services, but the details of 

pricing such services are beyond the scope of this chapter.
101 

Wind turbines and solar arrays are susceptible to cyber attack via the Supervisory Control and 

Data Acquisition (SCADA) system that monitors wind speed and power generation. A hack 

could either cause a blackout or block remote access via a password change.
102

 Solarwinds is one 

company that offers remote data management solutions for renewables.
103

 The U.S. Department 

of Energy also offers a cyber security guide for electrical grids.
104

 

Wildlife damage to windmills is a relatively low risk, as fencing can keep land mammals away 

from wind and solar production sites and birds pose a low risk to wind turbine and solar 

functionality. Windmills do pose a small threat to birds. Birds risk being killed by wind turbines, 

but there are no endangered bird species on the Oki Islands.
105

 The Chugoku power company 

could add wind motion sensors with shut-off capabilities, although they are expensive and may 

not be reliable for bird protection. Chugoku could add anti-reflective coating on the solar panels 

to prevent the death of birds as birds can mistake large solar arrays as bodies of water when the 

coating is not used. 

Hitachi includes a SCADA system in its Hitachi HTW2.0-86 that can provide real-time wind 

speed and power generation data.
106

 Chugoku could send SCADA data to its central Energy 

Management System (EMS) connected to the Hybrid Battery system.  It is beyond the scope of 

this section to discuss how Chugoku would manage its remote data collection. 

This section has considered some elements of remote maintenance of wind and solar energy 

systems. The Hitachi HTW2.0-86 has automatic functions to respond to wind variability and its 

SCADA system reports wind velocity and power generation remotely. The HTW 2.0-86 includes 
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industry-consistent lightning specifications. Much of the efficiency monitoring is housed within 

the windmill’s Emergency Management System. Chugoku may wish to add security equipment 

to prevent theft and wild animal access. Cyber security is a concern for any remote monitoring 

SCADA system, due to its apparent weaknesses and the high capital cost of the hybrid battery 

system. The security of Oki renewable energy plants is robust, but cyber security of the Hitachi 

SCADA system should be investigated to prevent access to the EMS system. 
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Chapter 4. Discussion and Conclusions 

This report discusses the feasibility of substituting renewable energy sources for the two oil-fired 

power plants on the Oki Islands, including an option for 100 percent renewable sources for 

electricity. Two types of renewables, wind turbines and a solar photovoltaic farm, can provide all 

of Oki’s baseload energy, with any intermittent shortfalls balanced through an existing hybrid 

battery system. Oki’s existing two heavy oil-fired power plants can continue as a backup sources 

to generate power during periods when the sun does not shine, or the wind does not blow, or 

when there are unexpected demand fluctuations. 

This report’s analysis of renewable sources is dependent upon many technical assumptions 

which are listed throughout the report. Through survey results, citizens of Oki have indicated that 

they are willing to embrace renewable energy sources, although they prefer central rather than 

distributed systems, as renewable sources deployed on homes or in fields would pose a 

maintenance challenge for individuals. 

Oki’s renewable energy endowment from wind and solar PV are sufficiently large to generate all 

of Oki’s baseload electricity. There are other renewable energy sources, such micro-hydro and 

pico-hydro and biofuels that are feasible and cost-effective. To ease concerns regarding 

intermittency or unreliability of renewable energy supplies, Oki can utilize its existing hybrid 

battery system to provide diurnal demand fluctuation control. If energy fluctuations exceed 

renewables and storage, the existing oil-fired power plants can generate supplemental power. 

If Oki emphasizes wind energy and the centralized solar photovoltaic energy alone, up to 32 

windmills may be necessary to serve Oki’s annual electricity consumption; this number assumes 

a generating capacity of 2 MW per windmill, if the windmill size is similar to the planned Ama 

wind power plant. Land use restrictions (whether there is a 200 meter or 500 meter exclusion 

zone around a windmill) affect the island’s wind energy potential. Assuming a conservative 

buffer zone of 500 meters exclusion (appropriate for a large-scale wind farm), 32 windmills 

would be required to generate Oki’s baseload electricity. If a 200-meter buffer zone might be 

more appropriate, the number of necessary wind turbines would fall to 26. 

The substantial uncertainties inherent in this report’s calculations can be addressed by Oki 

through robust data collection. The Oki municipal government or the Chugoku Electric Power 

Company ought to record hourly or at least daily average wind speed and climate data at 

proposed renewable energy sites on both Dozen and Dogo. Data acquisition projects could 

collect information on wind speeds, solar irradiation, and topographical information with both 

Dozen and Dogo.  

This report has not sought to develop detailed operational plans for some alternative sources of 

renewable energy, such as off shore wind energy, geothermal sources, or ocean tides. The Oki 

government or the Chugoku utility might want to investigate the feasibility of offshore wind 

turbine installations, even though offshore wind turbines are more costly than land-based 

windmills and have reliability issues associated with offshore construction. 
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This report has suggested small-scale hydroelectricity generation, but the options described are 

general and not site-specific. Hydroelectricity may be an alternative for Oki farmers along 

perennial streams. Oki or Chugoku should also consider the possibility of encouraging the 

installation of micro-hydro or pico-hydro facilities around the islands to increase the capacity 

from this reliable and low-cost source of electricity, particularly in rural or remote areas with 

appropriate small streams. 

The abundance of biological materials currently treated as waste on Oki represent another source 

for renewable biogas or biomass energy. Although the Oki Islands operate wastewater and solid 

waste treatment facilities, there is limited space for disposal of wastes or sludge. Some residuals 

and garbage may be polluting the ocean. There is a need for better infrastructure transporting 

waste. The local waste incineration facility could be improved by a system to control the flame 

and limit air emissions. Oki should consider building additional landfill disposal sites or updating 

its existing infrastructure as existing disposal space capacity is available for approximately only 

10 more years. Waste incineration could be used to boil water to produce electricity. Oki’s local 

government could implement compost programs to help reduce waste, such as separating organic 

from inorganic waste to save landfill space and decrease energy and water use when controlling 

flames. Agricultural, forest, marine, and human wastes on Oki provide an opportunity to 

generate biogas for energy use, which might work best as a centralized system, as the volume of 

waste is too small for decentralized household systems. A cooperative community initiative 

could create a public-private biogas partnership as an investment opportunity. 

While the Oki Islands could generate all its baseload energy demand from renewable sources, 

such sources are by nature intermittent. It would be wise to retain the existing Oki oil-fired 

power plant as a backup source of electricity for those times when demand exceeds supply, 

including any renewable energy intermittency or any unexpected peak energy demand 

fluctuations. Fossil-fuel energy as a backup rather than a baseload source would reduce CO2 

emissions while maintaining grid reliability. One issue with the existing power plants is their 

lack of air emission controls; diverse pollutants, such as lead, mercury, NOx, and SOx are 

discharged with the power plant emissions. It is not known how difficult it would be to add 

pollution control to the two power plants. 

Japan has designated the Oki Islands as a Geopark and the natural beauty of the islands creates 

tourism opportunities. Oki might consider whether to budget funds to raise Japanese or even 

international awareness of eco-tourism opportunities on the islands. For example, an energy 

center could be developed to educate tourists, local citizens, or children about renewable energy 

facilities installed on Oki and how renewables reduce pollution and save money versus fossil fuel 

imports. Hosting international energy meetings or symposiums at such a center could attract 

visitors and raise Oki’s reputation as a “sustainable island.” A center could develop tours ranging 

in length from half-day trips to multi-day visits to leverage the Geopark status of the islands, 

increase municipal revenues, and permit tourists to experience renewable energy facilities and 

enjoy the islands’ natural beauty. 

The members of this project would have preferred to provide a more comprehensive assessment 

of Oki’s potential as a focus for renewable energy sources. The current barrier to such analysis is 

the limited availability of real-time, short-interval information available on wind, sun, and 
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flowing water resources. Any investment in renewable energy sources will be much more cost-

effective when power can be generated during a large fraction of any day and during each season 

of the year.  
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Appendix A. Letter from the Chugoku Power Co., Inc. 

(in Japanese and English) 

 

２０１６年１月２９日 

 

たおやかで平和な共生社会創生 

「サマーコース 2015 Renewable Energy Technology for Development in a Remote Area」 参加者各位 

中国電力株式会社 

流通事業本部マネージャー（発電） 

庄野 弘高 

こんにちは。中国電力の庄野です。 

オンサイト研修では，弊社の隠岐諸島における再エネ導入拡大の取り組みを紹介させて 

頂き，また，弊社の内燃力発電所およびハイブリッド蓄電池施設の建設現場を見学して頂 

きまして，大変感謝しております。学生の皆さまには，この研修を通して，電気を安定し 

て供給することの大切さ，大変さや，再エネ導入拡大の課題，解決策などについて理解を 

深めて頂き，皆さまの研究に少しでもお力になれたなら幸いです。 

私も，２日間に亘り，みなさんと一緒に講義や施設見学に参加させて頂き，学生に戻っ  

たようで，大変楽しい時間を過ごさせて頂きました。また，休憩時間や施設見学の移動中  

にもかかわらず，熱心に質問されていたことから，皆さんのこの研修に対する熱意を感じ  

ました。学生の皆さまには，この研修で学んでことを活かして，それぞれの分野で，飛躍  

され，活躍されることを期待しております。そして，もし，将来，一緒に電力に関わる仕  

事ができれば幸いです。 

また，オンサイト研修の成果をまとめて作成されたこの報告書が，今後の離島における  

再生可能エネルギー利用可能性を検討する際の参考資料として広く活用されることを期待  

しております。 

最後に，岡本先生を始め，高さま他のスタッフの方々には大変お世話になりました。お 

礼申し上げます。ありがとうございました。 

以上 
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January 29, 2016 

 

To all those who participated in the Summer Course 2015: 

Renewable Energy Technology for Development in a Remote Area 

(Organized by Hiroshima University’s “TAOYAKA program for creating a flexible, enduring, 

peaceful society”)  

Hello everyone, this is Hirotaka Shono from Chugoku Electric Power Co., Inc. 

We would like to extend our heartfelt appreciation to the organizers of the Summer Course 2015 

for giving us an opportunity to introduce our efforts on the Oki Islands at expanding the use of 

electrical power from renewable energy sources as well as our internal combustion power plants 

and hybrid storage battery construction sites. 

We hope that all the participants were able to deepen their understanding of both the importance 

and the difficulty of ensuring a stable supply of electrical power as well as the issues and 

solutions related to expanding renewable energy sources. And we hope that what you learned 

during the program will prove valuable in your future research. 

I myself was present for two days during the lectures and onsite visits. I enjoyed this experience 

very much and even felt myself like a student again. Also I felt the passion of the participants, 

who continued to eagerly ask questions even during breaks and on the way to onsite visits. I hope 

you will all be able to utilize what you learned during the program as you further your careers in 

your individual fields. And I look forward to future opportunities to work together in the field of 

electrical power supply. 

We hope that this report, which compiles material from the onsite training, will be broadly used 

as a reference in future studies of the availability of renewable energy sources in remote islands. 

In conclusion, we would like to extend our gratitude to Dr. Takashi Okamoto, Ms. Kaori Taka, 

and other staff members who cooperated in this project. 

Sincerely yours, 

Hirotaka Shono 

Manager, Distribution Business (Power Generation) 

The Chugoku Electric Power Co., Inc. 
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Appendix B. Letter from the Okinoshima Town Office 

(in Japanese and English) 

   

平成２８年１月２８日 

広島大学大学院の博士課程教育リーディングプログラム 

「たおやかで平和な共生社会創生プログラム」 

広島大学・九州大学・同志社大学・テキサス大学共同  

オンサイト研修（２０１５夏季） を受入れて・・・ 

この度は、平成 2 7年 8月  17 日から 21 日までの 5 日間、「遠隔地域（離島）における 

再生可能エネルギー開発」をテーマとして、本年度の国内研修地に、我が隠岐の島町を  

はじめ隠岐諸島を選定いただき、誠にありがとうございました。 

本町では、11 カ国の国々から 44 名もの学生、スタッフさんが一同に会し、研修をす 

るといったことが滅多に無いので、大変光栄なことで、「本町も国際的になったもの  

だ・・・」と楽しみにしておりました。何か少しでもお役に立てればという思いで、お  

手伝いをさせていただいた次第です。 

   ワーキンググループでは、地域住民へ  
のインタビューに私も同行させていただ  

きましたが、学生のみなさんは、島前研  

修後で疲れているにもかかわらず、熱心  

に質問をされていました。終了後は、さ  

すがにお腹も減ったのか「スシが食べた  

い」と言われるので、美味しい寿司屋を  

案内しました。移動のときの車中で会話  

がはずみ「世界は１つ」だと感じたホッ  

とした一コマでした。 

「夏！」「隠岐！」と言えば「バーベキュー！」ということで、来島 2 日目には、バ 

ーベキュー交流会を計画いたしました。隠岐の魚介類や肉を堪能いただき、ストレスも  

解消し、楽しんでいただけたのではないかと密かに自負しております。 

最後になりましたが、将来、皆様がグローバルに活躍されるリーダーとして活躍され 

ることを祈念いたしますとともに、また、このご縁をきっかけに、本町と何かで繋がっ 

ていくことを期待いたしまして、お礼のあいさつといたします。 

ありがとうございました。  

隠岐の島町定住対策課 

課長補佐 井﨑 里惠子 
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January 28, 2016 

Summer 2015 Onsite Training on the Oki Islands  

Cohosted by Hiroshima University, Kyushu University, Doshisha University, and the University of Texas 

at Austin 

(Organized by Hiroshima University’s “TAOYAKA Program for  

creating a flexible, enduring, peaceful society”)  

 

We would like to extend our heartfelt appreciation to everyone who participated in the Renewable Energy 

Technology for Development in a Remote Area, a five-day training session held on the Oki Islands from 

August 17 to 21, 2015. 

Naturally, a visit to our town by 44 students and 

faculty members from 11 countries was very rare 

occasion for us. We were all very proud of this 

opportunity and talked excitedly about how “our 

town has finally become international” as we looked 

forward to this event. We hope that you each found 

our support for this program to be helpful. 

I myself had a chance to accompany a working group 

when they interviewed local residents. Despite 

having already worked a full day, the working group 

very eagerly asked questions of the residents, and 

after the interview, they wanted to eat sushi. I told 

them about a popular place that is known for delicious sushi. In the car on the way, we had a cheerful and 

enjoyable conversation that renewed my appreciation of “the world as one.” 

Summertime in Oki means BBQ time, which is why we planned a BBQ party for the second day. We are 

quietly very proud of sea food and meat we produce on Oki Island and hope that the party helped 

everyone forget how tired they were. 

In conclusion, let me say that we sincerely wish the greatest of success in your global careers to everyone 

who participated in the program and hope that we can all stay in touch in the future. Thank you very 

much. 

Deputy section chief 

                  Okinoshima Town Office 

Eriko Izaki 
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