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Abstract

Renewable Energy is receiving increasing attention for its clean, green, and safe characteristics. It
drives energy structure towards a sustainability level by providing a sustainable approach to
energy generation, and contributing to mitigation of the green effect in the long term. The spatial
distribution of Renewable Energy Resources is strongly affected by geographic and topographic
factors. Therefore, the exploration and supply of Renewable Energy should be carefully planned at
the local or regional levels based on different factors. In the meantime, along with the increasing
size and number of Renewable Energy facilities, the impacts on landscape they are bringing is also
put forth a challenging task for landscape architecture research and practical fields.

Geographic Information Systems (GIS) have proved to be a useful tool for regional Renewable
Energy potential estimation and support for decision-making in energy planning. However, the full
introduction of GIS-based approach in support of spatial planning for Renewable Energy at
regional level has not been well utilized until now. In this context, this study aims to: 1) present a
GIS-based approach in support of spatial planning for Renewable Energy at regional level, by
providing information on regional potentials and restrictions to different energy stakeholders; 2)
consider the impact of Renewable Energy facilities on landscape, such as the visual impact of
wind turbines; and 3) preliminary study on Renewable Energy’s role in sustainability.

The results of this study contribute the proposed that a GIS-based approach in support of spatial
planning for Renewable Energy. The proposed approach is expected to be applied to other
Japanese municipalities or regions, and other regions worldwide. This study highlights that some
concepts of spatial planning, such as spatial organization for future sustainable development, and
consideration for balancing spatial development with social, economic, and ecological
requirements, applicable in the Renewable Energy planning field. With the increasing scale and
number of Renewable Energy facilities, the visual impact of these should be taken note of and

addressed in the planning process as well.
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1.1 Background

Renewable Energy (RE) is energy generated from solar, wind, biomass, geothermal, hydropower,
ocean resources, and biofuels (IEA, 2011). The use of RE is becoming popular for its clean, safe
characteristics. The development of RE is also one of the crucial steps for future sustainable
development of energy resources. Since the introduction of the concept of “sustainable
development” at the Rio conference (1992), it has become worldwide popular and gradually is
seeping into all aspects of our society. Sustainable energy supply and use plays a key role in the
sustainable strategy and it represents a crucial part of the overall strategy of sustainable
development (European Renewable Energy Council, 2012). It drives energy structure towards a
sustainability level by providing a sustainable approach to energy generation, and contributing to
mitigation of the green effect in the long term.

The Japanese Government issued its new “Basic Energy Plan” in June, 2010. One of its five main
targets was a proposal to increase the proportion of zero emission electricity power (nuclear power
and RE) to 70% of the total electricity generation by 2030 (Japanese Ministry of Economy, Trade
and Industry, 2010). To achieve this target, RE was to be increased from 8%-9%, and nuclear
power from 26%-50%. However, the Great North Eastern Japan Earthquake on March 11, 2011,
and the consequent Fukushima Daiichi nuclear crisis evoked great concerns on the safety of
nuclear power worldwide. Accordingly, this has led to difficulties in further promotion of nuclear
power in Japan. As a result, the Feed-in Tariff (FIT) of RE was announced and started in July,
2012, and is expected to accelerate the RE’s development in Japan.

The spatial distribution of Renewable Energy Resources (RES) is strongly affected by geographic
and topographic factors. Therefore, exploration and supply of RE should be carefully planned at
the local or regional levels based on different factors. In the meantime, along with the increasing
size and number of RE facilities, the impacts on landscape they are bringing is also put a
challenging task for landscape architecture research and practical fields.

Geographic Information Systems (GIS) have proved to be a useful tool for regional RE potential
estimation and support for decision-making in energy planning. However, the full introduction of
GIS-based approach in support of spatial planning for RE at regional level has not been well
utilized until now. In this context, this study aims to presents a GIS-based approach in support of

spatial planning for RE at regional level, while visual impact of RE facilities on landscape has
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been especially paid attention to. The main contribution of study is to propose a GIS-based
approach in support of spatial planning for RE. The proposed approach is expecting to be applied
to other Japanese municipalities or regions, and other regions worldwide. This study highlights
that some concepts of spatial planning, such as spatial organization for future sustainable
development and consideration for balancing spatial development with social, economic, and

ecological requirements are probably applicable in the RE planning field.

1.2 Definitions of Key Terms and Their Abbreviations

Renewable Energy: Renewable Energy is energy generated from solar, wind, biomass,
geothermal, hydropower, ocean resources, and biofuels, and electricity and hydrogen derived from
those renewable resources (IEA, 2011).

Spatial Planning: Spatial Planning refers to the methods used by the public sector to influence the
distribution of people and activities in spaces at various scales as well as the location of the
various infrastructures, recreation and the nature areas (CEMAT, 2007).

In one of the earliest description of spatial planning, European Conference of Ministers
responsible for Regional Planning (CEMAT) stated the following. Spatial planning gives
“geographic expression to the economic, social, cultural, and ecological policies of the society”. It
is “a scientific discipline, an administrative technique, and a policy developed as an
interdisciplinary and comprehensive approach directed towards balancing regional development
and the physical organization of space according to an overall strategy” (CEMAT, 1983).
Geographic Information System (GIS): A geographic information system (GIS) lets us visualize,
question, analyze, and interpret data to understand relationships, patterns, and trends. GIS benefits
organizations of all sizes and in almost every industry. There is a growing interest in and
awareness of the economic and strategic value of GIS. (ESRI, 2014).

Landscape: landscape means an area, as perceived by people, whose character is the result of the
action and interaction of natural and/or human factors (European Landscape Convention, 2004).
Landscape Planning: Landscape planning is an activity involving both public and private
professionals, aiming at the creation, conservation, enhancement and restoration of landscapes at
various scales, from greenways and public parks to large areas, such as forests, large wilderness

areas and reclamation of degraded landscapes such as mines or landfills (CEMAT, 2007).
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Environmental Impact Assessment: An environmental assessment is an analysis of the likely
impacts that a project may have on ecosystems, human health and on changes to nature’s services.
The main impacts to be analyzed are: soil contamination impacts, air pollution impacts, noise
health effects, ecology impacts including endangered species assessment, geological hazards
assessment and water pollution impacts. Other concerning of Environmental Impact Assessment
include land use, economic development, and visual aspects etc. (CEMAT, 2007).

Visual Impact: Visual effects relate to the changes that arise in the composition of available views
as a result of changes to the landscape, to people’s responses to the changes, and to the overall
effect with respects to visual amenity (UK National Infrastructure Planning, 2011).

Zone of Visual Influence (ZV1): Area within which a proposed development may have an
influence or effect on visual amenity (UK National Infrastructure Planning, 2011).

Sustainability: Development that needs of the present without compromising the ability of future

generations to meet their own needs (UN, 1987).

1.3 Research Objectives

The landscape aesthetics during the energy planning process have been paid little attention to. In
the meantime, the combination of RE planning/design and landscape is a new research field to
Landscape Architecture. The main objective of this study is to provide a relative study in this field,
by proposing a methodology of RE spatial planning at regional level for support to decision
making in energy planning. Furthermore, the RE’s impact on landscape has been taken into
account as well.

Specifically, the objectives of this study are as follows,

1) to present a GIS-based approach in support of spatial planning for RE at the regional level, by
providing information on regional potentials and restrictions to different energy stakeholders;

2) to consider impact of RE facilities on landscape, such as the visual impact of wind turbines; and

3) a preliminary study on RE’s role in sustainability.
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1.4 Research Framework

Research objectives, framework, Introduction

and methodology CHAPTER 1
Literature Review Case Review

-Benefits and impact of RE -Schaffhausen, Swiss The Concept and
-Spatial planning I_J}l -Kuzumakicho, Japan Methodology Reference
-RE and GIS -Chongming, China etc. CHAPTER 2

-RE and sustainability etc.

Renewable Energy
Renewable Energy Facilities on the Landscape and Landscape

CHAPTER 3

A GIS Based Approach in Support of Spatial Planning for

Renewable Energy Spatial Planning for Renewable

Energy: Approach and
Application
CHAPTER 4

Application of proposed approach in Fukushima, Japan

Discussion, Conclusion, and Conclusion and

Recommendation Recommendation
CHAPTER 5

Figure 1. Research framework of this study.

1.5 Brief Description of Chapters

The study is composed of five chapters. Each chapter is briefly described below:

Chapter 1-Introduction

This chapter introduces research background, objective, structure, and methodologies of the study.
Chapter 2-Literature and Case Review

This chapter aims to provide theoretical and empirical references for concept and methodology of
the study based literature and case review. Specifically, the benefits and impacts of RE, RE and
GIS, RE and spatial planning, and RE and sustainability have been addressed.

Chapter 3- Renewable Energy Facilities on the Landscape: Visual Impact Evaluation of
Wind Farms in Choshi city, Japan

Consideration of the aesthetic issues involving RE facilities, specifically, it maybe necessary to
take into account landscape consideration in RE spatial planning process, especially for big size

wind turbines. Therefore, this chapter focuses on visual impact evaluation of wind farms. Visual
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impact is considered as one of the main impacts of wind farms, and a leading cause of public
opposition. In Japan, attention has been paid to wind farms’ visual impact in high scenic value
areas such as National Parks, but no attention paid at local levels. This chapter focuses on local
areas and proposed a GIS-based integrated methodology for visual impact evaluation of wind
farms at both city and community levels. The application of the proposed methodology has been
conducted in Choshi city, Japan. A city has the largest number of wind turbines in Japanese Kanto
region.

Chapter 4- A GIS Based Approach in Support of Spatial Planning for Renewable Energy
Based on the previous chapters, this chapter presents an approach in support of spatial planning
for RE facilities at the regional level. The approach aims to establish an elaborate and informative
procedure, as well as integrated quantification and visualization to support decision-making in RE
spatial planning. This approach takes a step away from previous works that only dealt with
GIS-based RE potential estimation or site selection. It takes into account the future of energy
self-sufficiency possibilities, multiple RES, potential site analysis at the regional level, and visual
impact of wind turbines using GIS. The application of the proposed approach has been conducted
in Fukushima Prefecture, Japan, because of the planning needs to support the prefectural future
RE developmental vision for 2020 and 2030. Evacuees’ population and forest radiation levels are
specifically considered in the context of consequent issues emanating from the Fukushima Daiichi
nuclear crisis.

Chapter 5-Conculsion and Recommendation

This chapter discusses the findings of Chapters 1-4. The remaining tasks of this study, future tasks,

and recommendation are described as well.

1.6 Research Methodology

a. Literature Review

This study reviews literature in the following areas. Benefits and impact of RE, GIS-based RE site
selection and potential estimation, RE and spatial planning, and RE and sustainability. The review
material resources are from journal articles, selected books and documents, and online reports and
documents. The multiple sources of literature provide theoretical and empirical references as well

as a basis for the study.
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b. Case Study: Selected and Survey Methods

As a research method, the case study had been widely used in social science fields. A case study

can enable researchers to understand complex real-life activities in which multiple sources of

evidence were found (Noor, 2008). According to Yin (1984), multiple sources of data are

important to improve the reliability of case study results. In order to reveal the context and

inter-relationship in and between relative advanced cases in this study, the case study method has

been used. Specifically, to obtain more information and data, the following surveys were

conducted for each corresponding case.

*  Schaffhausen, Switzerland (Referencing case): desktop information gathering; on-site and
email interview.

Schaffhausen finalized its municipal energy planning (RE included) based on GIS in 2007. As a

pioneer and advanced case in Europe, its energy planning making process and methodology are

worth to be investigating in detail as a reference to this study.Thus, Schaffhausen has been chosen

as one of the case study sites.

*  Kuzumakicho, Japan and Chongming Island, China (Referencing cases): desktop information
gathering; on-site interview; questionnaire.

They were selected because they are some of the most progressive RE development cases in their

respective home country’s rural areas. They bear specific characteristics and issues, such as

population loss and local business decline in Kuzumakicho, and quick economic and energy

consumption increase on Chongming Island.

e Choshi City, Japan (Application case study): desktop information gathering; field survey;
on-site interview; questionnaire; GIS analysis.

Choshi has the largest number of wind turbines in Japanese Kanto region. The city has a total

wind energy production capacity of 53,560kW (Choshi City Gov., 2010). Between years

2001-2009, wind turbines increased from 1 to 34 within 10 wind farms. The number of wind

turbines and wind energy development process along years provide enough information for visual

impact evaluation at city level. In addition, settlements in Choshi suburban areas also provide big

potential for visual impact evaluation of wind farms at settlement level.

*  Fukushima Pref., Japan (Application case study): desktop information gathering;

questionnaire; GIS analysis.
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Fukushima was selected because of its planning needs to support the prefectural future RE
developmental vision for 2020 and 2030. In addition, evacuees’ population and forest radiation
levels in the context of consequent issues emanating from Fukushima Daiichi nuclear crisis make
it worthy for inclusion as a case study, in order to test the flexibility of proposed methodology.

c. Interview and Questionnaire

To deeper investigate the cases, on-site interview, e-mail interview, questionnaire to specific
respondents have been conducted in this study.

d. GIS Analysis

GIS have proved a useful tool for RE potential estimation and support for decision making in
energy planning. GIS has flexible data management and spatial-temporal analysis capability.
Furthermore, the visualization function of GIS can connect statistical analysis with visualized
spatial data in the integrated RE planning approach. Such visualization maps may make it easy to
understand planning for policy makers, private investors, and citizens. It also provides a platform
for information sharing and planning participation through Web-based GIS (Simao et al. 2009).
Besides, the Viewshed analysis function in GIS can also be used to identify visual impact areas of
wind farms.

GIS analysis has been taken as the basis of proposed spatial planning approach for RE, as well as
city level Viewshed analysis tools in evaluating visual impact of wind farms in this study. The GIS
data resources comes from multiple databases, they include: open online GIS database and GIS
data provided in CD-ROM. Besides, other format of data, such as: “.xIs”, “.dat”, and “.jpg”, have
been used as one resource of GIS data. These data have been coded, converted into format that can

be used in GIS.
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2.1 Benefits and Impact of Renewable Energy Facilities

It is widely accepted that Renewable Energy (RE) is a safe and clean energy source. Its
contribution on climate change mitigation makes RE one of the most important energy source
alternatives in a number of countries. However, along with increasing size and number of RE
facilities, impacts also exist. In the following sections, benefits and impact of RE in existing
literatures will be discussed. Specifically, the relationship between RE and landscape will be
addressed. Literature on visual impact of wind turbines will be further examined.

2.1.1 Benefits of Renewable Energy Facilities

Rio (2008) pointed out that RE’s sustainability benefits are composed of socio-economic and
environmental benefits. Numerous studies have addressed on the later benefits, however, studies
on socioeconomic benefits are lacking, including diversification and security of the energy supply,
enhanced regional and rural development opportunities among others.

*  Environmental benefits include mitigation of acid rain, stratospheric ozone depletion,
and greenhouse effect (Dincer, 2000; Midilli et al., 2006).

e Socio-economic benefits: increased energy security (Midilli et al., 2006; Rio, 2008),
increase of energy-independence (Tsoutsos, 2005; Takigawa et al., 2012), poverty
reduction and improved standard of living (Meier and Munasinghe, 2004), decentralized
and diversification of the energy supply (Rio, 2008), enhancing rural development
(Reddy et al., 2006; Lopez et al., 2007), reduction of regional income disparities (Komor
and Bazilian, 2005), improve local income (Takigawa et al., 2012), job creation
(Bergmann et al., 2006; Hillebrand et al., 2006).

2.1.2 Impact of Renewable Energy Facilities

There are many kinds of Renewable Energy Sources (RES), such as: solar power, wind power,

biomass, and hydro-power. The impacts depend on the type of RE technology considered.
Therefore, the impact is discussed based on different types of RE technologies as follows.

e Solar (Photovoltaic)

Tsoutsos (2005) discussed the impact according to three types of solar energy technology.

They are: solar thermal heating, photovoltaic power generation, solar thermal electricity. All

the types of solar energy technology have common issues with the environment. They are

land use, visual impact, and impact on ecosystems issues. See details in the following Table 1.
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Table 1. Solar energy technologies’ negative impacts (Source: Tsoutsos, 2005)

Impacts—burdens

Alleviation technologies/techniques

Solar thermal heating

Visual impact on buildings’ aesthetics

Adoption of standards and regulations for
environmentally friendly design;

Good installation practices;

Improved integration of solar systems in buildings;
Avoid viewable solar panels on buildings of historic

interest or in conservation areas.

Routine & accidental release of

chemicals

Recycling of used chemicals;

Good practices—appropriate disposal.

Land use

Proper siting and design.

Photovoltaic power generation

Land use: large areas are required for

central  systems.  Reduction  of

cultivable land

Use in isolated and deserted areas;

Avoidance of ecologically and archeologically

sensitive areas; Integration in large commercial
buildings (facades, roofs); Use as sound isolation in

highways or near hospitals.

Visual intrusion—aesthetics

Careful design of systems; Integration in buildings as
architectural elements; Use of panels in modern
architecture instead of mirrors onto the building

facade

Impact on ecosystems (applicable to

large PV schemes).

Avoidance of sensitive ecosystems, areas of natural

beauty, and archaeo logical sites.

Use of toxic and flammable materials

(during construction of the modules).

Avoidance of release of potentially toxic and
hazardous materials with the adoption of existing

safety regulations and good practice.

Slight health risks from manufacture,

use, & disposal

Good working practices (use of protecting gloves,

sunglasses, and clothing during construction).
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Solar thermal electricity

Construction activities

Good working practices; Site restoration; Avoidance

of sensitive ecosystems and areas of natural beauty.

Visual impact—aesthetics

Proper siting (avoidance of sensitive ecosystems and

areas of natural beauty, densely populated areas).

Land use

Proper siting.

Effect on the ecosystem, flora and

fauna (especially birds)

Proper siting (avoidance of sensitive ecosystems).

Impact on water resources water use
(for cooling of steam plant) and,
water due to

possibly, pollution

thermal discharges or accidental
discharges of chemicals used by the

system

Appropriate constraints (not the excessive use of
existing resources); Improved technology (use of air
as heat-transfer medium); Exploitation of the warm
water in the nearest industry in the production stream.
Good operating practices and compliance with
existing safety regulations; Employees should be

educated and familiarized with the systems.

Safety issues (occupational hazards)

e Wind power

Wind power does not emanate greenhouse gases, consume fossil energy, or cause energy

safety issues with radioactive waste. Therefore, it has been considered as environmentally

friendly energy source. However, it still imposes some impacts on human-life. According to

Leung and Yang (2012), the main impacts include: noise, visual impact, effect on animals and

birds, and climate change. Other impacts have also been indicated in the literature, such as:

electromagnetic interference (Coles and Taylor, 1993), flora (Australian wind community,

2006), shadow flickering (Australian wind community, 2006; Katsaprakakis, 2012; Danish

wind association, 2014), occupation of land (Katsaprakakis, 2012), waste water and solid

waste (Bao and Fang, 2013). Various studies show that visual impact is one of the main

impacts of wind farms, and the leading cause of public opposition (Thayer and Freeman,

1987; Wolsink, 2000, 2007; Kaldellis, 2005).
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China doubled its wind power capacity in 2009, and it still maintains its position as a global
wind power leader in cumulative terms with a total of 75.32 GW (Global Wind Energy
Council, 2012). Along with economic increase and urbanization, many big size wind farms
have been built up in China. Bao and Fang (2013) pointed out that, “some of these impacts
may seem minor at present, but the potential long-term effects are not yet known”.

*  Biomass

Bao and Fang (2013) stated that although biomass energy is considered carbon neutral energy
source, environmental impact may be found in the incomplete combustion and inefficient
energy production. The environmental impacts of biomass energy include: emission of
harmful gases by improper management, depletion of nutrients, topsoil erosion, soil
salinization, water pollution due to fertilizer, and local pesticide runoff.

e Hydro-power

The use of hydropower has a long history in human civilization. Water is fundamental for
many human needs; for drinking, for food, for energy production and for health (Omer, 2008).
Although hydropower is also marked as green energy, the construction and operating of the
power plants have negative impacts on the environment too, such as affecting land use,
residential areas, and natural habitats in dam areas by submergence (Bao and Fang, 2013).
The submergence may cause loss of bio-diversity, harm fish populations, cause great changes
in natural flow regimes, and slopes destabilization and climatic alterations (Ranganathan,
1997; Sperling, 2012). Furthermore, some CO; are still produced during the construction and
operating process of hydro power plant.

*  Geothermal

Raybach (2003) has identified several environmental impacts of geothermal power plants.
They are changes to landscape, land use; emissions into the atmosphere; surface and
subsurface water changes; noise; land subsidence, seismicity, and solid waste. Similarly,
Iceland researcher Kristmannsdditir and Armannsson (2003) identified the impacts as: surface
disturbances; physical effects of fluid withdrawal; noise; thermal effects; chemical pollution;
biological effects; and protection of natural features. They also pointed out that scenery issues

also need to be addressed in places of outstanding beauty, touristic and historical areas.
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2.1.3 Renewable Energy Facilities and Landscape

The transition from a fossil fuel society to a sustainable energy supply society is one of the
important concepts in climate change mitigation. Market projections indicate fast growth in RE
installations and generation around the world. The RE facilities will be located in the built
environment near users and consumers, these facilities directly change the landscape (Figure 2-3),
in areas such as topography and vegetation. These spaces are usually planned and designed by
landscape architects. In spite of providing a sustainable energy production approach, RE also
needs to achieve a sustainable transformation from landscape perspective. The quick development
of RE brings new challenges to landscape architecture filed in energy transition process.

RES is resources existing objectively in the physical environment, us human beings, to percept, to
use these resources using our intelligence, such as technology and planning tools (Figure 4).
Mitani (1990) described the relationship between modern technology and human beings in the
following paraphrase. “The landscape of this century is gradually changing with new technology.
The belief in science and technology forms new hope for modern human beings, on behalf of
religion and philosophy. People start to understand nature through science and technology. Science

and technology sometimes are understood as being irreconcilable conflict against nature,

sometimes they are understood as an element of human intellect produces developed from nature.”

Figure 2. Palm spring wind turbines. (Source: by Tom Grubee. http://www.tomgrubbe.com/)
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Figure 4. Relationship between technology, planning, and RE resources. (Source: by Author).

However, the research and practice in landscape and RE cross-field were only noticed recently.
Landscape architecture, as discipline, deals with tasks such as land use, ecological systems,
residence, historic, cultural and aesthetic aspects of these. As mentioned in Section 2.1.1 and 2.1.2,
to solve or mitigate impacts of different RE technologies, landscape architecture can contribute to
help solving issues on environmental and aesthetic aspect, thus provide the sustainable

implementation of RE technologies. Stremke (2012) proposed the concept of “sustainable energy
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landscape”. The concept was defined as “physical environments that can evolve on the basis of
locally available renewable energy sources without compromising landscape quality, biodiversity,
food production and other life-supporting ecosystem services”. The change of current fossil fuel
energy structure into sustainable energy structure may take centuries, to accelerate the transition,
innovative and systematic spatial planning and design approaches are necessary. According to
Stremke (2009), at Wageningen University, Netherlands. They have proposed a five-step approach
to support identifying strategies for energy-conscious transformation at regional level. The process
is 1) inventory and analysis of the case-study region; 2) studying existing context scenario; 3) map
of possible future developments in case-study region; 4) visions for a sustainable energy landscape
composition under conditions provided context scenarios; 5) create strategies for energy-conscious
transformation that can be identified through comparative analysis of all visions. Through
application of this approach at the regional scale, he argued that “sustainable energy transition
may support realization of added values such as preservation of cultural landscapes and climate
change adaptation (Etteger and Stremke, 2007)”. See Figure 5 for a sample of spatial energy

vision in region of Southeast Drenthe, the Netherlands (Vandevyvere and Stremke, 2012).
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Figure 5. A sample of spatial energy vision in region of Southeast Drenthe, the Netherlands.

(Source: Vandevyvere and Stremke, 2012).

2.1.4 Visual Impact of Wind Turbine
As the environmental problems, such as air pollution, greenhouse effect, we are facing get more
serious day by day, extensive effort has been made to shift our energy sources from those
traditional energy sources such as: coal, oil and fossil fuel to clean renewable energy. RES
includes wind, solar, water power and so on. Nowadays, these new energy sources play an
important and increasing role in current world’s energy mix.

Among which, wind energy is developing in a very fast speed in the last decade. From 2008-2009,
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38,312MW were added and shown a growth rate of 31.7%, reached the total capacity of
159,213MW by the end of 2009, according to the prediction, total number will reach 203,500MW
by the end of 2010 along with the high increase rate in 28.3% (Figure 6). As the trend continues
that wind energy capacity doubles every three years, wind energy will become one of the popular
energy resources in the future.

Although wind energy can be considered as the cleanest energy (Figure 7), accompany with the
construction of wind farm project, there are also a lot of negative impacts exists, such as: impact
on birds, landscape, and noise problems. Among all the impacts, visual impact of wind farms on
landscape is the hardest impact to be aware of and objectively evaluated. A unique challenge has

been put in front of landscape architecture professional field.

World total installed capacity
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203500
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159213
150000 -
120903
100000 - 933930
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59024
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2432231181I
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Figure 6. World total installed capacity. (Source: Global wind energy council, 2009)
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Figure 7. Wind energy has the lowest carbon (CO,) emission in all the energy forms.
(Source: Bouton, 2009)

As the development of wind engineering, wind turbines are getting bigger and bigger, which
means wind turbines will get more and more apparent in the landscape day by day, and no need to
mention the increasing number of them. Although public opinion surveys show a strong support
for wind energy development around the world, surveys done by Thayer (1987), Wolsink (2000,
2007), and Wustenhagen et al. (2007) show a tendency that once a project area proposed and the
impacts become more apparent, people will become less supportive to their favoring wind energy.
According to research by Wolsink (1989), the real root cause of opposition is visual impact and it
is hard to be aware of.

“People unconsciously realize that opposition on aesthetic grounds is subjective, and is,
therefore, often dismissed by public officials. They then rationalize their opposition by citing
concerns such as noise, shadow flicker, and birds, which can be objectively evaluated. But visual
impact remains the root cause of opposition” (Wolsink, 1989).

Within all impacts, visual impact on landscape is the most difficult item to be noticed and
evaluated objectively. Unlike noise and topography changes, visual impact cannot be objectively
surveyed and revealed by specific data. Furthermore, visual impact is different due to people
different perceiving and tolerance. Wind farms pose a unique challenge in protecting visual
resource values in settings from rural to urban. Planning, locating, and designing these wind
facilities so that they fit into local landscape is both an art and science task and it is also represents

an expanding field of opportunity for the landscape architecture profession.
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By the end of 2009, Japan has ranked in 13th in the world with the total wind energy capacity of
2.056 MW (World Wind Energy Report, 2009). Recently, in Japan, a discussion about visual
impact of wind turbines in high landscape value area such as National parks has started by
Japanese Ministry of Environment. However, seldom attentions have been paid to visual impact to
those suburban settlements in Japan. After The Great North Eastern Japan earthquake on March 11,
2011 and the consequent nuclear disaster, the Japanese government is making efforts to expand
installation and use of green, safe RE. Among all the RES, wind energy has the highest potential at
1,900MKkW out of the total RE potential of 2,081MkW (Japanese Ministry of Environment, 2011a).
Wind energy may become a popular energy source for local use in the coming few decades. It may
also play a vital role in post-earthquake reconstruction in Japan.

However, an increase in size and number of wind turbines increases the visual impact to the
landscape too. Various studies show that visual impact is one of the main impacts of wind farms,
and the leading cause of public opposition (Kaldellis, 2005; Thayer and Freeman, 1987; Wolsink,
2000, 2007). In Japan, most of the studies have focused on perception research (Ohgishi et al.,
2006; Sakamoto et al., 2004). A “Technical Guideline for wind energy facilities in high scenic
areas” was developed by Japanese Ministry of Environment (2011b). This was based on their
work on visual impact of wind turbines in high scenic areas such as National Parks since year
2005. High scenic areas have received more attention than local areas in Japan. Local areas
require attention too, as they are perceived daily by the residents due to proximity to their living
quarters.

Although visual impact is difficult to evaluate objectively, some applications and regional
assessments have been accomplished (Bioshop and Miller, 2007; Lothian, 2007; Moller, 2006).
Bioshop and Miller (2007) finished the assessment of visual impact of off-shore wind farms and
identified the visual threshold for detection, recognition and visual impact under different
landscape settings. Lothian (2007) accomplished landscape quality assessment in Australia. Moller
(2006) proposed a method to reflect the change of visual impact of wind farms by means of
Geographic Information System (GIS) in regional scale.

Several assessment methods have been developed for different levels, such as GIS-based
assessment, Multi-criteria Analysis, and Spanish Method. However, there is lack of integrated

visual impact evaluation methods at both city and community levels. GIS-based assessment is
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suitable for regional or city level evaluation. It can be overlaid with visual condition analysis, land
use, and population analysis among others. Multi-criteria analysis is now widely used to analyze
multiple elements of target sites, such as physical attributes (landscape form, topography and
land use) and aesthetic attributes, such as color and texture among others (Leung and Yang, 2012).
However, it is not specialized for settlement level evaluation, and its factors can be decided based
on the target site making it difficult to ascertain the reliability of factor selection and evaluation.
Spanish Method (Hurtado et al., 2004) was developed for local level evaluation, aiming to assess a
wind farm’s visual impact to a target settlement. A scoring ‘Visual Impact Evaluation Matrix’
including five coefficients was proposed. Its only empirical application was carried out in Crete

Island in Greece (Tsoutsos et al. 2009).

2.2 Renewable Energy and GIS
2.2.1 Development of GIS Technique

In the 1950s’, the concept of GIS has been proposed. Along with the development of computer
technology, the first computer-based GIS was established by a Canadian in 1960s’. During the
period of 1970s’, the computer technology rapidly developed, this made GIS technology starts to
get more attention and potential to further develop. The concept and technology of GIS became
popular and started to be widespread in the 1980s’. In 1990s’, GIS has been used all over the
world, and it became the most useful tool and assistant in lots of fields.

Regard to the application of GIS technology in RE field, there are two main topics that have been
studied a lot. First is evaluation of RE potential, and the second is GIS-based planning
methodology and approach for RE planning. GIS have proved to be a useful tool for regional RE
potential estimation (Hoesen and Letendre, 2010; Arnette and Zebel, 2011; Gil et al. 2011) and
support for decision making in energy planning (Clarke and Grant, 1996; Voivontas et al., 1998;
Domingues and Amador, 2007). This is due to their flexible data management and
spatial-temporal analysis capability. Furthermore, the visualization function of GIS can connect
statistical analysis with visualized spatial data in the integrated RE planning approach. Such
visualization maps may make it easy to understand planning for policy makers, private investors,
and citizens. In 1996, the earliest paper that focusing on biomass energy potential assessment has

been published. This study (Graham et al., 1996) proposed a modeling system for potential cost
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and supplies evaluation of biomass energy from biomass crops at regional level. After this, several
studies (Voivontas et al., 1998; Yue and Wang, 2006; Ramachandra and Shruthi, 2007; Arnette and
Zebel, 2011) that focusing on one or multiple RES potential evaluation has been also published.
Recently, the visualization function and data analysis ability of GIS has been greatly developed.
The update of ArcGIS from 9.0 to 10.0 made its visualization ability and analysis toolbox updated,
such as ArcScene. Furthermore, the software has been designed more easily to learn and use.
Besides ArcGIS, other GIS software, such as Grass GIS, Map GIS, is now be used by many users.
These software widen and complete the function of GIS. The different features of these GIS
software provide different options for users, so that they can choose the most appropriate software
according to their specific purposes.

Along with the development with Internet technology, web-based GIS is becoming popular for its
information sharing and online interactive ability. It also provides a platform for planning
participation (Simao et al., 2009; Bayern Gov., 2014). In Japan, many municipalities, such as
Shizuoka Pref. (Figure 9), Fukushima Pref., have used online Forest GIS. The online forest GIS
shares information on forest type, age, management condition, forest road, protected forest area,

topography, and forest recreation areas etc.
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Figure 8. Energy-Atlas Bayern with showing wind potential at 80m.

(Source: Bayern Gov., 2014)
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(Source: Shizuoka Gov., 2013)

2.2.2 GIS-based Planning of Renewable Energy: Steps, Structure

In order to find references for RE planning approach that will be proposed in this study, previous
literature was read with respect. Some important studies are briefly described as follows.

Voivontas et al. (1998) proposed a RES-Decision Support System (RES-DSS). The proposed
system is composed of RE potential evaluation and economic analysis (levelised electricity cost
and Internal Rate of Return analysis). Regard to potential evaluation, this study proposed the
concept of “theoretical potential”, “available potential”, and “technological potential”. After
overlay with environmental, social, and wind turbine technical criteria, the available potential and

technological potential can be clarified based on theoretical potential using GIS. See Figure 10.
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Figure 10. Renewable Energy Source-Decision Support System. (Source: Voivontas et al., 1998)

Muselli et al. (1999) proposed a computer-aided approach to analyze integration of RE systems for
remote areas using GIS. The approach is composed of three main steps. First, to prepare maps,
second to establish regional database based on maps, third to finalize regional planning of RE.
Within the third step, it includes electricity production cost, optional systems for each site (system
sizing), and technical and economical analysis for local suppliers.

In the same year, Sarafidis et al (1999) proposed an approach for regional planning to promote the
RE. They mainly pointed out that “energy representations are still highly aggregated and do not
examine possible variations in the spatial distribution of energy demand and of the energy supply
sources”. In order to integrate RES into the energy system, the scale of energy analysis and
planning should be shifted from the national to regional and local level. Their approach is
composed of two parts. First, to estimate energy demand, where useful energy demand and final

energy consumption estimation. Second, to estimate of RES potential, they finalized potential
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estimation for wind biomass, solar and hydropower.

Based on GIS, Amdor and Dominguez (2005) developed a decision making process for
electrification in rural area with RES. The process includes energy consumption analysis, with
socio-economical, technical, and geographic data, as well as levelised electricity cost (LEC)
calculation, the potential for different RE technology can be identified. They argued, “ Correct

consideration of the energy consumption is fundamental”. See Figure 11.
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Figure 11. The decision making process for electrification in rural area with RES.
(Source: Amdor and Dominguez, 2005).

Yue and Wang (2006) finalized a GIS-based evaluation of multifarious RES at local level in Chigu
area, Taiwan. After 1) RES potential evaluation, 2) scenario, and 3) economic analysis, they
discussed 4) environmental benefits and impacts for each RE technology, as well as suggestions
for 5) political implications.

Terrados et al (2009) proposed a combined methodology for RE planning. They reviewed existing
approaches for RE planning at regional level first, and based on review, they proposed a combined
methodology using Multi-criteria Decision Technique (MDCA), Delphi techniques (expert
opinion), and SWOT analysis (Strength-Weakness-Opportunity-Threats). They applied the

approach to a Spanish region. See Figure 12.
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Figure 12. A combined methodology for RE planning at regional level.
(Source: Terrados et al., 2009)

Based on literature review, it has been found out that energy planning of RE usually compose of

several parts. They are as follows.

1) Energy consumption evaluation,

2) RE potential evaluation: theoretical potential, available potential evaluation,

3) Socio-economical analysis,

4) RE benefits and impacts analysis, and

5) Scenario analysis.
Overall, the existing methodologies and studies on RE planning has focused on estimation
(Voivontas et al., 1998; Yue and Wang, 2006; Hoesen and Letendre, 2010; Gil et al., 2011; Arnette

and Zebel, 2011) and mapping (Ramachandra and Shruthi, 2007), whereas energy self-sufficiency
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analysis based on demand-supply prediction at the regional level has been lacking. The full
introduction of GIS-based approach in support of spatial planning for RE has not been well
utilized until now, mainly due to lack of multidisciplinary knowledge and know-how between

spatial planning and energy planning fields.

2.2.3 Methods and Criterions: GIS-based Site Selection and Potential Evaluation
In RE potential survey report, Japan Ministry of Environment (2011) used the following (Figure
13) methodology to estimate RE potential at national level. First, RE abundance was estimated
then overlaid with social and nature criteria, the available RE was estimated. Finally, based on

different economic condition, scenario analysis was finalized and compared.
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Figure 13. Evaluation process of RE potential report 2011.
(Source: based on Japanese Ministry of Environment, 2011. By author.)
Schaffhausen developed their municipal energy planning (including RE) in 2007 (Figure 14).
Within which, energy consumption analysis, RE potential analysis, waste heat analysis was done.
The main feature is this plan combining residential housing plan and industrial plan with energy
plan. The methodology to develop the energy plan is shown in Figure 15. The plan making
procedure is clarified based on on-site interview and e-mail interview with Schafthausen’s city

officer. See more detail in Appendix 1.
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(Source: http://www.stadtschaffhausen.ch/. Translation: Isami Kinoshita)
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Figure 15. RE planning procedure developed and used by Schaffhausen, Switzerland.

(Source: by author. Based on onsite and e-mail interview).
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Based on literature review, the criteria for wind turbine site selection, PV potential estimation and

mega-solar farm site selection, available forest and agriculture, and distance for biomass power

plant have been summarized. See Table 2-4.

Table 2. Criteria for wind turbine site selection.

Study Wind | Altitud | Slope Distance (m)
speed € City, | Villag | Water | Ecologic | Airport | Historical
(m/s) (m) town e body | alarea area
Sarafidis et >6 <1000 | <70% | >1000 - - - - >1000
al.,1999
\oivontas et >6 <1000 | <60% | >1000 >2500 >2000
al.,1998
Arnette and - - <20% >500 >500 >1000 >2000 -
Zebel, 2011
Yue and Wang, >4 - - >500 >250 - >250 - -
2006
Hoesen and - 600-10 | <60° - - - - - -
Letendre, 2010 50
Japanese >55 | <1000 | <20° >500 | >500 - - - -
Ministry of
Environment,
2011
Baban and >5 - <10% | >2000 | >500 | >400 >1000 - >1000
Parry, 2001
Silz-Szkliniarz - <2000 | <25° - >500 | >250 | >500m >3000 >1000
and Vogt, 2011

Table 3. Criteria for photovoltaic (PV) potential estimation on rooftops and Mega-solar farm site

selection.
Study Potential estimation Mega-solar farm
on rooftops Slope Direction Area
Yue and Wang, 2006; Total rooftops - - -
Hoesen and Letendre, 2010. area*25%
Arnett and Zebel, 2011 - 0-2.5% Any direction -
2.5-15% South-facing
direction
Fukushima Gov., 2013 - - - >1.5ha
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Table 4. Criteria for available forest and agriculture resources, distance for biomass power plant.

Study Slope Agricultural residue Distance

Hoesen and Letendre, 2010; | <20% - -
Vettorato et al.,2011.

Vettorato et al.,2011 - - 2000m

Yue and Wang, 2006; - Total energy crop area*50% -
Hoesen and Letendre, 2010.

2.3 Renewable Energy and Spatial Planning
2.3.1 Spatial Planning: Definition, Characteristics, Theory

Spatial planning is considered as a complex system for organizing the development of physical
space, aiming to mediate the relationship between spatial development and social, economic, as
well as ecological requirements (Federal Ministry of Transport, Building ad Urban Development,
2013). It usually embraces land use planning and relevant public policy. In one of the earliest
descriptions of spatial planning, European Conference of Ministers responsible for Regional
Planning (CEMAT) stated the following. Spatial planning gives “geographic expression to the
economic, social, cultural, and ecological policies of the society”. It is “a scientific discipline, an
administrative technique, and a policy developed as an interdisciplinary and comprehensive
approach directed towards balancing regional development and the physical organization of space
according to an overall strategy” (The European regional/spatial planning charter adopted in 1983)
(CEMAT, 1983).

Healey (1997) pointed out that spatial planning systems varied due to different styles of
administration and government, as well as their consequent policy tools, institutional
arrangements and their personnel. Commission of the European Communities (1997) described
spatial planning as the method used largely by the public sector to influence the future distribution
of activities in space. It is undertaken with the aim of creating a more rational territorial
organization of land uses and the linkages between them. This includes the aim to balance
demands for development with the need to protect the environment, and to achieve social and
economic objectives. Kinoshita (1998) argued that spatial planning should help in implementing
long term, economical, and harmonious use of space between human beings and the physical

environment. Koresawa and Konvitz (2001) indicated that spatial planning identifies medium and
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long-term objectives and strategies for territories, dealing with land use and development as a
government activity. They also stated that it coordinates sectoral policies such as transport,
agriculture, and environment. Furthermore, Alden et al. (2006) stated that spatial planning is a
concept wider than land-use planning. The main features of spatial planning are its close
relationship with land-use and physical planning, as well as social, environmental, and policy
development. Its other features include resource and investment distribution, collaboration with
the public and citizens, and proper evaluation.

Although there is no universally accepted definition of spatial planning, we can identify some
characteristics from the above descriptions. (1) Spatial planning works closely with land use
planning, but spatial planning concept is wider than land use planning; This is because (2) spatial
planning integrates with comprehensive approaches that meet social, economic, and ecological
requirements; (3) Spatial planning’s long term objective is to organize physical spaces for
harmony between human beings and the environment, and create sustainable spatial development;
(4) Spatial planning represents different administration and government styles, and often involves

public and citizen participation in the spatial planning process.

2.3.2 Spatial Planning for Renewable Energy

European Union (EU) member states adopted the European Spatial Development Perspective
(ESDP) in 1999. ESDP provided the essential instruments for trans-national and cross border
co-operation for spatial planning in Europe. In 2007, the Territorial Agenda of the EU was adopted
to supplement ESDP. It improved the integrated spatial policy for the EU member states.

A comprehensive spatial planning system has not been established in Japan yet. According to
Kinoshita (2011), impacts from political intervention and existing policies such as the agricultural
land conversion policy, result in a weak binding force of land use planning in Japan, making it
vulnerable. Furthermore, conservation plans for natural resources, such as landscape planning that
comprehensively focus on land use, bio-diversity, history, and culture have not been integrated
into the Japanese land use planning system. Because Japanese Landscape Law was only legislated
in 2004, it may take a long time to integrate the landscape point of view into land use planning.
Japanese rural areas are now facing aging and depopulation problems because young people tend

to gravitate towards urban areas. This brings more population pressure and land scarcity to urban
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areas. Under the concept of sustainable development, new approaches to redesign and restructure
urban areas have been undertaken at all spatial scales from the regional, city, community to the
building levels; in areas such as passive solar design (Jabareen, 2006). There is high-energy
demand and consumption in urban areas, but it is difficult to install large scale RE facilities in
these areas due to land limitations. In contrast, rural areas have a high potential of available land
and agricultural residues, which provide more possibilities for RE development. Jobs created by
local RE development (Bergmann et al., 2006; Rio and Burguillo, 2008) can help to bring a young
populations back to rural areas. Electricity sales can increase local income, and enhance local
energy self-sufficiency that can keep capital in local areas (Takigawa et al., 2012). To improve
energy self-sufficiency at the regional scale, the key point should be to address the energy
demand-supply mismatch between urban and rural areas. Thus, consciousness in planning for
energy demand and supply between urban and rural areas is important at the regional scale.
According to Gret-Regamey and Crespo (2011), spatial planning role in urban and rural planning
is that it seeks to regulate demand for land resources with a view to securing the well-being of
urban and rural communities. Unlike general energy or urban planning, spatial planning aims to
organize future activities distribution in the physical environment. It mainly deals with the
relationship between physical land uses, social, economic, and the environmental requirements for
the future society. This study argue that some basic concepts of spatial planning, such as spatial
organization for future sustainable development, consideration for balancing spatial development

with social, economic, and ecological requirements are applicable in the RE planning field too.

2.4 Renewable Energy and Sustainability

It is usually stated that RE contributes to sustainability by providing a sustainable approach to
energy generation (Elliott, 2000; Vera and Langlois, 2007), and contributing to mitigation of the
greenhouse effect in the long term (Dincer, 2000). The development of RE is also one of the
crucial steps for future sustainable development of energy resources. In order to promote RE, there
are several studies discussing the key or driving factors leading to RE’s successful promotion
(lzutsu, Takano, et al., 2012). After RE has been promoted in an area, its supply and use plays a
key role in the local sustainable strategy, and it represents a crucial part of the overall strategy for

sustainable development at the local level (European Renewable Energy Council, 2012). The
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existing literature on RE’s mention that it can contribute to local sustainable development by
providing various environmental and socio-economic benefits. These benefits include CO,
reduction, employment creation and enhancement of local development opportunities among
others. However, much emphasis is put on the environmental benefits, while socio-economic
benefits have received less attention. Worldwide, several studies have analyzed RE’s
environmental sustainability benefits (Reddy et al., 2006; Gosens et al., 2013; Yang et al., 2013),
among other authors emphasized RE’s contribution to environmental aspects (Dincer, 2000). In
contrast, socio-economic benefits are usually mentioned but their analyses have been general and
mostly focus on national and regional levels, while the local level has been lacking (Rio and
Burguillo, 2008). There is lack of empirical evidence on RE’s socio-economic effect, especially,

on rural areas that are experiencing depopulation and economic decline.

2.4.1 Renewable Energy Town/Village in Japan and China

After The Great North Eastern Japan earthquake on March 11, 2011 and the consequent
Fukushima nuclear crisis, the Japanese Government is making efforts to change the energy
structure. As alternative energy resources, RE goes into their focus with its clean and safe
characteristics. The Feed-in Tariff (FIT) of RE was announced and started in Japan in July 2012,
and is expected to accelerate the RE’s development in Japan. In the meantime, China doubled its
wind power capacity in 2009, and it still maintains its position as a global wind power leader in
cumulative terms with a total of 75.32 GW (Global Wind Energy Council, 2013). China has also
become the largest hydropower and wind power producer, as well as having the highest solar
water heating capacity in the world (REN21, 2013).

Rural areas with RE in Japan and China have been established recently, and there are a few
successful and practical cases. As mention in Section 2.1, there is lack of empirical evidence on
RE’s socio-economic contribution, especially, on the rural areas that are experiencing
depopulation and economic decline. Therefore, in order to conduct a preliminary study on RE’s
role in sustainability, two aspects of RE: key factors for its promotion and its contribution to
sustainability have been taken into account in this study.

To identify key factors for successful RE promotion and its sustainability values in rural areas, this

study presents two pioneer cases: Kuzumakicho in Japan, and Chongming Island in China. Each
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of them stands for strong RE advancement in their home country and bear specific characteristics.
Instead of comparative study, this study examines the two cases as parallel case studies using
literature, local plan, policy documents review, and a questionnaire sheet with SWOT approach
integrated in methods. The cases only reflect limited part of RE and its implementation status in
Japanese and Chinese rural areas, but it is expecting to provide lessons learned through these cases,
to contribute to the future RE promotion and sustainable development in Japanese and Chinese

rural areas.

2.4.2 Brief Description: Study Areas and Method.

Kuzumakicho in Japan and Chongming Island in China were selected as study areas, their
locations can be seen in Figure 16. Because the RE backgrounds and basic conditions of the two
cases are quite different, the two cases were examined as parallel case studies instead of a
comparative study. They were selected because they are some of the most progressive RE
development cases in their respective home country’s rural areas. They bear specific
characteristics or issues, such as: population lost and local business decline in Kuzumakicho,
quick economic and energy consumption increase in Chongming Island.

Kuzumakicho is located in Iwate Prefecture in the Tohoku region of Japan, one of the three
prefectures that were greatly damaged by the Great North Eastern Japan earthquake of March 11th
2011. The town covers an area of 435km? with a population of 7,678 in 2890 households
(Kuzumakicho Gov., 2013a). It has an average annual inland wind speed of 8m/s at the height of
70m (NEDO, 2010), and a hilly topography that has 86% forest cover. This town suffered from
population loss and local business decline during the 1980s. The Japanese Ministry of Internal
Affairs and Communication designate it as a “Depopulated Area”. Local industries include:
agriculture, dairy farming, and forestry. The success of its local RE development came from the
efforts started in 1998, and Kuzumakicho now has a total electricity generation of 56,910MWh
from RE facilities (wind 56,000MWh, biogas 50MWh, biomass 500MWh, and solar 360MWh).
Its electricity consumption in 2011 was 36,725MWh (Kuzumakicho Gov., 2013b), indicating that
RE provides 155.0% of Kizumakicho’s electricity consumption. See Table 5.

Chongming Island is located at the Yangtze River mouth Pacific Ocean, about 25km from

downtown Shanghai. It is the third largest island in China and covers an area of 1276km?, with a
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population of 691,699 (2008). The island has abundant wind resources, its average inland wind
speed reaches 7m/s at the height of 50m (Yu et al., 2008), wetlands, agriculture fields, and it is
famous as the weekend tourists’ site for Shanghai city. It is the first Modern Ecological Island in
China. Chongming Island now has a total electricity production of 432.5GWh from RE facilities
(wind 430GWh, biogas 1.5GWh, and mega-solar 1.05GWh), while its electricity consumption in
2012 was 3,980GWh (Yu et al., 2009). Hence, RE is now providing only 10.9% of its electricity

consumption. See Table 6.
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Figure 16. Location of Kuzumakicho and Chongming Island. (Source: by author)

Table 5. Current RE facilities in Kuzumakicho (Kuzumakicho Gov., 2012a)

Year RE facility Capacity
1998 Eco wind farm 1200kW*3
1999 Solar panel 50kw
2003 Biogas plant Electricity: 37kW; Heat: 43,000kcal
Pellet Boiler 500,000kcal*2
Solar panel 20kw
Green power wind farm 1750kW*12
2005 Biomass plant (cogeneration) Electricity: 120kW; Heat: 230,000kcal
2008 Pellet Boiler 50kW*2
2011 Solar panel 20kw
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Table 6. Current RE facilities in Chongming Island.

Year RE facility Capacity

2010 Mega-solar 1MW

2011 Biogas plant  (Cogeneration) 380kW

2012 Wind farm 19.5MW(total)
Various Solar thermal 140MW

(Total installation area 200,000m?)

Regarding case study methodology, in order to make the case as reflective as possible from

various viewpoints, information from various data resources was included. Two approaches were

used: review approach and questionnaire sheet approach, to investigate the cases. Review

materials include existing literature and local policy, planning documents and reports. The

guestionnaire was designed with SWOT approach integrated in. The framework of the

methodology is shown in Figure 17.

Case Study: Kuzumakicho and Chongming Island

Key Factors for RE promotion

RE’s Sustainability contribution

Literature, Planning, Policy
Review

Literature, Planning, Policy
Review

v

v

Factor List

Sustainability Items List

v

v

Question Sheet:
-Key Factors selection
-SWOT Analysis

Question sheet:
-Sustainability contribution
evaluation

..........................

For future RE development in rural area

-Lessons Learned

planners.

-References to policy makers, investors,

_____________________________________________________________________

Figure 17. Methodology framework of the study. (Source: by author).

All the data reviewed is listed in Table 7 and Table 8. The review approach was to identify

keywords or statement of key factor of RE promotion and RE’s sustainability contribution.
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Table 7. Data list for Kuzumakicho case.

Category Year Material
Planning and Policy 1995 Natural Environmental Conservation Regulation.
1999 New Energy Vision.
2002 Eco-Energy Comprehensive Project Subsidy.
2003 Energy Saving Vision.
2007 Biomass Town Plan.
2012b Global Warming Prevention Action Plan (4th).
Reports 2011 Practical Use of Local Energy Report.
2012a The Efforts to Clean Energy in Kuzumakicho.

Table 8. Data list of Chongming case.

Category Year Material
Planning and Policy | 2004 Master Plan of Chongming Three Islands.
2009 Construction Guideline of Ecological Island.
Academic Papers 2005 Wang, Zhou, et al., 2005.
2009 Yu, Roddy, et al., 20009.
2010 Liu, 2010.

The study involved conducting a survey through a questionnaire sheet among energy department
officers in Kuzumakicho, and energy department officers in Chongming Island. The above
departments were selected for their involvement in policy, planning, and management in local
areas directly related to RE development. Hence, they have enough background to accurately
identify the key factors involved in RE promotion, and to evaluate RE’s contribution to
sustainability in local areas.

Taking into account the total number of staff in the energy departments, five questionnaire sheets
were hand delivered by the authors to Chongming Island energy department on June 25, 2013, and
a number of 5 sheets were sent to Kuzumakicho energy department on June 24, 2013 by mail.
Each questionnaire sheet package included an explanation letter, a questionnaire sheet, and a
mail-back envelope with a postage stamp. The explanation letter included a description of the
study objectives and an explanation of Renewable Energy and sustainable development, to ensure
uniformity on the basic understanding of study aims and questionnaire contents.

The questionnaire was composed of three parts. 1) A factor list of RE promotion and SWOT
analysis checklist. The key factors of RE promotion listed in the questionnaire sheet were adopted
from past research, local planning and policy document review. The factors were arranged and
coded in consecutive numbers, and subsequently divided into five broad classifications:

environmental, administrative, social, economic, and any other(s) factors. See Table 9, Table 10.
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Table 9. Factors of RE promotion in literature, local and policy documents.

Factors List

Literature/ Local plan and policy documents

Environmental

1. Abundance of RE resources

Wang et al., 2005; Chongming Gov., 2009; Kuzumakicho
Gov., 2007, 2012a; Yu et al., 2009; Liu, 2010.

2. Location

Chongming Gov., 2004, 2009; Wang et al., 2005; Liu, 2010.

3. Topography

Kuzumakicho Gov., 1995.

4. Climate

Chongming Gov., 2009; Kuzumakicho Gov., 2011, 2012b.

Administrative

5. Municipal’s planning concept

Kuzumakicho Gov., 1995,1999, 2012a; Chongming Gov.,
2004, 2009; NEDO, 2008; Yu, Roddy, et al., 200;

6. Positive initiative of mayor

Chongming Gov., 2009.

7. Key person(s)

NEDO, 2008.

8. Cooperation between departments
and divisions

Kuzumakicho Gov., 2007, 2012b; NEDO, 2008; Chongming
Gov., 2009.

9. Position in municipal planning

NEDO, 2008.

10.High feasibility energy strategy

Chongming Gov., 2009; Kuzumakicho Gov., 2012b.

11.New energy vision/plan

Kuzumakicho Gov., 1999, 2012a.

12 Effective implementation and
promotion of planning

Chongming Gov., 2004,2009; Kuzumakicho Gov., 2012b.

Social

13.Understanding and support from
outside companies

Kuzumakicho Gov., 2003, 2011, 2012a, 2012b; NEDO,
2008; Chongming Gov., 2009; Yu et al., 2009.

14.Understanding and support from
local citizens

Kuzumakicho Gov., 2003, 2011, 2012a; NEDO, 2008;
Chongming Gov., 2009.

15. University/experts support

Wang et al., 2005; Chongming Gov., 2009; Yu et al., 2009.

16. RE provider support

NEDO, 2008.

17. Ensuring human resources

Chongming Gov., 2009.

18. Knowledge of local RE potential

Chongming Gov., 2004; Yu et al., 2009; Kuzumakicho Gov.,
2011, 2012a.

19. Knowledge of local RE potential
sites

Yu et al., 2009; Kuzumakicho Gov., 2011.

20.Knowledge of scale/capacity of RE
project(s)

Chongming Gov., 2004; Yu et al., 2009.

Economic

21. Sufficient budget

Kuzumakicho Gov., 2003; Chongming Gov., 2009.

22. National or prefectural
governments subsidy

Kuzumakicho Gov., 2002, 2003, 2012b; NEDO, 2008.

23. Electricity sale through FIT

Kuzumakicho Gov., 2011.

24. Ensuring economic cost-benefits

NEDO, 2008; Kuzumakicho Gov., 2011.

25.Management/maintenance cost
control

NEDO, 2008; Kuzumakicho Gov., 2011.

26. Cooperation with local businesses

Kuzumakicho Gov., 2007.
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Table 10. Sustainable items in literature, local plan and policy documents.

Sustainable Items

Literature/ Local planning and policy document

Environmental

1. Global warming mitigation

Kuzumakicho Gov., 2003, 2011, 2012b; Yale University,
2005; Chongming Gov., 2009; Liu, 2010.

2. Safe to the natural environment

Yale University, 2005; Kuzumakicho Gov., 2012a, 2012b.

3. Air quality

Kuzumakicho Gov., 2003; Yale University, 2005;
Chongming Gov., 2009.

4. Water quality

Kuzumakicho Gov., 2003, 2007, 2012a; Chongming Gov.,
2004, 2009; Wang et al., 2005; Yale University, 2005.

5. Biodiversity

Kuzumakicho Gov., 1995; Chongming Gov., 2004; Yale
University, 2005; Chongming Gov., 2009.

6. Landscape conservation

Kuzumakicho Gov., 1995, 2012a; Chongming Gov., 2009;
Liu, 2010.

7. Noise

Chongming Gov., 2009.

8. Waste re-use

Chongming Gov., 2004, 2009; Wang et al., 2005;
Kuzumakicho Gov., 2007, 2011, 2012b; Yu et al., 2009.

Social

9. Connection with agriculture and
forestry

Kuzumakicho Gov., 2003, 2007, 2011, 2012a, 2012b;
Chongming Gov., 2004, 2009; Wang et al., 2005; Yu et al.,
20009.

10. Local tertiary sector

Kuzumakicho Gov., 2003, 2007; Chongming Gov., 2004,
20009.

11. Forest management

Kuzumakicho Gov., 2007, 2012a.

12. Facility maintenance

Kuzumakicho Gov., 2007; Kuzumakicho on-site interview,
June 29, 2012.

13. Local infrastructure/public facility
maintenance/upgrade

Chongming Gov., 2004, 2009; Kuzumakicho Gov., 20123,
2012b.

14. Land use

Chongming Gov., 2004; Wang et al., 2005.

15. Transportation

Kuzumakicho Gov., 2003, 2012b; Chongming Gov., 2004,
2009; Liu, 2010.

16. Energy local production local
consumption

Kuzumakicho Gov., 1999, 2003, 2007, 2011; Chongming
Gov., 2004; Wang et al., 2005.

17. Energy autonomy

Kuzumakicho Gov., 2012a.

18. Disaster prevention/mitigation

Chongming Gov., 2004; Wang et al., 2005; Kuzumakicho
Gov., 2011, 2012a, 2012b.

19. Job creation

Rio and Burguillo, 2008; Kuzumakicho Gov., 2012a.

20. Citizen health improvement

Kuzumakicho Gov., 1995, 2011, 2012a.

21. Citizen participation

Kuzumakicho Gov., 2003, 2011, 2012a; Chongming Gov.,
20009.

22. Environmental education

Kuzumakicho Gov., 2003, 2011, 2012a, 2012b; Chongming
Gov., 2004, 2009.

Economic
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23. Facility investment Kuzumakicho Gov., 2011.

24. Maintenance cost Kuzumakicho Gov., 2011.

25. Local businesses Chongming Gov., 2004, 2009; Kuzumakicho Gov., 2011,
2012a.

26. Revitalization of local companies Chongming Gov., 2004.

27. Local tourism Chongming Gov., 2004; Wang et al., 2005; Yu et al., 2009;
Liu, 2010; Kuzumakicho Gov., 2012a.

28. Sale of electricity Kuzumakicho Gov., 2012a.

29. Increase in local citizens’ income Kuzumakicho Gov., 2011, 2012a.

2) Evaluation of RE’s contribution to sustainability of local areas, where five score contribution
levels including, “+2 very good, +1 good, 0 neither, -1 bad, and -2 very bad” were used. Because
there are three types (wind, PV/solar thermal, and biomass/biogas) of RE facilities in
Kuzumakicho and Chongming Island, we only conducted evaluation of the above three types of
RE facilities. The RE’s contribution to sustainability listed in the questionnaire sheet were adopted
from past research, local plan and policy documents review. The factors were arranged and coded
in consecutive numbers, and subsequently divided into five broad classifications of environmental,
administrative, social, economic, and any other(s) factors.

3) Two detailed questions: 1) ranking of the top three factors from selected key factors in part 1,
and writing down the reasons. Il) Ranking the top three RE’s sustainability contribution, and
writing down the reasons.

All the responses had been received by July 5, 2013, after which we checked their validity, and

subsequently analyzed them.

2.4.3 Key Factors for Local Renewable Energy Promotion: Kuzumakicho and
Chongming Island.
From the 10 distributed questionnaire sheets, a total of four valid responses were received, two of
them from the Kuzumakicho energy department, and two from the Chongming Island energy
department.
For Kuzumakicho, both respondents identified the following key factors for local RE promotion:
abundant RE resources, the municipality’s planning concept, positive initiative of the mayor, new

energy plan/vision, understanding and support from outside companies, RE provider support,
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subsidy from national or prefectural governments, and cooperation with local businesses. Also,
one respondent indicated other key factors such as: position in municipal planning, effective
implementation and promotion of planning, and ‘know local RE potential”’ among others. SWOT
analysis results were as follows. In environmental categorization, ‘Strength’ 12.5%, ‘Weakness’
0%, ‘Opportunity’ 25%, ‘Threat’ 62.5%. In administrative categorization, ‘Strength’ 81.25%,
‘Weakness’ 0%, ‘Opportunity’ 18.75%, ‘Threat’ 0%. In social categorization, ‘Strength’ 12.5%,
‘Weakness’ 6.25%, ‘Opportunity’ 81.25%, ‘Threat’ 0%. In economic categorization, ‘Strength’
33.3%, ‘Weakness’ 50%, ‘Opportunity’ 16.7%, ‘Threat’ 0%. Regarding an average analysis of all
the categories, the proportions were as follows: ‘Strength’ 37.7%, ‘Weakness’ 13.2%,
‘Opportunity’ 39.6%, ‘Threat’ 9.5%. All the key factors identified by respondents were identified
with ‘strength’ and ‘opportunity’. See Tablel11.

Among all the key factors, ‘Municipal’s planning concept’ was ranked as the most important
factors for their local RE promotion by both respondents. For second and third most important
factors, one respondent indicated ‘Abundant RE resources’, and ‘start RE promotion earlier than
other municipalities’ respectively. The other respondent indicated ‘New energy plan/vision” and
‘Abundant RE resources’ respectively as the second and third most important RE promotion
factors respectively.

For Chongming Island, both respondents identified several factors as key factors for local RE
promotion. They are: abundant RE resources and understanding and support from outside
companies. Also, one of the respondents indicated key factors such as: municipal’s planning
concept, cooperation between departments and divisions, new energy plan/vision, and enough
budget among others. SWOT analysis results were as follows. In environmental categorization,
‘Strength’ 100%, ‘Weakness’ 0%, ‘Opportunity’ 0%, ‘Threat’ 0%. In administrative categorization,
‘Strength’ 75%, ‘Weakness’ 0%, ‘Opportunity’ 25%, ‘Threat’ 0%. In social categorization,
‘Strength’ 37.5%, ‘Weakness’ 25%, ‘Opportunity’ 25%, ‘Threat’” 12.5%. In economic
categorization, ‘Strength’ 41.7%, ‘Weakness’ 8.3%, ‘Opportunity’ 41.7%, ‘Threat’ 8.3%.
Regarding all the categories, the proportions were as follows: ‘Strength’ 59.6%, ‘Weakness’ 9.6%,
‘Opportunity’ 25%, ‘Threat’ 5.8%. Except, ‘know scale/capacity of RE’ and ‘enough budget’ that
were identified in “Weakness’ by one respondent, the remaining key factors were categorized in

‘strength’ and ‘opportunity’. See Table 12.

42



Chapter 2-Literature and Case Review

Table 11. Questionnaire sheet results of key factors for RE promotion, Kuzumakicho.

Factor List Key factors S W O T
Environmental

1. Abundant RE resources u o o

2. Location o

3. Topography

4. Climate

Administrative

5. Municipal’s planning concepts

6. Positive initiative of mayor

7. Key person(s) ]

8. Cooperation between departments and (o)
divisions

9. Position in municipal planning (o)

10.High feasibility energy strategy

11.New energy vision/plan ]

12 .Effective implementation and promotion
of planning

Social

13.Understanding and support from outside ] ]
companies

14.Understanding and support from local o ]
citizens

15. University/experts support

16. RE provider support u

17. Ensure human resources o

18. Know local RE potential o o

19. Know local RE potential sites o o

| BNoNNeRNoNN NN |

20. Know scale/capacity of RE project

Economic

21. Enough budget u

22. Subsidy from national or prefectural ] o o
governments

23. Electricity sale through FIT o o

24. Ensure economic cost-benefits

25. Management/maintenance cost control

26. Cooperate with local businesses ] ]

Others from response

27. Start RE promotion earlier than other (o) o
municipalities

O One response.  WTWO responses.
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Table 12. Questionnaire sheet results for key factors for RE promotion, Chongming Island.

Factor List Key factors S W O T

Environmental

1. Abundant RE resources u

2. Location

3. Topography

4. Climate

Administrative

5. Municipal’s positive concept o

6. Positive initiative of mayor o

7. Key person(s)

| BN NN Eie]

8. Cooperation between departments (o)
and divisions

9. Position in municipal planning

o

10.High feasibility energy strategy

11.New energy vision/plan o

ojo(m|O
o

12 Effective  implementation  and
promotion of planning

Social

13.Understanding and support from ] o (o]
outside companies

14.Understanding and support from o ]
local citizens

15. University/experts support o o

o
(o]

16. RE provider support

o
o

17. Ensure human resources

18. Know local RE potential o o o

o
(o]

19. Know local RE potential sites

20.Know scale/capacity of RE project (o) o o

Economic

o
o
o

21. Enough budget

22. Subsidy from nation or prefecture (o) o

23. Electricity sale through FIT

o

24. Ensure economic cost-benefits (o]

oO|O0|O|O

25.  Management/maintenance  cost o
control

o

26. Cooperate with local businesses o

Others from response

None

O One response.  WTWO responses.
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One respondent ranked the most important top three key factors as follows: ‘abundant RE
resources’, ‘municipal’s planning concept’, ‘subsidy from national or prefectural governments’.
Another ranked them as follows: ‘high feasibility energy strategy’, ‘enough budget’, and
‘abundant RE resources’. Although the ranking was different, the most important three key factors
they pointed out were the same: abundant RE resources, positive RE concept and strategy, and

financial support.

2.4.4 Renewable Energy’s Sustainability Value: Kuzumakicho and Chongming Island.

For Kuzumakicho, regarding RE’s sustainability contribution, perception of these contributions
are different among respondents. One respondent indicated wind energy has a ‘+1 good’
contribution to sustainability’, and safe to the natural environmental’. In contrast, another
respondent indicated it as having ‘-1 bad’ contribution. As shown in Table 11, wind energy’s
positive contributions evaluated as ‘+2 very good’ by both respondents included: ‘environmental
education’ and ‘local tourism’. PV/solar included: ‘safe to the natural environment’, ’local
infrastructure/public maintenance/upgrade’, and ’environmental education’. Biomass/biogas
included: ‘waste re-use’, ‘connection with agriculture and forestry’, ’energy local production,
local consumption’, ‘energy autonomy’, and ‘environmental education’. Items had negative
evaluation, such as: noise, land use, energy local production-local consumption, and citizen
participation were identified for wind energy facilities. Landscape conservation, job creation, and
facility investment were identified for PV/solar facilities; while air quality, facility maintenance,
and maintenance cost were identified for biomass/biogas facilities. See Table 13.

Among all the sustainability items, ‘connection with agriculture and forestry’ was ranked as the
most important by both respondents. For second and third important items one respondent
indicated ‘energy local production local consumption’ and ‘environmental education’ respectively,

while the other respondent indicated ‘energy autonomy’ and ‘local tourism’.
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Table 13. Questionnaire sheet results for RE’s sustainability contribution, Kuzumakicho.

Sustainable Items Wind Energy PV/solar Biomass
Biogas
Environmental
1. Global warming mitigation +2, +1 +1, +1 +1,0
2. Safe to the natural environment +1,-1 +2, +2 +2,-1
3. Air quality 0,0 0,0 0,-1
4. Water quality 0,0 0,0 0, +1
5. Biodiversity 0,-2 +2,0 +2, -1
6. Landscape conservation +1, +1 0,-1 0,0
7. Noise -1,-2 0,0 0,0
8. Waste re-use 0,0 0,0 +2, +2
Social
9. Connection with agriculture and forestry +1,0 0,0 +2, +2
10. Local tertiary sector 0, +2 0,0 +1, +1
11. Forest management 0,0 0,0 +1, +2
12. Facility maintenance 0,+1 0, +1 -1,-1
13.Local infrastructure/public 0,0 +2, +2 -1, +1
maintenance/upgrade
14. Land use 0,-1 0,0 0,-1
15. Transportation 0,0 0,0 0, +1
16. Energy local production local consumg -2,0 +2, +1 +2, +2
17. Energy autonomy -2,0 +2, +1 +2, +2
18. Disaster prevention/mitigation -2,0 +2, +1 +1, +1
19. Job creation 0, +1 -2,0 0, +2
20. Citizen health improvement 0,0 0,0 +1, +2
21. Citizen participation -1,0 +1, +1 +1, +1
22. Environmental education +2, +2 +2, +2 +2, +2
Economic
23. Facility investment 0,-1 0,-1 0,+1
24. Maintenance cost 0, +1 0, +1 -2,-1
25. Local business 0,0 0,0 0, +1
26. Revitalize local company +1,0 +1, +1 +1, +1
27. Local tourism +2, +2 +2,+1 +2, +1
28. Electricity sale 0, +2 0, +1 0,0
29. Increase local citizen’s income +1,0 +1, +1 0,+1
Others from response
None

For Chongming Island, respondents indicated several items as positive for ‘+2 very good’ and ‘+1
good’ scores. They include: global warming mitigation, energy local production-local

consumption, and local tourism among others. The only PV/Solar’s sustainability items evaluated
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as ‘+2 very good’ by both respondents was biodiversity. Like wind energy, several items were
evaluated as positive for ‘“+2 very good’ and ‘+1 good’ scores. They include: safe to the natural
environment, facility maintenance, energy autonomy, and citizen participation among others. For
biomass/biogas, their sustainability items evaluated as ‘“+2 very good’ by both respondents were:
waste re-use, connection with agriculture and forestry. Items which had negative evaluation, such
as such as: noise, biodiversity, landscape conservation were identified for wind energy facilities;
waste re-use, landscape conservation, environmental education were identified by one respondent.
For PV/solar facilities; air quality, facility maintenance, land wuse, and disaster
prevention/mitigation were identified for biomass/biogas facility. See Table 14.

One respondent ranked the most important sustainability items as follows: ‘air quality’, ‘safe to
the natural environment’, ‘waste re-use’. Another one ranked them as follows: ‘global warming
mitigation’, ‘energy autonomy’, and ‘revitalization of local companies’.

After calculating the total mean score, each RE’s total sustainable contribution score was
calculated by environmental, social, economic categorization in Kuzumakicho and Chongming
Island, see Table 15. According to the SWOT analysis results, in Kuzumakicho case, most of the
environmental factors (62.5%) were identified as ‘threats’. This could be due to its remote location
with no railway or Shinkansen (bullet train) through the town and far away from prefectural
capital city Morioka (90 min by bus), as well as extreme cold in winter (minimum -16<C). As
revealed in key factors selection, because of positive attitude by the municipal government, early
start of local RE development, and formulation of local planning policies, 81.25% of
administrative factors, were identified as ‘strengths’. During local RE development process, there
is a lot of technical support from outside. There is biomass plant technology support from NEDO,
biogas technology support from T. Machinery Company in Tokyo, and financial support from
Ministry of the Environment, Iwate prefecture and NEDO among others. Thus social factors were
prominently identified as ‘opportunities’. Due to the local budget limitations and high RE facility

maintenance cost, 50% of economic factors were identified as ‘weaknesses’.
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Table 14. Questionnaire sheet results for RE’s sustainability contribution, Chongming Island.

Sustainable Items Wind Energy PV/solar Biomass
Biogas
Environmental
1. Global warming mitigation +2, +1 +2, +1 +1, +1
2. Safe to the natural environment +2, +1 +2, +1 +1, +1
3. Air quality +1,0 +2, +1 0,-1
4. Water quality +2,0 +1,0 +1, +1
5. Biodiversity 0,-1 +2,+2 +1, +1
6. Landscape conservation 0,-1 -1, +1 0, +1
7. Noise -1,-1 0,0 0,0
8. Waste re-use 0,0 -1,0 +2, +2
Social
9. Connection with agriculture and forestry 0,0 0,0 +2, +2
10. Local tertiary sector 0,0 0, +1 +1,0
11. Forest management 0,0 0,0 +2,0
12. Facility maintenance +1, +1 +2, +1 -1, +1
13. Local infrastructure/public facility +1,0 0, +1 +1,0
maintenance/upgrade
14. Land use 0,-1 +2,0 +1,-1
15. Transportation -1,0 0,0 0,-2
16. Energy local production, local consumption +1, +2 +1, +2 0, +2
17. Energy autonomy +1, +2 +1, +2 +1, +2
18. Disaster prevention/mitigation 0,+1 0, +1 0,-1
19. Job creation 0, +1 0, +1 +1, +1
20. Citizen health improvement +1,0 +1,0 +1,0
21. Citizen participation 0,0 +1, +2 +1, +2
22. Environmental education 0, +1 -1, +1 0, +1
Economic
23. Facility investment 0, +2 0, +2 +1, +2
24. Maintenance cost 0, +1 0, +1 +1, +1
25. Local business 0, +2 0, +1 0, +1
26. Revitalize local company 0, +2 +1, +1 0, +1
27. Local tourism +2, +1 0, +1 +1,0
28. Electricity sale +2,0 +2,0 +2,0
29. Increase local citizen’s income 0,+1 0,+1 +1, +1
Others from response
None
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Table 15. Different RE resources’ total mean score results in Kuzumakicho and Chongming

Island.
Case Kuzumakicho Chongming Island

RES Wind PV/Solar | Biomass Wwind PV/Solar | Biomass

Biogas Biogas

Environmental 0 3.5 3.5 2.5 7.0 6.0
Social 0.5 9.0 14.0 55 9.5 8.5
Economic 4.0 4.0 2.5 6.5 5.0 6.0
Total 4.5 16.5 20.0 145 21.5 20.5

In the Chongming Island case, with regard to environmental factors, ‘strength’ was particularly
prominent (100%). Indeed, unlike the remote location and cold winter in Kuzumakicho, its
location (25km from Shanghai), climate (annual temperature range 4<C-30<C) in Chongming
Island are good. 75% of administrative factors were identified as ‘strengths’, while social factors
got a close proportion among ‘strength’ 37.5%, ‘weakness’ 25%, and ‘opportunity’ 25%. This
could be due to local government’s effort on RE development goal in upper level master plan,
such as: Master Plan of Chongming Islands (2005-2020), but there is still lack of support from
university/experts and RE provider. If these factors improve, they can be ‘opportunities’ in the
future. ‘Strength’ (41.7%) and ‘opportunity’ (41.7%) coexist for economic factors in Chongming
Island, considering the quick pace of economic and RE development in China; this is not hard to
understand.

Secondly, according to the sustainability items evaluation results, different RE resources revealed
different sustainability characteristics. In Kuzumakicho case, the main sustainability contributions
of wind energy were: environmental education and enhanced local tourism. After the Eco wind
farm was built in 1998, the total tourist number doubled from 180,000 (1999) to 370,000 (2000),
and has achieved about 550,000 (2009) over 10 years (Nelsis Editorial Office, 2011). Green
energy courses provided by the local energy department for free, an elementary school short-stay
course, local accommodation and restaurants provided for tourists, also contributed to the increase
and chances for environmental education. As for PV/solar facilities, their ‘safe to the
environment’, ‘local infrastructure/public facilities maintenance/upgrade’, and ‘environmental
education’ contributions were highlighted by the respondents. After the Great North Eastern Japan

earthquake on March 11th, 2011, Kuzumakicho experienced three times power cut because of
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energy shortage (On-site Interview June 29, 2012, with person in charge of environmental energy
in Kuzumakicho energy department), the local government started to install PV on local
community centers’ rooftops, to ensure minimal power supply in the center for local citizen during
power cut periods. Therefore, this might be the reason they indicated ‘local infrastructure/public
facility maintenance/upgrade’ with high scores. Biomass/biogas was highlighted for the largest
number of contributions, ‘waste re-use’, ‘connection with agriculture, forestry’, ‘energy local
production, local consumption’, ‘energy autonomy’, and ‘environmental education’. The close
connection between biomass/biogas with local agriculture, forestry and waste re-use is obvious
through material supply of wood pellets, wood chips, and livestock waste. This can be also
considered as an advantage, as well as a characteristic of biomass/biogas development in rural
areas. By comparing total score of the above three RE resources (Table 13), the low contribution
score of wind energy to local sustainability maybe ‘wind energy electricity is not used by local
people’. Although wind energy shares the largest in facility capacity, instead of being used by
local people, big electricity companies send this electricity through the National grid to other areas.
As mentioned above, the tight connection between biomass/biogas material supply and local
agriculture, forestry made biomass/biogas had the highest scores. However, to balance the
cost-benefits is a task for biomass/biogas in rural areas, such as: initial investment, maintenance
cost issues (On-site Interview June 29, 2012, with person in charge of environmental energy in
Kuzumakicho energy department). Like biomass/biogas, the economic issues limit further
development of PV/solar in Kuzumakicho.

In Chongming Island case, one of the responses identified the sustainable contribution of wind
energy as contributing to: ‘global warming mitigation’, and ‘local tourism’ among others. Like
wind energy in Kuzumakicho, the wind energy electricity is sent to the national grid and not used
by local people, thus wind energy facilities seem only to be used for tourism purposes in the local
area. For PV/solar, their contribution to ‘biodiversity’, ‘safe to the environment’, ‘energy
autonomy’, and ‘citizen participation’ contribution were highlighted. The Mage-Solar farm (1MW)
built in 2010 is sending electricity to local area, thus helping on the ‘energy autonomy’ aspect.
Like biomass/biogas in Kuzumakicho, the two main advantages of biomass/biogas in rural areas
as mentioned above: waste re-use and connection with local agriculture and forestry were

highlighted again. By comparing total score of these three RE resources in Table 15, the
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difference between the total score is comparatively smaller than that in Kuzumakicho. The score
highlighted the economic contribution of wind energy, and the social contribution of PV/solar and

biomass/biogas as well.

2.5 Discussion

As literature and case review shown, RE can provide specific environmental, social, and economic
benefits. Nonetheless, the negative impacts brought about by RE facilities should not be ignored.
Among these, the visual impact of wind turbines is considered as one of the leading causes of
public opposition. This puts a new challenge for landscape architecture research and opens up
possibilities with new practical application in the field.

As the scale and number of wind turbines increases, comprehensive evaluation at city or
settlement level has been lacking, especially in Asian countries. It is found that in the energy
planning process, visual impact evaluation should be integrated in the analysis procedure. This
provides aesthetic considerations, consequently decreasing public opposition to wind energy and
other RE facilities.

With regard to the planning of RE, previous studies have been mostly focused on estimation of
energy potential and mapping, and the full introduction of GIS-based planning approach at the
regional level has been lacking. Theoretically, previous studies provided significant references for
this study in the following areas. They are: general steps of the planning approach, estimation of
energy potential method, and site selection criteria. Based on previous works, it is possible to
develop a new GIS-based approach for RE planning at regional level. Also, this study emphasizes
that some basic concepts of spatial planning, such as spatial organization, public participation, and
regional source balancing are worth to be integrating in the RE planning process. Thus, it is

possible to propose and develop a wholistic concept of “Spatial Planning for RE”.
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3.1 Introduction

Since The Great North Eastern Japan earthquake on March 11, 2011 and the consequent nuclear
disaster, the Japanese government has been making efforts to expand the installation and use of
green, safe Renewable Energy (RE). Among all the RE resources, wind energy has the highest
potential at 1,900MkW out of the total RE potential of 2,081MkW (Japanese Ministry of
Environment, 2011a). Wind energy may become a popular energy source for local use in the
coming few decades. It may also play a vital role in the post earthquake reconstruction, in Japan.
However, an increase in size and number of wind turbines increase the visual impact to the
landscape too. Various studies show that visual impact is one of the main negative impacts of wind
farms, and the leading cause of public opposition (Thayer and Freeman, 1987; Wolsink, 2000,
2007; Kaldellis, 2005). In Japan, most of the studies have focused on perception research
(Sakamoto et al., 2004; Ohgishi et al., 2006). A “Technical Guideline for wind energy facilities in
high scenic areas” was developed by Japanese Ministry of Environment (2011b). This was based
on their work on visual impact of wind turbines in high scenic areas such as National Parks since
year 2005. Highly scenic areas have received more attention than normal local areas in Japan.
Normal local areas require attention, too, as they are perceived daily by the residents due to
proximity to their living quarters.

Although visual impact is difficult to evaluate objectively, some applications and regional
assessments have been accomplished (Lothian, 2007; Moller, 2006). Several assessment methods
have been developed for different levels, such as GI1S-based assessment, Multi-criteria Analysis,
and the Spanish Method. However, there is lack of integration of visual impact into the evaluation
methods at both city and community levels. GIS-based assessment is suitable for regional and city
level evaluations. It can be overlaid with visual condition analysis, land use, and population
analysis among others. Multi-criteria analysis is now widely used to analyze multiple elements of
the target site such as physical attributes (landscape form, topography and land use) and aesthetic
attributes, such as color and texture among others (Leung and Yang, 2012). However, evaluation is
not specialized at the settlement level, and factors can change based on the target site, making it
difficult to ascertain the reliability of factor selection and evaluation. The Spanish Method
(Hurtado et al., 2004) was developed for local level evaluation, aiming to assess a wind farm’s

visual impact on a target settlement. A ‘Visual Impact Evaluation Matrix” for scoring including
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five coefficients, was proposed. The only empirical application carried out has been on Crete
Island in Greece (Tsoutsos et al. 2009).

Each of the above methods has different characteristics. In this study, a combination of those
methods is developed, so as to benefit from their advantages. This new proposed methodology
hybridizes two levels of visual impact evaluation. It combines GIS-based Viewshed analysis for
city level evaluation and the Spanish Method for community level evaluation. The reasons we
chose the Spanish method over the Multi-criteria analysis for the study were: 1) it is a specialized
method for community level evaluation. 2) it has certainty of factors compared to Multi-criteria
analysis and 3) to provide empirical evidence and evaluation of its application outside European
countries. Taking into account that it is the first time Spanish method is used in an Asian country,
it is necessary to verify the effectiveness of its results in the region. Because the Spanish method
does not differtiate between for different landscape background factors such as wind turbines
layout, in the community level evaluation | combined it with a questionnaire survey to make up
for this deficiency. Finally, the proposed methodology was applied to Choshi city in Japan as a
case study.

This study focused on local areas and had the following aims: 1) to develop a methodology
applicable at both city and community level and test it through a case study, 2) to examine
practicability and accuracy of the Spanish method at the community level in an Asian country
(Japan), 3) to do preliminary studies on the new factors that were not considered by the Spanish
method such as different landscape backgrounds and wind turbine layouts, using a questionnaire
survey.

In Japan, there are basically two types of Environmental Impact assessment (EIA) policy systems
related to wind farms. One is the official system. Although Japanese Environmental Impact
Assessment Law (1997) does not clearly point out whether assessing wind farm projects is
necessary or not (Table 16), there are still four provinces which have their own ordinances at the
province level. Another is the un-official policy system, based on the wind farm EIA guideline
drawn out by NEDO (the New Energy and Industrial Technology Development Organization).
Wind farm project developers can get financial subsidies from NEDO if they draw up EIA report

which follows NEDO’s wind farm EIA guidelines.
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Current EIA policy system of wind farm in Japan

Official system
1.National level:

Environmental Impact Law(1997)
(No formulation for wind farm)

2.Province level-Four ordinances.

Fukushima province;Hyogo province;
Nagasaki province;Nagano province.

Un-official system
1.Base on local wind farm outline or guideline.
2 .Base on EIA manual for wind farm.

Such as:NEDO EIA manual for wind farm.
May get financial subsidy.

Figure 18. Environmental assessment system of wind farm in Japan. (Source: by author).

Table 16. Assessment-necessary electrical projects in Japanese Environmental Impact Assessment

Law. (Japan Ministry of the Environment, 1997).

OHydro-power plant Capacity: 30,000kW~ Capacity: 22,500 kw-30,000 kW
OThermal power plant Capacity: 150,000kW~ Capacity: 112,500 kw-150,000 kw
OGeothermal power plant | Capacity: 10,000kW~ Capacity: 7500kW-10,000 kW
ONuclear power plant All All

3.2 Visual Impact Evaluation in the Spatial Planning

It is discovered that environmental planning is a significant part in spatial planning. In “Guiding

Principles for Sustainable Spatial Development of the European Continent”, the European

Conference of Ministers Responsible for Spatial Planning (CEMAT) pointed out the disciplines

that spatial planning linked with (CEMAT, 2000). They are land use planning, urban-rural

planning, transport planning, environmental planning, and other planning such as economic and

community planning. See Figure 19.
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Spatial Planning

Land use Urban-rural Transport Environmental
planning planning planning planning

Others
economic, community
planning

Figure 19. Disciplines that spatial planning linked with.

(Source: based on CEMAT, 2000. By author).

Besides the close relationship between spatial planning, land use and socio-economic aspects, the
environmental aspect and its plan (environmental plan) is one of the most important factors within
spatial planning system. As one of the earliest countries that established a spatial planning system,
Switzerland created their “Spatial Planning Law” in 1979. The “Spatial Planning Law” carried
great expectations towards landscape/environmental conservation (Kinoshita, 1998). The Natural
Resources Conservation Plan (Environmental Plan) was a comprehensive plan that involved
various factors, such as land use, biodiversity, cultural heritage conservation and so on. The
Commission of European Communities (1997) pointed out that there are three main aims in spatial
planning, 1) to create more rational land uses with better distribution, 2) to balance demand for
development, with the need to protect the environment, and 3) to achieve social and economic
objectives. In 2004, the EU started their new European Landscape Convention. In the Landscape
Convention, many future tasks were proposed, such as improving individual and social well-being,
raising awareness, training and education, and public participation, among all of which, the
relationship between landscape and spatial planning was emphasized again.

For environmental planning in spatial planning, Environmental Impact Assessment (EIA) is its
main consideration. According to CEMAT (2000), environmental planning is “a relative new

discipline aiming at merging the practice of urban/regional planning with concerns of
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environmentalism”. Tt works closely with Environmental Impact Assessment (EIA). They
explained environmental planning as “the realization of rigorous EIA of projects and programs.”
There are various areas that EIA addresses, such as land use, noise, air, housing, water, ecosystems,
and visual aspects.

With regard to visual aspects of RE facilities, the enormous size of wind turbines among all the
RE facilities leads to high potential of impacting visual aspects of the landscape (Figure 20).
However, little attention has been paid to this topic. Thus, this chapter focuses on visual aspects of
wind farms/turbines in the context of spatial planning for RE (Figure 21), hoping to provide an
applicable methodology for visual impact evaluation of wind farms at both city and community
level. Another purpose is to evoke awareness of the visual impact of RE facilities, especially wind

turbines, in the landscape architecture and urban-rural planning fields.

High Visibility

1.7m m &m (3F building)

-

100m-
(1500kW turbine) Urban/suburban/

Rural settlements

i || |
0

Figure 20. Size comparison of different RE facilities. (Source: by author).
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Spatial Planning

Environmental
Planning
Environmental
Impact Assessment

Visual Aspect

‘ High visibility;
Quick development

Wind farm/turbine

Visual Impact of
Wind farms

Figure 21. The position of visual impact evaluation in spatial planning and the reason to select

wind farm/turbine among all the RE facilities. (Source: by author).

3.3 Brief Description of Choshi city, Japan

Choshi city is located in Chiba Prefecture, Japan, at the easternmost part of Boso Peninsula. The
city covers an area of 83.91 km? with a population of 69,954. It has an average annual inland
wind speed of 6.5m/s (NEDO, 2010) and offshore wind speed that reaches 7.5m/s. Choshi has the
largest number of wind turbines in Japanese Kanto region. The city has a total wind energy
production capacity of 53,560kW (Choshi City Gov., 2010a). Between years 2001-2009, wind
turbines increased from 1 to 34 within 10 wind farms, see Figure 22.

The reasons we selected Choshi city are as follows.

e Enough wind turbines in city area: unlike other areas which just have one or two wind
turbines on site, Choshi city currently has a of total 34 wind turbines. The quantity of
wind turbines in Choshi city are enough to support the ZVI analysis base on the city
scale.

e Turbine number has been increasing by year: from 2001-2009, the number of wind
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turbine increased from 1 to 34.
¢ Independent settlements in suburban area: in Choshi suburban area, a lot of independent
settlements are existing, it is a necessary condition in using the Spanish method, because
the Spanish method is an evaluation methodology developed for suburban settlements or
villages, not for urban areas or other locations. Specifically, to use Spanish method in
evaluating visual impact, the two selected settlements were: Sarudacho (JzZHIH]) and
Tokoyodacho (# tH: FHHT).
e Wind energy development potential in the future: recently, NEDO and Tokyo Electric
Power Company(TEPCO) have been doing off-shore wind farm testing in the sea near
Choshi, moreover, due to rich wind energy resource in Choshi, there is possible that more
wind farms will be built, which means the wind turbine number may continuously
increasing in the future in Choshi.
At the community level, we selected the Sarudacho and Tokoyodacho settlements located in the
west of Choshi City. They belong to the Northern settlement area and southern settlement area in
suburban Choshi respectively, and have direct visibility to wind turbines (visible wind turbine
more than zero with limited visual disturbances from the topography and vegetation. See Table 17
for site investigation detail of settlement selection.
Sarudacho had a population of 700 people in 279 households (Choshi City Gov., 2010b). Three
wind farms, Shiishiba, Takadacho, and Choshi wind farms surround it. This community area has a
hilly and mostly forested topography. An East Japan Railway (JR) train station within the
community leads to a high frequency of residents passing by and seeing the wind turbines.
Tokoyodacho had a population of 230 people in 66 households (Choshi City Gov., 2010b). It is
located at the center of all the wind farms, and thus the people there has a high exposure to the
wind turbines. This community has mixed farmland and forest landscapes with a combined hilly

and flat topography.
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Table 17. Site investigation detail for settlement selection.

Time Weather | Area Transpor | Route Obijective
Tempera t (Checked settlements)
ture
2010.11.6 Sunny North Walk Sarudacho—Funakicho—Sho | Understand
11:00-16:00 | 17°C settlement myojicho—Nakajimacho general visual
area nichome— condition  of
Mikadocho—Okanodayicho wind turbine
nichome—Akadtsukacho—Mi | in settlements
yakemachi nichome
2010.12.5 Sunny South Bike Misakicho—Obamacho—Oya | Deeper
11:00-16:00 | 14°C settlement dacho—Tokoyodacho—Yagic | understanding
area ho of settlements
2010.12.9 Sunny Specific Walk Saradacho Specific
11:00-17:30 | 13°C settlements Tokoyodacho settlement
survey

2009-Shiishiba Wind Farm (1990KW  5)

e Tokoyodacho

"1 . 2006-Takadacho Wind Farm (1990KW % 1)

2006-Shincho Wind Farm (1980KW1)

.02 2007-Choshi Wind Farm (1550KW % 7)

i

2003-Shiosai Wind Farm (1500KW 3 2)

2006-Yagi Wind Farm (1500KW * 6)

e

5KM

]

| %@QOQ

2006-Daicho Wind Farm (640KW 1)~

4-Choshi Wind Energy Wind Farm (1500KW.%9) |
2001-Choshi Byobukaura Wind Farm (1500KW 1) 0 " «
2003-Choshi Obama Wind Farm (1500KW * 1)

Figure 22. Wind farm and community map in Choshi city. (Source: by author).
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3.4 Research Methodology

The methodology included two parts: city level evaluation and community level evaluation. City
level evaluation used ArcGIS Viewshed analysis to quantify the Zone of Visual Influence (ZVI) of
wind farms. It helped understand the changing and current visibility condition of wind farms.
Community level evaluation used the Spanish method combined with a questionnaire survey. We
used the questionnaire survey to verify the practicability and accuracy of the Spanish method. This
methodology facilitates understanding of the visibility conditions of wind farm infrastructure to

planners, investors, and policy makers. The framework of the methodology is as illustrated in

Figure 23.
Visual Impact Evaluation of Wind farms l
2 City level evaluation i Community level evaluation :
! InputData —> Tools —> Output Resultf§ Input Data —> Tools —> Output Result
| ievaiiin | -Visible wind
"o ) ! *| turbine from
| (DEM) -GIS “Viewshed || settiement || Visual Impact
. , Viewshed || map | -Visible Evaluation
i dnd uing: || Analysis - ~ | houses from || Matrix Impact Level
i| position GIS 3D -h 208 : i| wind farm (Spanish
- . i changs i 1| -Angle method)
1| -Wind turbine || analyst (annual) ' | _Distance
height ! 1| -Population
Glisstions Questionnaire _Perceptive
i i Survey impact level

Decision Making Support

Investors i
Policy makers |

i Planners

Figure 23. Methodology framework for visual evaluation at both city and community levels.

(Source: by author).

3.4.1 GIS Viewshed Analysis

Viewshed analysis is the analysis of an area to find out whether it is visible or not to a certain
observer under different terrain conditions, which we carried out using ArcGIS 9.2 (ESRI,
2010). Based on topographic and wind turbines data, we used this analysis to find out the

ZV1 area change from 2001 to 2009 in Choshi. GIS data preparation process in ArcGIS was
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as follows. We sourced elevation map (1/25,000; contour interval 5m; JPG) from Geospatial
Information Authority of Japan (2010). We traced over contours using AutoCAD 2008. Then
we inserted these contours (Figure 24) into ArcGIS and edited elevation attribute for each of
them. We generated Triangular Irregular Network (TIN) from the contours (Figure 25) and
converted TIN into raster data using ArcGIS-“3D Analyst”’- “Convert TIN To Raster” tool.
We carried out Viewshed analysis using ArcGIS as follows: added wind turbines in different
point layers by year (data sample is as shown in Table 17, find more in Appendix 3). Included
Wind turbines height attributes in two categories, where one was 100m (1,500kW, blade
included), and the second 118m (1,990kW, blade included). Then we ran GIS Viewshed
analysis (surface analysis tool) for each point layer was based on Raster data, and output of
an annual Viewshed map. In the meantime, the total wind turbine visible area was calculated

as ZVI.

_ A 1 3km

Elevation

Figure 24. Topography map of Choshi city. (Source: by author).
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Figure 25. TIN map of Choshi city. (Source: by author).
Table 18. Wind turbine location sample (NEDO, 2010).
Year | Wind farm Number of wind turbine Location Detail
2001 | Byobukaura 1 35°42'16.0"N, 140°46'26.0"E
2003 | Obama 1 35°42'10.0"N, 140°46'6.0"E
Shiosai 2 35°42'28.0"N, 140°46'8.0"E
35°42'14.0"N, 140°46'3.0"E

3.4.2 Spanish Method.

At the community level, we applied the Spanish method to Sarudacho and Tokoyodacho
settlements in suburban Choshi. The Spanish method (Hurtado et al., 2004) proposed “Visual
Impact Evaluation Matrix (VIEM)” is suitable at the community level. VIEM has five coefficients
which can be defined as follows.

a) Visibility coefficient of wind farm from settlement. (Hurtado et al., 2004).

The village is split into several areas to determine this coefficient. If the visual impact varies
inside the village, this coefficient will be an approximation to a medium value. The way to

calculate this coefficient is by the expression,
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a= YL, Xi/WM
n

where n is the number of areas inside the village with different views of the wind farm, Xi is the
number of wind turbine visible from area i, and WM is the total number of wind turbine in the
wind farm.

b) Visibility coefficient of the village from wind farm. (Hurtado et al., 2004).

This measure the number of houses visible from the wind farm (from each wind turbine), from
among the total number of houses of the village. This coefficient is not dependent on the previous

one.

_number of houses visible from the wind farm

total number of houses in the village

c) Visibility coefficient of the wind farm taken as a cuboid. (Hurtado et al., 2004).

The wind farm can be visualized inside a cuboid of regular shape. This enables one to say that
wind farm could be seen from the front, diagonally or longitudinally, depending on the side of
viewing. Thus, a factor “v” can be assigned for evaluation inside the matrix VIEM (Figure 26).
Also, there is direct relation with the number of wind turbines belonging to the wind farms,
because 3 wind turbines are not the same as including 25 wind turbines. For that, a quantity factor

“n” is added. With these two values, the visibility coefficient can be calculated:

C=n>v
Table 19. Correction factor of wind turbine aspect.
View v factor
Fontal 1.0
Diagonal 0.5
longitudinal 0.2

Table 20. Correction factor of the number of wind turbines.

Number of wind turbines n factor
1-3 0.5
4-10 0.9
11-20 1.0
21-30 1.05
>30 11
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Figure 26. Wind farm’s view aspect. (Hurtado et al., 2004).
d) Distance coefficient between the wind farm and the village. (Hurtado et al., 2004).
This takes into account the distance between the wind farm and the village. The distance to each
village or its proximity to the wind farm is directly proportional to the alteration of the landscape.
A visual influence radius is assigned to each wind turbine and a coefficient as well. For distances
greater than 6000m, though the blades are still visible, the associated impact will be at a minimum,

and it is possible that the wind farm could be considered part of the background landscape. See

Table 21.

Table 21. Coefficient function of the distance.
X distance d coefficient
X<500m 1.00
500<X<6000m 1.05-0.0002*x
6000m<X (if wind farm visible) 0.1

e) Population coefficient of the village. (Hurtado et al., 2004).
The visual impact increases when the number of people increases in the village, this coefficient

being maximum in highly populated areas, like towns. See Table 22 of coefficient value.

Table 22. Coefficient function of population.

population e coefficient
>300 1.00
100-300 0.90
50-100 0.60
20-50 0.45
5-20 0.35
1-5 0.20
0 0.00
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Partial Evaluation. (Hurtado et al., 2004).

1. Partial assessment 1 (PAl)=a *b*c *d

2. Partial assessment 2 (PA2)=a *b* ¢ *d *e.

According to PA1 and PA2 scores, the visual impact level can be determined, see Table 23.

In this study, the data collection process for the coefficients was as follows: for coefficient (a), we
selected 10 viewpoints from each community area on the local map. Viewpoints were distributed
over the whole community area, with selection made along the community’s main road and
significant community spots, such as JR train stations, road intersections, and shrines. At each
viewpoint, we photographed visible wind turbines using a digital camera and recorded the number
of visible wind turbines through site surveys on Nov 6, 2010 and Dec 5, 2010. See Figure 27 and
Figure 28. For coefficient (b), we counted the number of houses on the local map and the number
of visible houses from each wind farm through the above site survey. For coefficient (c), we
estimated the angle factor of the wind farm base on “Wind farm and community map (Figure 19)”
using AutoCAD 2008. For coefficient (d), we estimated the distance from each 10 viewpoints to
each wind turbine using AutoCAD 2008 and then calculated the average distance. For coefficient

(e), we used population data of 2010 from Choshi city government (2010b) for Sarudacho and

Tokoyodacho.
Table 23. Determination of the impact level. (Hurtado et al., 2004)

PA Impact Level | Description

0.00-0.10 | Minimum Installation of the wind farm does not have any impact.

0.10-0.30 | Light A decrease in the impact by means of wind farm camouflage (color
and / or vegetation) is recommended.

0.30-0.50 | Medium Efforts should be made to diminish the visual impact by relocating
some of the towers that are closer to human living quarters.

0.50-0.70 | Serious Part or the whole location of the wind farm should be corrected.

0.70-0.90 | Very Serious | The location of the wind farm should be revised and corrected in
part, or by trying to change its place.

0.90-1.00 | Deep There are no justifiable for carrying out the installation of the wind
farm.
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Sarudacho

Figure 27. Picture sample for each viewpoint in Sarudacho. (Source: by author).
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Tokoxggacho )

Figure 28. Picture sample for each viewpoint in Tokoyodacho. (Source: by author).

3.4.3 Questionnaire Survey.
In order to confirm the accuracy of evaluation results using the Spanish method, we conducted a
questionnaire survey among the residents of Sarudacho and Tokoyodacho. Based on the
consideration of households number in each settlement (Sarudacho 279 households, Tokoyodacho
66 households), we distributed a total number of 200 questionnaires on Jan 11, 2011. 140
questionnaires in Sarudacho, and 60 in Tokoyodacho. Questionnaires were hand delivered by the
authors to the target communities, dropped into the mailboxes in front of each household
randomly while walking around the community areas. Each questionnaire package included an
explanation letter, a questionnaire sheet and mail-back envelope with a postage stamp. The

explanation letter included a description of the study objectives and explanation of visual impact
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evaluation, to ensure uniformity on the basic understanding of study aims and questionnaire
contents. The questionnaire contents were divided into four parts. 1) Respondents’ basic
information, 2) personal opinions on wind energy and wind farms (such as attitude, merit/demerit,
and impact). 3) Respondents’ visual impact evaluation of wind farms at five levels: deep, serious,
medium, light, and minimum. 4) Evaluation of wind farms visual impact levels on a particular
landscape scenario. We also included visual impact evaluation of different wind turbine layouts
where we arranged six turbines in three layout scenarios. That is; one line, grid (two lines) and
random, taking into account that there is no such  coefficient provided for in the Spanish method.
For landscape scenarios, five typical landscape types in Choshi city were selected including
farmland, residential, urban, road, and Satoyama (forest and farmland) areas. The background
picture for each landscape scenario was taken in Choshi city, and had wind turbines implanted in it
using Photoshop CS2 to create five varying possibilities, see Figure 29. For layout scenarios, a
general landscape background picture from the Choshi suburban area was used, and had six wind
turbines implanted in it using Photoshop CS2 to create varying layouts, see Figure 30. More

questionnaire sheet detail can be found in Appendix 2.

-Farmland " -Residential | -Urban |

Figure 29. Photomontage for different landscape scenarios. (Source: by author).
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Figure 30. Photomontage for different layout scenarios. (Source: by author).

3.5 Results
3.5.1 GIS Viewshed Analysis

GIS viewshed analysis results indicated that from 2001 to 2009, the wind turbine visible area
increased along with the wind turbine numbers increase in Choshi city (see Figure 31). In 2001,
when there was only one wind turbine in Choshi city, that area was 50.70km? (60.4% of the city
area). However, by the end of 2009, the turbine visible area had increased to 78.14km? that covers
93.1% of the city area. Furthermore, by comparing ZVI area and wind turbine numbers from 2001
to 2009, it was found that ZVI area had increased at an average rate of 14.9% along with wind
turbine numbers from 2001 to 2006. On the other hand, that rate average was only 0.9% from

2006 to 2009. The ZVI1 area increase rate decelerated after 2006, see Table 24.

2001 2003 2004 01 3 skm

e e

2006 2007 2009

Bt By D

Figure 31. Wind turbine visible area change from 2001-2009 in Choshi city. (Source: by author).
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Table 24. Wind turbine visible area and wind turbine numbers.

Year ZVI (km?) Percentage ZVI increase ZV1 increase rate Total turbine
of city area area (km?) number
2001 50.70 60.4% 50.7 - 1
2002 50.70 60.4% 0 - 1
2003 60.99 72.7% 10.29 +20.3% 4
2004 68.85 82.0% 7.86 +12.9% 13
2005 68.85 82.0% 0 - 13
2006 76.71 91.4% 7.86 +11.4% 22
2007 77.27 92.1% 0.56 +0.7% 29
2008 77.27 92.1% 0 - 29
2009 78.14 93.1% 0.87 +1.1% 34

1 The city area is 83.91 km? in Choshi city.

3.5.2 Spanish Method

Through site survey, it is found that only three wind farms: Shiishiba, Takadacho, and Choshi
wind farms were visible from Sarudacho. Thus, only the three wind farms were considered for the
evaluation process in Sarudacho. Since Shiishiba and Takadacho wind farms are close to each
other, we considered them as one wind farm in Tokoyodacho’s evaluation. Results from
application of Spanish method in Sarudacho are as shown in Table 25, and those from
Tokoyodacho are as shown in Table 26. It is found that the visual impact of wind farms was
mainly in the “Minimum” levels when using the Spanish method of evaluation in the two

communities.
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Table 25. Evaluation results from Sarudacho

Wind farm a b c d e PAl1 | PA2 Impact
Level
Shiishiba 0.467 | 0.122 0.9 0.7516 1 0.039 | 0.039 | Minimum
Takadocho
Choshi 0.357 0.134 0.35 0.6146 1 0.011 | 0.011 | Minimum

Table 26. Evaluation results from Tokoyodacho.

Wind farm a b c d e PAl PA2 Impact
Level
Shiishiba 0.42 0.078 0.9 0.205 | 0.9 0.006 | 0.0054 | Minimum
Takadacho
Choshi 0.589 | 0.172 0.9 0.701 | 0.9 0.064 | 0.0576 | Minimum
Shincho 1 0.344 1.05 | 0795 | 0.9 0.287 | 0.258 | Minimum
Obama 0.375 | 0.0625 | 0.25 | 0.637 | 0.9 | 0.0037 | 0.0033 | Minimum

Byobukaura 0.625 | 0.156 025 | 0.628 | 0.9 | 0.0153 | 0.0138 | Minimum

Shiosai 0.812 0.75 0.5 0.906 | 0.9 0.248 | 0.223 Light

Wind energy 0.6675 | 0.25 0.9 0.586 | 0.9 0.088 | 0.079 | Minimum

Yagi 0.5 0.484 0.9 0.82 0.9 0.179 0.16 | Minimum

3.5.3 Questionnaire Survey
From the 200 questionnaires distributed, the total valid responses were 63 (N=63). 44 (70%) of
them were from Sarudacho and 19 (30%) from Tokoyodacho. The age of respondents varied from
40 to 80 years old. 86% of the respondents had lived for more than 10 years in the two
communities. From the results, 58.7% of the respondents had a positive attitude towards wind
energy and existence of wind farms near their community area. A small proportion of 11.1% of the
respondents showed a negative attitude towards wind energy. The biggest impact of wind farms
was on the local landscape, which scored highest, at 46.0% of the respondents. Both noise and
electronic jamming came in second, at 20.6% of the respondents. Most of the respondents (88.9%)

tend to tolerate less than 5 wind turbines in the landscape at the local level.
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The residents’ perception on visual impact level in Sarudacho and Tokoyodacho was as follows:
“Deep” level 30.1%, “Serious” level 38.1%, and ‘“Medium” level 28.6%, see Table 27. Wind
turbines in residential and urban areas (close to residents’ living quarters) are most likely to
influence residents’ perception. Among Satoyama, farmland, and road landscapes (not very close
to residents’ living quarters), wind turbines had a higher impact level on Satoyama than that of
farmland and road areas, see Table 28. In comparative consideration of wind turbines layouts,
respondents indicated that one line layout had the strongest visual impact on the landscape. They
ranked it as follows: “Deep” level 44.4%, “Serious” level 34.9%, and “Medium” level 19.0%.
Unlike one line layout where the majority ranked it as “Deep” level, the grid (two lines) layout
was ranked by the majority in “Serious” level. Its ranking distribution was as follows: “Deep”
level 22.2%, “Serious” level 42.9%, and “Medium” level 30.1%. On the other hand, the majority
ranked the random layout in the “Medium” level. The ranking was; “Deep” level 17.5%, “Serious”

level 30.1%, “Medium” level 34.9%, and “Light” level 15.9%, see Table 29.

Table 27. Impact levels of wind turbines to local landscapes (N=63)

Settlement Deep Serious Medium Light Minimum | Total
Sarudacho 13 17 12 0 2 44
Tokoyodacho | 6 7 6 0 0 19
Total 19 24 18 0 2 N=63
Percentage 30.1% 38.1% 28.6% 0 3.2% 100%

Table 28. Evaluation of results of different landscape scenarios (N=63)

Landscape Deep Serious Medium Light Minimum
Residential 25 19 17 1 1
Urban 15 23 23 1 1
Satoyama 13 15 28 2 5
Farmland 8 24 23 1 7
Road 7 22 27 3 4
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Table 29. Evaluation results of different layout scenarios (N=63)

Deep Serious Medium Light Minimum
One line 28 22 12 0 1
Grid(2 line) | 14 27 19 2 1
Random 1 19 22 10 1

3.6 Discussion

According to the methodology, this study applied a shallow Viewshed analysis for visual impact
evaluation at the city level. This was due to lack of GIS data on buildings and vegetation heights
and distribution. The overall understanding of the visual impact of wind farms to a city is also too
complicated. Therefore, we did not analyze all the shielding of wind turbines by buildings or tree
canopies. By the end of 2009, at least one wind turbine was visible from 78.14km? (93.12%) of
Choshi city. Although ZVI1 area increased at a higher rate of 14.9% from 2001 to 2006, it just
increased at a minimal rate of 0.9% during 2006 to 2009. This could be due to the covered
influence area with each wind turbine under local topographic conditions.

After comparison of Spanish method results (Table 25 and Table 26) to those from the
questionnaire survey (Table 27) of visual impact level, we found out the following. According to
Spanish method results, the impact levels were mainly “Minimum” or “Light”. In the
questionnaire survey, the impact levels were mainly “Deep”, “Serious”, and “Medium”. There is a
disparity between the two evaluation methods as revealed by the difference in results. The results
of visual impact levels of wind farms to residents perception according to the questionnaire result
is deeper than the level revealed by the Spanish method. This study got different results to those of
the research done in Crete island in Greece by Tsoutsos et al. (2009), where the use of Spanish
method for visual impact evaluation was successful because its outcome corresponded to those
obtained from public opinion survey. The difference between Spanish method results and
questionnaire survey results in this study could be due to the following four reasons. 1) Spanish
method only supports one wind farm for one settlement evaluation. It cannot evaluate the
cumulative impacts to one settlement surrounded by multiple wind farms, as in the case of

Tokoyodacho. 2) Because European researchers developed the Spanish method, the coefficient
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calculation method and evaluation criteria may be only suitable for Spain or Europe, as opposed to

Japan or Asia due to geographical and social context. 3) Uncertainty of data may result from

coefficients data collection process such as recording of visible wind turbines numbers. 4)

Personal perceptions may also vary due to a wide range of reasons.
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4.1 Introduction

Renewable Energy (RE) is receiving increasing attention for its clean, green, safe characteristics.
It is driving energy structure towards a sustainable level by providing a sustainable approach to
energy generation (Elliott, 2000; Vera and Langlois, 2007), and contributing to mitigation of the
greenhouse effect in the long term (Dincer, 2000). It also plays a vital role in the overall
sustainable development strategy (Dincer, 2000; European Renewable Energy Council, 2012).
The spatial distribution of Renewable Energy Sources (RES) is strongly affected by geographic
and topographic factors such as altitude, climate, and terrain conditions (Vettorato, 2011). Thus,
exploration and supply of RE take place at the local or regional levels (Sarafidis, 1999; Voivontas
et al., 1998). These features also shape RE supply distribution networks in decentralized forms,
consequently making the planning of RE concentrated on a detailed scale.

Geographic Information Systems (GIS) have proved a useful tool for regional RE potential
estimation (Hoesen and Letendre, 2010; Gil et al., 2011; Arnette and Zebel, 2011) and as support
for decision making in energy planning (Voivontas et al.,, 1998; Clarke and Grant, 1996;
Domingues and Amador, 2007). This is due to their flexible data management and
spatial-temporal analysis capabilities. Furthermore, the visualization function of GIS can connect
statistical analysis with visualized spatial data in the integrated RE planning approach. Such
visualization maps make planning easier to understand for policy makers, private investors, and
citizens. It also provides a platform for information sharing and planning participation through
Web-based GIS (Simao et al., 2009; Bayern Gov., 2014).

At the regional level, several traditional techniques have been applied in RE planning. These
include Multiple-Criteria Decision Analysis (MCDA) (Geogopoulou et al., 1997; Beccali et al.,
2003; Pohekar and Ramachandran, 2004; Loken, 2007; Tsoutsos et al., 2009; Terrados et al.,
2009), Delphi surveys (Shiftan et al., 2003; Czaplicka-Kolarz et al., 2009; Celiktas and Kocar,
2010), and the participatory approach (Neudoerffer et al., 2001). There are also a few
methodologies and empirical studies on RE planning in literature. Terrados et al. (2009) proposed
a combined methodology for RE planning; a hybrid composed of SWOT analysis, MCDA, and
Delphi methods. Sarafidis et al. (1999) established a planning approach for RE that compared
energy demand estimation and RES potential estimation to identify the most effective exploitation

of RES in the study regions. Droege (2006) introduced a framework and several tools to help in
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building a renewable energy system at the city scale. Among European municipalities, an aim to
achieve 100% energy self-sufficiency through RE supply has been a common trend in planning
practice. Some of them such as Mauenheim (Germany) and Gussing (Austria) have achieved or
will achieve energy autonomy in the coming decade (Takigawa et al., 2012). Nevertheless, RE
planning application has often been limited to the district (Portland Sustainability Institute, 2014),
community, or city scale (Stremke and Koh, 2010). Previous research has focused on estimation
(Voivontas et al., 1998; Yue and Wang, 2006; Hoesen and Letendre, 2010; Gil et al., 2011; Arnett
and Zebel, 2011) and mapping (Ramachandra and Shruthi, 2007) of RES, whereas energy
self-sufficiency analysis based on demand-supply prediction at the regional level has been lacking.
The Japanese Government issued its new “Basic Energy Plan” in June, 2010. One of its five main
targets was a proposal to increase the proportion of zero emission electricity power (nuclear power
and RE) to 70% of the total electricity generation by 2030 (Japanese Ministry of Economy, Trade
and Industry, 2010). To achieve this target, RE was to be increased from 8%-9%, and nuclear
power from 26%-50%. However, the Great North Eastern Japan Earthquake on March 11, 2011,
and the consequent Fukushima Daiichi Nuclear Crisis evoked great concerns on the safety of
nuclear power worldwide. Accordingly, this has led to difficulties in further promotion of nuclear
power in Japan. In an attempt to accelerate the RE’s development in Japan, the Feed-in Tariff (FIT)
for RE was announced and started in July, 2012. As the prefecture most affected by the nuclear
crisis, the Fukushima local government has realized the urgent need to develop clean, green, and
safe RE to drive its energy structure into a safer, more self-sufficient state. Renewable energy,
therefore, may play an important role in the post-earthquake reconstruction and economic growth
in Fukushima Prefecture in the coming decades.

This study proposes a G1S-based integrated approach in order to estimate energy self-sufficiency
possibility at the regional level, based on primary energy consumption and available RE potential
estimation. It aims to establish an elaborate and informative procedure, as well as integrated
quantification and visualization to support decision-making in RE spatial planning. The proposed
approach is composed of a set of sequential steps including; primary energy consumption
estimation, renewable energy potential estimation, energy self-sufficiency analysis, composite
map preparation, and scenario analysis using GIS. This approach takes a step away from previous

works that only dealt with GIS-based RE potential estimation or site selection by taking into
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account the future of energy self-sufficiency possibilities, multiple RES potential sites analysis,
and scenario analysis at the regional level using GIS. This study has also suggested the integration
of spatial planning concepts into this approach, and put emphasis on several guidelines which
should be considered in the RE spatial planning process. This approach was applied to Fukushima
Prefecture as a case study, because of the planning needs for the 2020 and 2030 RE development
vision for 2020 and 2030. GIS was used to analyze solar, wind, biomass, geothermal, and
hydro-power potential within Fukushima Prefecture, Japan. Potential sites were determined based
on geographic, topographic, and land use constraints. Evacuees’ population and forest radiation
levels are specifically considered in the context of radiation emanating from the Fukushima
Daiichi Nuclear Crisis.

The proposed approach may help with decision-making in support of the RE planning process,
through the provision of visualized and quantified information on regional potentials and
restrictions to different energy stakeholders such as the energy policy makers and local authorities.
This could help to build an energy development vision, driving regional energy development
towards sustainability. Moreover, the approach presented in this study could serve as an example
applicable in other Japanese municipalities to help in building a safer, sustainable energy system.
This case study provides an example on how to establish local GIS databases through the

utilization of various online open GIS resources in Japan.

4.2 Proposed Approach

We propose an integrated information approach for decision-makers in support of RE spatial
planning at the regional level, with a goal for future energy self-sufficiency. The proposed
approach is composed of five main steps:

(1) Primary energy consumption analysis.

(2) RE potential estimation: theoretical potential estimation and available potential estimation.

(3) Energy self-sufficiency analysis.

(4) Composite map preparation.

(5) Scenario analysis.

(6) Decision making support in RE planning.
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The procedure to implement the proposed approach is described step by step from Sections 4.4.1-

4.4.6. Figure 32 shows the illustration of the approach framework.

Renewable Energy Potential Estimation
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Figure 32. Framework of proposed approach. (Source: by author).

4.3 Application of Proposed Approach: a Case Study of Fukushima, Japan

Fukushima Prefecture is located in the northeastern region of Japan, about 200 km north of Tokyo.
It covers an area of 13,782 km?, with a population of 1,946,526 (2013). The prefecture is divided
into three main regions. From west to east, they order (1) the Aizu region that includes Aizu and
Minami Aizu areas; (2) the Naka-doori region that includes Kenpoku, Kenchu, and Kennan areas;
and (3) the Hama-doori that includes Soso and Iwaki areas. The Aizu region has hilly topography
and is mostly forested. Naka-doori and Hama-doori have a flatter topography, with most of the
population and built-up areas distributed in these regions. Both densely populated urban areas and
depopulated rural areas coexist in the prefecture.

Fukushima Prefecture was heavily damaged by the Great North Eastern Japan earthquake of
March 11, 2011, and the consequent Fukushima Daiichi nuclear crisis. Large areas of Fukushima

have been contaminated by radioactive particles. Areas with high radiation levels have been
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designated as evacuation areas, such as Futaba and Namie towns. There were about 150,000
people evacuated inside or outside of Fukushima prefecture after the earthquake and nuclear crisis.
In order to develop a safer and environmental-friendly energy supply system, the Fukushima
Government is currently putting efforts into RE development. This was one of the approaches for
post-earthquake reconstruction. From 2009-2020, the government had proposed the increase of
total solar panel capacity from 38.9-1000 MW, wind turbine capacity from 69.9-2000 MW,
hydro-power plant capacity from 3973.5-3980 MW, biomass electricity capacity from 66.4-360
MW, and geothermal plant capacity from 65-67 MW (Fukushima Gov., 2012).

Fukushima now has several types of RE facilities. They include wind turbines, solar PV
(household and mega-solar), solar heating, biomass (electricity and heat), hydro-power,
geothermal, bio fuel, and natural gas co-generation. GIS data for all the RE facilities in Fukushima
was incomplete, hence we gathered their details (capacity, year among others) from different
resources. This includes wind (NEDO, 2013), solar PV mega-solar (Fukushima Gov., 2013;
Electric Japan, 2013), biomass (Fukushima Gov., 2013), hydro-power (Electric Japan, 2013;
Fukushima Gov., 2013), geothermal (Fukushima Gov., 2013), biofuel (Fukushima Gov., 2013),
and natural gas co-generation (Fukushima Gov., 2013). Point data was created for current RE
facilities in GIS. A grid and substation map based on information from online RE potential
database provided by Fukushima Government (Fukushima Gov., 2013) was also derived. Figure
33 illustrates different regions, as well as power plants and grid in Fukushima prefecture. See

more detail of current RE facilities in Fukushima in Appendix 8.
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Figure 33. Regions, power plants, and gird network in Fukushima. (Source: by author).

4.4 Methods and Datasets

4.4.1 Primary Energy Consumption

In the energy planning process, energy consumption analysis is fundamental. Energy consumption

is usually summarized in two forms; primary energy consumption, and final energy consumption.

Primary energy consumption was chosen because of the complexity and data scarcity for final

energy consumption calculations. The primary energy consumption (GJ/year) was multiplied by

primary energy consumption per person (GJ/per person) by population, see Table 30.

Table 30. Japan Primary Energy Consumption and Population in 2010, 2020, and 2030.

Japan 2010 2020 2030
Total Primary Energy Consumption (IEA, 2010) | 501 Mtoe ¥ | 491 Mtoe 482 Mtoe
Total Population (IPSS, 2013) 128,060,000 | 124,100,000 | 116,620,000
Primary Energy Consumption/person 3.9 3.96 4.13
toe/person toe/person toe/person

@ toe: tonne of oil equivalent. 1 toe

~ 41.87 GJ.
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We obtained GIS population data (2010) for Fukushima from Japan Government Statistics (Japan
Government Statistics, 2013). The population data is contained in sub-municipal (small regions
that constitute one municipality) level, see Figure 34. The original data for each municipality in
Fukushima was downloaded, and then merged all the municipalities’ data into one Fukushima
prefectural population data using ArcGIS 10.1 (herein referred to as GIS).

The above population data was for year 2010, but there was a lot of population movement in
Fukushima due to the great earthquake of 2011. To gain a more accurate future population
prediction, we calculated the population by the end of 2011, which formed population prediction
basis. Two main population movements were considered: voluntary evacuees’ population outside
evacuation directed zones, and the population inside evacuation directed zones. By September
2011, there were 50,327 people, who had voluntary evacuation from un-evacuation directed zones.
Of them, 23,551 had evacuated within Fukushima, and 26,776 outside of Fukushima. There were
100,510 people from evacuation directed zones; 70,817 of them evacuated within Fukushima
while 29,693 evacuated outside Fukushima [53]. We corrected population data for 2011 as follows.
For the population of voluntary evacuation from un-evacuation directed zones, we subtracted the
number of people evacuated outside Fukushima (total 26,776) based on each municipality’s
voluntary evacuation number (Japan Ministry of Education, Science and Culture, 2011). For the
population from inside the evacuation directed zone, we first edited the population to zero (0) in
GIS. Then, we added the number of people evacuated within Fukushima (total 70,817) to
un-evacuation directed zones based on each municipality’s evacuation entrants (Japan Ministry of

Education, Science and Culture, 2011).
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Figure 34. Fukushima population (2010) presented by dot density. (Source: by author).

The evacuation directed zone is bound to change in the future. In October 2013, Japanese Ministry
of Land, Infrastructure, Transport, and Tourism revised the boundary of evacuated zones and
classified it into three categories. (1) Difficult to return zone (>50 mSv/year, 5 years later, air dose
rate will still be >20 mSV/year); (2) Habitation restriction zone (>20 mSv/year, after planned
decontamination, aiming to rebuild the community several years later); (3) Zone preparing for
lifting off the evacuation directive (<20 mSv/year, aim to recover as soon as possible for
restoration and reconstruction, residents expected to return) (Japan Ministry of Land,
Infrastructure, Transport and Tourism, 2013). In this study, for the difficult to return zone, we
assumed that 0% of the residents will return by 2020 ((Japan Ministry of Land, Infrastructure,
Transport and Tourism, 2013) and that 20% of the residents will return by 2030. For the habitation
restriction zone, this study has assumed that 40% of residents will return by 2020, and 60% by
2030. For zone preparing to lift the evacuation directive, we assumed 60% of the residents will
return by 2020, and 80% by 2030 (Fukushima Gov., 2013).

After the above corrections, we estimated the population for Fukushima by years 2020 and 2030.

Population in Fukushima will decrease by about 7.52% by 2020 compared to year 2010, and by
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about 16.99% by 2030 compared to that of year 2010 (IPSS, 2013). Fukushima’s population by
2020 and 2030 has been calculated based on the above rates of decrease. The primary energy
consumption has been calculated based on this population prediction. The results have been
consequently converted into 500 m mesh data using GIS as follows. We first calculated population
density for municipalities using the Field Calculator in GIS. Secondly, we did a spatial join of the
population density and the Japanese standard 500 m mesh (as the background layer). Then, we
calculated the population in all 500 m meshes by multiplying population density with area using
the Field Calculator.

This study used Japanese Mesh System that has uniform geographic position and specific mesh ID
(Biodiversity center of Japan, 2013). In this way, uniformity of mesh position for further GIS
analysis has been insured. The mesh system is in five mesh levels (Japan Government Statistics,
2013). They are: (1) Primary region partition mesh (Longitude interval: 1°; Latitude interval: 40")
that has approximately 80 km > 80 km squares; (2) Second region partition mesh (Longitude
interval: 7'30"; Latitude interval: 5') that has approximately 10 km > 10 km squares. (3) Standard
region partition mesh (Longitude interval: 45"; Latitude interval: 30") that has approximately 1 km
x 1 km squares, herein referred to as Japanese standard 1 km mesh; (4) Half of standard region
partition mesh (Longitude interval: 22.5"; Latitude interval: 15’) that has approximately 500 m x
500 m squares, herein referred to as Japanese standard 500 m mesh. (5) Quarter of standard region
partition mesh (Longitude interval: 11.25"; Latitude interval: 7.5') that has approximately 250 m x

250 m squares.

4.4.2 Estimation of Renewable Energy Potential
At the regional level, types of RES vary due to different environmental conditions. In this study,
we focused specifically on solar, wind, biomass, geothermal, and hydropower because they are the
five main renewable resources in Fukushima. At first, their theoretical potential was analyzed, and
then the available potential. Theoretical potential is defined as the maximum potential of a RES in
a region, with no environmental or social constraints considered (Voivontas et al., 1998).
Available potential is defined as harvestable RE potential after considering technical,
environmental, and socio-economic constraints. It forms part of theoretical potential. The

estimation methods for theoretical and available potentials are explained as follows.
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e Solar Photovoltaic
The estimation for the solar potential was calculated based on climate data (polygon, 1 km mesh)
which includes information on average annual solar radiation (per day) provided by Japanese
Ministry of Land, Infrastructure, Transport and Tourism (Japan Ministry of Land, Infrastructure,
Transport and Tourism, 2013), see Figure 35. We calculated the solar potential within a new field
using the Field Calculator as follows (NEDO, 2012):
S; =8, Xx365XS5, X7
where St is solar potential in MJ/year, S; is the average annual solar radiation per day in MJ/m?,
365 is the total days for one year, S, is the geographic area in m?, # is the energy efficiency factor

of solar Photovoltaic (PV) panel, and we set  as 12% (Japan Ministry of Environment, 2009).
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Figure 35. Average annual solar radiation in Fukushima (1km mesh).
The exploitation of available solar resources was done only for Mega-solar (over 1 MW) farm
installations in this planning approach because general household PV panels can be installed on
any rooftop in Fukushima. For mega-solar farm, available sites were selected based on the
following criteria:
v Non-urbanized areas or industrial areas in urbanized areas.

v Slope: 0%-2.5%, any aspect; 2.5%-15%, south-facing aspect (Arnette and Zebel, 2011).
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v' Exclude superior agricultural areas, protected forest areas, natural preservation areas,
national parks (special preservation area), and landslide areas assigned by relative laws in
Japan (Japan Ministry of Environment, 2009).

v" Un-available land use: rice fields, built-up areas, roads, railways, rivers and lakes,
beaches, golf courses, and others (airports, artificial landfill areas among others).
Available land uses: other agricultural areas (fruit orchards among others), forests, and
barren lands (Japan Ministry of Environment, 2009).

v" Minimum available land area of 1.5 ha (Fukushima Gov., 2013).

A summary of GIS data resources we used for solar potential estimation is as follows. Fukushima
municipal boundary (polyline, 1:25,000) obtained from Geospatial Information Authority of Japan
(2013). Climate (polygon, 1 km mesh), topography (polygon, 500 m mesh), and designated area
(polygon, 1:50,000). Land use 2009 (polygon, 100 m mesh) data obtained from the national land
numerical information download service provided by Japanese Ministry of Land, Infrastructure,
Transport and Tourism (2013).

e Wind Energy

Only 500 m mesh wind speed data (at the height of 70 m, with geographic coordinates) in “.dat”
format (NEDO, 2013) have been found. Therefore, we first created fishnet based on Japanese
standard 500 m mesh. Then, we opened “.dat” data using Microsoft Excel 2010 and coded all the
wind speed data according to the ID of each mesh in fishnet, respectively. Finally, we converted it
into “.dbf” format using Microsoft Access 2010 and updated the original fishnet “.dbf” data by
replacing it with the new one, see Figure 36. Currently, there are 80 wind turbines in Fukushima
with 70 of them having a capacity of 2000 kW and 90 m in blade diameter that we have used for
estimation in this study. The potential of wind power was calculated within a new field using the

Field Calculator as follows (Kitakata city Gov., 2008):

Q=Fx ZFi(Vi) X 8760 x Pi
where Q is the wind potential in kWh/year, F is the total number of wind turbines that can be
possibly set. Fi(Vi) is the annual occurrence frequency of wind speed (i), 8760 is the total number

of hours in one year, and Pi is one wind turbine’s output in kW under different wind speeds

following its output curve.
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Wind turbines, especially the big ones (>1000 kW) are usually set at a distance of 10 times blade
diameters (10D) apart based on wind flow and turbine efficiency consideration. Thus, one wind
turbine at least takes about an area of (10D)2. F can be calculated by the total geographic area
divided by (10D)%
For the available wind potential, the criteria to select suitable sites are proposed as follows:
v" Wind speed > 6.0 m/s at the height of 70 m (Sarafidis et al., 1999; Voivontas et al., 1998).
v Altitude < 1000 m (Sarafidis et al., 1999; Voivontas et al., 1998; Hoesen and Letendre,
2010; Japan Ministry of Environment, 2009).
v Slope < 20°(Japan Ministry of Environment, 2009).
v Non-urbanization area (Japan Ministry of Environment, 2009).
v Exclude superior agricultural areas, protected forest areas, natural preservation areas,
national parks (special preservation areas), landslide areas, and wildlife conservation
areas assigned by relative laws in Japan (Japan Ministry of Environment, 2009).
v Buffer distances: cities and towns > 2000 m (Baban and Parry, 2001), villages > 500 m
(Baban and Parry, 2001; Japan Ministry of Environment, 2009; Silz-Szkliniarz and Vogt,
2011), water bodies and wetlands > 500 m (Arnette and Zebel, 2011), ecological sensitive
areas > 1000 m (Baban and Parry, 2001; Arnette and Zebel, 2011), airports > 2500 m
(Voivontas et al., 1998), historical areas > 2000 m (Voivontas et al., 1998; Baban and
Parry, 2001; Silz-Szkliniarz and Vogt, 2011).
v' Unavailable land uses: rice fields, built-up areas, roads, railways, rivers and lakes, golf
courses, and others (airports, artificial landfill areas among others). Available land uses:
other agricultural areas (fruit orchards among others), forests, barren lands, and beaches

(Japan Ministry of Environment, 2009).
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Figure 36. Wind speed in Fukushima (500m mesh, at the height of 70m). (Source: by author).

GIS resources used were Fukushima municipal boundary, topography, designated areas, and land
use datasets, the same we used for “Solar Photovoltaic” potential estimation. Wind speed data (in
the form of “.dat” files, converted to GIS mesh polygon as mentioned above) and their annual
occurrence frequency (bar graph) were obtained from the local area wind energy prediction
system provided by New Energy and Industrial Technology Development Organization (NEDO)
(2013).
e Biomass
Biomass resources were classified into two categories: wood biomass and residue biomass
(agricultural residues and animal waste among others). For wood biomass estimation, we used the
dataset created by NEDO (2013), which include annual forest growth data in Japanese standard 1
km mesh, see Figure 37. Then, the potential of wood biomass was estimated within a new field
using the Field Calculator based on the following equation (NEDO, 2012):
Q=SX500xCxn
where Q is the wood biomass potential in MJ/year, S is the annual forest growth in m®year, and

500 is the wood weight unit in kg/m®. C is the calorific unit in MJ/kg (needle leaf trees
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19.78MJ/kg, broadleaf trees 18.80 MJ/kg), and # is the energy efficiency factor for biomass

co-generation boiler. We set # as 80% (Japan Ministry of Economy, Trade and Industry, 2013).
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Figure 37. Annual forest growth rate in Fukushima (1km mesh). (Source: by author).

To select the available forest, we proposed the following criteria.

v" Forest area.

v" Exclude protected forest areas, natural preservation areas, national parks (special

preservation areas), and wildlife conservation areas assigned by relative laws in Japan.

v" Slope < 20% (Hoesen and Letendre, 2010; Verrorato et al., 2011).
Besides, Fukushima has a special problem of radiation in its forests. Forests in Fukushima have
been strongly affected by radioactive material, Cesium (Cs). Only parts of the forests are safe to
be incinerated in boilers. With the passage of time, radioactive materials will physically decay.
Thus, we need to estimate available wood biomass potential based on the forests under certain
radiation levels in the future.
According to a report by Fukushima prefecture, the usable wood biomass should be under
100Bg/kg (Fukushima Gov., 2013). In the meantime, Forestry Agency’s study (Forest Agency,
2013) has shown that a forest with an air dose level (1 m above ground) of 0.3uSv/h has about

7000Bg/kg contained in leaves, about 980Bg/kg in tree bark, and about 12Bg/kg in timber. While
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in a forest with an air dose level (1 m above ground) of 0.12uSv/h, the number decreases to about
990Bg/kg in leaves, 300Bg/kg in tree bark, and 8Bg/kg in timber. If we remove the leaves that
have high radiation levels and burn them separately, the total wood radiation concentration can be
controlled to be within 308Bg/kg when the air dose level is 0.12uSv/h in the forest. Therefore, in
this study, we proposed additional criteria for selecting the available forests in Fukushima as
follows.
v Air dose rate (1m above ground) < 0.1uSv/h

We obtained monitoring information of environmental radiation levels from Nuclear Regulation
Authority for Fukushima (Nuclear regulation authority, 2013). The latest data obtained on
December 11, 2013 at 12:00 (3228 points) was downloaded for radiation levels prediction. We

used the following equation for physical decay (half-life) calculation for Cs134 and Cs137:

N, = N, x 0.57

where Nt is the radiation level at time t in uSv/h, Ny is the original radiation level at t = 0 in pSv/h,
t is the time passed from t = 0 in a year, T is the half-life time in years (Cs134, 2 years; Cs137, 30
years). Based on the different dosage contribution rates by Cs134 and Cs137, their composite
radiation level was calculated using the following equation (Nuclear Regulation Authority, 2012):

R =Cs134 X 70% + Cs137 X 30%
where R is the composite radiation level in uSv/h, Cs134 is radiation level of Cs134 at time t in
uSv/h, and Cs137 is the radiation level of Cs137 at time t in uSv/h.
In addition to physical decay, according to the 4th (November 5, 2011) and 6th (November 16,
2012) airborne monitoring results, there is an additional natural decay rate of 15% per year
(Nuclear regulation authority, 2013), due to rain and wind effects. Thus, we added this annual
natural decay rate to the prediction at 7.5%, which is half of the airborne monitoring results.
Radiation levels at all the 3228 points were predicted for 2020 and 2030 based on the above
calculation. Following the first to sixth Environmental Radiation Monitoring and Mesh Survey
conducted by Fukushima government (Fukushima Gov., 2013), we carried out Inverse Distance
Weighted (IDW) analysis based on this point data in GIS and then obtained a raster radiation map
(resolution 100 m) for 2020 and 2030 in Fukushima. 100 m resolution was chose to be consistent

with the following geothermal density raster map’s resolution (100 m, provided by Japanese
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Ministry of Environment). We subsequently extracted those areas that would have less than
0.1uSv/h in the years 2020 and 2030.

Residue biomass derived from waste includes forest residue, agricultural residues, solid wood
waste, animal residue, and food waste. Efficient use of bio-energy can improve the quality of life
in rural areas (Ramachandra and Shruthi, 2007). We obtained residue biomass data at both 1 km
mesh and municipal level from NEDO (NEDO, 2013). There were six sources of residue biomass
included in the data. These are agricultural residues (rice straw and chaff), dwarf bamboo, and
Japanese silver grass residue at Japanese standard 1 km mesh level. Others are wood residue
(construction, sawmill, and park thinning), animal residue, and food residue at municipality level.
Municipalities’ data was in “.xIs” format, to ensure GIS operating speed and provide convenience
and efficiency for subsequent calculations. Instead of joining it with current municipality polygons,
we chose to convert “.xIs” data into “.dbf” data format that can be directly written and read by GIS.
We first opened the original “.dbf” data of municipality polygons using Microsoft Excel 2010. We
then copied municipalities’ residue data from the downloaded “.xIs” file into it according to
municipal ID, saved it in “.xlsx” format, and converted it into “.dbf” data using Microsoft Access
2010. Finally, we replaced the original “.dbf” data with the new one. The above six sources of
biomass had already been summarized in both theoretical and available potential in GJ/year by
NEDO, thus we did not conduct available potential estimation for them. See Figure 38-43 for

residue biomass theoretical potential maps.
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Figure 38. Agriculture residue theoretical potential. (Source: by author).
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Figure 39. Dwarf bamboo residue theoretical potential. (Source: by author).
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Figure 40. Japanese silver grass residue theoretical potential. (Source: by author).
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Figure 41. Wood residue theoretical potential. (Source: by author).
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Figure 42. Animal residue theoretical potential. (Source: by author).
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Figure 43. Food residue theoretical potential. (Source: by author).
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We used the same data that include Fukushima municipalities’ boundaries, topography, designated
areas, and land use datasets as we used for “Solar Potential” estimation. Data relative to vegetation
and the forest was as follows. The fifth vegetation survey (polygon, 1:50,000) (Biodiversity center
of Japan, 2013), forest growth (polygon, 1 km) (NEDO, 2013), residue biomass (polygon 1 km; in
the form of “.x1s” file, converted to “.dbf” format to update GIS polygon data as mentioned above)
(NEDO, 2013), and radiation levels data obtained from Nuclear Regulation Authority (2013).

e Geothermal
Geothermal potential greatly depends on geological conditions. Factors such as subsurface
temperature at a depth of 500-3000 m, soil and bedrock layers, and ground water conditions
should be considered (Verrorato et al.,, 2011). We obtained geothermal density raster map
(resolution 100 m) from Basic Zoning Information (2012) of RE by Japanese Ministry of
Environment (Japan Ministry of Environment, 2012). We first converted the 100 m raster into a
new polygon using “raster to polygon” tool in GIS. Secondly, we spatial joined the new polygon
data with Japanese standard 500 m mesh, see Figure 44. We then estimated geothermal potential
within a new field using the Field Calculator based on the following equation:

Q=G,xSx8760 X7

where Q is the geothermal potential in KWh/year, Gy is the geothermal density in kW/km?, S is the
land area in km?. The total hours in one year are 8,760, while 7 is the energy efficiency factor of
geothermal power plant; we set # as 70% (Japan Ministry of Economy, Trade and Industry, 2013).
Temperatures above 50 <C are applicable for geothermal exploitation, but high-temperatures
(>150 <C) are needed for large geothermal power plants. An empirical case has shown that
low-temperatures geothermal (about 50-120 <C) is possible for district heating. Low-temperature
geothermal resources are often developed as hot springs in Japan. Taking into account the impacts
geothermal development might bring to local hot spring (On-Sen) businesses, and the average
horizontal offset distance of inclined geothermal wells, we set a distance for buffers to the current
hot-spring tourism areas. The criteria for available geothermal potential estimation are as follows.

v Temperature >50 <C (Japan Ministry of Environment, 2009; Ostergaard and Lund, 2011).

v' Slope < 20<

v Non-urbanization areas.

v' Exclude superior agricultural areas, protected forest areas, natural preservation areas,
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national parks (special preservation areas), and wildlife conservation areas assigned by
relative laws in Japan.

v" Un-available land use: rice fields, built-up areas, roads, railways, rivers and lakes, golf
courses, and others (airports, and artificial landfill areas among others). Available land
use: other agricultural areas (fruit orchards among others), forests, barren lands, and
beaches.

v' Buffer distance: current hot-spring tourism areas >1,000 m (Japan Ministry of
Environment, 2014).

v Land area size >0.5 ha (Japan Ministry of Environment, 2014).

We used the same data that include Fukushima municipalities” boundaries, topography, designated

areas, and land use datasets as we used for “Solar Potential” estimation. Geothermal density map

(>53 <C) was obtained from Basic Zoning Information (Japan Ministry of Environment, 2012) in

raster data format.
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Figure 44. Geothermal density map in Fukushima (over 53 <C). (Source: by author).

e Hydro-power

In this approach, we only considered micro (0-100 kW) and mini (100-1000 kW) hydro systems.

We exported a micro and mini hydro-power potential point map from the Basic Zoning
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Information of RE by the Ministry of Environment (2012), see Figure 45. We used the following
equation to estimate hydro-power potential within a new field using the Field Calculator:
Q=Wx8760x1

where Q is the potential of hydro-power in kWh/year, W is potential hydro-power output in kW,
8760 is the total hours in one year, and # is the hydraulic energy efficiency factor; we set # as 50%
(Fukushima University, 2013).

For available hydro-power estimation, we used the following criterion for exclusion: Superior
agricultural areas, protected forest areas, natural preservation areas, national parks (special
preservation areas), and wildlife conservation areas as designated by relative laws in Japan (Kiryu
City Gov., 2014). We used the same data that include Fukushima municipalities’ boundaries,
topography, designated areas, and land use datasets as we used for “Solar Potential” estimation. A
mini and micro hydro-power output potential map was derived from hydro-power potential map

(Japan Ministry of Environment, 2012).
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Figure 45. Mini and micro hydro-power output potential in Fukushima. (Source: by author).

4.4.3 Energy Self-sufficiency Analysis

In this step, we summed all the above available RES potential in 500 m mesh as follows. We
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spatially joined polygon data (municipal polygon, Japanese standard 500 m or 1 km mesh that
have uniform geographic position) with Japanese standard 500 m mesh. Through conversion of
raster data (100 m) into polygon data and by spatially joining it with Japanese standard 500 m
mesh, we uniformed raster data into the same 500 m mesh. We also spatially joined point data
with Japanese standard 500 m mesh. In this way, polygon, raster, and point data have all been
uniformed into Japanese standard 500 m mesh layer. We finally summed the available RES
potential using Field Calculator in this new 500 m mesh layer. See Table 31 for data processing
procedure and tools used. In this study, it is assumed all the potential will be used for energy
self-sufficiency rate calculation. We then overlaid it with primary energy consumption map for
2020 and 2030, respectively (500 m mesh). Energy self-sufficiency rate was calculated by
dividing primary energy consumption by the total RE potential using GIS. Areas were classified
into three categories: (1) high self-sufficiency areas: score 0-0.8 with possible self-sufficiency
rate >125%; (2) medium self-sufficiency areas: score 0.8-1.25 with possible self-sufficiency rate
between 80%-125%; (3) low self-sufficiency areas: score above 1.25 with possible

self-sufficiency rate under 80%. We then visualized these areas using GIS.

4.4.4 Composite Map Preparation
In spite of the final self-sufficiency mesh map, the available potential vector maps generated in
potential estimation process for each RES can also be used to identify suitable sites under various
environmental and socio-economic constraints. After overlays with different criteria, available
potential vector maps for mega-solar, wind, forest, geothermal, and hydro-power based on
inter-output data were generated (see Table 31). Then, we added all these maps in one data view
in GIS to generate one composite map. The composite map can support comprehensive analysis
for energy planning. Additionally, the current RE facilities in Fukushima were included into the
map. Heat cannot be transferred through long distances; its maximum transferable distance is
about 10 km (Stremke and Koh, 2010). We added 10 km buffers for possible heat transfer areas
based on each centre of the high geothermal potential spots. To provide more relative information
and improve the visual experience of the composite map, the boundaries for evacuation-directed

zones and hatched urban areas were added in the composite map.
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Table 31. Data processing procedure and tools used in the study.

Input Data Format/ Tool Inter Output Tools (For Final Output
Resolution Data criteria Data
or scale overlay)
Population Polygon/ Field Population and Spatial join Population and
1:25,000 Calculator Primary energy Primary energy
consumption in consumption
municipal polygon in 500 m mesh*
Average Polygon/ Field Solar potential in 1 | Erase or Clip | Solar potential
annual solar | 1 km mesh | Calculator km mesh Field in 500 m mesh
radiation Calculator
Spatial join
Wind speed | “.dat” Fishnet tool Wind speed in 500 | Erase or Clip | Wind speed
Microsoft m mesh (.dbf) Field in 500 m mesh
Excel and Calculator
Access Field Spatial join
Calculator
Annual Polygon/ Field Wood biomass Erase or Clip | Wood biomass
forest growth | 1 km mesh | Calculator potential in 1 km Field potential
mesh Calculator in 500 m mesh
Spatial join
Radiation Point IDW analysis | Polygons for forest - -
Raster to areas under 0.1
polygon uSv/h
Residue Polygon/ - Residue Spatial join Residue
(agriculture, | 1 km mesh (agriculture, dwarf (agriculture,
dwarf bamboo etc.) in 1 dwarf bamboo
bamboo etc.) km mesh etc.) in
500 m mesh
Residue “xls” Microsoft Residue (wood, Spatial join Residue (wood,
(wood, Excel and animal etc.) in animal etc.) in
animal etc.) Access Municipal polygon 500 m mesh
(.dbf)
Geothermal | Raster Raster to Geothermal Erase or Clip | Geothermal
density map/100 m | polygon potential polygon Field potential
Field map Calculator in 500 m mesh
Calculator Spatial join
Hydro-power | Point Field Hydro-power Erase or Clip | Hydro-power
Calculator potential in point Spatial join potential
data in 500 m mesh

* Note: all 500 m (1 km) mesh in this table refers to Japanese standard 500 m (1 km) mesh.
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4.4.5 Scenario Analysis
The scenario analysis was conducted at both regional level and municipal level. At the regional
level, we assumed Fukushima’s RE promotion Vision (solar energy, 1000MW; wind energy
2000MW; hydropower 3980MW; biomass electricity 360MW; and geothermal 65MW)
(Fukushima Gov., 2012) for 2020 will be completed at different levels. Thus, we set three
scenarios, they are: a high objective scenario in which the goal would be completed at 100%; a
medium objective in which the goal would be completed at 80%; and a low objective where the
goal will be completed at 50%. The number of RE facilities that need to be built in the future was
calculated by dividing total increased capacity by the average capacity of an RE facility (average
capacity: Mega-solar, 1.5MW; wind farm, 46MW; mini and micro hydro-power, 0.538MW;,
biomass-electricity, 12.3MW; geothermal 65MW).See Table 32.
Table 32. The capacity and number of RE facilities that increase to achieve the goal in

different scenarios.

Fukushima’s | Scenario-1 High Scenario-2 Medium | Scenario-3 Low
RE facility | RE facility capacity | RE facility capacity | RE facility capacity
capacity in | that increase to | that increase to | that increase to
2009 complete 100% of the | complete 80% of the | complete 50% of
2020 goal 2020 goal the 2020 goal
(Number of RE | (Number of RE | (Number of RE
facilities) facilities) facilities)
Solar 38.9MW 961.1MW (641) 769MW (513) 480.5MW (320)
Wind 69.9MW 1930.1MW (42) 1544MW (36) 965MW (21)
Hydropower 3973MW 7MW (13) 5.6MW (10) 3.5MW (6)
Biomass-electricity | 66.4MW 293.6MW (24) 191.7MW (16) 146.8MW (12)
Geothermal 65MW 2MW (1) 1.6MW (1) IMW (1)

Under different scenarios, based on the increase in number of RE facilities, we selected out a
respective number of available sites for each RES by their high potential (GJ) ordering in GIS.
Then we added different layers in one data view for each scenario using GIS. Based on the

exported scenario maps from GIS, we traced those high potential zones for completing the 2020
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goal under different scenarios using Adobe Illustrator CS6.

For better decision making support and to provide specific quantified data of each scenario, we
used four factors to compare three scenarios. They were construction costs, electricity
production/year, number of single family homes supplied, and CO, reduction amount. For
construction cost calculation, the following units were used. Mega-solar, 300,000 JPY/KW; wind
turbine, 300,000 JPY/KW; Mini and micro hydro-power, 3540,000 JPY/KW; biomass-electricity,
410,000 JPY/KW; and Geothermal 1,000,000 JPY/kW. Annual electricity production was
calculated by RE facility capacity multiplied by the total number of hours in one year and the RE
facility’s energy efficiency factor (solar, 12%; wind 20%; biomass electricity 20%; hydro-power
50%; geothermal 70%). Income of electricity sold was calculated based on the Japanese FIT price
(Mega-solar, 32JPY/kWh; wind, 22JPY/kWh; biomass-electricity, 24JPY/kWh; hydro-power,
21JPY/kWh; and Geothermal, 40JPY/kWh). Average electricity consumption per family,
5500kWh, was used in the calculation for single family homes supplied. For the CO, reduction
amount, we used a CO, reducing factor at 0.58kg/kWh of electricity (Yue and Wang, 2006).

At the municipal level, we only conducted a preliminary study for scenario analysis, because of
the uncertain percentage of retuning evacuees’ in the future. Kawamata town was selected because
it has the greatest number of new public houses at the town level, and also has evacuation zones
within the boundary. Based on a regional level composite map, we clipped available areas of each
RES with the Kawamata boundary in GIS. Consequently, an integrated potential map that clarifies
available RE potential in Kawamata town was generated.

We then coded all the available sites for each RES and summarized their information. For
mega-solar sites, we summarized the information for average annual solar radiation, land use,
aspect, slope, area, annual electricity production, access, land use regulation, and inside
evacuation zones or not. Especially, we conducted a Viewshed analysis for each potential wind
farm site. The above maps and information could provide a basis for further scenario analysis at
the municipal level. Furthermore, a more detailed on-site verification for the available sites could
also be carried out based on this information.

In the meantime, in order to understand the current condition and issues in Kawamata town, a site
visit (interview, site survey) was also conducted on July 5 and 6, 2014. The interview was carried

out with the people from the Nuclear Emergency Response Department of Kawamata Government
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and the Yamakiya area neighborhood association. We visited “Rural Square” temporary house and
decontamination working spaces in Yamakiya area. Two of the potential wind farm sites were

observed during the visit as well.

4.4.6 Decision Making Support: Renewable Energy Plan Making
Self-sufficiency maps and composite potential sites maps can be produced at the regional level
through the above steps. These maps can facilitate understanding of energy demand-supply
relationship and indicates possible sites for different RES to planners, investors, and policy
makers. This, therefore, can also provide decision-making support for future RE plan making in
Fukushima. Scenario analysis at the regional level provide input and output comparison of each
scenario; preliminary study for scenario analysis at the municipal level can address more detailed
information of each possible sites, provide integrated qualitative and quantitative information for

local government and stakeholders.
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4.5 Results

4.5.1 Primary Energy Consumption

Population and primary energy consumption prediction for 2020 and 2030 are as follows. Except

for Soso region, which is expected, to have an increase in population from returning evacuees by

2030, there will be a population decrease trend in all the other regions of Fukushima between

2010 and 2030. See Table 33. Population and primary energy consumption are illustrated for 2020

and 2030, see Figure 46-49.

Table 33. Population and primary energy consumption prediction results for 2020 and 2030 in

Fukushima.
Regio | Sub-Regi | Population Primary Energy Consumption (GJ/year)
n on 2010 2020 2030 2010 2020 2030
Aizu | Aizu 262,051 249,117 223,607 42,791,559 41,304,906 | 38,666,877
Minami- | 29,893 27,645 24,814 4,881,163 4,583,692 | 4,290,945
Aizu
Naka- | Kenpoku | 497,059 474,225 425,860 81,166,125 78,628,979 | 73,641,111
doori | Kenchu | 551,745 523,803 470,245 90,095,740 | 86,849,387 | 81,316,276
Kennan | 150,117 140,001 125,665 24,512,959 | 23,212,869 | 21,730,327
Hama | Soso 202,773 142,009 142,823 33,112,178 23,545,885 | 24,697,479
-doori | Iwaki 342,249 338,636 303,959 55,886,443 56,147,587 | 52,561,597
Total 2,035,887 | 1,895,436 | 1,716,973 | 332,446,167 | 31,423,305 | 296,904,612
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Figure 46. Fukushima’s population in 2020. Colored lines shows evacuation directed areas.
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Figure 47. Fukushima’s primary energy consumption in 2020. Colored lines shows evacuation

directed areas. (Source: by author).
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Figure 48. Fukushima’s population in 2030. Colored lines shows evacuation directed areas.

(Source: by author).
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Figure 49. Fukushima’s primary energy consumption in 2030. Colored lines shows evacuation

directed areas. (Source: by author).
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4.5.2 Renewable Energy Potential: theoretical and available renewable energy potential

Theoretical Renewable Energy Potential

The theoretical RE potential has been summarized in Table 34. Solar power has the highest

theoretical potential among all the five RES in Fukushima. Biomass is second while wind power is

in third place. Their spatial distribution has been characterized as well, see Figure 50-55.

Table 34. Summary of Theoretical Potential in Fukushima.

Region | Sub-Regi | Solar Wind Biomass (GJ/year) Geotherma | Hydro-powe
on (Gllyear) (Gllyear) Forest Residue I (Gllyear) | r (GJlyear)
Aizu Aizu 1,649,380,413 | 1,335,567 | 5,672,292 | 6,765,281 | 4,031,570 | 1,734,745
Minami- | 1,301,851,592 | 1,205,125 | 1,851,971 | 2,098,939 | 921,606 2,761,851
Aizu
Naka-d | Kenpoku | 875,823,528 785,558 3,531,325 | 4,750,331 | 467,028 462,833
oori Kenchu | 1,454,652,744 | 1,533,576 | 6,679,078 | 8,283,394 | 143,910 359,587
Kennan | 690,962,002 553,976 3,952,520 | 4,956,428 | 19,249 152,787
Hama- | Soso 985,262,414 1,059,140 | 4,897,303 | 5,761,468 | 1238 238,846
doori Iwaki 689,691,755 606,831 4,113,452 | 5,984,101 | 35,257 243,585
Total - 7,647,624,448 | 7,827,791 | 30,697,941 | 38,599,942 | 5,619,858 | 5,954,234
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Figure 50. Solar theoretical potential. (Source: by author).
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Figure 51. Wind theoretical potential. (Source: by author).
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Figure 52. Forest biomass theoretical potential. (Source: by author).
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Figure 53. Residue biomass theoretical potential. (Source: by author).
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Figure 54. Geothermal theoretical potential. (Source: by author).
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Figure 55. Hydro-power theoretical potential. (Source: by author).
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Available Renewable Energy Potential

As mentioned before, available forest area under 0.1 uSv/h is affected by radioactive materials’

physical and natural decay conditions. Available forest areas will greatly increase from year 2013

to 2020. On the other hand, it will increase comparatively slowly from 2020-2030. This is because

those areas originally with high radiation levels will still be above 0.1 uSv/h even 20 years after

Fukushima Daiichi Crisis in 2011, see Figure 56. After overlaying different criteria (expect for

residue biomass), the available RE potential has been quantified, see Table 35. Furthermore,

available sites with different potentials have been identified for each RES as well, see Figure

57-62.
Table 35. Summary of Available Potential in Fukushima.
Region | Sub-Regi | Mega-Solar Wind Biomass (GJ/year) Geotherma | Hydro-powe
on (GJlyear) (GJlyear) Forest Residue I (Gllyear) | r (Gllyear)
(2020)
Aizu Aizu 12,155,400 93,742 1,143,591 | 2,742,340 | 1,664,734 1,244,265
Minami- 2,612,457 45,108 348,803 464,288 499,986 1,724,135
Aizu
Naka-d | Kenpoku 8,449,481 61,982 946,895 1,304,350 89,005 245,175
oori Kenchu | 21,018,417 273,709 2,764,895 | 3,242,402 42,183 225,566
Kennan | 16,376,603 83,800 1,606,596 | 1,163,934 11,474 92,090
Hama- Soso 28,279,549 302,983 992,506 1,834,251 724 124,723
doori Ilwaki 14,234,210 151,444 1,610,949 837,067 11,873 187,230
Total - 103,126,117 | 1,012,768 | 9,414,235 | 11,588,632 | 2,319,979 3,843,184
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Figure 56. Radiation and forest map in 2013 (a); 2015 (b); 2020 (c); 2023 (d); 2028 (e); 2030 (f) in

Fukushima. Aqua blue indicates areas under 0.1 uSv/h while grey indicates areas above 0.1 puSv/h.

Green areas are the available forest areas before taking into account radiation conditions.
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Figure 56. Radiation and forest map in 2013 (a); 2015 (b); 2020 (c); 2023 (d); 2028 (e); 2030 (f) in

Fukushima. Aqua blue indicates areas under 0.1 uSv/h while grey indicates areas above 0.1 uSv/h.

Green areas are the available forest areas before taking into account radiation conditions.
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| Radiation and forest map in 2030.
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Figure 56. Radiation and forest map in 2013 (a); 2015 (b); 2020 (c); 2023 (d); 2028 (e); 2030 (f) in

Fukushima. Aqua blue indicates areas under 0.1 uSv/h while grey indicates areas above 0.1 uSv/h.

Green areas are the available forest areas before taking into account radiation conditions.
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Figure 57. Available solar potential. (Source: by author).
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Figure 58. Available wind potential. (Source: by author).
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Figure 59. Available forest biomass potential. (Source: by author).
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Figure 60. Available residue biomass potential. (Source: by author).
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Figure 61. Available geothermal potential. (Source: by author).
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Figure 62. Available mini and micro hydro-power potential. (Source: by author).
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4.5.3 Energy self-sufficiency map
We generated energy self-sufficiency maps for 2020 and 2030 by overlaying primary energy
consumption map and all RE available potential maps, see Figure 63-64. By the end of 2020, 39.7%
of areas have potential to become high self-sufficiency areas, 4.7% of areas have potential to
become medium self-sufficiency areas, while the rest 55.6% are in the low self-sufficiency
category. Most of the high self-sufficiency areas (23.1%) are distributed in Aizu region, medium
self-sufficiency areas are almost evenly distributed; Aizu (1.8%), Naka-doori (1.5%), and
Hama-doori (1.5%). Most of the low self-sufficiency areas (28.1%) are distributed in Naka-doori
region. By the end of 2030, high self-sufficiency level in Soso region slightly decreases by 1.2%
compared to 2020, due to increase in evacuees return to this region. Consequently, both the levels

of medium and low self-sufficiency slightly increase mainly in Soso region. See Table 36.
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Figure 63. Energy self-sufficiency map for Fukushima in 2020. (Source: by author).
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Figure 64. Energy self-sufficiency map for Fukushima in 2030. (Source: by author).

Table 36. Distribution of self-sufficiency areas in Fukushima by 2020 and 2030.

Region Sub-Region | High self-sufficiency Medium Low self-sufficiency
area self-sufficiency area area

2020 2030 2020 2030 2020 2030

Aizu Aizu 10.0% 10.1% 1.5% 1.4% 11.0% 10.9%
Minami-Aizu 13.1% 13.1% 0.3% 0.3% 3.7% 3.6%

Naka-doori Kenpoku 1.9% 1.9% 0.4% 0.4% 10.4% 10.3%
Kenchu 5.1% 5.1% 0.6% 0.8% 11.4% 11.3%

Kennan 2.1% 2.2% 0.5% 0.5% 6.3% 6.3%

Hama-doori Soso 6.0% 4.8% 0.6% 0.9% 6.2% 7.1%
Iwaki 1.5% 1.5% 0.8% 0.8% 6.6% 6.7%
Total - 39.7% 38.7% 4.7% 5.1% 55.6% 56.2%
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4.5.4 Composite analysis map
Following the approach in Section 4.5.4, a composite map that shows available potential maps and
other related information (urban areas, and buffers for heat transfer among others) can be
generated using GIS. We used the available forest by 2020, to generate a sample map, see Figure
60. In Figure 60, it is shown that available geothermal and hydro-power potential sites are mainly
distributed in western Fukushima, while wind and forest biomass are mainly distributed in Eastern
Fukushima. Evacuation Directed Zones have many available sites for developing wind energy.
Some urban areas are within the radius of 10 km buffer for heat transfer, which means there is

potential for using low-temperature geothermal resources for district heating in residential areas.
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Figure 65. Composite available renewable energy potential map for Fukushima in 2020.

(Source: by author).
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4.5.5 Scenario analysis

At the regional level, following the approach in Section 4.4.5, a zoning map that shows spatial
distribution of RES in Fukushima was produced. See Figure 66. For Scenario 1-High objective,
available sites with high RE potential were selected out, and combined with urban and
urbanization areas in Fukushima. See Figure 67. The traced zoning map based on Figure 67 was
generated as well, see Figure 68. Similarly, using the same approach, we generated the maps for
Scenario 2-medium objective and Scenario 3-low objective. See Figure 69-70 and Figure 71-72.

Through comparing spatial distribution (zoning) of RES under the three different scenarios, it is
discovered that the spatial distribution of RES between the three scenarios is similar. However,
according to different levels of Fukushima’s 2020 goal to achieve, the size of potential areas is
different in the three scenarios. The higher goal to achieve, the bigger size of potential areas needs

to be developed.
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Figure 66. Zoning map-spatial distribution of different RES in Fukushima. (Source: by author).
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(Source: by author).
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(Source: by author).
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Similarly, the factor comparison results (Table 37) show that, according to different levels of
Fukushima’s 2020 goal, to achieve the input, such as construction costs and the output, such as
electricity production and CO, reduction per year, is different in the three scenarios. The higher

the goal, the more input investment is needed; consequently, more output will be obtained in the

future.
Table 37. Different results of scenario comparison factors.

Scenario-1 High Scenario-2 Medium | Scenario-3 Low

100% 80% 50%
Construction fee (JPY) 1,014,516 M 793,910 M 507,230 M
Electricity production in a year 4,949,154,720 3,883,658,400 2,474,437,200
(kwh) (120,190 M) (94,350 M) (60,010 M)
(Electricity selling income-JPY)
Supply number of houses(family) 89,984 70,612 44,989
CO;, reduction amount(t) 2,870,509.7t 2,252,521.9t 1,385,684.8t

At the municipal level, a preliminary study for scenario analysis in Kawamata town was
conducted. In GIS, we zoomed in to Kawamata town level and generated its RES potential map
based on a regional composite map. We then combined it with the Kawamata downtown land use
map, national forest boundary, protected forest boundary, evacuation boundary, and new public
housing. See Figure 73. It was discovered that there are three main RES within Kawamata town.
They are solar energy, wind power, and biomass resources (forest and agriculture residue). The

code numbers for potential sites of each RES are shown in Figure 74-76.
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Figure 73. RES potential map in Kawamata town. (Source: by author).
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Figure 76. Code number for potential biomass plant sites. (Source: by author).
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The summarized detail information for each coded site is shown in Table 38-40. Viewshed
analysis for eleven potential wind farm sites was conducted as well. Viewshed analysis can
provide visual impact simulation for wind farms at the municipal level. Thus, the GIS-based
simulation results can support decision making for wind farm site selection in Kawamata town.

See Figure 77-88.
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Figure 80. Viewshed maps of wind farm potential sites W4. (Source: by author).
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Figure 81. Viewshed maps of wind farm potential sites W5. (Source: by author).
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|40‘:=0‘0‘E 140‘31§3‘E - 140°40'0'E uo‘a‘gg's

3740C'N
T

37°35CN.
T

iewshed of Potential Wind Farm (W7) in Kawamata Town, Fukushima.
Not Visible Area 124.6 km*
- FEJRARE

Visb 31km?
L
tate Village
auAd
. Zone preparing toliftev:
directive  ESHETAH R HE
... Habitation restricted zone
FEMER

"
37 400N

37°350N

/ Namie Town
‘ HTE
N
Kilometers
0 075 15 3 45 6
— L — L —L . —
40300 40 350E 40400 140450

Figure 83. Viewshed maps of wind farm potential sites W7. (Source: by author).
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Figure 84. Viewshed maps of wind farm potential sites W8. (Source: by author).
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Figure 85. Viewshed maps of wind farm potential sites W9. (Source: by author).
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Figure 86. Viewshed maps of wind farm potential sites W10. (Source: by author).
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Table 38. Detail information of potential site of mega-solar.

Average annual | Slope/Aspect | Available | Current land use Capacity Electricity Access Land use | Inside
solar radiation area(m?) production/year(Electricity regulation(urban | evacuative
selling income) planning law) zones or
not
S1 12.8 MJ/m*-day | 7.5° SW 21,976 Hybrid land(residence, | 2.8MW 3,449,774.9kWh*32=110 M | Good Outside  urban | No
agriculture field, forest) JPY planning area
S2 12.8 MJ/m’-day | 7.4° S 16,714 Hybrid land 2.1MW 2,623,750kWh*32=83.96M Good Outside  urban | No
JPY planning area
S3 13.0 MJ/m*-day | 7.8° W 26,157 Forest, agriculture field 3.3MW 4,170,262kWh*32=130M Good Outside  urban | No
JPY planning area
S4 13.3 MJ/m*-day | 7.8° SE 19,984 Factory, decontamination | 2.6MW 3,259,614kWh*32=100M Good Outside  urban | Yes
working space JPY planning area
S5 13.2 MJ/m*day | 6° S 48,185 Forest,  decontamination | 6.2MW 12,768,540kWh*32=410M Good Outside  urban | Yes

working space

JPY

planning area

Footnote: Annual electricity consumption was about 106,000MWh in Kawamata. Within which, basic electricity consumption was about 32,000MWh (about 30%).
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Table 39. Detail information of potential site of wind farm.
Average | Slope Current  land | Number of | Electricity production/year | Access Distance Viewshed Visible | Land use | Inside
annual use 2MW wind | (Electricity selling income) from closest | (not-visible) regulation(urb | evacuativ
wind turbines residential (km?) an planning | e zones
speed at that  can area law) or not
70m install
w1 7-7.3m/s | 13.3° Forest 2 7,708,800kWh/170 MJPY Good 1200m Visible3.5 (124.2) | Outside urban | No
planning area
w2 7mis 45° Forest 1 3,854,400kWh/84.8 MJPY Good 700m Visible0.5 (127.2) | The same No
w3 7.2mls 4.2° Forest 1 3,854,400kWh/84.8 MIPY Good 560m Visiblel.1 (126.6) | The same No
w4 7.4 m/s 8° Forest, houses | 1 3,854,400kWh/84.8 MJPY Good 735m Visible0.5 (127.2) | The same Yes
W5 7.3m/s 2.9° Forest 1 3,854,400kWh/84.8 MJPY Good 350m Visible0.5 (127.2) | The same No
W6 7.4 m/s 4.6-6.9° Forest 1 3,854,400kWh/84.8 MJPY Medium | 715m Visible0.2 (127.5) | The same Yes
w7 7-7.3m/s | 2.8-8.9° Forest, houses | 3 11,563,200kWh/250 MJPY | Good 740m Visible3.1 (124.6) | The same Yes
w8 7.1mls 7.3-8.8° Hybrid land | 1 3,854,400kWh/84.8 MJPY Good 860m Visible0.4 (127.3) | The same Yes
(residence)
w9 7.2-74 3.9-8.5° Forest and | 5 19,272,000kWh/420MJPY Good 1560m Visible3.9 (123.8) | The same Yes
m/s houses
w10 7.1-8.2 2.8-13.7° Forest, 10 38,544,000kwh/840 MJPY | Good 3700m Visible10.3 The same Yes
m/s decontaminati (117.4)
on  working
space
w11 7.5-8.2 8.5-13.9° Forest 2 7,708,800kWh/170 MJPY Medium | 1500m Visible3.5 (124.2) | The same Yes
m/s
Wwi-11 | - - - - - - Visible106.3 - -
(21.4)
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Table 40. Detail information of potential site of biomass plant.

Available biomass | Current land use Annual heat production | Distance  from | Distance to | Access Land use | Inside
resource area GJlyr.(Electricity selling | biomass resource | energy regulation(urban | evacuative
(forest/agriculture land) income) area supply area planning law) zones or not

B1 571,089m? Hybrid land | 27995GJ+28902GJ=56897GJ/yr | 1500-3000m 500-3500m | Good Non-senbiki No
10,290,033m? (agricultural land) | (380M JPY) urban area

B2 2,851,949m? Forest, 13294GJ+17364GJ=30658GJ/yr | 1500-2000m 500-3000m | Good Non-senbiki No
5,801,903m? Agriculture land (200M JPY) urban area

B3 1,266,171m? Agriculture land 5637GJ+ 500-3000m 500-2500m | Good Outside  urban | Yes
18,425,123m? 18838GJ=24475GJ/yr(160M planning area

IPY)

146




Chapter 4-A GIS Based Approach of Spatial Planning for Renewable Energy

The interview results show that, the main issue in Kawamata is the Yamakiya area (composing
about a 30% area of Kawamata town). Yamakiya area includes two types of evacuation areas
within the boundary. One is the habitation restriction zone (not accessible), another is the “zone
preparing for lifting off the evacuation directive”. People who used to live in the above two areas
are living in temporary houses or have evacuated to other areas. Although the decontamination
work is under progress (Figure 89), the fear of radiation, lifestyle changes, incomplete medical
care, and other problems, brings high uncertainty of peoples’ return to the area.

Besides the above problems, after these areas were assigned as evacuation zones, most adults who
used to live with their parents and children (three-generation family) moved out to other areas.
Thus, the previous three generation family lifestyle was broke down, and only aged people (people
elder than 80) are left, living in temporary houses. The Japanese Government wants to finish the
decontamination work in Kawamata before August, 2014. After the decontamination, it is
important to think about the re-building and revival of the Yamakiya area. How to re-build safe
and convenient infrastructure, provide enough job opportunities for young people, and increase
communication chances for aged people, are also current issues that are being addressed.

The Kawamata Government is now collaborating with Toda Corporation for post-disaster
reconstruction. They proposed a “Depopulation Type of Smart Community” (Kawamata Gov.,
2012) as the future development concept for Kawamata town. Under the concept, they are
planning to revive the town with the help of RE to build a more sustainable community, as well as
recover local agriculture business. With regard to the implementation projects under the concept,
they proposed to build five 2MW wind turbines, six 1MW mega-solar farms, 6.5MW of rooftop
solar panels, and a biomass heat supply agriculture farm. However, local people are very
apprehensive about accepting these projects, because they are worried about the high operation
cost of these RE facilities.

There are several potential sites for mega-solar, wind turbine development, and biomass resources.
As one alternative use of land in evacuation areas, mega-solar maybe a good choice. This could
bring income for land owners and the possibility to sell electricity for stakeholders. For wind
turbines, visual impact and noise problems should be carefully investigated, and their layout
should also be carefully planned. For biomass heating supply, monitoring will be necessary,

because of the radiation issues in the area. Because heat can only be transferred within a limited
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distance, biomass heating supply could be combined with new public housing plans to provide
heat and hot water for them. Furthermore, radiation prediction is necessary as well, to show which
areas are available for biomass resource supply in the future. Once the radiation level drops,
forests will be available for biomass energy production. Using local resources (residue) will

further improve local sustainability.

-

Figure 89. Decontaminating working area and temporary houses in Kawamata town.

(Source: by author).
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4.5.6 Decision Making Support: from Potential Estimation to Spatial Planning for
Renewable Energy
This study takes a step forward from potential estimation of RE, tries to facilitate spatial planning
of RE on the basis of potential estimation. Following the proposed approach, objective statistics
and visualized maps can be generated and provided for integrated decision making. Table 41
shows the information that each proposed approach provided for decision-making support in the
process of spatial planning for RE. In this way, the proposed approach explored a way from RE
“potential estimation” to decision making support of “spatial planning for RE”.

Table 41. Information that each steps provided for decision making support in the process of

spatial planning for RE.

Steps in Approach Spatial planning for RE Spatial scale

Potential Estimation *  Theoretical potential Regional
*  Available potential, and

¢ Available sites

Energy Self-sufficiency e Spatial energy flow direction: Regional

Map High-Medium-Low energy
self-sufficiency areas

e Energy demand-supply relationship

*  Future energy self-sufficiency possibility

Composite Map e Spatial distribution: RE potential sites Regional
e Urban planning relationship

e Heat supply radius

Scenario Analysis e Input-output relationship, comparison Regional

*  Priority RE development areas

*  Detail information of each possible site Municipal
(slope, aspect, access, land use etc.)

e Current local issues

*  Viewshes analysis for possible visual

impact areas by wind turbine
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Decision Making Support | «  Statistics and visualized maps Regional and
*  Possibility to combine with local housing | Municipal

plan, land use, transportation plan, and

industrial park plan etc.

4.6 Discussion

Based on the above findings, this study propose the following guidelines to be considered in the
RE spatial planning process. (1) Sustainability: thinking about the future, and long-term
development; (2) Energy flow: planning for energy transfer from comparatively high
self-sufficiency to low self-sufficiency areas. Energy flow can be flexibly planned for, between
low self-sufficiency and high self-sufficiency areas based on the actual local conditions; (3)
Energy efficiency and distance: energy efficiency has three meanings, efficient energy production,
efficient energy transfer, and efficient use of energy. Jabareen (2008) pointed out that “energy
efficiency is a key to achieving ecological form through design on the building, community, city,
and regional levels”. Ecological spatial form designed for long life could help with organizing
time and space in order to reduce energy usage. Under the spatial planning concept, we may plan
for efficient energy transfer through spatial organization. This is particularly the case for heating
resources that can only be transferred within a limited distance (Sarafidis et al., 1999; Stremke and
Koh, 2010), which can be combined with development plans in areas such as housing and
industrial parks among others; (4) Impacts and benefits: the increase in scale and number of RE
facilities would bring both impacts and benefits. This include issues such as the visual impact
created by big wind turbines, as well as job creation benefits (Rio and Burguillo, 2008; Bergmann
et al., 2011) resulting from different types of RE development. In the future, regional or city scale
comprehensive evaluation should be considered in the RE spatial planning process, in order to
balance social, economic, and ecological requirements for different areas; (5) Public participation:
This is an important part of spatial planning. Informative visualization provided by GIS-based

analysis could be used in a participatory process for energy planning.
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6.1 Conclusion.
6.1.1 Renewable Energy and Sustainability
Based on the findings and discussions in Chapter 2 Section 2.4, conclusions for the relationship
between RE and sustainability can be made as follows.
Multiple factors are necessary for local RE promotion. While RE do not poses equal values in

supporting local sustainability.

6.1.2 Renewable Energy and Landscape: Visual Impact Evaluation of Wind Turbine.
Based on the findings and discussions in Chapter 3, conclusions for case study in Choshi city can
be made as follows:

1) The proposed methodology has been successfully applied to the study area. An intergraded
wind farm planning at the both city and community scale should be a key consideration for future
cities. Careful planning of wind turbines and layout considerations at a local landscape scale can
reduce its visual impact, while topography should be used to mask wind turbines.

2) Spanish method is easy and quick to apply at the community level in Japan. However,
modifications and improvements are needed, which can be made as follows: i). a solution to the
cumulative impact calculation in case of multiple wind farms around one target settlement should
be provided. ii). Adjustments of coefficients calculation method and evaluation criteria to suit
different geographical and social contexts are necessary. iii). Add coefficients for different
landscape types where the wind farm is located. iv). Provide a solution for the coefficient ‘c’
calculation, when a wind farm is in a random layout that cannot be easily taken as a cuboid.

3) The placement of wind turbines close to residents’ living quarters such as residential and urban
areas should be avoided, because wind turbines located in residential and urban areas are most
likely to influence residents’ perception. If unavoidable, visible turbine numbers from one
viewpoint should be less than five. When planning for wind turbines, careful visual impact
evaluation for different layout scenarios is recommended. The use of one line layout should be
minimized, because one line layout is likely to have stronger visual impact to the landscape

compared to grid (two lines) and random layouts.
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6.1.3 Renewable Energy and Spatial Planning: Concept and Approach
Based on the findings and discussions in Chapter 4, conclusions can be made as follows:
1) In Fukushima, except for the Soso region, which may have an increase in population due to
returning evacuees by 2030, there will be a decrease in population in all the other regions between
2010 and 2030. In regard to RE potential, solar power has the highest theoretical potential among
all the five RES; biomass is second, while wind power is in third place. Mega-solar has the highest
available potential, biomass, mini and micro hydro-power takes second and third places,
respectively. Available forest areas will greatly increase from year 2013-2020. On the other hand,
they will increase comparatively slowly from 2020-2030. This is because those areas originally
with high radiation levels will still be above 0.1uSv/h even 20 years after Fukushima Daiichi
Crisis in 2011. By the end of 2020, 39.7% of Fukushima areas will have potential to become high
self-sufficiency areas, 4.7% will have potential to become medium self-sufficiency areas while the
remaining 55.6% will be in the low self-sufficiency category. By the end of 2030, high
self-sufficiency levels in the Soso region will slightly decrease by 1.2% compared to 2020, due to
increase in evacuees return to this region.
2) The proposed GIS-based approach is useful in providing quantification and visualization of
information in support of decision making for spatial planning of RE. The results of the case study
in Fukushima confirm that, with the proposed approach, it is possible to identify future potential
energy self-sufficiency possibilities with energy self-sufficiency map. Likewise, low
self-sufficiency areas that need energy importation through spatial organizations in a long-term
vision can also be identified. The composite map for available renewable energy revealed
potential sites for developing RE facilities in the future. It also characterized their spatial
distribution relationship, thus providing more accurate and integrated information for planners,
investors, and policymakers.
3) Because only installation objectives have been set for various RE facilities in Fukushima, the
study results show possibilities and capabilities on how to achieve these goals. The results of this
study show the need to explore multiple RES to meet those goals, and to increase energy safety
and independence in Fukushima.
4) The process of evaluating self-sufficiency possibilities and identifying potential sites for RE at

the regional scale can further be applied to other Japanese municipalities or regions. Other criteria
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for available potential estimation and RES can further be included based on local, regional, and
actual conditions. As RE are expected to play a key role in post-earthquake redevelopment in
Fukushima and other regions, more municipalities and communities will embrace RE planning
aimed at increasing energy independence. This study reckons that municipalities and communities
shall be best informed through GIS-based integrated analysis, and hence make the most

appropriate decisions in the planning process.

6.2 Future Tasks and Recommendation.

Although wind energy is being developed at a fast rate in some Asian countries such as China,
India, and Japan (Global Wind Energy Council, 2011), visual impact related research is still less
than in European countries or in the United States. It has only been carried out in some basic
studies such as public attitude and perception survey on wind energy planning and implementation
procedure. In the future, there is a need to focus on these fundamental studies that can evoke
research awareness on visual impact of wind farms, as well as to develop an objective and
accurate evaluation methodology and criteria suitable for Asian countries. This study highlights
that attention should not be paid to wind farms in high scenic value areas only; it should also be
directed to the local community areas and settlements.

Furthermore, this study argue that some basic concepts of spatial planning, such as spatial
organization for future activities distribution, consideration for balancing spatial development with
social, economic, and ecological requirements are applicable in the RE planning field too. As
discussed in Chapter 4, Section 4.7 (Discussion). This study recommends several guidelines that
should be considered in the RE spatial planning process. They are:

1) Sustainability: thinking about the future, and long-term development;

2) Energy flow: energy flow can be flexibly planned for, between low self-sufficiency and high
self-sufficiency areas based on actual condition;

3) Energy efficiency and distance: we may plan for efficient energy transfer through appropriate
spatial organization. Because heat can only be transferred within a limited distance, heat supply
system can be planned combing with other plans, such as: housing and industrial park plan among
others.

4) Impacts and benefits: this study emphasized “Visual Impact” of the increasing scale and
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number of RE facilitates, especially wind turbines. Also, benefits include increase energy
independency (Takigawa et al., 2012; Tsoutsos, 2005), job creation benefits (Rio and Burguillo,
2008; Bergmann et al., 2011) and so on. This study recommends that in the future, regional or city
scale comprehensive evaluation should be considered or integrated in the RE spatial planning
process, thus to balance social, economic, and environmental requirements for different regions or
areas.

5) Public participation: it is an important part of spatial planning. Different from current
centralized energy supply system, RE provide another choice, decentralized energy system to the
public. The characteristics of decentralized energy systems allow more people to be involved in.
The public can generate, choose, and use the sustainable energies as they like. The public and
community can develop local energy system using technologies, such as Smart Grid, to improve
or achieve local “Energy Autonomy (Energy Self-sufficiency)”. As more and more people
involved in, the current energy system can be transformed into a more sustainable system, a green,
open, smart, and safe system.

Although many countries’ national energy policies are still focusing on conventional energy
generation and supply system, we can gradually change current situation by the “bottom-up”
approach-public participation. The achievements of this study can be used in participatory process
for RE planning by providing informative and visualized information to the public. Analysis such
as scenario analysis can provide alternatives for local people, and detail data of potential RE sites.
These could help with the decision making in the planning process, and then guide the planning
implementation. Also, Web-based GIS can provide an interactive platform and

information-gathering hub for public, investor, policy maker, and planners.
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Specifically, the above ideas can be simplified to Figure 90.
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Figure 90. Significant aspects and factors of Spatial Planning for Renewable Energy.

(Source: by author).
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Nonetheless, this study has improvements that need to be done in the future. Through this study,
some future tasks have been identified. They include:

1) The proposed methodology for visual impact evaluation and the proposed approach of
GIS-based spatial planning for RE only have one case study respectively. In regard to the spatial
planning inclusion into RE planning, the future tasks of this study rests on conducting more case
studies in different countries and regions, so that the proposed methodology and approach can be
further adjusted into a more flexible level for different places.

2) GIS-based evaluation methods to identify optimal locations for large-scale RE facilities, visual
impact evaluation, and scenario analysis have its own limitations as well, such as detail missing,
weak ability in real scene quality evaluation and so on. To solve these problems, the next phase
after G1S-based analysis and evaluation should be on-site field survey, as well as local people
interview, and perception survey etc.

3) This study only conducted preliminary study on key factors for local RE promotion and RE’s
sustainability value. As mentioned in Section 2.4, much emphasis has been put on RE’s
environmental contribution, in contrast, the researches on its socio-economic benefits have been
lacking. Which remains as future tasks for RE and sustainability research field.

4) This study reveals potential for the multi-discipline between RE, Spatial Planning, and
Landscape Architecture. Right now, this inter-discipline research field (Figure 91) has not been
aware of. The full introduction of GIS-based approach in support of spatial planning for RE has
not been well utilized, mainly due to lack of multidisciplinary knowledge and know-how between
spatial planning and energy planning fields. This combination also put a new challenge for
landscape architecture professional field. Therefore, we need to evoke research awareness on this
topic, where more multi-discipline knowledge, theories, application cases will be needed in the
future. So that we can shift the current status from “Research” to real ‘“Practice”.

Today, the world is gradually transforming into post-fossil fuel society, the low-carbon, new
energy supply and consumption system and facilities is developing at a quick pace. In the
meantime, peoples’ lifestyle and energy awareness is also changing, such as more and more
people choose bicycle as their first choice for commuting instead of private cars, the wide spread
of car-sharing concept around the world, the quick development of Electric Car (E.V) maker-Tesla

Motors, Inc., and the increasing of E.V charging piles around the world. In order to change the
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energy structure and people’s mind gradually, we may establish a RE-based lifestyle (Figure 92),

so that our living, working, moving etc. can be connected with sustainable energy resources.

NEW Research
" - Evoke Research
MUItI-DISCIpllne Awareness
Renewable
\E"ergy
Landscape Planning

Architecture

v

More Application Cases

in different countries and regions, so that the proposed

approach can be further adjusted into a more flexible \4
level. Practice

Figure 91. New multi-discipline field composed by Renewable Energy, Landscape Architecture,

and Planning. (Source: by author).
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Figure 92. A sample proposal in Fukushima for new social and lifestyle based on different
renewable energy sources for future sustainable development. See detail in Appendix 9. (Source:

by Aiko Kimura, Qianna Wang, Isami Kinoshita, 2014)
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Appendix 1: Information and Interview Record of Schaffhausen,

Switzerland.

Schaffhausen, Switzerland.
1. Location: North of Swiss. Next to Germany and Austria. By Rhine River.

Area: 31km?; Population: 35,000; Industry: High-tech, watch manufacturing, tourism in the future.
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Kommunale Energieplanung

Source:http://www.stadtschaffhausen.ch/fileadmin/Redaktoren/Dokumente/Umwelt_Energie/Strah

lungsenergie_Stadt_Schaffhausen.pdf. (A T#R)
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Main Features:

-Energy planning also connected to transportation planning in Schaffhausen

- Biggest renewable energy potential: Solar energy & Hydropower.

- About solar energy: need to search for suitable roof. Generally, 80% of building can be used, but
historical building’s conservation issues exist.

- About hydropower: has even bigger potential than solar power in Schaffhausen

- Few geothermal potential

Interview

1) On site interview: 2011.6.28, 9:00 — 11.:00.
With City Ecologist officer: Mr. Urs Capaul; Urban planning dept. officer: Mr. Walter Herrmann.
2) Mail Interview: 2012.3.21

With City Ecologist officer: Mr. Urs.

Mail Interview Records

Two topics: 1) Schaffhausen's energy planning procedure; 2) Planning methodology.

1) Schaffhausen’s energy planning procedure.

Q1: This energy plan was made in 2007, is there any new progress of it?

A: We revise our energy plan this and next year, because we like to introduce a reduction path to a

2000-Watt-Society.

Q2: Each steps to make the plan?

A: Step 1. Necessary data collection and calculation

Step 2: Define high heat potential location.

- Define locations with higher heat potential that can be used for a decentralized heating system or
a heating network.

Step 3: Define ground water protection area.

-Define the groundwater protection area, because there is no use of geothermal allowed.

Step4: Implement the energy plan.

-Implement the plan: there is a municipal law, that requests: energy using has to follow the energy

plan!
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Q3: What data is needed for the plan?

A: Data we need for the energy plan:

1.the current energy consumption of all buildings, particularly of the public buildings. The energy
consumption has to be shown with all energy sources.

2. We also need the usable waste heat (for example of the generator in a hydroelectric power
station or of the sewage channels) and the potential of wood energy and other renewable energy
sources (except solar energy, because this source is widely available and needs no spatial
planning).

3. The biomass potential capacity is calculated via annual woodcut, because this is the only
biomass resource we have on the urban area.

4.Solar energy: we calculated the usable energy density of each place in town and we plotted it on

a map.

Strahlungsencrgickarte
Stadt Schaffhausen

Source:http://www.stadtschaffhausen.ch/fileadmin/Redaktoren/Dokumente/Umwelt_Energie/Strah
lungsenergie_Stadt_Schaffhausen.pdf.

Q4: How the potential capacity, for example, biomass potential capacity was calculated?

A: The biomass potential capacity is calculated via annual woodcut, because this is the only

biomass resource we have on the urban area. Solar energy: we calculated the usable energy

density of each place in town and we plotted it on a map

Q5: How is the planning taking into practice right now? (Since the plan was made in 2007)
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A: Implement the plan: there is a municipal law, that requests: energy using has to follow the
energy plan!

2) Planning Methodology.

W

,// Prioritétsgebiete der Energieversorgung
N e Priority Energy Supply Area

$ ] / ortsgebundene Energiepotentiale
Local Energy Potential
Sy »
“>.. Overlay b

heutige Energiedichte (Heizdlverbrauch)

Energy Density

Basic Data

Source: Bruno Hoesli, 2010,Kommunale Energieplanung

Q1: What is the exact meaning of each data layer?

A: Energy potential layer means: the actual existing energy of waste energy and all renewable
energy sources from any location in the city. This is the energy that can be used on site, in addition
to the conventional fuels. (You need accurate and detailed data)

Energy density layer means: the actual energy demand on site. (You need accurate
and detailed data).

Comparing these two layers you see, which part of energy you can cover on site with renewable
energy sources.

Priority energy supply area layer: In general, you have different energy sources on site (e.g.
conventional fuels like liquid gas, natural gas or heating oil) that are in competition with
renewable energy sources. So you have to prioritize the best kind of energy, especially if you want

to promote renewable energies. So, that is, what you are doing in this step.

Q2: How were the potential areas were found out?

A: By comparing different data layers and do overlay analysis.
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Appendix 2: Questionnaire Sheet in Choshi City, Japan.
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Appendix 3: Wind turbine information in Choshi, City.

Year

Wind farm

Number of wind turbine

Location Detail

2001

B ) R

1A

35°42'16.0"N, 140°4626.0"E

2003

BN FEEAT
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Bk LI S W RS FEERT

2 A
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35°43'13.0"N, 140°46'45.0"E
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35°43'17.0"N, 140°47'26.0"E
35°43'28.0"N, 140°46'54.0"E
35°43'32.0"N, 140°47'11.0"E
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35°43'28.0"N, 140°47'12.0"E
35°43'27.0"N, 140°47'7.0"E

2006
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35°44'35.0"N, 140°45'31.0"E
35°44'19.0"N, 140°45'45.0"E
35°44'12.0"N, 140°45'17.0"E
35°44'11.0"N, 140°45"25.0"E
35°44'26.0"N, 140°45'42.0"E
35°44'33.0"N, 140°45'42.0"E

2009

HESRIE ) & FE T

35°45'24.0"N, 140°44"29.0"E
35°45'12.0"N, 140°44'39.0"E
35°4528.0"N, 140°44'38.0"E
35°45'23.0"N, 140°45"2.0"E
35°45'8.0"N, 140°45'12.0"E

Source:

survey.

Based on NEDO J@l{%.~ + ~7( http://app2.infoc.nedo.go.jp/nedo/webgis?lvi=03) and site
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Table for Turbine Information.

Year | Wind farm Number | Wind wind | Blade Develop Location
of wind | turbine | turbine | diameter | company
turbine | output | height

2001 | k7 hrml s | 12K 1500kw | 65m 70m A A JE ) B | #k 1/ ET
T B /) %6 % (FR)
At

2003 | &k /i | 12 1500kw | 65m 70m A A JE ) B | #k -/ ET
J1%E % (FR)
kLB x | 2K 1500kw | 65m | 70m HES WD |8k 7 1 Bl H
VR ) 5 TR HT - i ET
At

2004 | gk E )% | 9 K 1500kw | 65m 70m A A B ) B | 8k 7 42 Ik T
T % (FR) ER

2006 | k7 HT R | 13 1980kw | 64m 70m UL PE M | Sk rTETET
J1%ERT (BR)
Sk EET | 1A 1990kw | 64m 71m < A LB | v riim HET
JE\ /) 3 EE T VAR -CACED
BHTEF | 1 640kw | 45m | 44m B L | sk iaiT
AT ()
IR FE | 6 K 1500kw | 65m 70m A A JE ) B | k1T ARHET
AT ¥ (BR)

2007 | kF o 1 v | THE 1500kw | 65m 70m TanNy— | gk =M
K77 —2A () HT « SHTHT - o iy

LIF N

2009 | HELRR )% | b A 1990kw | 78m 82m <ALBA |8 F 1 & H

AT J1%ECE) | BT - ARHET - IE

B <]
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Appendix 4: Original Data Record for Visual Impact Evaluation

Matrix in Spanish Method.

The original data recorded in Sarudacho, Choshi city.

Visible Total Visible Total Directio | Distance Popu
wind number of | houses house n of lation
turbine wind number number in | wind
number turbine in | from each | settlement | farm
recording | wind farm | wind farm
HESRIR )% | 431,206, | 6 32 263 Front 1445m,1351m,1 | 700
B TSk T 3,503 609m,950m, 168
e FH T R ) 6m,1910m.Aver
JSEEAT age: 1492m
#k+v > | 570610, |7 38 263 Diagonal | 1818m,2063m,2 | 700
F77—24 04,02 274m,2376m,23

71m,2324m,201
7m.Average:
2177m
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The original data recorded in Tokoyodacho, Choshi city.

Area Wind Visible Total Visible Total Directi | Distance Popu
farm wind number | houses house on of lation
turbine | of wind | number number | wind
number | turbine from wind farm
farm
North #k + #r|1,1111 |1 22 64 Front | 1275m 230

myoJE ) 1,11

JEHEHT

gk + v | 75047 | 7 11 64 Front 2774m,2611m, | 230

4 ¥ K307 2523m,2221m,

7 7 = 2084mAverage

AN :1745m

HE %2 R | 2,0351 | 6 5 64 Front | 4645m,4570m, | 230

71 ¥ 7 | 4,0,3 4181m,3848m,

At &k 1 3664m,4419m

& MO Average:4221

B 73 3¢ m

BT

South | &k * /~|01,101 |1 4 64 Diagon | 2067m 230
= & /)] 0,0,0 al

JE T

#k + 501111 |1 10 64 Diagon | 2112m 230

JE » 7 | 0,01 al

B %

BT

East Bk 7+ L |22121 |2 48 64 Front | 817m,617m 230

B |221

J& S % Average:717m

BT

#k + JE | 97,908 | 9 16 64 Front | 1751m,2035m, | 230

71 % 7 | 9,0,6 2553m,2219m,

BT 2471m,2652m,
1853m,2231m,
2647m.Averag
£:2268m

West JU K & | 42,066 | 6 31 64 Front | 1469m,1190m, | 230

71 % & | ,4,0,2 730m,657m,11

BT 02m,1755m.A

verage:1150m
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Appendix 5: Interview Record in Choshi City, Japan.

Residents Date Interview Q1. Biggest | Q2:Is Other information
location problem of | there any
wind turbine? | landscape
impact?
FME 60 1% | 2010.11.6 | fiv A BT 43T | BEE . IEHE [ X No questionnaire survey of
D fEH W local citizen before wind
farm project.
F¥E 50 4% | 2010.12.5 | JUKRT BHro&H [ 72l X
50
P 70 f% | 2010.12.5 | JAKHT BT 20720 X
5. BEfReN
5% 60 X | 2010.12.5 | /INEEHT W ZL HERL | e L X
TH b
%150 1% | 2010.12.9 | BiHHAT KLoEb, [72L /NIRRT TR ST RAZ
JEVZ)S FRVNRE LAEMT o2, 15D
D3 720, LT EMAEEAT S,
ERDOFNR 72 L,

FEDMBEH Y, (NEDO
no)

180




Appendixes

Appendix 6: Questionnaire Sheet in Kuzumakicho, Japan.

MEAMTIZ 61T 2 A ATRE = 1 L % — DRHERE K] & £ DOFffe T REME IS R4 5 & HIS
B9 oA
WFET —~  BATHU O FEAE R = R L & — AR 2 B 9~ 2 F 5
HAY 8D —BROSEHERFIMITE & LT, BBEATIZIIT 5 AT RV —DfeitE
IR, HuldRrE ATREMEL 6 D A ATRE = R L F— DR EFIOBEEZ A ST 5 2 &
ZHE LTWVET,

AR IE AR B XL X O R, MRS OREE 255 L LTITHRE T, #/R5aek
ERETHIGE LTTIE L, BREMAL LTRANWLZES L) BEWELET,

* 2 TOMAERITHBHRE LTV, WML ARV LERA, £, ZofRIT
MEICAEE S, EAE R OHES R 2 AR, MET2 283928 0nEHA,

[1] BRITICBT 2 HAEET 2L — DR EER
M1, BEIMZBWT, 5 CTHTEOFARRET RV =235 R L C& - EE R EA
ELTEZILNDBDERATLIEZY, (130 DHFNHNHDTYH, B TUITELE
FIZOZEDIFTLEEN,)
(BREL )
1. BE AR R VX &R 2. B DAL E 3. HifE 4. &

(T Bm)

5. BIRAR ORI 72 B & 6. BROBMNRA =TT 47

7. % —/=Y VDIFE 8. HAERE & BHEEE O /)

9. BRI ~DOALERT 10. FATYED @ L — B (FHED)  DRE

LR —E Vg VOKRE 12. TRV —EHZDRE
13. FEATMED @O FHE O fiti 3R & HEdE

(fh2xm)

14. FEFKROEM L ) 15. fER O BRfE & W )

16. K5, HMAFEREDHT) 17. Bttt Stthowm )

18. ABF Dt 19. HUs D G IR AL = O iR

20. HUIE PN 3 H O HE 2 21 AR, YuYxs MEBEORE
(&35 i)

22. THE, WMIROMER 23. [H, BBk, fibhaeir L

24. [E Tk EEHIEIC L D588 25. RO FEM: O
26.EH, A A T T AEFOHE
27. Mot pESE & OHfE (MK, BPEXRLY)

ZOMIZHIITENTLZ I,
28. =Dt ( ) 29. =Dt ( ) 30. =it ( )
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M2, 4FCTEENTORAENRET XX —DORBIZHT S, LLFOAZERZ SWOT
SO ASOIEE (A, §9F4. GRS, B IZFHE - AL, Y TTXELHHEA
WIZOZDIF TN,
SWOT 43HT (SWOT analysis) &1, AREZEM T H720ICEBRELZLELE L TWHHECEAD, 7
BY=7 e LIicklF 5, i (Strengths), 537 (Weaknesses), 4 5eff (Opportunities), FEGeIE
(Threats) ZaHEIT 2 DIZHV S5 EESEHE Y —/LO—->,  SWOT Zo#rod BrGiL, BIEZERT 57-
OICHERNAOEREZFFET L2 L ThHD,
WIOEEIR SR FREERIC BT DM (EA) DORFE,
A4 0 AR OREE &7 Mk (EA) ORVE,
SMEER IFGett - BEEERUC E Bk 2405 BREE, IR, &) ORFE, (B, 48, Fv o R)
BRI BARERORESE &2 2500 (BREE, KRB, &M OFE, (BBl FREER)

A 587 597 | IO | SR

Bl = A DR O

B | L AR R L — R

2. BT DAL

B u

3. Hijg

4, &

5. HIG RO

6. ER OB A =TT 47

HEO

1. % ==Y DL

8. tH Y i & B E O /)

9. BIBMRRH B ~DALEST

10. =L —HkiE (GHE) OFRGE

1. D= v¥—va | OFRE

12. =XV F—HSORE

13. FH1E D it K & HEdE

14, FEFEROHSE L )

15 fEER OB & W

B M P

16. K5, BMZ 7R E D7)

17. BAite s, tho /)

18. NBF Dt %

19. Hidlk > B PRI E B OHLE

20. Hu PN O L O HU PR

20, AR, Yux s MEEOHE

R

22. THL, MIROMelR

23. ®H, BBk, fighair L

B ¢

24. 8 FE Ak B BEVZ K % 587

25. ZhF DR ME DR LR

26. BF. A A T AEFOEE

27. T pESE & OElE (MR3E, HPE¥ER L)

28. Z DA, ¢ ( )

S

29. Z D, : ( )

fitl | 30. Zfh : ( )
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[2] Frfge rlREMEIC X3 % FFE WTRE T R /L — DA &

LUF O BIESCHERSFH & 0 B £ & DA AT RE = 1 /L — O Ffge ATREMEICBE %
HHATY, BEIOIRICHKS S, Frgt rlRetEOSIHE (BREE-REF-tEham) (23

5. BAEFMRT RV —OFEBEZFML T ZI0,
[HRERE: +2=R\y +1=C0RW =865 THARN —1=00m0y 2= ]
*BFEHTTN, LFOFEA Z2MiHI L T 7Z3v,
B JRA1FFE | KGR | S A A~ | /KT
. K5 | A A F
L EA H A
Bl BREEICZ A +1 +2 +1 +1

E i N

0N [~|o o |k [w |

L. RS 1k

BRI A

KE D

KB o

EMS RN

RBlR A

BE

. BFER ORI

. F DM ( )

B M P

9. BRI L oD ) |

10. HUE 5 =+ 7 &% — D& AL

1L AR EL, A BB Ol b

12. fagk DEF LT

13, HIg AR | I 5 O FE A

14. +Hof]

15. 2238 (k)

LR — B (R
. KB ORRMEA L)

S| S

TRV X—DH N

18. Bh ¥ RE

19. JE A

20. Pt HERE

21 fEREIM

22. BRIEEHE

23. F D ( )

o
#

24. P&

25. AA T F v AEH

26. @ —H )L E VR A DIEGE

27. e ZE D PR HL

28. Bt FEDOEE

29. seEHEFEDfEE

30. (E RN A Z I (M7 &)

31. A ( )
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[ 3 JEfH

i1, [1]10R1 TOEDFEb00HmMNG, b EEARLONBIENZ 21 TL 72
SV, F£72, ZOHBELEDLETEEZI T,

1) {RHEER AL ( ) &
B
2) RHEZEN B AL ( ) &
B
3) PRHEELIR B =AT : ( ) &
B -

2, A% EHOHAEMRET R T —HEDRERAOIREE & 705 ZRNIT7ZE B E
T THHIZEBEZSIEZS W,

13, ZZDOWMDED B DTG, IbEELRGDPBIEMN 22T T IZE0,
Fo, TOHHALEDLETREESI T IV,

1) BEEREE FE—AL 0 ( ) &
B -
2) HEIREE B ( ) &
B
3) EEREE H=Ar: ( ) &
B

4, BSEMTHAEMNRET XL —fisx NER SN #Hk, fcHELI{dEI L D
AL BWET 2, THRIZEHEESES N,

ULETHEITKRDY TF, ZHAHVNRE D TSWVE LK,
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Appendix 7: Questionnaire Sheet in Chongming Island, China.

XTEZYUEBTHAEARERRENAAR
WEFEPRA: [5G AR A s DX AT P AR R YR A 2 TR LRI T 7 )
WA H W ER ERB RSN — &5, AR T H A i ek R . B
TN T WA 3 X AT F AR R R e D 22, DA KCRT A RE YRR 2 n] RF 8K 1Y
TEH

Al Ei
R 0 ROV SR I ELBURT A RESEAR SR T I, L)X LK T 529 1 m] A
VR JEPIRE, MR @R T K55 . IR RN NEEBET R, RE R e
PRveZ S EIEE S
RO B S5 RO TR, AR THALE . IF i stir it b 2,
JERR IR, A MERAR A SR LU NAE B

(1] 52005 T F AR R YRR R N (e it R X
)R 1. o6 H A A] A REVRAE 52 ) B R R Jee s 1 8 ) e A L Rl D e 1) 2 2 fie st
. (W 2ik, HEOZIL 1-28 Hrik#xt M 5)

(BT 2D

L =F 1] A R YR PR 2. P X A7 A 3

3. HELH (CFgE5E) 4. S

ATBUT D

5. UHLBUM ISt 6. ST IR AS

TR CNEKE) 8. AT LR 5 & 1E

9. 4 Hh H AR RRI (1% Bh 10, RTAT o ) B o s AR R K] 4 1
11, L IR IR A i e 12. X6 HIA) 47 v 2050 J 1 i ) S i

(#E2= 5D

13. W H AR 561 14. 2 fE R B AR5 S

15. B L R I3 FE 16. FIFAERRIR AP T . AR EMSLHE
17. M A R R 18. X & PN AT F-A= g U5 BT IR i 1 AE AR A4

19. 7ESEH]5 HERA 124k 20. XI5 H MO M HERR TR

(L2355 J5 1)

21 S, WBERETTAL 22. [E S0 T ] HAE IR I H AN U
23, HREE SR 24, RNz TR

25 H, 1BEAITE 26. dia Ak CERRE, AkEE)
TE AN FE A T

27. HoAt ( ) 28. HAth ( )

185




Appendixes

2. XFT HATAT AR RRRAE SE I B R, EVEN T IARE RS IE R, HH
SrRBLUT YA KRIUH: “S—AR%h, W-535%%, 0-Hlex, T-Bilh 7. 1ELEXT BRI R 4T 44,
W7 o
ANE: SWOT 43 #r R B AH LN AP IR T AL % (Strengths), 5% (Weaknesses), M4
(Opportunities), K& (Threats) PUANTTHIFITEN, Z5&EKET A, LLIHHEE
G SIS IRE DL A S RS SR NE (1 778, 3 H BIR R T 4R H I B T g P PR R AR R BLIA
FREAS H AR
WEBIRIZR: %A ik B ARFT A 1AL 5

FHh: BB SA.
HMERIR 2R Ml IASRCEFRIANTNLS, ROL, %155

PARS:: SRR H BRI AN RS, R, SRR

A Streng | Weakness | Opportunity | Threat
thit% | 7% Ble JR:
fil: T A i
1. 2t o] P AR e BT IR
5 | 2. Hh3E X A7
3. M
4. 5%
5. U I L

B | 6. SIS

EN|

RN R

8. MRERI T Fr 5 &1

9. 23 HLAth A S ) 4 B

10. 77 AT P e 14 BE Y il gs A R

11, L TRAEE RN ) fill €

12. X6 FR ) P4 v 50 e HE 14 S

13. Wi H > 5 61F

14, SHAE IR S SO

15. mERLL K INSCHF

16, RAHLTy, 48 M5

17. Bl A A
18. XF & PN AT P AR BE VR B U5 & 1
it o

19. 75 5% 0 5 N TR 1 38 ik

20. X350 H HURE K/ HERf ISR

21. T, BRERERL

22. [H Z0 T n] AL REVR I H A #h I

23. WL ISR SR

24, AR A

25. BH, 128 RHIrE

26. 455 Mk CERSTRIE, ARMLEE)

27, Hefth: ( )
28. Hifth: ( )
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RIS R A A NI TR 451

o BTS20 8 H AT AT A REIER R IVBLIR, 2 DI FA “ TR REURITH 7 X 243

(2] w7 A4 BRI H ) 52 W] & AT 45 S e 1) 4 T

“RIFFEL R AT BIERIR D
PP bt 24T IR KHEREAE Y +1 A7 €A 0 BUfsm; —10 A e mIfER
-2 AIRKEI1ER]

w4

Zanp=u|

H PR AT A REEONS T AT A R AR

RER: I L 5 O TR N PE A

AR SN B KA | KFHAE R | | ZEP i Re | NOK
KPFAgEfER | GO | RH
Bl: PRI Z R -1 +2 +1 -1

i

1. 55 % N

2. R FE R % 4

3. R

4. PRIFKIE, KR

5. R Z FEME

6. Trar =t R A FOU

7. RYBERE CGREF)

8. FiAit ( )

Wy

9. g 5 AR MV A AF

10. (28 =R Je

L1 (EBERRMRAN S 2R AR B

12. Wiiti 7 T & ¥

13. T 2 R At A FL it i %

14. s FH

15. 520 AR AESE)

16. BEVR A 45 H 2

17. AEVR E 57

18. Hhamp K ThRe

19. St &

20. 3830t = AR

21 fedtfeRZ 5

22. BT H I HE L=

23. Hfils ( )

24. WA/

25. iz E E A H

26. {3 2L K R

27, P 2e Ak

28. B el

29. fle it L A sk

30. 0 24 Hh i E RN

31. HAih ( )
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(31 ¥
R 1. AEAE “D1) - 17 B a2 i imiE ik $e, Em &N b s E =R 3 A4
K&, JFATHENL . [FIB S IR PR HEO 1 EE

D fRtAER A ( ) 5
HH .

2) fedtHER H A ( ) 5
.

3) fedtHER H=A0 ( ) 5
.

)RR 2. SN WRLE R R S PSRk v] AR REIRAE 2] By IR g - 1 A S A

=7
=W

)R 3. AF ML MRS A B A B YO R iR 2 3 ANIH , FFEHTH. [F

5 R AEHEA Y EE .

D XATRFEERRIIER 7. ( ) 5
P

2) XPRIRREE R RIIER BB AL ( ) 5
HEE -

3) XIS SEIIER 5 =4 ( ) 5
H .

R 4. S0 B RO W] AR BRI H A2 Jm SO 2 A R R R 2 AR AT A
HHHE MERE L.

188



Appendixes

Appendix 8: Current RE facilities in Fukushima, Japan.

BEAAY—F—
1. BFEMAHY—5—
AHY—5—: A 13HFR
FRiEH | MEERA BiE B | FE e BRE
z= |k
RIFF | TRILF—/8—2 |2 MW | 2013.9 | DL BB ZE R | 140° 14’ 35.92"E.
SR =K A 37° 11'5.18"N
10mw ZESRX KK
#
RIBHF | EERBALTY— |2 MW | 2013.10 | TiZ DA 140° 19'52. 09”E.
S —REFR 34, 500m? 37° 8 14.55"N

HET | MEXKBEXRER | 1.998 | mw | 2013. 10 | 58, 000m*

140° 56'9. 38"E.
37° 49'55.03"N

KRET | Lo Id—fEERW | 1.535 | mw | 2010.5
I

140° 21°1.817E.
37° 117 46.54"N

REH | FEAHY—F— | 1.59 | MW | 2011.6

140° 29’ 33. 15”"E.
37° 49'32.96"N

ALt | BBILIZABEAEHE 1.5 |mw | 2013.9 | RES 7 I hILK
BT K=+t 24, 000m2

140° 17 55. 80"E.
37° 26'51.79"N

RIBF | NYF7—Y—F— | 1.238 | mw | 2013.9 | 1.8ha
TS RWTHASE

140° 16" 51. 86”E.
37° 10°21.06"N

EHREM
BHAm | T)F—TFP— [ 1.99 |mw|2013.10 | T)LF—TF>— | 140° 10 14.90"E.
BRI KGR FEER X EEILEA | 377 810.88"N
I
Ba | RERaAEm o [ 1.2 | mw | 2013.5 | 40,000 m 140° 18 3. 14"E.
7 37° 2'55.60"N
WhE | LWhEAT7HYKXE |1 mw [ 2013.6 | skX=ttlvE 3 | 140° 50721, 32"E.
M JSLRER 7Y 37° 439.77"N
AXEM | DAFEAHTY—F | 1.5 MW [ 2013.9 | 23,000 m 140° 26’ 53. 18”E.
—HEN FHEIEH)RKXRH | 37° 3142.31"N
=&KHE | =Z&FYFELUZ— | 1.5 MW | 2013.3 | RBEEE 140° 36 29.10"E.
H®EF 37° 22 15.37"N
AEN | BhEE (K |8 | 1.6 MW | 2013.5 140° 27" 41.96"E.
m ETHXER 37° 15" 19. 04N

2% Z X MEARA, 2012, RIEE [T 24 FEMBCRERL A RZMAR - REAMEEFER] I8
7% TRKBEXZIRLF—RE LEKERRREC)LVERRBICET 2ELHAFEI OFEIRIZDONT,

http://www. mor i-trust. co. jp/pressrelease/2012/20120912. pdf (13.11. 26)

REESKRAFT US540, 20135108 2B, BEEEH. EEROBRMICAAY-5— BHHEE

ZFORBHRKIZER.
http://www. kankyo-business. jp/news/005871. php (13.11.26)
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HERKGAERENM CRESTEZMBR~EXERETILEE~ (T0F)
http://www. fujita. co. jp/information/news/001645. html (13.11.26)
Electrical Japan. BALEDKEGAFKEM—EHE
http://agora. ex. nii.ac. jp/earthquake/201103-east japan/energy/electrical-japan/type/8. html. ja

(13.12.18)

FHEIEMARLHP. 2013.6. 6 BAFBEI RILF—FEADEHIZDONT
http://www. yada-k. co. jp/topic_information/post_8. html (13.12.18)

ABAFEE=2—R, 2013. 3.28.
http://pvn24. com/20130328-3117. html (13.12.18)
Google earth TOHEE,

2. BERTEM

REEENEMICKEARE KA T50kN 2 EiRfE

AHV-S—RETEM

A TE i i Rl | B | EE | "E TRAEE
B8 |
WhEm | NBETZHEER |12 | MW | 2014.8 | 15ha 140° 53’ 33.69"E.
36° 56' 38.22"N
What | /NBETHZFEER |6 MW | 2014.8 | 9ha BRALEHIZFEE 140° 53’ 33.69"E.
36° 56' 38. 22N
ABN BEZEE 12 | MW | 2014.3 | 2ha 140° 26'5.50"E.
M. EJI 37° 13'50. 39N
#
FEMEET | mEBEMmEEZEXK 100 | MW | 2014 | TIR#AE 150ha. K | 141° 0 25.48"E.
RIERGARERN WEDRFABIZER 37° 41'48.01"N
B BEMmX, Efit
X%,
g ke DFR80AHY | &K | Mw | 2013.9 | RALEEBLET /L | 140° 7 40.44"E.
—Z>—PJE1H 80mw mni F—HA =t 37° T70.66"N
7,590, 000 m
g g P59 R80AAY | &K | Mw | 2013.9 | 1,320,000 m 140° 10" 0. 517E.
—2>—PJE2H 80mw mo 37° 9'56.58"N
=Mt P59 R80AAY | &K | Mw | 2013.9 | 1,419,000 m 140° 13" 33. 63"E.
—2>—PJEIH 80MW mo 37° 8°10.27"°N
NIRAF NAFKEZALFEE | 6 MW | 2014.3 | 9. 3ha 140° 46'6.03"E.
2l 37° 22'7.24"N
BREEFY WW=TETWE (10 [ MW | 2016. 4 | 14ha B{EFIFE X2 - 8k | 140° 40° 39. 817E.
KRGS FHERR FEHX, RALEAIZSE | 37° 40°2.94"°N
g a) MAEEAATY— |2 MW | 2014 TV ERFIRR, | 140° 9 19.45"E.
75— (R) 23,200 m 37° 8'54.28"N
AT | LIXIL ZB&)I 6.35 | MW | 2014 | TiHREMAM, £ 140° 23’ 8.57"E.
SOLAR POWER (& #5) 98, 000 m, BALEHIZ | 37° 15" 10.63"N
X W HT IRIERE (BR) £ |2 MW | 2014.4 | S TF7AR—LA 140° 23’ 3.82"E.
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BE 15 2. 5ha, X
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BERNHKE
Location Name Year | Capacity | Turbines | Use Longtitude
PSR A 140° 2'48.5"E,
RBEXEN | HKER 1995 225 2 | sell 37° 15" 27.5"N
140° 2'51.77E,
BEXFEHM | RL 1995 225 2 | sell 37° 15726.1"N
REEER road 140° 11" 33.6”E,
BT | BUEEAFEE | 1999 250 1 | heat 37° 29'3.0”N
139° 57" 59.17E,
BEXEHN | REHM 2000 750 4| sell 37° 16" 16.0"N
139° 58 2.17E,
BEXEXM | AL 2000 750 4| sell 37° 16'9.0" N
139° 58 2.17E,
BEXEM | AL 2000 750 4| selll 37° 16'3.0" N
139° 58'6.17E,
BEXEXH | AL 2000 750 4| sell 37° 15'43.0” N
HARKZEIZE campus | 140° 22" 42.07E,
RS | BRL*Fv /X | 2003 40 1 | use 37° 2239.0" N
BELWHLE | LWbhEFISD facilit | 140° 54" 12.07E,
m|—tr 22— 2004 40 1|y use 37° 5°22.0" N
BELVHLE | LWhETRTIE facilit | 140° 43 55.0"E,
m|RARE 2006 100 1|y use 37° 16°20.0” N
g)—2\J— 140° 3'43.97E,
fBSALT | ARSI 2006 2000 33 | sell 37° 19°39. 7"N
140° 3'49.3"E,
fREMILT | RL 2006 2000 33 | sell 37° 19°43.6"N
Eil= 140° 3" 24.2"E,
fBEARILT™ 2006 2000 33 | sell 37° 19°44.0"N
Eil= 140° 3'28.5"E,
fBEARILT 2006 2000 33 | sell 37° 19" 47.5"N
Eil= 140° 3'32.8"E,
fBEARILT 2006 2000 33 | sell 37° 19°51.1"N
El= 140° 3" 37.5"E,
fBEARILT 2006 2000 33 | sell 37° 19°54.9"N
Eil= 140° 3'42.07E,
fBEARILT 2006 2000 33 | sell 37° 19°58.6"N
El= 140° 3'46.6"E,
fBEARILT 2006 2000 33 | sell 37° 20" 2.6"N
BlL 140° 3'48.6"E,
fREARILT™ 2006 2000 33 | sell 37° 20'10.4"N
Eil s 140° 3'44.97E,
fREARILT™ 2006 2000 33 | sell 37° 20" 15.6"N
G 140° 3'27.77E,
fREARILT™ 2006 2000 33 | sell 37° 20" 13.0”N
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mLE 140° 3'22.97E,
EERLUT 2006 2000 33 | sell 37° 20" 8.9"N
mLE 140° 3" 17.77E,
EERLUT 2006 2000 33 | sell 37° 20" 4.6"N
@t 140° 3" 12.17E,
BEA LT 2006 2000 33 | sell 37° 20'0. 1N
= 140° 3 7.3"E,
BEA LT 2006 2000 33 | sell 37° 19'56.0”N
= 140° 3" 2.47E,
BEA LT 2006 2000 33 | sell 37° 19'51.8"N
[l 140° 2" 54.17E,
BEILT 2006 2000 33 | sell 37° 19'53.9"N
mLE 140° 2" 36.57E,
BEILT 2006 2000 33 | sell 37° 19'58.3"N
[l 140° 2" 40.57E,
BEILT 2006 2000 33 | sell 37° 20'5.0"N
[ 140° 2'45.07E,
EEEB L 2006 2000 33 | sell 37° 20°9.0"N
[ 140° 2 50.47E,
EEEB L 2006 2000 33 | sell 37° 20" 13.5"N
mLE 140° 2'55.07E,
EEEB L 2006 2000 33 | sell 37° 20°17.2"N
Eil 140°  3'5.17E,
EEILT 2006 2000 33 | sell 37° 20' 24. 4"N
EL 140°  3°10.77E,
EEILT 2006 2000 33 | sell 37° 20 31.5"N
EL 140°  2'56.57E,
EEILT 2006 2000 33 | sell 37° 20'33.9”°N
[l 140°  2'24.07E,
BEILT 2006 2000 33 | sell 37° 20'6.0"N
[l 140°  2'13.87E,
BEA LT 2006 2000 33 | sell 37° 20" 13.0"N
[l 140°  2'18.77E,
BEA LT 2006 2000 33 | sell 37° 20'16.8"N
"L 140°  2'22.2"E,
BEALT 2006 2000 33 | sell 37° 20'21.1"N
"L 140° 2" 26.4"E,
BEALT 2006 2000 33 | sell 37° 20'28.0"N
"L 140° 2" 30.6"E,
BERIT 2006 2000 33 | sell 37° 20'32.5"N
mLE 140° 2" 35.57E,
EERLUT 2006 2000 33 | sell 37° 20" 37.9"N
mLE 140° 2" 32.3"E,
EERLUT 2006 2000 33 | sell 37° 20" 44.6"N

193




Appendixes

REBRNT | EBmR/NEHVA 140° 42’ 53.8”E,
NAF | VT 7—L 2010 2000 23 | sell 37° 20°16. 7°N
EEHEMT | AL 140° 42’ 58. 7"E,
JIRFS 2010 2000 23 | sell 37° 20" 4.5"N
REBEMH | FL 140° 43'5.17E,
NIAF 2010 2000 23 | sell 37° 19'56.2"N
REBAMH | FL 140° 43'9.27E,
NIAF 2010 2000 23 | sell 37° 19°50.9"N
EBEEMT | RE 140° 43 10.8"E,
NIAF 2010 2000 23 | sell 37° 19'44.3"°N
EEEHMT | RE 140° 43" 11.2"E,
NIAF 2010 2000 23 | sell 37° 19'37.2"°N
EEEHMT | RE 140° 43" 4.57E,
NIAF 2010 2000 23 | sell 37° 19 18.7°N
EEEHMT | RE 140° 43" 2. 77E,
NIAF 2010 2000 23 | sell 37° 19'12.9"°N
wEEBEMT | FE 140° 43'1.67E,
JIRFS 2010 2000 23 | sell 37° 19°6. 7°N
wEEBEMT | FEE 140° 43'19. 8"E,
JIRFS 2010 2000 23 | sell 37° 19" 14. 7N
wEEBEMT | FEE 140° 43 32.17E,
JIRFS 2010 2000 23 | sell 37° 19°6.6"N
EEEMT | RE 140° 43 19.87E,
NIRAF 2010 2000 23 | sell 37° 18'59.5"N
EEEMT | RE 140° 43" 11.97E,
NIRAF 2010 2000 23 | sell 37° 18'50.9"N
EEEMT | RE 140° 43 32.77E,
NIRAF 2010 2000 23 | sell 37° 18'58.5"N
‘EEMT | RE 140° 43'29.8"E,
NIAF 2010 2000 23 | sell 37° 18'51.4"N
‘EEMT | RE 140° 43'12.4"E,
NIAF 2010 2000 23 | sell 37° 18'44.0"N
‘EEMT | RE 140° 43'16.7"E,
NIAF 2010 2000 23 | sell 37° 18'36.6"N
EEEHT | RE 140° 43'29.57E,
JNRFS 2010 2000 23 | sell 37° 18'43.7°N
EEEHT | RE 140° 43" 13.17E,
JNRFS 2010 2000 23 | sell 37° 18'30.1"N
EEEHT | RE 140° 43" 31.97E,
IS ES 2010 2000 23 | sell 37° 18'31.0"N
‘EBEMNT | RL 140° 43" 46. 47E,
JIRFS 2010 2000 23 | sel | 37° 18" 40.5"N
‘EBEMNT | RL 140° 43" 48.77E,
JIRFS 2010 2000 23 | sel | 37° 18" 25.7"N
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EEHEMT | AL 140° 42’ 54.3"E,
JIRFS 2010 2000 23 | sell 37° 20°10.3"N
BEBAMT | RUSRESFE 140° 43'5.0"E,
IR | EFr 2011 2000 14 | sell 37° 23'51.9"N
REBEMH | FL 140° 43'3.0"E,
NIAF 2011 2000 14 | sell 37° 24'0.2"N
EBEEMT | RE 140° 42° 60.07E,
NIAF 2011 2000 14 | sell 37° 24'5.6"N
EBEEMT | RE 140° 42'51.77E,
NIAF 2011 2000 14 | sell 37° 24'10.4"N
EEEHMT | RE 140° 43" 25.6"E,
NIAF 2011 2000 14 | sell 37° 24'0.2"N
EEEHMT | RE 140° 43" 32.17E,
NIAF 2011 2000 14 | sell 37° 24'6.2"N
EEEHMT | RE 140° 43'22.4"E,
NIAF 2011 2000 14 | sell 37° 24 11.7"°N
wEEBEMT | FE 140° 43 17.8"E,
JIRFS 2011 2000 14 | sell 37° 24 16.2"N
wEEBEMT | FEE 140° 43 16.4"E,
JIRFS 2011 2000 14 | sell 37° 24’ 24.1"N
wEEBEMT | FEE 140° 43 31.57E,
JIRFS 2011 2000 14 | sell 37° 24 26.7°N
EEEMT | RE 140° 43" 40.97E,
NIRAF 2011 2000 14 | sell 37° 24'22.8"°N
EEEMT | RE 140° 43’ 38.77E,
NIRAF 2011 2000 14 | sell 37° 24'15.9"N
EEEMT | RE 140° 43’ 53.3"E,
NIRAF 2011 2000 14 | sell 37° 24'12.2°N
‘EEMT | RE 140° 43'56.9"E,
NIAF 2011 2000 14 | sell 37° 24'17.5"N

% . Google earth TOH|EE
NEDO, ER~< v 7
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a. EXXAEE. BEXHEmRK., RE

RBEXRREKAHKE -
SR GIS T—ANESHERT (%

INKARE

14 AFR) -

RIFEKNRE - pKAREE

FrTEith MEE% RiFRE | B FE BRE
15Ty HARRER 560 Mw 1960 139° 14 "58”E. 37° 09 "13"N
HREHET AXEREMR 182 Mw 1963 139° 12" 47.027E. 37° 12'57.13"°N
R EHT HFEHER 380 Mw 1959 139° 17 "13”E. 37° 18 '38"N
R EHT REEEM 65 MW 1989 139° 18'6.417E. 37° 20°7.17"N
& LIET ERER 92 MW 1961 139° 23'2.377E. 37° 23'13.05"N
< | LIET KEFERM 18 MW 1954 139° 29' 36.25"E. 37° 26 29.51"N
< | LIET L HREERFR 63.9 MW 1954 139° 32" 14.43”E. 37° 28’ 59.64"N
=58 ETREM 94 MW 1946 139° 37" 45.19”E. 37° 27 46.96"N
W2 ET HiZFER 75 Mw 1953 139° 42'23.067E. 37° 31'9.05"N
a2 HT LEHRAFEEM 52 MW 1958 139° 37 54.36”E. 37° 37" 57.18"N
RIERTHT | AMRER 57 Mw 1953 139° 45" 46.057E. 37° 33'51.52°N
E%A™ HIFEERR 51.6 Mw 1939 139° 44'11.997E. 37° 36" 40.23"N
SEENRT | BEHE—RE | 62.4 Mw 1914 140° 0'7.037E. 37° 32'37.94"N
i
¥mAHE MITHERR 107.5 Mw 1940 140° 7'55.107E. 37° 36" 29.65"N
5% Birx@E4. EXHEHE, HEA.
Electrical Japan. BAZEDKNFEEFRF—EHK

http://agora. ex. nii.ac. jp/earthquake/201103-east japan/energy/electrical—japan/type/4. html. ja

(13.12.13)

Google earth TOHRIEHF, (13.12.13)

b. BARZEDKNFEEM—EME L FTILE N HP & Google earth TOH|IFEMN /F LN
FEA
A fEth B BiES | B FE | BRE
=
EZAT LR S E R 23 MW 1943 139° 41’ 11.53"E. 37° 36’ 24.85"N
ILIsEREE — S ERT 22.9
e y53 2] Kk FEERT 38 MW 1968 139° 17'55.72"E. 37° 2°52.66"N
HERHET AARER 19.6 MW 1994 139° 23'55.28”E. 37° 117 38.20"N
AL FE)RER 19.4 MW 1938 139° 27 44.33"E. 37° 23'49.90”N
A2 pAET HEREMEER | 37.1 MW 1926 139° 55" 45.377E. 37° 34’ 46.00”N
SEEFWT | BEINREERR 10.6 MW 1912 139° 57°3.89”E. 37° 33'56.61"N
SEEWNT | BEREZREMR | 37.5 MW 1926 139° 59’ 3.06"E. 37° 33'8.66"N
SEEWT | BERE=ZRKEFR | 23.2 MW 1926 139° 57'42.63"E. 37° 33'22.60"N
TR AT KINFEERT 21 MW 1986 139° 54’ 36.48”E. 37° 20’ 51.50”N
Plg=AL T ) INEF)I| BB 34.2 MW 1937 140° 6’ 35.05"E. 37° 39°37.72"°N
EEAE B/ EHREMR 18.9 MW 1946 140° 7°25.007E. 37° 34’ 45.62"N
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BE™ REERER 11.4 MW 1991 140° 22" 39.177E. 37° AT 44.82"N
R’ ERRER 38.5 MW 1938 | 140° 29'45.06"E. 37° 41'50.43"N
M ZEHT RAFEINEZFEmM | 14.3 [} 1936 | 140° 56' 34.50"E. 140° 56’ 34.50"E
SEXEBERE | FIENFLRER | 1.1 Mw 2003 | 139° 46'51.837E. 37° 21'51.05"N
EZAT B EER 1.7 MW 1995 | 139° 5429.33"E. 37° 45'12.48"N
iFEWRT | RNREFR 6.5 MW 1912 | 139° 55'28.50"E. 37° 34" 43.01"N
KEENRT | FOOEFE—FKE | 2.08 MW 1941 139° 58'46.95"E. 37° 31" 11.27"N
i
KEEWRT | FOOEF=HKE | 1.4 MW 1941 139° 57" 23.75"E. 37° 30" 45.20"N
i
RIRXEAT | KRB 2.1 MW 1957 | 139° 54’ 14.82"E. 37° 26'48.02"N
RFEWRT | NARER 3.3 MW 1990 | 139° 55'44.88"E. 37° 23'3.65"N
T AT BRI ER 1.1 MW 1931 139° 54" 13.03"E. 37° 187 32.44"N
T ERFT I EFRER 1.2 MW 1937 | 139° 54'2.30"E. 37° 17'52.24"N
AT BEXRER 2.1 MW 1899 | 140° 11'59.29”E. 37° 29'10.45"N
AT T/ RFEER 3.7 MW 1919 | 140° 13'8.72"E. 37° 29'35.70"N
AT HSFRERT 9.9 MW 1921 140° 16°2.60”E. 37° 28’ 53.66"N
AT ZERKEEAR | 2.23 MW 2004 | 140° 13'21.017E. 37° 25"29.26"N
B
w'E™ L) ER 3 MW 2004 | 140° 25" 15.547E. 37° 55'29.41"N
w'E™ NIRFEERM 1.85 MW 1912 | 140° 26'20.16"E. 37° 50" 32.53"N
w'E™ RESR FE B 1.5 MW 2001 140° 21°10.40"E. 37° 46 22.25"N
T T FEFT 3.1 MW 1939 | 140° 20'53.28"E. 37° 42'19.74"N
T THRER 2.38 MW 1920 | 140° 20'5.03"E. 37° 41'49.68"N
T EXFEER 5.95 MW 1939 | 140° 29'47.517E. 37° 43'1.95"N
N /NG INEIFEEFR 1.1 MW 1921 140° 30" 59.35"E. 37° 35"29.91"N
=&HT =EF S LREF 1.05 MW 1998 | 140° 28'30.90"E. 37° 24'17.33"N
EREE Y EFREM 1.1 MW 1992 | 140° 49'59.90"E. 37° 43'7.28"N
mEET BHEER 8.7 MW 1944 | 140° 53 24.36"E. 37° 39'4.15"N
B+ mEJIRER 2.49 MW 1940 | 140° 49'7.32"E. 37° 27'50.70"N
JRITHET =R FREFT 5.8 MW 1979 | 140° 51" 48.45"E. 37° 27  39.48"N
AR RENE—FREFR | 2.57 MW 1924 | 140° 51" 49.93"E. 37° 16" 35.89"N
M ZERT AFPNE=%EH | 1.0 MW 1939 | 140° 57'32.99”E. 37° 16" 36.83"N
WhEmm NIBTHEFT 1.4 MW 1916 | 140° 41 34.75"E. 37° 14 1.73"N
WhEmm BEHNE—FER |4 MW 1916 | 140° 49'31.52"E. 37° 9'45.45"N
WhEmm EHINEZREmR |3.5 MW 1920 | 140° 48'3.38"E. 37° 11'22.27°N
WhEmm EHINE=FEHR |1.8 MW 1927 | 140° 49'52.40"E. 37° 9°0.07"N
WhEmm INENIE—FRER | 2.8 MW 1931 140° 50" 6.237E. 37° 7' 36.72"N
WhEmm INENEZHER | 2.92 MW 1935 | 140° 48'25.64"E. 37° 7 44.79°N
Wh&Emm RFE—RER 1.0 Mw 1920 | 140° 47'55.32"E. 37° 4'33.71"°N
EL:d) 8| FEFT 2.6 MW 1940 | 140° 37°17.23"E. 37° 2" 14.42°N
WhETh DR FEEFT 4.8 MW 1955 | 140° 42'36.09”E. 37° 0'3.43°N
WhETh =ES LREM 1.6 MW 1985 | 140° 43'59.97”E. 36° 57' 20.50"N
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Wh&Emm POEFIE—FEAHR | 4 MW 1922 | 140° 41'5.75"E. 36° 55'57.01"N
Wh&Emm EFIIE=FERT | 1.23 [} 1927 | 140° 39" 25.34”E. 36° 55'32.40"N
WhEmm INFEERT 2.4 [} 1922 | 140° 43'6.55"E. 36° 54'21.41"N
[E=3=4) R FEERT 0.53 [} 1927 | 139° 29'28.95"E. 37° 8'38.02"N
AR BT BR)IFER 0.445 | Mw 1920 | 139° 41'18.32"E. 37° 25"12.71"N
RIRXEAT | BNIRER 0.82 MW 1921 139° 48'3.417E. 37° 25'29.56"N
PR EHET B)IEZREFT 0.56 MW 1921 139° 37°4.15"E. 37° 39'38.7T1"N
EZA™ REBRER 0.57 MW 1991 139° 50" 40.26"E. 37° 45'5.42"N
REENT | FOOEEZ-FE 0.8 MW 1919 | 139° 58'25.83"E. 37° 31" 27.31°N
i
RFEWT | RILREER 0.28 MW 1902 | 139° 57°29.08"E. 37° 28'48.87°N
RIBEWT | RILS LFRERT 0.7 MW 1982 | 139° 58 2.50"E. 37° 27" 38.07"N
g ke EimFER 0.999 | Mw 1927 | 140° 4'34.84"E. 37° 10" 13.61°N
'™ EERER 0.9 MW 1910 | 140° 25'59. 73”E. 37° 53'16.32"N
N /N ) REFRER 0.34 MW 1908 | 140° 33" 37.54"E. 37° 33'18.31"N
N /N ) LB FERT 0.15 MW 1915 | 140° 34" 14.74"E. 37° 33'0.77°N
=&HT BINEER 0.33 MW 1926 | 140° 32'52.49”E. 37° 30" 16.84"N
=&HT FREEM 0.2 MW 1919 | 140° 33'23.53"E. 37° 29" 49.88"N
ARNH BIE I FEER/R 0.25 MW 1906 | 140° 24’ 17.87°E. 37° 1570.40"N
T A& FER 0.52 MW 1923 | 140° 26" 43.79"E. 36° 58'5.19"N
T N EFEFR 0 MW 1935 | 140° 26'51.08”E. 36° 55'39.24"N
JRITHT BREIRFER 0. MW 1913 | 140° 51'52.08"E. 37° 32'23.86"N
WhEmm BE XIS EFT 0.68 MW 1921 140° 45" 28.277E. 37° 12'19.22"N
WhEmm RAEZRER 0.316 | MW 1920 | 140° 46'40.86"E. 37° 5'27.19"°N
WhEmm 1S EFEERT 0.56 MW 1927 | 140° 50" 24.86"E. 37° 8'26.88"N
FRAR IS Y I B 0. 06 MW 1922 | 139° 23'25.92"E. 37° 1'38.53"N

2% : Electrical Japan. BAZLEDK AR EFR—EHE

http://agora. ex. nii.ac. jp/earthquake/201103-east japan/energy/electrical—japan/type/4. html. ja

(13.12.13)

Google earth TOHIBEHIF, (13.12.13)
HIEH HP., 4L FRERT., http://www. tohoku-epco. co. jp/comp/gaiyo/gaiyo_data/hatudensyo. html

(13.12.13)
KARKY FaL
EEROHRERM

. WWW. suiryoku. com

(13.12.13)
KHFE, http://wwwa2. tok2. com/home/kaidoweb/EPC. htm
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BN MA<TX

INAAIAHKE
FRiEH | FEER 4 HiER | B | F£E e BRE
==k
WH & | LWhEXREEK 7,760 | kW 2001. H13 140° 44’ 48. 03"E.
m (R 36° 56'17.67°N
fal)
WHhE| FZXMEEYY | 100 kW 2007. H19 140° 44’ 46. 43"E.
m (B4t 32— 36° 58'11.38"N
) HFEXM
Wh E | BREFEZEXTE | 15,000 | kW 2004. H16 140° 46 13. 23"E.
m (R 36° 53'46.91”N
)
B | (%) B8Ry k| 11,500 | kW 2006. H18 | K#F v 7# 140° 16' 21. 36”E.
(BR) | ,INT—nN/4 AT R A= 116, 000 37° 11741.39"N

HEM t/%5E
SEE|JV—RESZE|5700 | kW 2010 AK#F v T 139° 57' 20. 08”E.
/N SAIRFEERT FA 60, 000t/ 37° 32'51.97"N
ISET — | #ERETERER | 1,2000 | kW 2014 A& F v TH
ik, (ISETERAINF— A 112,000t/

AK)20134€9 A. 4, 100Bg/kg LA

EFRORSIC& TAR#MZFIA,

Y. HREFRDEE

Zohuk L7=,
INA A< REFIA
SEE | TKEEIS 298 k| 2001.H13 | ;B4 H X 6 & | 139° 53'0.70"E.
/NG m3 37° 31" 21.63"N
SER | RRBOFITAIT | 402 k| 2007. H19 139° 47 57.96"E.
THT 37° 35'18.81"N
WHhE | HASNHLEE | 201 k| 2004. H16 140° 42" 17. 34"E.
il (HALESE) 36° 57'7.28"N
Wh&E | BABSALADE | 201 k| 2005. H17 140° 39" 41.37"E.
il 36° 56 28.88"N
Wh & | BEffsiete> 42— | 217 k| 2003 140° 52’ 21. 86 E.
[ii] 36° 56'24.18"N
Wh & | Bt 42— | 163 k| 1974. S49 140° 56 37.72"E.
[ii] 37° 3'48.43"N
WhH & | LWhEXREEMK 27,555 | k| 2001. H13 140° 44’ 48.03"E.
m (R 36° 56'17.67°N
fE)
Wh E | BRI KIS | 48,140 | k | 2004. H16 140° 46 13. 23"E.
m (R 36° 53'46.91"N
)
BmHEE | RESE—T/KOE | 254 k| 1976. 851 | 300 LKA A7k | 140° 58 10. 17"E.
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il 5 LA — 37° 38°40.17°N
LT | BEHLEtE4%— | 20,000 | Keal/h | 2008. H20 140° 23" 15.62"E.
37° 28'23.52"°N
Wh & | WhET&EFELE | 580 kl 2006. H18 140° 49" 45.91"E.
[ii] FREBHEL Y 36° 59'50.21”N
H—
Wh&E | LbhEmI257— | 523 kl 2006. H18 140° 54" 14.14"E.
[ii] a2 — 37° 530.34"N
AEWM | FTHEE—I/ %& | 3068 kl 1993. H5 140° 22' 54. 72"E.
EIi5 37° 28'50. 02N
IS ET WFIARH (¥F) - kl 2005. H17 140° 24' 52. 41”E.
36° 58 35.62"°N
HNAF | M550 5 - kl 2010. H22 140° 48’ 34. 20”E.
37° 20' 7. 74"N
BREEMT | (%) LM\ THERLE | 24 kl 2008. H20 37° 40" 40. 68”N.
2 Tz THh— 37° 40’ 40. 68”N
As |
INA AT RBFEE
EER | WS ULOFEBRM | 200 LB | 2003.H15 | BDF #A%} Sk 140° 0" 47.95"E.
#t YA 0 LB ERR 37° 39" 31.95"N
AEII | ®BWOEDY 400 LB | 2004.H16 | BDF #A¥ &l & 140° 22 11.89"E.
m (R 37° 18'52.83"N
)
Wh& | KEXRLy FEE |3 t8 |2005.H17 | KBEXRL v 140° 44’ 29. 23"E.
M (R | &iEkEE fi& 36° 58" 25.39”N
)
1= BF B E ()
WhE | BRBAYSA 2L | 1500 L/8 2004 BDF #A % & & 140° 56' 52. 31”E.
m (B | I 37° 824.71"°N
i)

2% BER.

ETA 31

http://www. pref. fukushima. jp/chiiki-shin/shinene/enefks/02/index. html (13.10. 28)

EEERE. BEAHEIRAILEF—DOR—,

B AEH

SOLLFEDHIRILF—HP, BEROF IR LF—HF. RNOHIRER—F (7

(2L X —7%45H),

http://www. pref. fukushima. jo/chiiki-shin/saiseiene/casestudies/energy. html (13.12.17)
BEE. 2012, GEEBEMGEIRLY—HEED 3 Y @HETHR). p24,
HAEAMBREERE VY —. NAAIRFFABRMBERT —2IRX—R, BEREHEE—F (N1 4
T 1 —EILEED

http://www2. jarus. or. jp/biomassdb/instinfolist03. html

HRXEey) —oHELZHP. http://gh-aizu. co. jp/ (13.12.25)
Google earth TOAHIE I,
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EEMERER
AEH | fEER% RBEE B FE | BBE
HiEET | #iEFE L ER | 65, 000 kW 1995 | 139° 41 "38"E. 37° 26 '24"N
FERT

LHABEN AR MRBETHED)

% RBEBE. 5D LFEOHIRIILF—HP, BEROFHIRILX—FF, BEROHIRESR—&E (h
BTATALD .

http://www. pref. fukushima. jp/chiiki-shin/shinene/enefks/02/index. html (13.10.28)

EXrXEY. EXHiEtmE,. $E. Google earth TOLIEHIFE, Wikipedia Hli2FHILEASERR,

EEREEIRILXY— - RAFRO—PzRL—P3a Y

BEEIRILY—
AT TEHh e &% Bis B | £E HE | BRE
BE |1

HEAE ELXRBEHFLUEESTF | 175 kl 2000. H12 140° 1'52.38"E.

(E) AT K EF A 37° 30'40.49"N

A—Re—T1 25

RKAHRA—VzRL—23 Y
ZEENR | KEKE 400 kW 1994. H6 139° 56’ 17.50"E.
1 (]) 37° 31'27.06"N
WhEm | 7273 1) 5K LE 3N kW | 2000.H12 140° 54'5.07"E.
(R) 36° 56’ 33.62"N

BE  BER. 32K LEDHIRIILF—HP, EEROFIRILF—FF. BRNOFIRER—5 (F
BTATAI) . http://www. pref. fukushima. jp/chiiki-shin/shinene/enefks/02/index. html (13.10.28)
EXREE. Rt AZER. BUEESEHR. FENRLHER. BERHROFA,

http://www. thr. mlit. go. jp/kor iyama/kor iyama/aizu/data/renewable_energy/lake. html (13.12.18)
Google earth TOHIEBEHIER.
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188 - KNRBH

kA
PRt | fEER % & B FE | BB EoERARY RIGE
o R
REET | KB A A S| 3,800 | MW | 1980 | EREN. Ak - Bk A | 141° 0'48.96"E.
& 37° 13'56.56"N
BB | RETA A% 2,000 | [ 1997 | RABARR - REACAT [141° 13.21E
L & 2 37° 39'51.15"N
FET | FHRERT | 2,000 | MW [ 1994 | SAES - ®RREH - BEH | 140° 56 43. 62°F.
R ARE, Bk - RE/A | 37° 50' 35 48N
<R
Wb & | 2EREBA | 1,625 | W | 1957 | LB - RREH - B | 140° 48'53.33"E.
L RIKA. B - Bl - BAL# | 367 5439, 77N

# - KENMFTX

2% BELIx@E4. REmx. B,
KAFEE . com, BERICHIXRNEEBR—E,

(13.12.17)
'rER.

BEAREIRALF—DOR—D

BAEF (2L X —

http://xn—tfrr70e8ee8z1b. com/1/fukushima. html

Al .

http://www. pref. fukushima. jp/chiiki-shin/saiseiene/casestudies/energy. html (13.12.17)
Google earth THHRIEHIFE, (13.12.17)
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BERMEBFMA - £E

BEEWEFI R
FITTE ek % RiEEE | B | FE ikl TRAEE
BE™ HACES)— | 165 k| 1988. S6 140° 29'29.17"E.
vera— 3 37° 45" 47.40"N
BE™ bhobhho)— | 119 k| 19717. S5 140° 25" 28. 06”E.
vera— 2 37° 45'5.90"N
ALt AR Y)—2t | 1,548 k| 1984. S5 140° 16 10. 917E.
VB — 9 37° 24’ 54.31"N
AT EALBR/EY | 6,761 k1 1996. H8 140° 24’ 46. 27"E.
2— 37° 25" 49.03"N
Whet | eifiERE 42 | 380 k1 1980. S5 140° 55" 32. 14"E.
— 5 37° 430.53"N
WhEm | EmiiEwmt>42 | 2,850 k| 2000. H1 140° 50" 47.10"E.
— 2 36° 56’ 26.96"N
=Mt BEEAHA S ) 133 k| 1995. H7 140° 13" 23. 78"E.
-t s— 37° 5°9.61"N
=Mt FRILIEB |2 297 k| 1996. H8 140° 15" 8. 78"E.
(R AT 37° 6'22.65"N
BEEm | VU—2RETE | 106 k| 1988. S6 140° 57'50. 12"E.
vB— 3 37° 40°9.84"N
ARNT | @mEEVE2— 597 k| 1990. H2 140° 22'0. 27°E.
37° 19°4.89"N
REYMEE
BE™ HALFEI)— ]800 kW 1988. S6 140° 29'29.17"E.
vtera— 3 37° 45" 47.40"N
ARl AAZ)—2+1 | 1,000 kW 1984. S5 140° 16 10. 917E.
va— 9 37° 24’ 54.31"N
AT EALFEREY | 1,950 kW 1996. H8 140° 24’ 46. 27"E.
2— 37° 25" 49.03"N
Whem | EmiliEwmt>42 | 3,500 kW 2000. H1 140° 50" 47.10"E.
— 2 36° 56’ 26. 96N
KEE T X - A —KEEH | 780 kW 1993. H5 141° 1'59.90"E.
(RRE) 37° 23" 40.89"N

2% BER.

ETA 31

SO LEDHIRIILF—HP, BEROFHIRILF—FFE, RNOHIRER—F (7

http://www. pref. fukushima. jp/chiiki-shin/shinene/enefks/02/index. html (13.10.28)
BEER. BEAHEIRILF—DOR—2, BAEH (ZRILF—FEHD,
http://www. pref. fukushima. jo/chiiki-shin/saiseiene/casestudies/energy. html (13.12.18)
Google earth TOHIF,
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Appendix 9: T 1 BIEERBLEAREIRILX—BERTAT7Z7IVTAR]
SEES (EfEH, KEE#TF BEHE  XTH)

BERICETABEARIRIILYI—ZERE LI-EHEAREESA IR EZMILDIREE

0. BERRVEYVEVDFTERIESHT7I230T700DRHIC

EER%Z BAMRIRIILY—XRETOH] &3 58, TBEMREIRILY—ZFEBLEL:
BB S M4 TR MIL] #TRELET, 2040 FICEERRNDOHEEBEE SN 1009 % B ETTHE
IRILX—TREIHT 2RHERRTL-HDICEF, BIckYD, BERTELSTERDA. V&

YOEYDEZRERMPTA TIRIANILDNOBZIBDEIBELNHLIDTIELELWNEEZFE LT,
FRUVEVYVDEYDFTERT HRER. FRAIGELGHEOE-SLLY . 7o2avT7Y
ERADRETHHEERFT,

BEAREIRILF—(IHBEREGZEOEGHLECEEL, EROZMAMMHFEICLY ., X
FEO—ALLRILOBER. . EFIFIRGEEEZEZFENIBDETT, HIZ. RBEEXX
EXTRECHKL-EERTHHEADOBH L FE ML ELZE L-BERGEIRIL
F—OREIRNKROONET, T T, BERLEHEZMEZ L L, BT RILX—DHIEK
EOERARELHBEZOREAN S RXOBEARIRILF—DBHE R DA HEM R Uthig( <
BIADBEMREIRIILF—EAREILEDOD. GISEEFRALE IEEBRICETABARETL
FILX—DRETYTP.9 1 EERLELIz, COREIYTELLIC. TBERIZEITSE
EREIRILE—2F VATV T £F LD, FEMDHINDEEY - hEY - REFED I DD
TYF7TEIC, BEFABEIRILY—ZEB L LIBRAELS A IR IMILERELET,

. BEARRIRLY—2F VAT y S

BEICBTA2BEARIRLF—DOIFTUFT YT (2020EM5)

KERH %)) INAFTR
"H- %

wn w0
|
RIS
21N I
.....
B8k DK EHARE 2
-0 RE-VH ®n

o
= B M
""" B SA AT ABBERTES

.....
ANBBERFRY

o
.......

......

Kilometers
40

. -?
e

N 0o 5 10 20 30

H1 BERICETIABEAREIRMILT—DIFIAT YT (2020 FM D)
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GISICK > TIRILF—EROEMEZRD: BERICETIFEMREIRILTI—DRAEY
iﬂﬁﬁiﬁ@R&meﬁ%J$U~E%?éﬁ@ﬁiT%I*w$—®$71/Vw#
BASMCHEY FE LIz, tginEHHeE LT, EBYIE. KEX. BRA. BH. N AR, @
YIZNA A TR, KFEFHE, F/PNKAOEBERFERETHLIZ LAV ET (E 1),
Fh&t, BERELBICEVT,. BATRIRILT—Z2EBELEZSM TRE A IILOBENT
BTHDEVZFET,
TBEMRIRILE—2F ATy TIICE BEARIRILY—2E B L LEHRATELES
AITRBANEEBET S5O LB ELIBETRIRIILTI—OEBREREREZ I RILE—
DFEFEITRLTVET,

2 AY—haZIa=F4RY FT—UDEE

SEDRETIH. —BETOXRFELREEAXTIELL . ERHEUEDO L S /MO D
EICAY—POZa=TA4ZBEL. OS2 T AIZBVT. EAOLBEHRBERTESLSH
INREDBEBEOHEAZRELFET (A2), BERICETSBEFMREIRLFT—DOIF T
<y (p1 E 1)) #83F(CL, L BB MEICH > BETREIRILY—%:&
RIZIENTEFET, FRIE. TEEBEX EVWSFTATREANIT+a £LT, AY—+
OZa2a=ZT4DREAXZHRETEE - EELET,

EERZ. BABNSHMNSBL TV HSEERZMAMTESAHREL. 22 =T 4 TOR

FBENTEEDII AT 4 ~HE, SOITABETELREEGHENITEHL T, HHMEA~
TEIEET,
QAT ADREZEETHRETLHIENRV., 2. BAHEF. AT 22T ROBREL. O3
AT A TRETIEVIBONIRARBE FRAMORGEAHEKEINET , 332 =T«
HAOIRILF—[ERT— A —F =LY EEBEIN . BNOFELHBEDNT VR EMELL
FlEL., EROFTRELENDEE - EBEZTLHVET,

AY¥—brAZ2a=FT4F. BHEECERILELGRLODOBHKERZBHEL. B L=

AT EBELEFTEI),
_L% E5 @" —ILINI R
™. =
.l'- = gﬁ "' FEEEE

n Hti T ] ~o_  WWOOFE 4" Z F/A\D X
P ,"k ." . i ~"~.
lllﬁa f ] ‘}-‘Eﬂ
BE ’ H S
e .=,
=
K2 RY—bFt2y b= B3 ARYv—Fa3I2=2T4HBEK

X THEEFX) 1] BRERLK (1965 F-) AMRIET 5. FEHBHNLGRDHLIELLELY T
WMEEZWEILSEDETM TREZAILDaAVET

BN AZE L SERY A TWNOOFE(V—T 1)1 DIRE

MBONANSAVEEZRETRAHERTE LT, BERRICENS 7 7—LRXTAORYHH
T'WWOOF (Wor Id Wide Opportunities on Organic Farms) 10— 2 5% (Z L .TWNOOFE Wor Id Wide
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Opportunities onOrganic Farms and Energy) ] W—2 4 EWSFiF-GRYBAHAZEIRELFET,
WOOFE TIZ, RIS TOFBEREZ T TEILC, REEZETOFBARBRATE, Av—+a =
AT AICEVWTHEHRAIRELE S A TR FAINERBRT D ENTEFT  BERIBETRILF—
P, FRAELE A TR IMIAEE BV LHEE., BEBRIE. BRP, HRIMSIT—F
AZa=F4FxYRI—=0DaAVETMIHEBRLEAUVEDNEFTEIMRELDZENHFS
NEFT, Tz, AVETMIHRL, EF-oTLKAAVEITKY, HEzBaAI 2T HREFE
L. WOOFE = = oA IFIZ, BB TH D WOOFEer APHEIRE LA AREMLEZ ONET ., R
X—hr3Za2=F 42y FDO—%ICWOOFE Z#ARAL T & T, BRI a =T 1 B
DHEHY . WOOFEer ZBEBALEBE, AQBMANEDRFEIIENTEET,

3¢ TWWOOF (Wor Id Wide Opportunities on Organic Farms) ] (tHRICIAN D EEESE TOEE)

Fﬁ$ ERBAT & TH@A1 2B 5E8H. BEOPY EYRF—TNENT7—LRT

o IBE -BREH] #1RE T 5A8%FARX FHOST) &LV, THEH] #1RET 28EFH—7
—(WWOOFer) E &S,

SEBAEMHRIRINY—2E8LLIEHAKRLGEIS =T« OHEEA

T T
BEREIRIVF— ; A TREA)V | BAERREIRVF I KBS
( A I
\6/ nq-mwfa :
-®- B - B ; . o i
71 | o : WWOOFEer
AWK mrEeR ] m ! FEEEER
s | ®hem - % | I WWOOFE #Z h A9 7
bl OFRSVD | 0 TRLF RV ABE g
U . I I
T~
’ ) “ “ | .... .II
| | '
IAIF— 1 )
Bh MNRE ui YTy ! T &
= 1
&5 whn SHBAOER .
‘ 1 1
& - i : “‘
i?{ B e ,};\ : WWOOFEer
TS
B ATR I I FEEE
& BB : - — i
& | ! WWOOFE 42 k/\ 5 X
] | M+ 0 TRILF—(FE+EV HEnE T
I I
I I
fn 2 i . “ | -
I } i
° | ul
BENAATR i y”mg 1
B - HR 2HTHORT
=g :
111 BA - S8 | “‘
[ | BA - B8 J <
] ; : WWOOFEer
b I | B B B
S 1 1 — , J L]
5 LZaRE I ] .
b " . WWOOFE #°Z k/\ X
‘ : B+ 0 TRIVF— 1%%+EV HEE |‘ ﬁﬁ /
12 . EY B ke
O e oo HE
ALUENE -F
1 1
I = | g
AT BA - 34 - W) iR ! R e
pr | I R
RE - 8N HENOEE , >

B4 EABERREI LY —ZE&RE LERTREEIS 22T 4 OEHEAR
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EEY., @Y REOHIEAIC. BEMREIRILF—ZERL LERAGELRII =T
1A DA ERELFT . M4 ICHIBEMMREIRILYF—ZERL L-thEEZOMICEL. &
BRICHHMIAEEROIBEOXIE. BREELGELZHAEDOES LT, BERLHNEZE I
ZTANKYBHETENGEDERDEZEZAONFTT  MIESBEDII 2 =T 1 R
—A—ADERBELEAIZKYEESIN, AZ2a=FT4 Ry FT—VICKYRBYBVLIDIE, O3
AZTABETHELHADEWVS . FREARTHIMGHESIEBEINTE T, L LOHFHEATEE
BIATREAIILE, AZa=2T4xy FI7—2F. AORAD#HEICEBLIZBRIZENT,
REDFLL L TEENEHLLGDIEEZONTET,

[ERRICBITABEMREIRILY—DBETY 71 £
1. B8
BEICETA2BERARIRIILF—DRFEGEFTOEREREDAREMEZIFESIEZBMET S,

2. /&
BAERREIRIILXY—CERERDOREEEEREBEHONCT O TEOFIELRET 5.
1 IRILF—HEEFH: —RIFRILXF—HEESE

2) BAFREIRLT—ORTUIYILIY TR BEREELFATREE

) BEARIRILE—OBHRBEREY Y TER
)
)

w

4) #HBEZYTERK
5) BRREXE:  BEFWRIRIILF—OZEMEE. FEHELGENDSELL
EFIRIFTED 2.1] - 12.5] THLLEHEAT 5,

2.1 IRILXF—HEE : —RIFILX—HEE

FTGISAAT—2F 2010 FEDT—42THY. 2011 EORAAKREKICK Y HEAODBHL
EDRHot=t=. GIS TAOBWEZETol=. AOBERUV—RIRILT—HEBET Y TO/ER
FEITR 11238,

1 —RIFILX—HEBETY TOERFIE

FIE e %

1. GISAOF—% TR 2 SESHEE (M), BEE. ADBBRUHES | [2]
1w,

2. BHADME BRI S IBRADBEE - 75817 A [3-5]

(2011 £ 9 A 22 B R) | BHEEXIEA D B DEEH - 275 9693 A

BRI LIS D RO B ERIEEEE - 275 3551 A

BRI LN D BRANDBETHIEEEE - 2756776 A

3. MEIETREHEAAD | BES. #HETREORE LROEHHNOHEZK [6]
HIE

4, BEBETRENGE | FERH#RE O FLULRERHS#EXE)
EHRE (2010 £AQO
) 2020 : BB LIRGE ; 2030 : 20% STl RIBERE

FEHRRE (MERDFEZBETRE)
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2020 : 40% TERMERRE ; 2030 : 60% TERMERE

BHETRRERRE (REHOREZEHETRE )

2020 : 60% TERmERE ; 2030 : 80% Tl RImERE

5. REAOFA AOZEEOMEMIE 2010—2020 £ 7. 52% FHL ; [7]

2020—2030 £ 16.99% R4 (2010 FZHFEL L),

6. —RIFIFX—HE | —RIRILFT—HEE=—ALYLY—RIFILT—HE
2y TEER 2 (R2I128H) xGBERELSERMEAD

%% : FBIF 2020, 2030 FAOHEZEFEA,

F2 —AHLY—RIXRILX—HEEHST

BA2E 2010 2020 2030
AOH#EET[T] 128, 060, 000 124, 100, 000 116, 620, 000
—RIFIILFX—HEESHET8] 501 Mtoex 491 Mtoe 482 Mtoe
—AHEY—RIRIILF—HEE | 3.9 toe/person | 3.96 4.13 toe/person
HEET toe/person

xtoe: ton of oil equivalent ; FHHIRE >, 1toe=41.87GJ=11, 630kW,

2.2 BETMEIRLE—DRTUIYIL
BEAREIRILY—ORTUOvILIETBERGEE] & TFIATEE] (CRTEEETo 1=,
NBEBEE) (XFEAIE LTHEMTM - #HEp - BEWNLESHEZEELLZVBREETH S, GIS
TlE. Bfip- M EEEmkL. TFIATERZ] NEETES,

AEEARE

GIS T—AA~A—X : E1ith¥Be, EBHEIER 25000, B EE. EBLHERER : 55 - &
MESRAv a1, FEE (RF) Avia (H24), AR H23), LHFAMS A v a
T—4% H21) . Fmuig, BRig, M, BARNEME, ARSI, THKERRKR
EFfTo

HEX ABAREBAEBEE]-FHEHGE KFEHRE) x BARAEOERE x 365 x ZiiEF A
=
(MJ/yr] (MJ/m? « day] [m?] [yr] [12%]

TFIATREE ] EHOF—N—LAEH (A HV—5—DEAEM)

1. #HEFERS  BHREZERC, BHIC TMEERE] 2B TR, TRERERE] 3
Bht, EIFEME, TEREHE., TXEARE] REFTERRE &G o1,

2. MEREELME  AERE0—-2.5%. MEEE ; ERE 2.5—15%. mmE[10],
ERHE - BRMRE., REHK. BRAREME. BRACE GRIRERSE) . THWKER
BREAERR<

4. IHFIA - BYAt. B, SE. TOMmAM. AIEHE. BE. BKE. JLT5EE
BR<,

5 @& 1.5ha LLE[11],
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A

GIS F—& A—% : ELiEkE, HMEHEER 25000, B384, ELEtER 125 - 18
RESRA YL, THFARES A YL 1TF—4 H21), Bk, BEhs, Mk, o
AAEME, BRRSME, tHRERRER. BREER, NEDO, BRIy T (500n A v
$a), TF—4 (dat) I dbf BRICERL. GIS TA v L afblis,

HFEX RANBEREEN2]=REREFREHEX1 ah-YERREEE

=EEZEDA v amiE/ (BEERx10) 2x EEOHIRHERE [13] x 8760 x AEH
Seh#R (12]
% REIES THFELHZ < 2000kw B 90m EEZFEH, AELEREREE 10 EERICEE
L7

[FIFTIRER | BHOA—/N—L 1 &H#

BESE (70m) : 6.0m/s LL_E[14-15]

KBSLE LHES - 20%LL T [14-16] ; 1000m LT [14-17]

BAEERS - TR [17]

ERG . ERAMRE, RRK, BRAESHE, BALE EIRERSE). TRKERR

BT, BEEERERLC (17,

4. THFIA: H. BYRAth, $RXERM. TOMORM. FIRCHE. TILI5. B
KERTT, HHk, SBIE. BHih, TO-EBAMT[T],

5. /N7 IRBESRTE - mATE R4 £>2000m[18] ; #1>500m[17-191 ; 8. JIl4: £>500m[10] ;
FRERLRE (AN ABENHRERE ., BABEFESE, BEEEX) >1000m[10, 18] ;
Ze#>2500m[15] ; FESRX18>2000m[15, 18-19]

o L=

NATIR-FHNAF TR

GIS T—A2 AN—X E 1Rz, EBEHEIEHR 25000, LR EE. BLHIERFR : FS - ER
ESRAY S, Hmithig, BEME, i, BANEMN, BAREHE, HERER,
REAEYSHREL S —, EEFAEE S E, NEDO, NS AT RAWFE - FIAFTREEDHEET.
HFMEERE (tkm A v 2 1)

FEFARHFEER. BREREZ=2 Y UV ER. BEREMBREAEHE 2013.12.11, 2KT
—%)

HERX HFMNAMATRARGEEV]="FMEAREXESHE X HEBAE X107
[GJ/yr] m/yr.1  [500kg/m*] [MJ/kg] [GJ]
B& - sTERFEE 19. 18W/ke ; [RERIFEE 18. 80MI/ ke,

rFAEEE ) BEHOA—N—L 1 &H
1. FMXEHES
2. ERH  BEMERL
3. {ERIE : 20%LLF[16, 20]
4. HMERMEE :0.1uSv/h LT [21-22]

AT R MIR R S B B =t [23] N, = Ny X 0.5T

NAFEFZ t [2H T BDRFE. NIEEZ t =0 DRFE. TEFHFEH (E2IL 134, 25 &2
L1337, 308F), Ff=. F6R(2012.11.16) DRERRICE Y. BRRMEFOERERICK DR
RLELD (FEFRH 15%) EEZALONS[24]. KBRICE T H5HMDEMBREF AT 5.
BEMGEICLESERT N (F6RDF) OEARELEE LT,
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TUOLBEEVIL DREFTEREEEL. TLNHEXTHREREZHAE L,
R = Cs134 X 70% + Cs137 x 30%

MAHRFRERICEDOE, IDWEZHEAL. 2020 F£& 2030 FOHRMEMBES R Iy T#
1%7“:0

NAFTR-KRFIA - BEVMNAA TR

GIS T—AR—2: ELiithiEke, EHEHXI{ER 25000, NEDO, /A <Y REEFE - FIATTEE
DH#E. TbhH. AR, Y. AZXX(kmAvda) XRFBAR - BEYMRER (HETFE
1) TTT—2 (xIs)I&. dof T—RIZERHEL . GIS TEREMETHARY T EER LT,
TRIRETREE ] BEHOA —/N\—L A &4 NEDO Rt L=T—421X THEEl & TADFE
AREE ] MASHTWSDT, HEFTRE] (& TEVDAETREE] OBEEZZTOEEHERAL
T=o

Hh g
GIS T—A2~A—X : Bk, ERMEIER 25000, REH, H24 FEERREI RILF—IC
BvoV—=—U U ERER. BERTER,

FERX MEAMEE-=REREE x E@E x 8760 x 5 fEFI AR
[kWh/yr] CkW/km?] (km’]  [h]  [70%]

TFAAEEE] BEHEOA—/N—L A &H
JRFE - 50°CLIE[17, 25]
TERIE : 20°
#HMHFER S - LR Es
FEHH . EAMXE, RFTH. BAGRSHE. BALE FHIGRERE) . BERERZ
&<
5. 1THIFIA : B, YR, BRERM. OO, ANIRTEE. TG, B
KA, FMA, MR, T, ZOE2RAME[17],
INY D7 —URTE - JRRH 1000m KL E
m#& : 0.5ha LI L

L=

XA

GIS T—AAR—X : At shiBpe, EBHRIER 25000, RFEE, H24 FEERIEET RAILF—I(C
B35y —= 0 EBER., /KA. <42 aKH0-100kW) - = =sKH (100-1000kW) % $h
H L=,

FEX KABEE=KALART 2L vl x8760 x FHiEF AE
[kWh/yr] [kWh] (h] [50%]

TFIAREEE] EHOA—/N\—L A1 &
1 RS RRMRE., REH. BAReEME., BALE FIRERSE). RERERZ
B <

2.3 BAETARIRIILI—OBEHKBERTY S (500m 4 v 1)

HES BREREN-—RIFLF¥—ARE/BETRIILF—OHNATREAH

EEHBEREE: xa70-0.8 ;BHREEE>125%
hEBBEREE: a7 0.8-1.25 B E B2 80-125Y% :
EBHERE . Xa7>1.25 ;B8 22 <A180%,
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2.4 BE<vT

TFATERE] EHOK, A—N\— LA B L B-EBETMREIRLY—OBATREREL A
YEER, BEIYTEER LIz, £z, BEBETREIRILY—ER. RRMEHRER
10km[26]. @ &ERRE., #MHREE AN,

2.5 BRREXE
HERE. BATREIRILY—OERERY Y 7. BETY TRSEEEBETRIRILY—
DEC 3y IY BEAFRRIRILF—EME. FEHELZEDAIFTOERALAFTE S,

3. #ER

3.1 —RIRILX—HEE

L2 1 DFIECH-T, AOE—RIRIILFT—HEBEERIITSHE, 2020 F, 2030 FFT
WA ELBRRICHELVOERN DN >z, BBEAODIRZBEEDOREIZEL Y. HEIHEK(E 2020—
2030 FDfE. AOE—RIRILF—HEEV LEMNOERT S EATI DT,

£3 EERICBTAIANOLE—RIFIILF—HEETAEE

# | | A0 —RIFIILF—HEE (GJ/yr.)

X X5 2010 2020 2030 2010 2020 2030

2 |83 262, 051 249, 117 223,607 | 42,791,559 | 41,304,906 | 38, 666,877

MR 29, 893 217, 645 24,814 4,881,163 | 4,583,692 4,290, 945
e

H Rit 497, 059 474, 225 425,860 | 81,166,125 | 78,628,979 | 73,641,111

bt} Rep 551, 745 523, 803 470,245 | 90,095, 740 | 86, 849,387 | 81,316,276

Y R 150, 117 140, 001 125,665 | 24,512,959 | 23,212,869 | 21, 730, 327

R 202, 713 142, 009 142,823 | 33,112,178 | 23,545,885 | 24,697,479

bt} (AN o) 342, 249 338, 636 303,959 | 55, 886,443 | 56, 147,587 | 52,561, 597

Y =

Total 2,035,887 | 1,895,436 | 1,716,973 | 332,446,167 | 31,423, 305 | 296, 904, 612

3.2 BEREER
ER22DEEFEICHK ST, BEBFEOHERREIRIDAEY ., EROZEM7HITE 5
[TZB, KBAENAFIRAIRASCEBEEBEFEEZH O &ATM o=, EhL L. BAA.

WwE, 2= -4V AKALELBRICFEELTL S,

4 BERICBTIBAFREIRILFI—OBERFEAERR

X REX | X B X | B BN AFTR (G/yr.) HhER KA
) (GJd/yr.) (Gd/yr.) | F#E RFA - B (Gd/yr.)

=37 (GJ/yr.)

=iF &iF 1,649, 380, 413 | 1, 335, 567 5,672,292 6, 765,281 | 4,031,570 | 1,734,745
msi#E | 1,301,851,592 | 1,205,125 1,851,971 2,098, 939 921,606 | 2, 761, 851

FaEy | Bl 875, 823, 528 785, 558 3,531,325 4,750, 331 467,028 462, 833
B 1,454,652, 744 | 1,533,576 6,679,078 8, 283, 394 143,910 359, 587
3E] 690, 962, 002 553, 976 3,952, 520 4,956, 428 19, 249 152, 787

AEEY | HEX 985, 262, 414 | 1,059, 140 4,897, 303 5,761, 468 1,238 238, 846
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Wbh& 689, 691, 755 606,831 | 4,113,452 | 5,984, 101 35, 257 243, 585

Bit - 1,647,624,448 | 7,827,791 | 30,697,941 | 38,599,942 | 5 619,858 | 5,954, 234

5 BERICETIEBEBFEENDEMAME (a. KI5 ; b.BA; c. ZFMNLATR ;d. X
FIFA - BEYMNAATR e B . f. S = - <2444 0KH)

3.3 FIATTREE

FER220DEHEHEF—N—LA L. EFEAREIRILT—OF ATREEERD ICSHE, K
SHEEFAIRIIF AR EEFMEE EEREaHE. 6 /1=, FIAMRERDOZMAMITE 7
1258,

RO BERICETLIBATMRIRIILT—OFATREREHRE

R | RER | AHV—-5— | AN A AR (G/yr.) th KA

ey MR (2020) | RFIA - & @J/yr.)

(GJ/yr.) (GJ/yr.) =) (GJ/yr.)

o | o 12,155, 400 93, 742 1,143,591 | 2,742,340 | 1,664,734 | 1,244, 265

e 2,612,457 45,108 348, 803 464, 288 499,986 | 1,724,135
hE | B4 8, 449, 481 61, 982 946,895 | 1,304, 350 89, 005 245,175
Y

1B th 21,018, 417 213,709 2,764,895 | 3,242,402 42,183 225, 566

B g 16, 376, 603 83, 800 1,606,596 | 1,163,934 11,474 92,090
E R | AW 28, 2179, 549 302, 983 992,506 | 1,834, 251 124 124,723
Y

Wh= 14,234,210 151, 444 1,610, 949 837,067 11,873 187, 230
a5t | - 103,126,117 | 1,012,768 9,414,235 | 11,588,632 | 2,319,979 | 3, 843, 184
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6 RERIIHITHHHINEFTIAREFH BMIBELNILUNDERA —N—LAFH) O
HEHEE, (a.2013;b.2015;¢c.2020;d. 2023;e. 2028;f. 2030.) 4 L —IFHEtREL RIL
0. TuSv/h L EDREL, FRIEMATREL AL 0. 1uSv/h UTO R, #FE (XS Ee L RILLS D
FHA—N— LA FHDHEMRREEZ TR,

g@f

A D -

K7 RBRICEITAHATREENDEMS TR (a. KXEEXL ;b BN c. FMANSAATR ; d X
FIA - BEWMNAATR ;e .t f. 3= - <2445 0KAN)

S ABEMEEIRILF—OBEHKRERTY T
—RIFILNX—HBEL TN TOBEAREIRIILT—FATEEEIL GIS ZEA L. 500m A v
DaAlTHE Lz, TN LHEBEEL A VEMATMRELAIVYEF—N—LAL. B8O &SI
RN 2020, 2030 FEMRBERY Y TEER LIz, BRERY Y JICEDE, RRORE LR
WERENIRO6ICEFLD-,. S BXERHMREEBERBERRIIERNTEEL TS, 2
BHEEL,. SERERERE LK SERICHHL., EERBERRIHE < PREYHRIZS
LTSI EMAELAIZLT,

.5y

EHA—N—LAICELBONEIRILTE— (AHY—F—, BA. N1 AT X, #hEL, K
) OFATTEERE—DOV Y FTICRE., -, BEBLEUTRIRIILT—HER. S RHEHRIE
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B 10km[25], EEEfERIRIG, MAREHIMZ ., ZREBETY TEERLE B9 ). v TZ
SHRESBAFARIRIILF—DOED a3 VI Y, BAMRI ALY —ZMGE. TEHELGE
DABADEHREXZBEDERANAFTE S,
# 6 2020, 2030 FE THKBRMRER S

WX | RERS | SBEEEHmX hERE K EBHE X
2020 2030 2020 2030 2020 2030

2% | 2F 10. 0% 10. 1% 1. 5% 1.4% 11. 0% 10. 9%

I 13. 1% 13. 1% 0. 3% 0. 3% 3. 7% 3. 6%
b & | R 1.9% 1. 9% 0. 4% 0. 4% 10. 4% 10. 3%
Y aan 5.1% 5. 1% 0. 6% 0. 8% 11. 4% 11. 3%

R 2.1% 2.2% 0. 5% 0. 5% 6. 3% 6. 3%
OB | X 6. 0% 4.8% 0. 6% 0. 9% 6. 2% 1.1%
Y LWhE 1. 5% 1. 5% 0. 8% 0. 8% 6. 6% 6. 7%
a5t |- 39. 7% 38. 7% 4.7% 5.1% 55. 6% 56. 2%

ogve

neyvE

opve

A
N o 5 10
et

N osw ®
e

53| Eneray seif-sufficiency map for Fukushima in 2030. (500m mesh)

Kaometwrs
©

8 T|EBRIZHITS2020F, 2030 FOBEMHBERET Y J (a. 2020 £ ; b. 2030 )

HBRIZETIBETRIFINLF—ORET Y T (20205F)

* EBHEAR

BHER

*  FTORBETRIFLY—ER

o Iz I4OKHMMERLGHER

— BMERER

[ mxmpwmn (oeexwm
BARRBATRERE

W 1 Hy-—s-sATRRE

B smaeaneE 200%)

I ennm - pumRATERE
HLER

e

9 BERICETIBERREIRIILT—ORET Y T (2020 F£F THEAFRELFHRE % &

)
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5.F¥L®D

AREEN S BAEFARIRLT—OBHRBARY Y TRUVREY Y TOERMIZ GIS ZEAT S
CET. HEEBAVRIRILYI—OFATRE. BEATRER. RUZTOMERFRES MY P
FTCARIET A ENATE BEARIRILT—DRENFAOEEKIECAENEEZ N D,
SRGBAFRIAILT—ZEBMISERAL TO S EAFRTREGHERICHET T, &EFE.
R, EERRGELHREAEATREME, ST UFAHERFL TV LN, SREDE
FEEAOGND, BEFARIRLF—DOEAICKY ., BEREXLURDERICE - TLEERER
—RTHb,

HEF
CHEZHEV-EEHEOATERRICRHBLEY, - AREZOAM E# FHRE U
BERKOCHAZEEEL, CIICRBOEEZRLET,
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