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Photovoltaic power 
generation
太陽光発電

Wind power
generation
風力発電

Hydrogen energy
storage

エネルギー貯蔵

Geothermal
energy

地熱・地中熱

産総研
福島再生可能エネルギー研究所

FUKUSHIMA RENEWABLE ENERGY INSTITUTE

技術で再生、技術で復興、技術で世界へ！！！

37



福島再生可能エネルギー研究所の
設立にあたって

独立行政法人 産業技術総合研究所（産総研）は、政府の「東
日本大震災からの復興の基本方針」（2011年7月）等を受けて、
「再生可能エネルギーさきがけの地、福島」に、「福島再生可
能エネルギー研究所」を設立しました。

東日本大震災からの復興はまだ道半ばです。産総研がオープ
ン・イノベーションのまさにハブとなり、大震災からの復興と
我が国の産業競争力強化に貢献していきたいと思います。特
に福島再生可能エネルギー研究所では、「世界に開かれた再
生可能エネルギーの研究開発の推進」と、「新しい産業の集
積を通した復興への貢献」を大きな使命とし、国内外から集
う様々な人 と々共に、新技術を生み出し発信する拠点を目指し
ています。

独立行政法人  産業技術総合研究所
理事長
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太陽、風力、地熱、水力、バイオマス等の再生可能
エネルギーは、我が国の貴重な国産エネルギー源で
あり、エネルギー供給の多様化や安定化、地球温暖
化防止等を目的に、早期の大量導入が期待されてい
ます。世界的にも、化石燃料の有限性、地球温暖化
防止を背景に、再生可能エネルギーの導入が急速に
進展しています。

再生可能エネルギーの大量普及のためには、時間的
に大きく変動する、コストが高い、場所ごとに適切な
技術の選択が必要、等の課題を解決する必要があり
ます。このため、本研究所では、以下の基本目標を
掲げています。

１． 水素や蓄電池等のエネルギー貯蔵とパワーエレ
クトロニクスを駆使した統合システム技術を開
発し、時間的に変動する大量の再生可能エネル
ギーを活用する技術モデルを実証します。

２． 軽量安価な太陽光発電モジュール等の革新的技
術の研究開発を行い、大幅なコストダウンを実
現します。

３． 健全な技術普及と社会による受入れを支えるた
め、地熱、地中熱等の再生可能エネルギーデー
タベースを構築し提供します。

これらを、企業や大学、海外研究機関等の人 と々共
同で行い、素早い事業化と普及に繋げると共に、長
期的な人材育成にも貢献していきたいと考えていま
す。

私たちの目標

郡山布引高原風力発電所（福島県郡山市）
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太陽光発電、風力発電を高密度・集中的に導入し、
研究所の電力需要の半分を再生可能エネルギーで
供給します。将来の実証実験では100%の電力
自給を目指します。
●水素キャリア、蓄電池、蓄熱等のエネルギー貯
蔵とエネルギーマネージメントを統合し、電力
自立が可能な再生可能エネルギーネットワーク
を構築します。

●スマートグリッド、マイクログリッドの模擬実験
設備を企業等に開放し、インバータや蓄電池な
どプロトタイプの試験評価のためのテストベッ
ドとしても活用していただけます。

再生可能エネルギーネットワーク開発・実証

主要な研究テーマ

太陽光発電、風力発電等の変動する電力を、長
期的かつ大量に貯蔵し、効率的に利用するシステ
ムを開発し、再生可能エネルギーの大規模貯蔵と
電力需要の平準化を目指します。
●水素を高密度に貯蔵出来る水素キャリア（有機
ハイドライド、アンモニア等）の製造技術とこ
れを利用する高効率コジェネエンジン技術を研
究開発します。

●水素キャリア製造から熱電併給までのトータル
システムを開発・実証します。

水素キャリア製造・利用技術

風力発電の導入拡大のため、高度な風況予測技術、
騒音低減技術の開発、及びそれらを利用した風車
運転技術を開発することにより、発電電力量の５％
向上と、使用年数の10%向上を目指します。
●発電電力量の画期的な増大技術として、風車ナ
セル搭載LIDARによる風車の予見制御アルゴリ
ズムを開発します。

●発電電力量と環境影響（騒音など）をより正確
に予測できるようにするため、サイトアセスメン
ト技術を改良します。

高効率風車技術およびアセスメント技術

4

世界最先端の再生可能エネルギーネットワーク

再生可能エネルギーからの水素キャリア製造・利用

ナセル搭載LIDARによる高性能化研究 音計測システム化研究

40



太陽光発電による発電電力量コスト10円/kWhを
目標に、徹底的にコストを下げます。
●高効率と省資源を達成する薄型（80μm）結
晶シリコン太陽電池を、量産レベルで試作可能
な研究開発環境を構築します。

●低コスト・軽量モジュールの開発を、コンソー
シアム形式（参画企業20社）で実施します。

●素材、製造装置、評価装置など様々な業種の
企業との共同開発を推進します。

●福島大学による極薄太陽電池、JSTによる量
子効果（ナノワイヤー）太陽電池の開発とも連
携します。

薄型結晶シリコン太陽電池モジュール技術

産総研の地質計測・探査技術を駆使して、地熱貯
留層の適切な開発・管理や温泉資源との共生を実
現します。
●地熱の高度モニタリング技術を活用して、地熱
発電の開発に要する費用を削減します。

●環境アセスメントに要する期間や地元への配
慮、温泉審議会への対応のような社会的要因に
対して合意形成を図るためのデータと知見を提
供します。 

●地熱貯留層の貯留能力改善や人工貯留層開発
のための技術開発を行い、国内外における環境
と調和する適正な地熱発電可能地域の拡大を
目指します。

地熱の適正利用のための技術

通常のエアコン（空気熱ヒートポンプ）より高効率、
省エネルギーの地中熱利用冷暖房システムを、地
質情報によって高性能化・低コスト化し、普及促
進します。
●現地地質調査・地下水調査を実施し、地下水流
動・熱交換量予測シミュレーションに基づく地
中熱ポテンシャルマップを作成します。

●このマップを使うと、地中熱利用システムの設
計精度が上がり、システムの高性能化と低コス
ト化が達成されます。

●様々な地質特性に最適化された地中熱利用シ
ステムの設計技術を日大、福島県ハイテクプラ
ザ、地元企業と共に開発します。

地中熱ポテンシャル評価とシステム最適化技術

5

薄型結晶シリコン太陽電池（セル・モジュール）の一貫製造ライン

産総研が調べた地中熱のポテンシャルマップ
（イメージ図）

地熱発電と温泉の共生の考え方
南伊豆地域で実施した

坑井掘削
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エネルギー管理棟
屋上展望台

実験別棟

実証フィールド

研究本館

太陽光用パワーコンディショナ、蓄電池、エネルギーマネー
ジメント等の性能評価を実施できるユーザーファシリティ
です。

実証フィールド・テストベッド

研究所の特長

シリコンインゴットからパネルまでを一貫製造する薄型結
晶シリコンの量産技術を開発します。
企業コンソーシアム（20社）で共用します。

薄型結晶シリコン太陽電池モジュール
製造ライン

太陽光発電、風力発電、地中熱・太陽熱利用、水素コジェ
ネ発電等を整備し、再生可能エネルギーの大規模な発電
と貯蔵・利用技術を実証します。

その他の利用設備

研究本館（4階建、免震）は高い環境性能を有し、実験
別棟（平屋建）はニーズに応じて柔軟にレイアウトできる
大空間構造です。太陽光、風力、地中熱を活用して、研
究所の電力使用量の半分を再生可能エネルギーで供給し
ます。

研究棟

※完成イメージ
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産総研は、日本最大級の公的研究機関として、多様な研究人材、先端的な研究インフラ、研究成果、技術融合や人材育成
の仕組み、地域拠点とそのネットワークなどを活用・発展させ、産学官との連携の中核的な役割を担っています。福島再
生可能エネルギー研究所は、地元大学や国内外の機関と連携を進めています。

産学官の連携

福島再生可能エネルギー研究所で生まれた世界最先端の技術を、産学官のみなさまに使っていただけます！
● 再生可能エネルギー分野へのビジネス参入に御関心ある方々からの技術や共同研究についてご相談いた
だけます！

● 御社で開発された新製品を、研究所の性能評価テストベッドで試していただけます！
● 幅広い技術内容に、全国の産総研研究者などにご相談いただけます！
● 再生可能エネルギーに関する最新動向を入手できます！
まずは、お気軽にご相談から。

福島再生可能エネルギー研究所の国内外の産学官連携

7

■お問い合わせ先
福島再生可能エネルギー研究所 :〒963-0215　 福島県郡山市待池台2-2-9
（平成25年度中は〒305-8568 茨城県つくば市梅園1-1-1 中央第2）
TEL:024-963-1805　FAX:024-963-0824　メール: frea-info-ml@aist.go.jp
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独立行政法人 産業技術総合研究所

福島再生可能エネルギー研究所
福島県郡山市待池台２丁目　郡山西部第二工業団地

■お問い合わせ先
福島再生可能エネルギー研究所 :〒963-0215　 福島県郡山市待池台2-2-9
（平成25年度中は〒305-8568 茨城県つくば市梅園1-1-1 中央第2）
TEL:024-963-1805　FAX:024-963-0824　メール: frea-info-ml@aist.go.jp

2014.1
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ABSTRACT: The deserts are suitable areas for large solar power plants, because of abundant sunshine and enormous 

land. Both are important factors for solar power plants. However, not all desert areas are suitable for installation, for 

example sand dunes, water, and cliffs. But there is one kind of desert area which has flat and hard ground. It is gravel 

desert which can be a suitable location. Therefore, the authors proposed a method to identify flat desert areas for large 

solar power plants using satellite images. It consists of three criteria; (1) Mountainous classification to find cliffs and 

sand dunes, (2) Ground cover classification by maximum likelihood estimation, and (3) Vegetation classification to 

find lower vegetation area. With the criterion, a land suitability index map; a detailed map of flat areas, of the Sahara 

desert had been computed. In this paper, the criterion has been refined in order to evaluate higher vegetation regions 

which are located at the fringes of desert. The revised criterion was applied to the Sahara desert, and the land 

suitability index map has been computed. 

Keywords: Remote sensing, Satellite images, Desert, GIS, Map 

 

 

1 INTRODUCTION 

 

Rich sunshine and huge land of deserts should have a 

possibility to generate huge amount of energy with solar 

power plants. To evaluate its possibility, two research 

topics were proposed. One is an environmental potential 

study by a life-cycle assessment (LCA). It was assuming 

100 MW to 1 GW very large scale PV system in deserts, 

and evaluated energy input-output and CO2 emissions [1-

7]. The other is a geographical potential study by remote 

sensing using satellite images. The aim of this study is to 

develop a method to extract suitable locations in deserts 

for large solar power plants. Up to now, the method for 

dry conditions was developed [5-9]. However, electricity 

demand is usually not located in center of deserts but 

fringe of desert which is semi-arid regions. This paper 

aims at updating the analysis method of remote sensing 

for semi-arid areas, and at evaluating the geographical 

potential of solar power plants. 

 

 

2 APPROACH 

 

2.1 Definition of suitable areas and land suitability index 

for solar power plants 

There are some types of deserts consisting different 

surfaces. There are not only beautiful sand dunes but also 

cliffs, gravels, trees, and water. It is not easy to install 

solar power plants in the sand dunes, cliffs, and water, 

and trees should be preserved because of their major role 

in such biotopes. But the gravel desert is suitable, 

because it provide a flat and strong surface. Therefore, 

the authors defined the place similar to the gravel desert 

as suitable areas for solar power plants.  

However, there is some vegetation even in the gravel 

desert. It is better to choose low vegetation areas, 

although they may be far from grid or demand. So, the 

authors included information of vegetation level to the 

gravel region map, and defined land suitability index. 

Map of the Land suitability index can be called land 

suitability index map. 

 

2.2 Satellite images 

Images used in this study were taken by two satellites. 

One is LANDSAT-7 which is managed by USGS (U.S. 

Geological Survey) and National Aeronautics and Space 

Administration (NASA). It carries the Enhanced 

Thematic Mapper Plus (ETM+) with 30-meter visible, 

near-infrared (IR), and the shortwave infrared (SWIR), a 

60-meter thermal band, and a 15-meter panchromatic 

band [10]. This study uses a set of 3 bands which are 

Band 2-green, Band 3-red, and Band 4-reflected IR. This 

set is known as Natural Color and False Color used for 

research on vegetation. These images were used for 

criterion of mountainous and ground cover image 

explained in section 2.3. 

The other is NOAA lunched by NASA and run by 

National Oceanic and Atmospheric Administration 

(NOAA) for purposes of weather forecast and so on. The 

Advanced Very High Resolution Radiometer (AVHRR) 

which is one of the sensors carried by the NOAA is often 

used for research on vegetation for example normalized 

difference vegetation index (NDVI). This is used for 

criterion of vegetation explained in section 2.3. 

 

2.3 Analysis method 

Remote sensing with satellite images was applied to 

large size of desert areas. Three criteria were proposed so 

as to divide deserts into five types: sand dunes, cliffs, 

gravels, trees, and water. There are: (1) mountainous 

classification to find cliffs and sand dunes, (2) ground 

cover image classification by maximum likelihood 

estimation which is supervised classification, and (3) 

vegetation classification. The mountain classification and 

ground cover image classification are based on 

LANDSAT-7 images, which have a high resolution (30 

m); and vegetation classification are based on NOAA 

images, which cover all seasons. Here is the explanation 

of the criteria: 

(1) The mountainous classification 

The mountainous classification is performed by edge 

extraction to identify cliffs, ridge of mountains, and sand 

dunes. A Laplacian filter is applied so as to make the 

algorithm able to extract slanting edges (in addition to 
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vertical and horizontal edges) [5]. After that, dilation and 

erosion are applied. 

(2) The ground cover image classification  

The ground cover image classification is performed by 

maximum likelihood classification which is comparison 

between target images and training images by computers 

(Supervised classification). Five categories are 

discriminated: meadow, steppe, gravel, sand dune, and 

water.  

(3) The vegetation classification  

The vegetation classification is by based on a vegetation 

index, the so called NDVI (normalized difference 

vegetation index) which is calculated thanks to near-

infrared and infrared spectrum data of satellite images. 

This data were obtained from CEReS: Center for 

Environmental Remote Sensing, at Chiba University [11]. 

NDVI of every 10 days which means 36 data per year are 

in the database. Maximum NDVI (NDVIymax) of each 

pixel in 1995 to 1999 were selected for vegetation 

classification. Relation of NDVIymax and actual amount of 

vegetation was explained in a paper written by Ma and 

Veroustraete [12]. They discussed NDVI in north-west 

China which include Gobi desert. NDVIymax of forest is 

over 0.6. Meantime, meadow and steppe falls between 

0.4 and 0.6, and desert steppe is less than 0.4. In case of 

true desert the NDVI is smaller than 0.1. In the present 

paper, the authors were defined three levels: Desert level 

(NDVIymax <0.15), Steppe level (0.15 < NDVIymax <0.35), 

and Medow level (0.35 < NDVIymax <0.55). Higher 

NDVIymax than 0.55 is assumed to be Trees. 

Figure 1 shows an example of the whole analysis 

using the three criteria. All criteria explained above were 

weighted and integrated, and results were obtained. Light 

green area in the figure 1 showing suitable area which 

does not include sand dunes, cliffs, and water. 

These calculations were done by C language and 

Quantum GIS for computation and Google Earth for 

display. 

 

 
Figure 1: An image of remote sensing analysis using 3 

criteria to identify possible ground condition from 

satellite images. They divide pixels of satellite images to 

5 categories; sand dunes, cliffs, gravels, trees, and water. 

The gravels areas are displayed in light green. 

 

2.3 Update of integration method 

Because the preservation of vegetal cover was one of 

our starting principles, high vegetation areas were not 

considered as suitable areas in the previous version of the 

criterion [5]. Meadows in the ground cover image 

classification, and higher NDVIymax than 0.55 were 

categorized as “not suitable” as shown in figure 2. That is 

to say, the previous criterion only focused on arid areas.  

To evaluate fringes of deserts, the integration method 

has been updated. Areas where trees are detected can 

now be found suitable.. Areas with NDVIymax higher than 

0.55 were changed to be categorized as “candidate” as 

shown in figure 3. This means that the authors provide 

data of vegetation level; and users can choose utilizing 

higher vegetation areas or not. 

 

 
Figure 2: A scheme of integration scheme (previous 

version). Meadow and NDVI; higher than 0.55, were 

found not suitable. 

 

 
Figure 3: A scheme of integration scheme (updated 

version). Meadows and NDVI; higher than 0.55, are now 

found candidate. 

 

 

3 RESULT AND CONCLUSIONS 

 

Figure 4.1 and figure 4.2 show results in Burkina Faso 

calculated with previous and updated criteria. Sand dunes, 

cliffs, trees and water are displayed as non-colored area. 

Colored areas were correspond to zones where PV plants 

could be established. The color codes for the vegetation 

level: red for desert, orange and yellow for steppe, light 

green and green for meadow, and dark green for trees. 

Ones could notice color squares in the 2 figures. 

These squares correspond to satellite images. In the 

figure 4.1, there is big difference at a border between 2 

squares. Figure 4.2 with updated criterion shows 

seamless color between the 2 squares.  

Changes of integration method of criterion increase 

possible area to be evaluated. The area is candidate for 

large scale power plants. 

 

 
Figure 4-1: Results of the remote sensing according to 

the previous criterion. Colored area shows candidates for 

large scale power system. Colors show vegetation level. 

There is difference of vegetation between two squares in 

figure 4-1, but they are fixed in the updated criterion 

figure 4-2. 
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Figure 4-2: Results of the remote sensing after updated. 

Caption is similar to figure 4.2. 

 

 
Figure 5: Land Suitability Index map for Tunisia. 

Suitable areas for Solar power plants are colored. 

Furthermore, the color indicates the vegetation of the 

areas identified. The blue line indicates the trip along 

which satellite data have been compared with 

photographs taken on the ground. 

 

 
Figure 6: Suitability Index map for North Africa. 

Suitable areas for Solar power plants are marked in color. 

Furthermore, the color indicates the vegetation of the 

areas identified. Here, they do not only consider land 

suitability, but several other parameters have been also 

taken into account. 

 

 

4 FUTURE WORK 

 

To evaluate accuracy of this paper, ground truth will 

be done. It is a comparison between computed result and 

actual land condition with a GPS and a camera. By 

synchronizing time of GPS and camera, the photo’s 
location can be obtained. Recent mobile phones which 

has both functions are also good tool. Figure 5 is an 

example. Following blue path by car with GPS and 

camera, computed result can be compared with photo 

with GPS data. 

Goal is to find the most strategic locations. Other 

criteria such as life-cycle analysis for CO2 emissions and 

energy consumption, distance to grid line or marine, and 

electricity demand can be combined like showing in 

figure 6. 

 

5 REFFERENCES 

 

[1] M. Ito, K. Komoto, K. Kurokawa, Life-cycle analyses 

of very-large scale PV systems using six types of PV 

modules, Current Applied Physics, 10 (2010) S271-

S273. 

[2] M. Ito, K. Kato, K. Komoto, T. Kichimi, K. 

Kurokawa, A comparative study on cost and life-

cycle analysis for 100 MW very large-scale PV 

(VLS-PV) systems in deserts using m-Si, a-Si, CdTe, 

and CIS modules, Progress in Photovoltaics: 

Research and Application, 16 (2008) 17-30. 

[3] M. Ito, K. Kato, H. Sugihara, T. Kichimi, J. Song, K. 

Kurokawa, A preliminary study on potential for very 

large-scale photovoltaic power generation (VLS-PV) 

system in the Gobi desert from economic and 

environmental viewpoints, Solar Energy Materials 

and Solar Cells, 75 (2003) 507-517. 

[4] K. Komoto, C. Breyer, E. Cunow, K. Megherbi, D. 

Faiman, P. van der Vleuten, Energy from the Desert: 

Very Large Scale PV Power-State of the Art and Into 

the Future, Routledge, USA and Canada, 2012. 

[5] K. Komoto, M. Ito, P.v.d. Vleuten, D. Faiman, K. 

Kurokawa, Energy from the Desert: Very Large Scale 

Photovoltaic Systems: Socio-economic, Financial, 

Technical and Environmental Aspects, Earthscan, 

2009. 

[6] K. Kurokawa, K. Komoto, P.v.d. Vleuten, D. Faiman, 

Energy from the Desert: Practical Proposals for Very 

Large Scale Photovoltaic Systems, Earthscan, 2006. 

[7] K. Kurokawa, Energy from the Desert: Feasability of 

Very Large Scale Power Generation (VLS-PV) (v. 1), 

James and James, 2003. 

[8] M. Ito, Y. Hamano, K. Kurokawa, Solar Resource 

Potentials of a Very Large Scale PV System in 

Sahara Desert, Journal of Arid Land Studies, 19-1 

(2009) 105-108. 

[9] K. Sakakibara, M. Ito, K. Kurokawa, A Resource 

Analysis on Solar Photovoltaic Generation System on 

the Gobi Desert by a Remote Sensing Approach, 

Journal of Arid Land Studies, Vol.14S (2004) 235-

238. 

[10] USGS, Fact Sheet 2012-3072 "Landsat - A 

Global Land-Imaging Mission (2013). 

[11] C. University, Twenty-year Global 4-minute 

AVHRR NDVI Dataset of Chiba University (2001), 

http://www.cr.chiba-u.jp/, Aug 2013 accessed. 

[12] M.G. Ma, F. Veroustraete, Reconstructing 

pathfinder AVHRR land NDVI time-series data for 

the Northwest of China, Adv Space Res, 37 (2006) 

835-840. 

 

 

28th European Photovoltaic Solar Energy Conference and Exhibition

3596
119



ð

120



 
 
 
 
 
 
 
 
 
 

 
 

121



122



#�
��

�
�

"#
�$

Ú
 
Û
�
 
Ü
Ý
/
�
�
�
�
¢
�Þ
�
�
��
�
�
¢

-
Ý
ß
+
Ù
à
á
w

â
(
n
ã
i
r
ä
å
�
æ
ç

�
�

�
�

�
�

�
�


�
�
�
	


�
�
�
�
�
�
�
�
�
�
�

�
�
Æ
�
"
�
�
#
�
$
�

è
é
ê
ë


�
�
�
	


�
�
�
�
�
�
�
�
�
�
�

�
�
Æ
�
"
�
�
#
�
$
�

è
é
ê
ë

�
�

�
�

�
�

�
�

�
ë

ì
í
î
ï
�
�
 
!
�
ð
à
Ù
ñ
ò


�
ó
�
	


ô
õ
ê
ë

�
ë

ì
í
î
ï
�
�
 
!
�
ð
à
Ù
ñ
ò


�
ó
�
	


ô
õ
ê
ë

Z=
��

��
	�

��
�

�

�

�
ó
�
	


ô
õ
ê
ë

ö
÷
	



ø
ù
ê
ë


�
ó
�
	


ô
õ
ê
ë

ö
÷
	



ø
ù
ê
ë

C=
��

��
��

��
��

�	
	�

��
��

� #�
��

�
�

"#
�$

Ú
 
Û
�
 
Ü
Ý
/
�
�
�
�
¢
�Þ
�
�
��
�
�
¢

-
Ý
ß
+
Ù
à
á
w

â
(
n
ã
i
r
ä
å
�
æ
ç

i
j
ì
í
î
ï
�
�
 
!
�
>
ú
û

n
j
ü
ý
î
ï
þ
�
Ù

Mí
�

�
¥
>
w

�
�

R
i
j
ì
í
î
ï
�
�
 
!
�
>
ú
û

n
j
ü
ý
î
ï
þ
�
Ù

Mí
�

�
¥
>
w

�
�

R
r
j

&�
�

�
>
â

	
�
Ù

r
j

&�
�

�
>
â

	
�
Ù



j
�
�
�
�
�



j
�
�
�
�
�

Z=
��

��
	�

��
�

�

&
C=

��
��

��
��

��
�	

	�
��

��
�

#�
��

�
�

"#
�$

,

=

+0
00

2%
�

�
�
b

�
6
7

�
�

J

�
�

��
��

�QQ
�

�
��

��
��

�
��

��
�Q

��
��

��
��

��
��

��
��

��
��

��
Q�

��
��

��
�

Q�
�


	�
�

��
��

	�
�

�
�
>
6
7

�
�

�
�
$
ì

�$
��

|
Q�

"�
#�

��

�
�

+0
.0

02
% 4

71
.0

%

�
�

�
b

�

	
u

�
z

6
7

�
�

J
1.

36
7 

kW
m

-2

�
�

71
.0

%

�&
&,

.2
2

	
u

�
z

6
7
8

10
0%

6
7
8

6
7

�

29
.0

%
3�

,3
22

� 
&,

.2
2

10
0%

�
=

�
t

�
�
Z
=

<
=6
7

�

�
�

.2
,2

22

37
9%

:.
,3

22
24

.0
%

	
u

�
J

�
8

g
B
h

Z
=

â
�

 
â

!
�

�
�

�
b

�

37
.9

%
�4

4
�&

&,
.2

2
71

.0
%

g
B
h

"
~

+0
.0

2%

42

Z=
��

��
	�

��
�

�

4
U

ni
t: 

TW
=1

01
2

W
D

at
a 

so
ur

ce
: B

. S
or

en
se

n,
 1

99
1

0.
08

%
#

$
%
_

�

#�
��

�
�

"#
�$

,

=

6
7

�
�

J
1

36
7

kW
m

-2
6
7

�
�

J
1

36
7

kW
m

-2
�
�
�
b
�

&
'

(

�
�

1.
36

7
kW

m
1.

36
7

kW
m

	
u

�
z

6
7
8

�?
"

�#
#

�?
"

�#
#

71
.0

%
�"

"�
�#

#
�
�
�
b
�

+0
.0

02
%$

�
�
�

	
u
�

>�
�>

##
24

.0
%

�?
"

�#
#

�?
"

�#
#

10
0%

!�
�>

##
53

.0
%

Z
)
u
5
u
p
5

*
u

<
�
�
�

b
�

29
.0

%
�#

�#
##

�#
�#

##
Z
�

37
.9

%
��

�>
##

)
9

$�
##

#
20

.9
%

�
�
t

Z
�

+
5
�
�
5

"�
�>

##
14

.7
%

,
-

*
u

<

	
u
�

J
�
8

.
$
%
_
�

9.
0%

��
��

##

�
5
�
t
5

�
�

Z
�

+
5
�
�
5

/
Z
0

��
�#

#
3.

2%

1
2
Z
3

4
5

J
�
8

�"
"�

�#
#

�"
"�

�#
#

71
.0

%
í
6
�

0.
08

%
�$

$

7
�
6

1
2
5
Z
3
5

8
�
6

%
_

I
��

'|
�#

�"
|

â
�

+0
.0

2%
$#

7
�
6

9
_
:
;
6

b
�
<
6
=

%
_

�

â
�

$#
>
*
?
@ #�
$

Z=
��

��
	�

��
�

�

I
��

��
'|

��
#�

"
|

�
	�

	�
��

=�
�

���
��

�
�

��
�]

���
��

!!
�&

#
$
%
_
�

8
�
6

"�

"
�
�
 
A
B

C
(
�
Z=

��
��

	�
��

�
���

"#
#"

123



#�
��

�
�

"#
�$

D
E

*
�

q
�

q
��

}
"

b
�

F
G

H
#

D
E

*
�

I
�

J
¾

�#
##

Y
$#

#Y S
K
ì
í
ú

L
M
K

�
N

O
P
�Q

R
K
ì
í

R
S

Ý
S
>

�
T

U
�

T
U

¢
�
�
�V

P
Q
Í

W
X

9
�

P
�Q
Í
Y
Ã
Y
W

X
9
�

"#
#�
+
�

Z
[

\
�
�
 
!
�
c
d

+
�
	
u
J

�
�
�
 
!
�
E

]
S

P
�Q
Í

K
ì
í

W
X

9
�

Z=
��

��
	�

��
�

�

.
��

?$
#�

�
��


^

>�
!�

�{
�#

"
�

P
��

��
P�

�#
�^

P&
^

�"
"

�#
#�

'|
�{

^�
?�

#�
��

{$
��

##
��

�
��

$�
^�

${
�#

�
�

P�
_

!`
a

^
_

�/
�
�
�

#�
��

�
�

"#
�$

b
�
A
�
�
 
!
�
¥
�
ä
�
�
�
 
!
�

b
�
A
�
�
 
!
�
¥
�
ä
�
�
�
 
!
�

b
�
A
�
�
 
!
�
¥
�
ä
�
�
�
 
!
�

b
�
A
�
�
 
!
�
¥
�
ä
�
�
�
 
!
�

c
�
�
 
!
�
d
e

f
x
y
¥
5
g
þ
H

h
=
>

�
�
�
 
!
�
4
þ
y

b
A
�
�
 
!
¥
�
ä
�
�
�
 
!

b
A
�
�
 
!
¥
�
ä
�
�
�
 
!

b
A
�
�
 
!
¥
�
ä
�
�
�
 
!

b
A
�
�
 
!
¥
�
ä
�
�
�
 
!

c
bb
�
A
�
�
 
!
�

i
j

k
l
m
y
�
�
 
!
�
d
n

j
9
x
y
o

p
]
@

q
r

9
_

s
t

�
�
�
 
!
�

e
f
 
¡

u
v

w
>

�
M
K
E
?
@

N
O

p
û

]
@

q
r

c
�
ä
�
�
�
 
!
�

9
_

s
t

�
e
f
 
¡

x
¥
x
¥
y

z
u

v
4
n

j
x
y
�
�
 
!
�
ä
�
�
d
g
B
{
~
e

f

u
v

w
>

�
M
K
>
E
?
k

|
}

!

p
û

]
k

[
�

�
�
�
 
!
�

e
 
¡

y
z
�
�
 
!
�

y
z
>
t

~

Z=
��

��
	�

��
�

�

e
f
 
¡

#�
��

�
�

"#
�$

c
m
�
�

�
>
ü
ý

<
��

c
��

�
þ
ü
ý

<

~
�
�
�
@
�
d [
\W
]
^
P

s
t

~
�
�
�
@
�
d s

t
M
K

u
v
�
�

c
í

�
î
ï
þ
ü
ý

<

Z=
��

��
	�

��
�

�

 

#�
��

�
�

"#
�$

Ú
 
Û
�
 
Ü
Ý
/
�
�
�
�
¢
�Þ
�
�
��
�
�
¢

-
Ý
ß
+
Ù
à
á
w

â
(
n
ã
i
r
ä
å
�
æ
ç

i
j
ì
í
î
ï
�
�
 
!
�
>
ú
û

n
j
ü
ý
î
ï
þ
�
Ù

Mí
�

�
¥
>
w

�
�

R
i
j
ì
í
î
ï
�
�
 
!
�
>
ú
û

n
j
ü
ý
î
ï
þ
�
Ù

Mí
�

�
¥
>
w

�
�

R
r
j

&�
�

�
>
â

	
�
Ù

r
j

&�
�

�
>
â

	
�
Ù



j
�
�
�
�
�



j
�
�
�
�
�

Z=
��

��
	�

��
�

�

!
C=

��
��

��
��

��
�	

	�
��

��
�

124



#�
��

�
�

"#
�$

f
g
h
i
j
k
l
m
n
o
p
q
n

��
	�

��
	��

�&
�
�
�
�
�
�

�
k
�

��
&

.
g
B
h
�
�
{
�
�
�
�

�

�x

	

��

	0

u
v
�
�

y
z
A
B
>
�
�

u
v
�
�

.
y

z
w
>
�

�
0

y
z
A
B
>
�
�

.
�
â
	

A
B
�

�
0

M
�

�
�

�
�

M
�

Z=
��

��
	�

��
�

�

�

#�
��

�
�

"#
�$

�
Z
>
ä
�
�
�
�
�
�
k

�
9
@
�

�
!

�
�

Z
>
ä
�
�
�
�
�
�
k

�
9
@
�

�
!

�
�

Z
>
ä
�
�
�
�
�
�
k

�
9
@
�

�
!

�
�

Z
>
ä
�
�
�
�
�
�
k

�
9
@
�

�
!

�
�
��
¹
°
¬
¯
²³
��
»
±
³�
»
±
³Ä
°
¯
��
�
�
�
�
�¹
µÄ
±
��
¯
°
�¹
°
¯
Ä®
¶
±
³µ
²®
°
¯
�°
¯
��
°
³«
¶
�²
³µ
¶
±
�

�
��
¹
°
¬
¯
²³
��
»
±
³�
»
±
³Ä
°
¯
��
�
�
�
�
�¹
µÄ
±
��
¯
°
�¹
°
¯
Ä®
¶
±
³µ
²®
°
¯
�°
¯
��
°
³«
¶
�²
³µ
¶
±
�

Z=
��

��
	�

��
�

�

�2

#�
��

�
�

"#
�$

�
Z
>
ä
�
�
�
�
�
�
¥
g
B
h
�
�
{
�
�
�

�
Z
>
ä
�
�
�
�
�
�
¥
g
B
h
�
�
{
�
�
�

�
��
¹
°
¬
¯
²³
��
»
±
³�
»
±
³Ä
°
¯
��
�
�
�
�

�
Z
>
ä
�
�
�
�
�
�
¥
g
B
h
�
�
{
�
�
�

�
Z
>
ä
�
�
�
�
�
�
¥
g
B
h
�
�
{
�
�
�

�
��
¹
°
¬
¯
²³
��
»
±
³�
»
±
³Ä
°
¯
��
�
�
�
�

�W
�U
YR
^

V[
|

��

�

��
�

#W
\
^V
s�
[�
Q[

|
��


�

��
� �

��

�

��
�	


�J
��

��
���

��x
��

��
=�

���
��

�
��

�
��

�

�W
�U
YR
^V
[

|
��


�

�Y
�^
�

�W
�U
YR
^V
[

Z=
��

��
	�

��
�

�
Z=

��
��

	�
��

�
�
��

So
ur

ce
: E

CO
LO

GI
CA

L F
OO

TP
RI

NT
 AT

LA
S 

20
10

htt
p:/

/w
ww

.fo
otp

rin
tne

tw
or

k.o
rg

/im
ag

es
/up

loa
ds

/E
co

log
ica

l%
20

Fo
otp

rin
t%

20
At

las
%

20
20

10
.pd

f

]
��

�	
�	

��
��

�x
��

��
=�

���
��

�
��

�
��

�

#�
��

�
�

"#
�$

�
�

�
�
>>

 
�

 
�
ä
�
�
�
�
�
�
¥
g
B
h
�
�
{
�
�
�

ä
�
�
�
�
�
�
¥
g
B
h
�
�
{
�
�
�

�
�

�
�
>>

 
�

 
�
ä
�
�
�
�
�
�
¥
g
B
h
�
�
{
�
�
�

ä
�
�
�
�
�
�
¥
g
B
h
�
�
{
�
�
�

�/
!

�
:

�
�=

��
�

�*
�z

��
��

[

	

�
��;

�
��

��"
#�

#�
�|

��

�

�|
��

�
J=

��
���

��+
	�

=�
�

Li
m

it
�/

:

�/
3

	���

E
F

/B
C

=
2.

70
/1

.7
8

= 1
52

(2
00

7)

E
F

/B
C

=
2.

70
/1

.7
8

= 1
52

(2
00

7)

Li
m

it 
fo

r T
R

U
E

G
lo

ba
l 

S
us

ta
in

ab
ili

ty

�/
&

�
2

	����	

1.
52

 (2
00

7)
1.

52
 (2

00
7)

W
or

ld
 B

io
ca

pa
cit

y
�/

2

2/
!

�����[
	

20
07

F.P
rin

t/c
ap

ita
   C

ap
ac

ity
/ca

pi
ta

    
  E

F/
BC

Ja
pa

n
4.7

3 g
ha

0.6
0 g

ha
 

7.8
8

Ko
re

a  
    

4.8
7 g

ha
    

    
    

  0
.33

 gh
a  

    
    

    
 14

.24
2/

:

2/
3

+=�x�
g

g
US

A
8.0

0 g
ha

3.8
7 g

ha
2.0

7
Eu

ro
pe

    
4.6

8 g
ha

    
    

    
  2

.89
 gh

a  
    

    
    

   1
.62

DE
U

5.0
8 g

ha
1.9

2 g
ha

2.6
5

Ch
ina

2.2
1 g

ha
0.9

8 g
ha

2.2
6

2/
3

2/
&

+

g
g

Ind
ia

0.9
1 g

ha
 

0.5
1 g

ha
1.7

8
Br

az
il  

    
 2.

91
 gh

a  
    

    
    

8.9
8 g

ha
    

 
0.3

2
Ca

na
da

   
7.0

1 g
ha

14
.92

 gh
a

0.4
7

Tu
nis

ia
1.9

0g
ha

0.9
8g

ha
1.9

4

Z=
��

��
	�

��
�

�

�&
2

�
	


�
�	

���
	

�
19

60
20

10
20

20
19

90
20

00
19

70
�!

^#

Tu
nis

ia
1.9

0g
ha

    
    

    
  0

.98
gh

a  
    

    
    

   1
.94

125



#�
��

�
�

"#
�$

q
*}

]
�

*
'}

'�
*

9
í
d

L
�
>

�
Z
>
ä
�
�
�
�
�
�
¡

¢
��
Å
�
�
�
�
Å
Å
�
�

9
í
d

L
�
>

�
Z
>
ä
�
�
�
�
�
�
¡

¢
��
Å
�
�
�
�
Å
Å
�
�

�	����
q

*}
]

�
*

'}
'�

*
�x������

�
��

	

�.

2%

+=�

#
B

&
em

is
si

on
re

du
ct

io
n

pr
ev

en
ts

Bi
oc

ap
ac

ity
fro

m
be

in
g

wa
st

ed
.

In
tro

du
ce

RE
s

fro
m

no
w!

#
B

&
em

is
si

on
re

du
ct

io
n

pr
ev

en
ts

Bi
oc

ap
ac

ity
fro

m
be

in
g

wa
st

ed
.

In
tro

du
ce

RE
s

fro
m

no
w!

q
*}

]
�

*
'}

'�
*

�
�
>
ä
�
�
�
�
�
�
¡

¢
��
Å
�
�
�
�
�
�
�
�

�
�
>
ä
�
�
�
�
�
�
¡

¢
��
Å
�
�
�
�
�
�
�
�

���	�����

q
*}

]
�

*
'}

'�
*

�
��


�
�#

�

=�x����

'�
��

�#
��

��
�#

�
�

��

�

�#
�

Z=
��

��
	�

��
�

�

�4

+=

�4
+�

=�
��

J�9
�A

��
��

�	
��

��
�8

��
��

��&
2�

2,
�7

��
	


�7
�


��
�=

�

��

��6
��

=�
�/

#�
��

�
�

"#
�$

12
,6

93
£
�

12`
£
�

12 10 8
J�

��
��

��
��

�]
��

��
	�

	�
���

���
�	

Q�
	�

��	
&

�
I
=
 

6 4

¤
o

¥
u
T

ü
ý

�
Ù

4 2
ü
ý

�
Ù

21
00

20
00

19
00

18
00

17
00

16
00

14
00

12
00

10
00

80
0

Z=
��

��
	�

��
�

�

�3

#�
��

�
�

"#
�$

f
g
h
i
j
k
l
m
n
o
p
q
n

¡
¢
£

�
�
�
�
�
�

�
k
�

.
g
B
h
�
�
{
�
�
�
�

�

�x

	

��

	0

u
v
�
�

y
z
A
B
>
�
�

M
�

�
�

u
v
�
�

.
y

z
w
>
�

�
0

y
z
A
B
>
�
�

.
�
â
	

A
B
�

�
0

 
¡

¦
g
�
§
�
 
þ

�
�

M
�

 
¡

�
þ

B
C
¨
�
�
�
í

�
�
 
!
�
C

6

©
ª

�
 
«

�
>

Z=
��

��
	�

��
�

�

�.
©
�ª

�
 
«

�
>

¬
�
�x


q

�

#�
��

�
�

"#
�$

E
P

T
:

E
P

T
:

�2
2

7"

�2

7"

D
B

+

E
P

T
:

E
P

T
:

!2 �()C7

!

��()C7

>
�


=	
�

$�
�

#
B

��
:2 32��=����

: 3

#B&��

$�
�

#
B

&�
�

32 &2 �����;�

3 &

���N�#

2
$��

2

$�

��
�

�
��

!!
�&

��
�

�
�

&
��

�
�

��
�

&
	�

�
�

�
<�

U�
�

®
¯

V
�

��
�

��
�!

!�
&�
â
.
°
±

��
|

�í
²
³
´
|
µ

��
~
�
ç

}
Q�
�
�
 
!
�

�
��

�
�

��
�

��
¶
j

&�
�

<�
'4

·
y
ì
�
�
.
¸
¹
>

+
�

�
}
{
|
�
�
d
º
»
4
0

��
!!

�&
��

��
&

��=
�=

�
&

	
�

�
�

<�

Z=
��

��
	�

��
�

�

�:
��

��
�QQ

=�
���

	�
��

��
��

`�
Q��

�z
Q�

�Q	
x�

=�
��

zQ
�=

��



�
�

�Q�
=�

�

�

�
��

��
��

�



�
�

��
¶
j

&�
�

<�
'4

·
y
ì
�
�
.
¸
¹
>

+
�

�
}
{
|
�
�
d
º
»
4
0

�
¼
>
�
6
7
:
0

�½
¾
f

$Z
|
�
~
�
ç

�í
²
³
´

��
##

�
|

Q�
�}

Q�
8
¿

126



#�
��

�
�

"#
�$

PV
11

.7M
W

Z=
��

��
	�

��
�

�

� 
(11

.3 
km

2 )

#�
��

�
�

"#
�$

C
O

2
C

O
2

�'
4
·
y

#
B

&
M
K


q

J
 4

2�
��

#
B

&)C
7

��
_
`

>
=

&
� 

2�
)C

7
��

�'
À

Á
�

::
2

�
#

B
)C

7
�

�Â
Ã
�
4
k

#
B
ä
�

"
��

&
�'
�

�2
27

�'
?�

22
C7

�)
I�

::
�C

��
#

B
&)�

& )I
�

&
Ä

Å
Æ

9
2

:3
�

C
#

B
)

& )I
Ç

�
�

�#
#

�
::

2
��

#
B

&)C
7

� �
'

�Â
Ã
�
4
k

#
B

&ä
�
�

"

��
&
Ä

Å
Æ

9
�

2/
:3

�
C�

�#
B

&)�
& )I

Ç
�

�
�#

#

6
7
8
9
:

k
È
:
=

¦
6
7

6
7
8
9
:

:
=
6
7

:
0

d
À

Á
x
y
�
�
æ
�
¼

�
�
É
�
q

Ê
x
î
ï

30
00

2
Ä

Å

Z=
��

��
	�

��
�

�

�!
r
Ë

W
-P

V
 o

n 
13

0 
m

2
.
>#

Ì
0

30
00

 m
2
Ä

Å
(�

Í
~
Î
�
�

6Ï
3

)

#�
��

�
�

"#
�$

Ú
 
Û
�
 
Ü
Ý
/
�
�
�
�
¢
�Þ
�
�
��
�
�
¢

-
Ý
ß
+
Ù
à
á
w

â
(
n
ã
i
r
ä
å
�
æ
ç

i
j
ì
í
î
ï
�
�
 
!
�
>
ú
û

n
j
ü
ý
î
ï
þ
�
Ù

Mí
�

�
¥
>
w

�
�

R
i
j
ì
í
î
ï
�
�
 
!
�
>
ú
û

n
j
ü
ý
î
ï
þ
�
Ù

Mí
�

�
¥
>
w

�
�

R
r
j

&�
�

�
>
â

	
�
Ù

r
j

&�
�

�
>
â

	
�
Ù



j
�
�
�
�
�



j
�
�
�
�
�

Z=
��

��
	�

��
�

���
C=

��
��

��
��

��
�	

	�
��

��
�

#�
��

�
�

"#
�$

→→

6
$*

B
)Ð

Ñ
Ò
6

Ó
Ô

Õ
!

Ö
�

�
�
×
Ø
�
�

Ù
�
*

>
Ú

Û
Ü

�
r
n
}
Ý

>
Ú

Ù
�
*
Þ
4
ß
@
y
à
�
½
¾
6
7
8
9
: Ù
�
*

>
Ú

Û
Ü

�
r
n
}
Ý

>
Ú

Ù
�
*
Þ
4
ß
@
y
à
�
½
¾
6
7
8
9
:

á
â

Ô

Ù
�
*

á
â

Ô

Û
Ü

�
r
n
}
Ý

á
â

Ô

Ù
�
*

á
â

Ô

Û
Ü

�
r
n
}
Ý

`
ã
�

`
ã
�

Z=
��

��
	�

��
�

�

&2
&2

&2

`
ã
�

`
ã
�

K
ä
�
[

\
��

�

`
ã
�

`
ã
�

K
ä
�
[

\
��

�

127



#�
��

�
�

"#
�$

ä
æ
�
�
å

æ

ç
è

ô
é

ê
ë

ì
 

ä
æ
�
�
å

æ

ç
è

ô
é

ê
ë

ì
 

ä� ää��

�
Ø
 

å
æ

í
î

å
æ

ï
ð

å
æ

ñ
t

~
å

æ

�
Ø
 

å
æ

í
î

å
æ

ï
ð

å
æ

ñ
t

~
å

æ
ò � ó �òò �� óó ��

19
95
+
¾

PV
TE

C�
~
�
ç
¦
f
9
ô
ù
Ù
õ
ö
÷

Z=
��

��
	�

��
�

�

&� &�
Z=

��
��

	�
��

�
�

�K
ä

&
[\

'�
�
�
~
�
ç
¦

f
9

ô
ù
Ù

�
ø
r
ù

½
¾

Î
ú
�
Í
�
�
û
�
~
~
$
�
�
5

�!
!�

�$
�

#�
��

�
�

"#
�$

��

��
��
�

�ü
å

æ
ü

ý
�

a

þ
�
·

Ý
�

l
½

¾
.
�
�
U
�
�
�
â
0
d
	

�
k
È



Û

��
��
�

��
��
�

��
��
ü

å
æ

Pü
ý
��
��
Å�

a

��
��
ü

å
æ
��
��
��

a

��
��
�

��
��
�

��
��
ü

å
æ

Pü
ý
��
��
��

a

��
�

��
�

��
��
ü

å
æ
��
��
��

a

�¢
��
ü

å
æ

Pü
ý
��
��
��

a

��
�

��
�

�

�¢
��
ü

å
æ
��
��
��

a

�

��
�

�
�

¢
�

�
�

�
�

Å
��

��
��

â
	
�

:
=

] Z=
��

��
	�

��
�

�

&& &&
Z=

��
��

	�
��

�
�

�K
ä

&
[\

'�
�
�
~
�
ç
¦

f
9

ô
ù
Ù

�
ø
r
ù

½
¾

Î
ú
�
Í
�
�
û
�
~
~
$
�
�
5

�!
!�

�$
�

��
�

&
�
�

�
�
�

°


á

d
ü

å
æ

 
ü

ý
4
�

�
;

�
5
�

}
�

F
G

d
�
s

k
5

"#
�"

�>
��

?
�

�Z
=�

��
�	

��
��

�
�"

#�
"�

�'
�Z

��

#�
��

�
�

"#
�$

2323
P

V
P

V
2323

P
V

P
V

�
�
�
�
�

è
�
�
� Z=

��
��

	�
��

�
�

&4
�

$
3
@
�
K
�
~

È
å

æ
 

	

#�
��

�
�

"#
�$

2323
P

V
P

V

_
"#

�
@

½
¾

å
æ

2323
P

V
P

V

_
"#

�
@

½
¾

å
æ

å
æ

Ï
;
>
!

3
4

å
æ

Ï
;
>
!

3
4

[
\
�

°

[
\

��
�#

�Z
�

"

[
\

!�
?�

q
|

�#
�^

�'
|

�Q
�

Z=
��

��
	�

��
�

�

&3
�

$
3
@

�
K
�
~

È
å

æ
 

	

128



#�
��

�
�

"#
�$

�
&

�
\

"
�

&

�
�

�
�

"
�

�
�

�
�

& �
J�

�
�

�
[ �
[

!
"
#
:
$
%
�
þ
Æ

�
�

�
�

�]
�

�
�

�
&

Z=
��

��
	�

��
�

�

#�
��

�
�

"#
�$

~
"
�
�
ä
&
�
�
�

~
"
�
�
ä
&
�
ç

à
�

 
'
3

A
>
y
(
<

 
�

�
�

�
 ]

��
�
 J

��
�

)
*
�
+
y
�

~
"
�
�
,
�
ç

~
"
�
�
-
 

ç
.

½
¾
Q
/0
1
2
3

â
	
~

ó
 
Å

 
4

 
â
	
D
c
#
þ
B
k
Â

Ã
3
5
y
(
6
â
	
Â
f

K
7
8
:

0
 

�
\

 
)
*
�
+
y
�

à
�
6
7
8
9
:
+

½
¾
Q
/0
1
2
3

â
	
~

"
�

�
Î

ú
�

Í
�

�
9

�
�
Q
/0
1
2
3

Q
/0
1
2
3

 
3
5
y
(
6
â
	
Â
f

� 
��
Ó

$-
�
:
¾
>
8

:
;

&
 
â
	
c
#
2
|

�
9
<

)
*
�
+
y
�
Â
Ã

â
	

3
5
:
û

â
	
:
=

/
=

 
�

\
Õ

Û

 
ß
	
Ú
~
�
ú
�
�
~

 
)
*
�
+
y
�
Â
Ã

â
	
:
=

/
=

 
�

\
Õ

Û

:
=

Ô



ß
	
>
#
9

ß
	
Ú
~
�
ú
�
�
~

º
?
:
û
Â
f

 
â
	
c
#
2
|

�
�
@

 
)
*
@
A
Â
Ã

º
?

:
û

9

Y
Z

9
:

9

o
�

³
´

 
ß

	
:
û
B
�
{
C

 
D
#
E
F
G
{
C

)
*
@
A
Â
Ã

o
�

º
?

9

H
t
I

�
s
t
I

�
�

Z=
��

��
	�

��
�

�

&:
J

K
9

 
)
*
�
J
K

 
�
L
M
N
0
O
2
3P
Q

H
t
I
:

�
 
s
t
I
:

�
 
R

�
�

}
�

�
�Z

=�
��

�	
��

��
�

�"
#�

"�
�'

�Z
��

06
 M

A
Y

20
13

Ú
 
Û
�
 
Ü
Ý
/
�
�
�
�
¢
�Þ
�
�
��
�
�
¢

-
Ý
ß
+
Ù
à
á
w

â
(
n
ã
i
r
ä
å
�
æ
ç

i
j
ì
í
î
ï
�
�
 
!
�
>
ú
û

n
j
ü
ý
î
ï
þ
�
Ù

Mí
�

�
¥
>
w

�
�

R
i
j
ì
í
î
ï
�
�
 
!
�
>
ú
û

n
j
ü
ý
î
ï
þ
�
Ù

Mí
�

�
¥
>
w

�
�

R
r
j

&�
�

�
>
â

	
�
Ù

r
j

&�
�

�
>
â

	
�
Ù



j
�
�
�
�
�



j
�
�
�
�
�

ku
ro

ch
an

s-
ne

t& 
C=

��
��

��
��

��
�	

	�
��

��
�

06
 M

A
Y

20
13

&2
�4

/3
/�

!4
A

@
A
B
C
>
<
=
;

�'
@

o
�

:
=
>
�
ã
F
4
H

k
È
�

ku
ro

ch
an

s-
ne

t
K
ä
�
ht

tp
://

w
w

w.
itm

ed
ia

.c
o.

jp
/s

m
ar

tja
pa

n/
ar

tic
le

s/
13

04
/2

3/
ne

w
s0

22
.h

tm
l

&!

129



06
 M

A
Y

20
13

ku
ro

ch
an

s-
ne

t
K
ä
�
ht

tp
://

w
w

w.
itm

ed
ia

.c
o.

jp
/s

m
ar

tja
pa

n/
ar

tic
le

s/
13

04
/2

3/
ne

w
s0

22
.h

tm
l

&�

06
 M

A
Y

20
13

�
�=

��
#

�	
��

��
��

+�
	�

���
��

F�
��

21
4M

W
C

ha
ra

nk
a

In
di

a

ht
tp

://
w

w
w

.p
v-

m
ag

az
in

e.
co

m
/n

ew
s/

de
ta

ils
/b

ei
tra

g/
in

di
a-

-2
00

-m
w

-p
v-

pa
rk

-
in

au
gu

ra
te

d-
60

0-
m

w
-c

om
m

is
si

on
ed

_1
00

00
64

84
/#

ax
zz

2B
W

9q
yc

bt

21
4M

W
,C

ha
ra

nk
a,

In
di

a

25
0M

W
, Y

um
a 

C
ou

nt
y,

 A
Z

G
uj

ar
at

's
 C

hi
ef

 M
in

is
te

r, 
N

ar
en

dr
a 

M
od

i
�
×
�
æ
�
�
S

¦
k

�2
2£

C7
Ü
T
@
�
�
!

ht
tp

://
w

w
w

.e
co

ol
.jp

/fo
re

ig
n/

20
11

/0
1/

do
e1

1-
10

23
.h

tm
l

-
Ý
.
Ü
T
0

25
0M

W
�
U

Ý
D
V

Ó
W
â

11
1M

W
�
X


ku
ro

ch
an

s-
ne

t
14

5 
M

W
 s

ol
ar

 p
ar

k 
in

 N
eu

ha
rd

en
be

rg
, d

e

ht
tp

://
w

w
w

.p
v-

m
ag

az
in

e.
co

m
/n

ew
s/

de
ta

ils
/b

ei
tra

g/
ge

rm
an

y-
-1

45
m

w
-

so
la

r-
pa

rk
-c

om
pl

et
ed

_1
00

00
87

34
/#

ax
zz

2B
W

9q
yc

bt

11
1M

W
�
X


10
0M

W
�
üü
Y

Ñ
N
Z
[

42

06
 M

A
Y

20
13

6
��

�A
&/

.
��

��
��

!
�

��
��:

3
+�

��
��

 /
3

W
or

ld
 d

es
er

t P
V

 S
ys

te
m

 c
an

 s
up

pl
y 

75
2P

W
h=

27
07

E
J.

Th
is

 is
 5

.2
 ti

m
es

as
 w

or
ld

 e
ne

rg
y 

de
m

an
d 

in
 2

01
0.

l
hi

h
it

bi
lit

+�
��

��
�:

&:
�

��
��

�+
��


�
�4

3

ku
ro

ch
an

s-
ne

t

4�
lo

w
hi

gh
su

ita
bi

lit
y

D
es

er
t

S
te

pp
e

C
ro

p

n.
a.

0.
55

0.
45

0.
35

0.
25

0.
15

N
D

V
I ym

ax

06
 M

A
Y

20
13

VV

19
76

↑↓
=

=
↓

E
ffi

ci
en

cy
C

el
l

C
os

t
P

ro
ce

ss
W

at
t/m

C
os

t/m
W

at
t

C
os

t
22

10
0

19
76

USD/W)

\
]

G

↑
E

ffi
ci

en
cy

C
el

l
W

at
t/m

W
at

t

19
81

ce (2011 U

\
]

G
0.

80 0.
78

10

19
88

19
96

20
06

ales Pric

1
20

11
verage Sa

<8
0G

W
1 0.

1
1

10
10

0
10

00
10

00
0

10
00

00

Av

C
um

ul
at

iv
e 

P
V

 M
od

ul
e 

S
hi

pm
en

ts
 (M

W
)

<8
0G

W
1.

32
$/

W

ku
ro

ch
an

s-
ne

t44
ku

ro
ch

an
s-

ne
t

D
at

a 
S

ou
rc

e:
In

te
rn

at
io

na
l T

ec
hn

ol
og

y
R

oa
dm

ap
 fo

r P
ho

to
vo

lta
ic

s 
(S

E
M

I-I
TR

P
V

), 
R

es
ul

t 2
01

1
ht

tp
://

w
w

w.
itr

pv
.n

et
/R

ep
or

ts
-/-

do
w

nl
oa

ds
/

Le
ar

ni
ng

 c
ur

ve
 fi

tin
g

by
 K

ur
ok

aw
a.

 

130



06
 M

A
Y

20
13

44
.0

%

37
.7

%
37

9%
37

.9
%

24
.7

%

ku
ro

ch
an

s-
ne

t
ku

ro
ch

an
s-

ne
t43

S
ou

rc
e=

D
at

a 
co

m
pi

le
d 

by
 L

aw
re

nc
e 

K
az

m
er

sk
i, 

N
at

io
na

l R
en

ew
ab

le
 E

ne
rg

y 
La

bo
ra

to
ry

 (N
R

E
L)

. 

06
 M

A
Y

20
13

T
he

 3
rd

 G
en

er
at

io
n 

C
on

ce
pt

by
 P

ro
f. 

M
ar

tin
 G

re
en

T
he

 3
rd

 G
en

er
at

io
n 

C
on

ce
pt

by
 P

ro
f. 

M
ar

tin
 G

re
en

pp

30
0K

i
l

t
30

0K
)

gl
ob

al
(

%7.
73

(d
ire

ct
)

%3.
93

=
≤

�

ci
rc

ul
at

or
s

ta
nd

em
 (n

=�
)

ho
t c

ar
rie

r
ta

nd
em

(n
=6

)

10
0% 68
%

ta
nd

em
(n

=6
)

th
er

m
al

, t
he

rm
o 

P
V,

 
th

er
m

io
ni

cs
ta

nd
em

(n
=3

)

K

74
%

58
%

54
%

49
%

44
%

(
)

im
pu

rit
y 

P
V

 &
 b

an
d,

 
up

-c
on

ve
rte

rs
im

pa
ct

 io
ni

za
tio

n
t

d
(

2)

6000K

44
%

39
%

ta
nd

em
(n

=2
)

do
w

n-
co

nv
er

te
rs

31
%

si
ng

le
 c

el
l

ku
ro

ch
an

s-
ne

t

4.
[S

ou
rc

e]
 M

ar
tin

 G
re

en
, U

N
S

W
: P

ho
to

vo
lta

ic
s 

–
El

ec
tri

ci
ty

 fr
om

 S
un

lig
ht

0%

131



16
 M

ar
 2

01
3

�
�
�
�


�
�
�
	



A
E

S
�
"
�
�
#
�
$
�
è
é
ê
ë

ì
í
î
ï
�
�
 
!
�
ð
à
Ù
ñ
ò


�
ó
�
	


ô
õ
ê
ë

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

ö
÷
	


	


_

`
í
�
~
�
ç
[
�


�
�
a
ø
ù
ê
ë

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

16
 M

ar
 2

01
3

c
�

�
�
�
�
�
~
b
~
c
~

c
â

	
d
d
e
y
ç
.
�

Á
6

~
"
�
�
�
�
f
�
w

~
"
�
�
�
�
�
f
�
�
w

c
â
g

�
Ù
@
í

�
k
l
m
h
È
m
>

ì
í
î
ï
�
�
 
!
�

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

16
 M

ar
 2

01
3

M
E

T
I’

s 
F

a
c

ili
ty

 A
p

p
ro

va
l f

o
r 

F
IT

 
M

E
T

I’
s 

F
a

c
ili

ty
 A

p
p

ro
va

l f
o

r 
F

IT
 %
r

2
0

1
3

.2
.2

8
M

E
T

I’
s 

F
a

c
ili

ty
 A

p
p

ro
va

l f
o

r 
F

IT
 

M
E

T
I’

s 
F

a
c

ili
ty

 A
p

p
ro

va
l f

o
r 

F
IT

 %
r

2
0

1
3

.2
.2

8

0
50

00
10

00
0

15
00

0
20

00
0

30
00

0
35

00
0

L
at

e
st

 T
o

p
ic

In
st

al
le

d 
+ 

A
pp

ro
ve

d 
C

ap
ac

ity
 (M

W
)

44
00

 

90
0

11
37

 

42
2

10
9 

10
59

0

Re
si

de
nt

ia
l P

V 

No
n-

Re
si

de
nt

ia
lP

V
11

 01
2

1 2
46

5 6
46

11
91

2
90

0 26
00

 42
2 63

 

10
59

0 

55
9 

No
n

Re
si

de
nt

ia
lP

V

W
in

d 
Po

we
r 

62
2

3 2
22

11
 91

2

94
00

 

20
0 

1 

2

22
 

21
 

M
in

i H
yd

ro
 î

1M
W

 

M
in

i H
yd

ro
 <

 1
M

W
 

23

23
9 

42
3

22
3

23
00

 

50
02 

36
 11

1 

y

Bi
om

as
s P

ow
er

 
14

7

422
3

2 4
47

In
sta

lle
d:

 A
pr

 20
12

-F
eb

 20
13

In
st

all
ed

: ti
ll F

Y2
01

1
To

ta
l a

fte
r A

pr
 20

12

Gr
an

d T
ot

al 
till

 F
eb

 20
13

50
0 

20
00

0 

1 
3 

Ge
ot

he
rm

al
 P

ow
er

 

Re
ne

wa
bl

es
 To

ta
l 

4
50

4
Ap

pr
ov

ed
 bu

t u
nc

om
ple

te
d: 

till
 F

eb
20

13

16
62

 
11

39
8 13
 06

0
33

 06
0

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

10
ku

ro
ch

an
s-

ne
t

D
at

a 
So

ur
ce

: h
ttp

://
w

w
w

.e
ne

ch
o.

m
et

i.g
o.

jp
/s

ai
en

e/
ka

ito
ri/

dl
/s

et
su

bi
/2

01
20

9s
et

su
bi

.p
df

10

16
 M

ar
 2

01
3

M
E

T
I’

s 
F

a
c

ili
ty

 A
p

p
ro

va
l f

o
r 

F
IT

 
M

E
T

I’
s 

F
a

c
ili

ty
 A

p
p

ro
va

l f
o

r 
F

IT
 %
r

2
0

1
2

.1
2

.3
1

M
E

T
I’

s 
F

a
c

ili
ty

 A
p

p
ro

va
l f

o
r 

F
IT

 
M

E
T

I’
s 

F
a

c
ili

ty
 A

p
p

ro
va

l f
o

r 
F

IT
 %
r

2
0

1
2

.1
2

.3
1

m
o

st
ly

  
R

e
si

d
e

n
ti

a
l P

VL
at

e
st

 T
o

p
ic

P
V

 i
1

0
 k

W
8

4
7

 M
W

1
9

3
8

7
3

P
V

s

+
}

G
W

 s
to

ck
 

ti
ll 

F
Y

2
0

1
1

C
u

m
u

la
ti

ve
 

P
V

 î
1

M
W

1
9

3
 8

7
3

 P
V

s

To
ta

l
4

 7
0

4
 M

W
2

2
4

 4
5

6
 P

V
s

2
 1

7
6

 M
W

7
4

2
 P

V
s

1
0

 k
W

 ï
P

V
i

1
 M

W
1

6
8

1
M

W
R

oo
fto

p
P

V
on

so
-c

al
le

d 
“M

e g
a-

S
ol

ar
”

1
 6

8
1

 M
W

2
9

 8
4

1
 P

V
s

R
oo

fto
p 

P
V

 o
n 

fa
ct

or
y,

 s
ho

ps
, 

bu
ild

in
gs

, e
tc

.;
G

d
b

f

g

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

11
ku

ro
ch

an
s-

ne
t

D
at

a 
S

ou
rc

e:
 h

ttp
://

w
w

w
.e

ne
ch

o.
m

et
i.g

o.
jp

/s
ai

en
e/

ka
ito

ri/
dl

/s
et

su
bi

/2
01

20
9s

et
su

bi
.p

df

G
ro

un
d-

ba
se

 fo
r 

m
ed

iu
m

-s
iz

e 
 s

pa
ce

132



16
 M

ar
 2

01
3

L
at

e
st

To
p

ic
L

at
e

st
 T

o
p

ic

�"
¤
S,
$
%

��
�¥
¤
S4

��
�¥
¤
S4

¦
3�

D
IY

 K
it

s:
  1

2
 k

W
 í

1
5

0
 k

¥
/k

W
 f

o
r 

ro
o

f-
to

p
@

 1
 0

0
0

 h
rs

/Y
 y

ie
ld

D
IY

 K
it

s:
  1

2
 k

W
 í

1
6

5
 k

¥
/k

W
 f

o
r 

g
ro

u
n

d
 b

a
se

1
 1

7
5

 k
W

:  
3

5
3

 M
¥

(3
0

0
 k

¥
/k

W
) 
í
Ó

7
 y

rs
 r

e
c

o
ve

ry
 @

3
6

 ¥
/k

W
h

 t
a

ri
ff

5
4

kW
:

1
2

9
6

M
¥

(2
4

0
k¥

/k
W

)
í
Ó

7
yr

s
re

c
o

ve
ry

@
3

6
¥

/k
W

h
ta

ri
ff

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

14

ku
ro

ch
an

s-
ne

t
S

ou
rc

e:
 N

ik
ke

i N
ew

s 
P

ap
er

 a
ds

, 6
 J

ul
y 

12
13

.

5
4

 k
W

:  
1

2
.9

6
 M

¥
(2

4
0

 k
¥

/k
W

) 
í
Ó

7
 y

rs
 r

e
c

o
ve

ry
 @

3
6

 ¥
/k

W
h

 t
a

ri
ff

5
4

 k
W

:  
1

4
.0

4
 M

¥
(2

6
0

 k
¥

/k
W

) 
í
Ó

7
 y

rs
 r

e
c

o
ve

ry
 @

3
6

 ¥
/k

W
h

 t
a

ri
ff

16
 M

ar
 2

01
3

V V

19
76

/W)

↑↓
=

=
↓

E
ffi

ci
en

cy
C

el
l

C
os

t
 

P
ro

ce
ss

W
at

t/m
C

os
t/m

W
at

t
C

os
t

22

10
0

19
76

1 USD/

\
]
G

↑
E

ffi
ci

en
cy

 
C

el
l

W
at

t/m
W

at
t

19
81

ce (201

\
]
G

0.
80 0.

78
10

19
88

19
96

20
06

ales Pric

1
20

11

rage Sa

<8
0G

W
1 0.

1
1

10
10

0
10

00
10

00
0

10
00

00

Ave

C
u

m
u

la
ti

ve
 P

V
 M

o
d

u
le

 S
h

ip
m

e
n

ts
 (

M
W

)

<8
0G

W
1.

32
$/

W

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

16

ku
ro

ch
an

s-
ne

t

D
at

a 
S

ou
rc

e:
In

te
rn

at
io

na
l T

ec
hn

ol
og

y
R

oa
dm

ap
 fo

r P
ho

to
vo

lta
ic

s 
(S

E
M

I-I
TR

P
V

), 
R

es
ul

t 2
01

1
ht

tp
://

w
w

w.
itr

pv
.n

et
/R

ep
or

ts
-/-

do
w

nl
oa

ds
/

Le
ar

ni
ng

 c
ur

ve
 fi

tti
ng

 b
y 

K
ur

ok
aw

a.
 

16
 M

ar
 2

01
3

H
o

u
rl

y 
P

ro
fi

le
 o

f 
E

le
c

tr
ic

it
y 

S
u

p
p

ly
H

o
u

rl
y 

P
ro

fi
le

 o
f 

E
le

c
tr

ic
it

y 
S

u
p

p
ly

1
8

A
p

ri
l2

0
1

3
1

8
 A

p
ri

l 2
0

1
3

L
at

e
st

 T
o

p
ic

N
e

w
s:

O
n

1
8

A
p

ri
l

2
0

1
3

,
G

e
rm

a
n

su
m

o
f

W
in

d
P

o
w

e
r

a
n

d
P

V
p

o
w

e
r

e
xc

e
e

d
e

d
5

0
%

o
f

G
e

rm
a

n
D

o
m

e
st

ic
P

o
w

e
r!

!

P
V

C
o

n
ve

n
ti

o
n

a
l

W
in

d

Im
p

o
rt

e
xp

o
rt

C
o

n
ve

n
ti

o
n

a
l

W
in

d

1
8

 A
P

R

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

19

16
 M

ar
 2

01
3

H
o

u
rl

y 
P

ro
fi

le
 o

f 
E

le
c

tr
ic

it
y 

S
u

p
p

ly
H

o
u

rl
y 

P
ro

fi
le

 o
f 

E
le

c
tr

ic
it

y 
S

u
p

p
ly

1
8

A
p

ri
l2

0
1

3
1

8
 A

p
ri

l 2
0

1
3

L
at

e
st

 T
o

p
ic

P
V

P
i

P
V

W
in

d
G

a
s

P
u

m
p

in
g

N
l

B
ro

w
n

 C
o

a
l

H
a

rd
 C

o
a

l

1
8

 A
P

R

N
u

cl
e

a
r

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

20

133



16
 M

ar
 2

01
3

c
�

�
�
�
�
�
~
b
~
c
~

c
â

	
d
d
e
y
ç
.
�

Á
6

~
"
�
�
�
�
f
�
w

~
"
�
�
�
�
�
f
�
�
w

c
â
g

�
Ù
@
í

�
k
l
m
h
È
m
>

ì
í
î
ï
�
�
 
!
�

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

16
 M

ar
 2

01
3

~
"
�
�
ä
&
�
�
�

~
"
�
�
ä
&
�
ç

à
�

§
¨
©
ª
C
«
¬


§
®�
¯
�S
°�
¯
�S
±�
¯
�

²
³
=
´
«
µ

~
"
�
�
,
�
ç

~
"
�
�
-
 

ç
.

½
¾
Q
/0
1
2
3

â
	
~

ó
 
Å

 
4

 
â

	
D
c
#
þ
B
k
Â

Ã
3
5

y
(
6
â

	
Â

f

K
7
8
:

0
 

E
V

§
²
³
=
´
«
µ

à
�
6
7
8
9
:
+

½
¾
Q
/0
1
2
3

â
	
~

"
�

�
Î

ú
�

Í
�

�
�

�
�
Q
/0
1
2
3

â
	
Q
/0
1
2
3

 
3
5

y
(
6
â

	
Â

f
( 

:1
Ó

3-
�
:
¾
>
8

:
;

)
 
â

	
c
#
2

|
�
9
<

)
*
�
+

y
�

Â
Ã

â
	

3
5
:
û

â
	
:
=

/
=

 
E

V
Õ

Û

 
ß

	
Ú
~
�
ú
�
�
~

 
)
*
�
+

y
�

Â
Ã

â
	
:
=

/
=

 
E

V
Õ

Û

:
=

Ô



ß
	
Ú
�
~

>
#

�

ß
	
~
�
ú
�
�
~

º
?
:
û

Â
f

 
â

	
c
#
2

|
�

�
@

 
)
*
@
A

Â
Ã

º
?

:
û

9

Y
Z

9
:

9

o
�

³
´

 
ß

	
:
û
B

�
{
C

 
D
#
E
F
G
{
C

)
*
@
A

Â
Ã

o
�

º
?

9

H
t
I
:

�
s
t
I
:

�

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

23
J

K
�

 
)
*
�
J
K

 
�
L
M
N
0
O
2
3P
Q

H
t
I
:

�
 
s
t
I
:

�
 

R
�

�
}

�

16
 M

ar
 2

01
3

y
j

g
s
t
u
v
w

�
 
!
e
$

x
y
$
z

$
{
|
}
~

o
�

ß
	

!
#

y
j

:
=

Ô



â
	

!
#

�
k
$

�
�

��
^C
S�
��
�

g
s
t
u
v
w

�
}
�
�
$
d

FC
x
y
$
z

â
	

ì
í
�
�

�
�$
{
|
}
~

�
�
�
�
�
�
$
z

¨
�
�
k
�
$

|
�
�
�
�
�
�.
�

�
 
!
e
$

�
�
e
$

�
k

FC
ì
í
�
�

��
�
�

|
�
�
�
�
�
�.
�

C
E

M
S

�
�

�
�
 
�

�
$
z

¡
�
�
�

$
{
|
}
~

¢
�
�
�

�
 
!
e
$

�
£
�
¢
¤
$
{
|
}
~

�
�
�
�
�

¥
�
¦
>
¥
�
&

¢
�
�
�

�
$
z

$
{
|
}
~

g
s
t
u
v
w

�
$
z

9
:

]
l

õ
Û
�
-
~

¶
·
>
��
�¥
¸

¹
*
��
��
¥
¸
º

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

ku
ro

ch
an

s-
ne

t
24

©
 k

ur
oc

ha
ns

-n
et

 2
01

2,
 T

ok
yo

�
$
z

�
�
�
�
�

u
m
n

�
o
l

õ
�.
»
�
º

16
 M

ar
 2

01
3

§
¨
)
©
ª
�
«
¬
d

6
±�
¼#
�?
®.
f¼
8

½
¾
k
�
¿
À
Á
Â
Ã

Ä
Å
Æ
E
Ç
È
�

6
?

8

�
�

®
¯
°
±
c
²

%
�
³
N
.
�
´
¦
¥
µ
N
´
�
�
¶

£
·

p
õ
K
<

�

´
´

É
Ê
Ë
Ì
Í
Î
Ï
Ð

6
Ñ
�
Ò
�
Ó
Ô»
�
�Q
�Ô
®.
f¼
s�
WQ[
8

Ë
Í
Ï

n
�
m

p õ
6
Ñ
�
Ò
Ó
Ô»
�
�Q
�Ô
&®
.f
¼
�W
Q[
8

q
S
>

è
�

Î
ú
�
Í
�
�
�
r

v
�

9
�
�
�
ò
�
�

(K
s
t

)
[

ñ
u

v
ñ
u

õ Õ _ 9 w
q

S
è

x
:

�
r

Î
ú
�

�
�
�
r

'¼
�¯
�Ô
»
�
�Q
�(

¼�
¯
�

n
�
m

Õ
�
Ï

n
�
m

y z { 9 y
(

3
5

®�
¯
�

n
m

�
�

9

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

y
(

3
5

|
[

�
�
}

n
�
m
��
�
��
��
�
�

�
�
�
�
�
�
�
�
�	
�
�


�
�
�	

�
�


�
�

25

134



16
 M

ar
 2

01
3

�
�

�
�

≥
S

up
pl

y
d

D
is

tri
bu

te
Lo

ad
S

up
pl

y
P

ow
er

Õ
!
|
[

�

�
�

�
�

≥

−
≥

i

i
k

ki
i

j
j

i

D
em

an
d

C
om

m
un

ity
S

up
pl

y
P

ow
er

S
up

pl
y

d
D

is
tri

bu
te

Lo
ad

S
up

pl
y

P
ow

er
,

,
Õ
!
|
[

!
�
ç
.

�
.
ç
.

La
rg

e 
D

el
ay

�
�

�
�� ��

�� ��
−

=
i

j
k

ki
j

i

i

S
up

pl
y

C
om

m
un

ity
Lo

ad
C

om
m

un
ity

,
,

S
m

al
le

r D
el

ay

�
�

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

27
(&

'
) ~

Ú
�
.
~
	

 

�
	
0
�

�
	
4
�
�
y
~
"
�
�
�
�
�
A
�
�
a
9
w
>
�

�
�

g
5

~
	
�
�
�
5

20
13

.3
.2

6

16
 M

ar
 2

01
3

Ö
�
�
Ï
Ð
C
�
Â
�
¿
Æ
×
Ø
Ù
s
Ú
C
Û
Ü
>
×
Ý
Þ
ß
à
Ï
Í
á
Æ
E

â
ã
ä
º

Ö
k
À

Á
å
�
æ
ç
·

è
é
ê
ë
>
ì
í

É
Ê
J
C
î
 
ï
ð
ñ
ã
ò

Ö
k
À
ó
Á
å
�
æ
ç
·
?
è
é
ê
ë
>
ì
í
?
É
Ê
J
C
î
 
ï
ð
ñ
ã
ò

ô
õ
ö
·
÷
ø
£
ù
�
ã
ò
ú
û
p
ü
�
C
ý
þ
§
¼�
¯
��
ò
E
Ç
È
º
º

Ö
�
�
ï
ð
×
k
À
ó
Á
å
�
æ
ç
·
÷
ø
�
�
Ê
Ï
>
×
?
�
�
�
ï
ð
E

�
?

�
�
	


�
�

Ö
É
Ê
C
â
�
©

�
�
©
×
?
�
�
�
>
×
�
�
«
�
�
�
ñ
�
�

Ö
�
Ê
Ý
Þ
ß
à
�
�
å
Ã
�
³
E
+
�
	


�

�
¢
�
�
å
Ã
×
�
�
�

Ö
�
Ê
Ý
Þ
ß
à
�
�
å
Ã
�
³
E
+
�
	


�
?
�
¢
�
�
å
Ã
×
�
�
�

�
·
�
�
ì
�
ô
?
«
¬
©
 
!
"
ñ
�
�
£
#
$
G
p
%
�
#
·
&
�
'

�
6
²
³
=
>
×
?
Ä
(
)
C
«
µ
�
�
ò
�
ñ
*
+
º
8
£
Ý
Þ
Ï
�
�

¸
¹
º
»
¼
½
¾
¿
À
Á
Â

å
Ã
�
þ
+
,
k
�
¿
ñ
À
Á
Â
Ã
>
º

Ö
-
.
ï
ð
÷
ø
C
Û
Ü
>
?
�
I
�
/
Ï
Ð
ø
0
�
1
2
�
3
4
5
ô
²
³

=
C
6
Ü
7
º

Ö
8
Ì
�
�
9
>
:
�


×
?
;
¢
Ï
>
×
Â
o
j
Æ
�
<
?
ß
à
¿
Ó

#
�
=
o
C
>
3
?
!
ñ
×
ª
í
?
@
Ó
G
m
�
�
�
�
9
C
A
 
B
�

¸
¹
º
»
¼
½
¾
¿
À
Á
Â

=
C
6
Ü
7
º

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

28
Ö
n
G
m
�
C
D
B
"

@
Ó
G
m
�
�
+
E
C
Û
Ü
>
Ä
3
)
C
B
E
�
ò

E
�
�
a
d
ª
F
Ø
È

16
 M

ar
 2

01
3

Ã
Ä

¨
Å
Æ
Ç
�
È
DÉ
�
Ê
Ë
Ì

Í
}

Ì
Î
º
Ï
Ð
©
Ñ
Ò

©
Ó
v
q
Ô
Õ
k
)

§
G
�
§
H
I
J
K
J
L

�
 
!
e
$

Ó
v
q
Ô
Õ
k
)

§
�
�
5
M
N
I
J
É
Ê
O
£

P
Q
R
��
�
S
á

§
T
U
·
�
P
Q
V
þ
ã

�
�

=
S
á
W
X

G
�
H
I
J
K
J
L

©
Ö
}
£
Y
Z
§
Z
§
[

\
í
§
\
�
§
]
�

§
5
M
^
á
>
×
Ø
Ù
Ú

Û
�

©
g
�
n
Ü
Ý
Þ
ß
à
á

â
ã
£

§
�
�
�
��
��
=
�
S
á
W
X

Û
�

§
_
`
V
þ
1
V

§
G
�
§
H
I
J
K
J
L

§
5
M
^
á
>
ä
å
æ
ç

©
è
é
·
ê
ç
ë
á
ì
í

§
��
¥
a
S�
2�
��
á
b

c
d
o
e
L
�¥

�
 
�
À
Á

_
`
V
þ
1
V

§
5
�
C
�
�
f
+
�
£
g
N

©
h
ô
�
â
V

5
M
^
á
>
ä
å
æ
ç

Û
�

'_
5
M
§
ï
ð
·
â
V
(

©
î
�
ï
ð
Þ
ñ
�

c
d
�
o
�
e
L
�¥

a
S�
S
á

§
Ä
i
×
j
g
	
C
�
�

&
í
&
í

�

�
�
e
$

§
Å
É
·
&
k
l
��
��
=
�
S

�
;
W
X

§
É
Ê
>
ì
m


?
n
o
N
O

3
�

©
ò
+
©
ó
+
á
ô
õ

§
Ö
}
ö
Þ
)
'p
�
Ä
3

�
q
�
�
�
�
q
C
r
(
§
µ
É
s
t
4
!

3
�
�

�
q
�
�
�
�
q
C
r
(

÷

�
�
e
$
©
ø
÷
¨
ù
Ó
v
q
Ô
Õ
k
)

§
u
;
ì
í
�
v
×
w
x

§
u
;
>
r
y
	
?

z
ð
(

§
{
|
}
~
E
h
ô
�
�

;
�
C
�
+
>
�

§
}
�
�
�
�
p
�
Ø
È

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

29
§
b
a
�
�
�
+
�
�
c

z
ð
(

§
}
�
�
�
�
p
�
Ø
È

§
�
�
�
�
�

16
 M

ar
 2

01
3

Ã
Ä

¨
Å
Æ
Ç
�
È
©
É
�
Ê
Ë
Ì

Í
}

Ì
ú
º
Î
º
Ï
Ð
©
Ñ
Ò

O
P
Q
û
�
§
�
�
I
£
�
å
l
�
�
p
3

©
x
y
ü
ý
á
þ
�
J
·
§
�
�
C
�
�
E
e
L
C

e
$
§
�
�
�
�
�
É
C
�
�

ü
ý
�
�
ñ
�

û
=
o

£
#
�
�
e
$
©
�
À
Á
�
�
�
�
�

©
�
�
	
+


Û
�

§
�
Ê
�
1
]
N
�
�

§
-
.
O
&
í

§
1
V
�
�
�

§
-
.
O
&
í

�
{

�
�
�
n
Ó
q
o

©
ë

á
½
�
�
�

©
�
f
�
k
�
�
�
ü
º
�
�

�
�
Ù
�

©
�
�
	
+
�
Ç
À
Á
ñ
�

©
�
 
!
e
$
�
�
�
9

ï
ê
-ò
9
�
Dó

�
�
�
�
Ô
l
n
(

�
�
Ù
�

(
§
�
�
�
�
�
V
þ
ã
ò

�
£

�
�
�
n
Ó
q
o
©
ë

á
½
�
�
�

©
�
�
�
0M
0�
�
¦
 
0½
º
�
�
�
©
�
�
	
+
�
Ç
À
Á
ñ
�
§
�
�
�
�
�
�
C
�
+

�
 
E
Ç
È

µ
É
s
t
4
!

�
�
e
$
©
!
"
�
#
º
Ó
v
q
Ô
Õ
k

©
�
�
	
+


Û
�

§
µ
É
s
t
4
!

§
`
¡
�
¢
�
C
£
�

¤
O
P
$
p
�
©
%
P

�
k
¾
&

�
k
¾

$
�
ï
ð

©
�
¥
'
(
e
)
9
Ü
g
�
n
*

©
¦
�
+
�
©
�
�
+
�
Á
�
$
z

º
,
-

.
�
�
$
z
/
�
)
Ê
,
*

©
Í
}
ü
ý

©
�
�
�
Ô
l
n

J
·
ü
ý

©
�
�
Å
½
º
�
�
0
1

º
J
·
2


*
½
g
�

n
©
�
p
m
n

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

30
©
.
�
�
$
z
/
�
D)
Ê
,
*

§
�
�
�
Ï
Ð
>
×
0
1
+
�

©
J
·
ü
ý

©
$
�
|
3
4
5
á
6
7

�
*0

ZE
B

 / 
ZE

H
�
Ze

ro
 E

ne
rg

y 
B

ui
ld

in
g;

 Z
er

o 
E

ne
rg

y 
H

ou
se

135



16
 M

ar
 2

01
3

R
E-

M
ix

ed
-C

om
m

un
ity

-N
et

w
or

k
R

E-
M

ix
ed

-C
om

m
un

ity
-N

et
w

or
k

(
)

E
V

2
(

)
H

P

C
E

M
S

C
E

M
S

(
) n

FE
M

S

H
P H
P

!
"
#
:
$
%
�
þ
Æ

H
E

M
S

;B
E

M
S

(
)

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

31

16
 M

ar
 2

01
3

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

16
 M

ar
 2

01
3

�
�
×
Ø
�
�
o
p

�
�
�
m

�
�
�
�

�
�
:
�

�
�

y
@
�

�
�
�
m

�
�
�
~
8
:

0
>

f
�
�
�

a
9

�
�
�
b
:
�
ï
Î

�
ªÆ
>
a
9

�
�

 
$
�

�
�

 
$
�

ô
�

¬
�
þ
Æ
Î
�
ªÆ
>
a
9

�
ªÆ
>
a
9


�
	

�
�
E
�


�
:
=

�
Ê
Ã
�
¶
±
þ
Ì

�
�

 
$
�
�
�

�

�
�
�
~
8
:

0
Â

f

�
�
�
	



¨
�
�
k
�
$

�

b
:

³
�


�
:
=
�
�
Ù

�
.
Ê
Ã
�
¶
±
þ
Ì
0

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

34
�
�
�

�
�
±
·
®¹
«±
�Í
°
��
�È
Ã
°
¬
Ä±
�
¬
µ¹
²°
³�
��
�
¬
®«¶
®¯
É

¬
�
þ
Æ
��

¬
µ¹
²°
³�
��
¯
±
³É
��
þ
µ¯
µÉ
±

±
¯
²�
Æ
�Ä
²±


�
ªÆ

�
�
«±
¹
²³
®¹
�¸
±
·
®¹
«±
ª¯
²±
É³
µ²
®°
¯
�Æ
�Ä
²±


16
 M

ar
 2

01
3

í
²
Ý
�
D
>
:
=

�
�
�
d
�
?

 
c
d

T
�

9
>
'
�

¦
�
#

ê
�
 

h
¦
�
¡

6
7
8
9
:
¢

°
�
�
¨
£
6

 
�
�
¤�

�
�

�
�
�
.
�
�
¤�
·
Â
�
0

�
�
�
~
:

0
�
�
�
�
�

3
��
�
¤�
·
Â
�
Y
¥
�

6
7
:

0
.
�
�
:
�
0

�
:

0
�

3
�

Y
¥
�

�
b
:
�
Ê
Æ

�
¢
¤�
Â
�
�

¬
�
þ
Æ
.
�
�
:
�
0

¢
¤�

�
Ê

�
�
¤�

�
Ê

¢
¤�
Â
�
�

�
b
:
�
Ê
Æ

�
b
:
�
Ê
Æ

¦ Ê

�
b
:
�
Ê
Æ

.
{
f
�
Î
�
�
�
�
�
§
�
0

�
b
:
�
Ê
Æ

.
�
�
:
�
Î
�
�
�
�
0

�
Ê

ð
ð

ð
ð

ð

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

35
�
�
�
~
8
:

0
.
�
�
�
�
0

�
�
.
�
�

y
@
�
0

136



16
 M

ar
 2

01
3

�
�

�
®�
þ
®�
�
Y
�
¨
�
A
.
�
�
¤�
·
0
�
b
:
�
ï



.
©

C
h
0

�
�
�
~
8
:

0
�
®�
þ
®�
�
f
8
:

0
.
�
+
�
ª

f
�
�
�
¤�
·
Y
¥
0
�
R
«
�
¬
k
®�
þ
®�
�

$
h

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

36

16
 M

ar
 2

01
3


ý
®

�
ò
¯

°
�
~
$
�
A

�
©

C
h


ý
®

�
ò
¯

±

ý
.
²
³
0

�
�
4
�
:

�
�
A

B
#
:

´
C
T

Ï
µ
¶
·
�

ý
¸

�
�
A

B
#
:

´
C
T

Ï
µ
¶
·
�

ý
¸

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

37

16
 M

ar
 2

01
3

¨
�
�
k
$

�
ªÆ
k
�
�
e

f
~
û
×
�
�
 
�
�
�
®

�
d
¦
�
4
Q

�
o
c
~

B
p

õ
·
�
e

f
î
ï
þ
8
:

0
¹

]
d
Ü

�
k
l
�
�
>
8
:

0
¥
k
l
>

e
f

Ü
T

d
�
e

f
º
»
¼
¬
�
þ
Æ
w
p

õ
d
½
>
x
y
o

�
ªÆ

�
�
«±
¹
²³
®¹
�¸
±
·
®¹
«±
ª¯
²±
É³
µ²
®°
¯
�Æ
�Ä
²±


¨
�
�
k
�
$

Ü
T

}
¾
d
¿

�
�
e

f
º
À
Á

.
~
"
�
�
ä
å

�


c
d

Ü
T
Î
¦
Â

É
�

�
ªÆ

�
�
ª

f
l

�

�
�
~
û
×
�
�
 
Ã
[

 
K
9
Î
G
Ä
�
�

.
~
"
�
ä
å

�
0

e
f
î
ï
þ
8
:

0
¹

]
�
�
Å

d
Ü

�

8
:

0

�
�
®

�

Æ
�
p

õ
�
�
®

�
Ã
[

j
Ç

°
È

K
9
Î
G
Ä
�
�

 
ª

f
:
=

]
l
É

¹
]

EI
S

-D
B

Æ
�
p

õ
 
¶

j
Ç

°
�
Æ
Ì
Ê
�
È

 
G
Ä
�
Æ
Ì
Ê
l
É

�
�

¬
�
þ
Æ

�
b
:
p

õ
�
�


c
d

Ü
T

e
f
î
ï
8
:

0
p

õ
Ü
T

}
¾
d
¿

�
b
:
p

õ

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

38
¬
�
þ
Æ

Æ
�

!
�

Ê
Ë
�

!
�
Ê

16
 M

ar
 2

01
3

Ö
�
�
Ï
Ð
C
�
Â
�
¿
Æ
×
Ø
Ù
s
Ú
C
Û
Ü
>
×
Ý
Þ
ß
à
Ï
Í
á
Æ
E

â
ã
ä
º

Ö
k
À
ó
Á
å
�
æ
ç
·

è
é
ê
ë
>
ì
í

É
Ê
J
C
î
 
ï
ð
ñ
ã
ò

Ö
k
À
ó
Á
å
�
æ
ç
·
?
è
é
ê
ë
>
ì
í
?
É
Ê
J
C
î
 
ï
ð
ñ
ã
ò

ô
õ
ö
·
÷
ø
£
ù
�
ã
ò
ú
û
p
ü
�
C
ý
þ
§
¼�
¯
��
ò
E
Ç
È
º
º

Ö
�
�
ï
ð
×
k
À
ó
Á
å
�
æ
ç
·
÷
ø
�
�
Ê
Ï
>
×
?
�
�
�
ï
ð
E

�
?

�
�
	


�
�

Ö
É
Ê
C
â
�
©

�
�
©
×
?
�
�
�
>
×
�
�
«
�
�
�
ñ
�
�

Ö
�
Ê
Ý
Þ
ß
à
�
�
å
Ã
�
³
E
+
�
	


�

�
¢
�
�
å
Ã
×
�
�
�

Ö
�
Ê
Ý
Þ
ß
à
�
�
å
Ã
�
³
E
+
�
	


�
?
�
¢
�
�
å
Ã
×
�
�
�

�
·
�
�
ì
�
ô
?
«
¬
©
 
!
"
ñ
�
�
£
#
$
G
p
%
�
#
·
&
�
'

�
6
²
³
=
>
×
?
Ä
(
)
C
«
µ
�
�
ò
�
ñ
*
+
º
8
£
Ý
Þ
Ï
�
�

å
Ã
�
þ
+
,
k
�
¿
ñ
À
Á
Â
Ã
>
º

Ö
-
.
ï
ð
÷
ø
C
Û
Ü
>
?
�
I
�
/
Ï
Ð
ø
0
�
1
2
�
3
4
5
ô
²
³

=
C
6
Ü
7
º

=
C
6
Ü
7
º

Ö
8
Ì
�
�
9
>
:
�


×
?
;
¢
Ï
>
×
Â
o
j
Æ
�
<
?
ß
à
¿
Ó

#
�
=
o
C
>
3
?
!
ñ
×
ª
í
?
@
Ó
G
m
�
�
�
�
9
C
A
 
ñ
B
�

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

39
ku

ro
ch

an
s-

ne
t

Ö
n
G
m
�
C
D
B
"

@
Ó
G
m
�
�
+
E
C
Û
Ü
>
Ä
3
)
C
B
E
�
ò

E
�
�
a
d
ª
F
Ø
È

137



16
 M

ar
 2

01
3

c
�

�
�
�
�
�
~
b
~
c
~

c
â

	
d
d
e
y
ç
.
�

Á
6

~
"
�
�
�
�
f
�
w

~
"
�
�
�
�
�
f
�
�
w

c
â
g

�
Ù
@
í

�
k
l
m
h
È
m
>

ì
í
î
ï
�
�
 
!
�

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

16
 M

ar
 2

01
3

R
ep

or
t f

ro
m

 IE
A

 P
V

P
S

 T
as

k 
8 

: 
S

tu
dy

 o
n 

V
er

y 
La

rg
e 

S
ca

le
 

P
ho

to
vo

lta
ic

 P
ow

er
 G

en
er

at
io

n 
S

ys
te

m
s

ht
tp

://
w

w
w

.ie
a-

pv
ps

.o
rg

/p
ro

du
ct

s/
do

w
nl

oa
d/

E
ne

rg
y%

20
fr

om
%

20
th

e%
20

D
es

er
t%

20
S

um
m

ar
y0

9.
pd

f

T
as

k 
8 

O
A

 (u
p 

to
 2

00
8)

   

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

41
P

ro
f. 

K
os

uk
e 

K
U

R
O

K
A

W
A

T
ok

yo
 In

st
itu

te
 o

f T
ec

hn
ol

og
y

16
 M

ar
 2

01
3

S
u

it
a

b
le

, S
ta

b
le

 A
re

a
 o

n
 t

h
e

 S
a

h
a

ra
S

u
it

a
b

le
, S

ta
b

le
 A

re
a

 o
n

 t
h

e
 S

a
h

a
ra

42
8

/
9:
/

;
<
91
3
=
94
91
>

?
3

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

42

42
8

/
9:
/

;
<
91
3
=
94
91
>
µ
@
;
@
A1

�
1@
B
B
@

N
A2
B

?
73
7

�
7C
C
�
7�
C
�
7�
C
�
7�
C
�
7�
C
0D
µ
¥
� >
E
3
F

20
03

   
   

 2
00

7 
   

  
20

09

16
 M

ar
 2

01
3

N
So

no
ra

N
eg

ev
2.

5
Th

ar
18

G
ob

i 6
4

So
no

ra
7.

4

W
or

ld
de

se
rt

P
V

S
ys

te
m

ca
n

su
pp

ly
S

te
pp

e
D

es
er

t
+

W
or

ld
 d

es
er

t P
V

 S
ys

te
m

 c
an

 s
up

pl
y 

75
2P

W
h=

27
07

EJ
,5

.2
 ti

m
es

as
 m

uc
h 

as
 

w
or

ld
 e

ne
rg

y 
de

m
an

d 
in

 2
01

0 
or

 1
.9

 
tim

es
in

21
00

tim
es

 in
 2

10
0.

Sa
ha

ra
 6

26
G

re
at

 S
an

dy
 3

4

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

43
lo

w
hi

gh
su

ita
bi

lit
y

D
es

er
t

S
te

pp
e

C
ro

p

n.
a.

0.
55

0.
45

0.
35

0.
25

0.
15

N
D

V
I ym

ax

138



16
 M

ar
 2

01
3

VV

19
76

↑↓
=

=
↓

E
ffi

ci
en

cy
C

el
l

C
os

t
 

P
ro

ce
ss

W
at

t/m
C

os
t/m

W
at

t
C

os
t

22

10
0

19
76

USD/W)

\
]
G

↑
E

ffi
ci

en
cy

C
el

l
W

at
t/m

W
at

t

19
81

ce (2011 U

\
]
G

0.
80 0.

78
10

19
88

19
96

20
06

ales Pric

1
20

11

verage Sa

1 0.
1

1
10

10
0

10
00

10
00

0
10

00
00

Av

C
um

ul
at

iv
e 

P
V

 M
od

ul
e 

S
hi

pm
en

ts
 (M

W
) ^

ku
ro

ch
an

s-
ne

t, 
To

ky
o,

 2
01

3
ku

ro
ch

an
s-

ne
t

D
at

a 
S

ou
rc

e:
In

te
rn

at
io

na
l T

ec
hn

ol
og

y
R

oa
dm

ap
 fo

r P
ho

to
vo

lta
ic

s 
(S

E
M

I-I
TR

P
V

), 
R

es
ul

t 2
01

1
ht

tp
://

w
w

w.
itr

pv
.n

et
/R

ep
or

ts
-/-

do
w

nl
oa

ds
/

Le
ar

ni
ng

 c
ur

ve
 fi

t b
y 

K
ur

ok
aw

a.
 

44

16
 M

ar
 2

01
3

R
an

k
Si

te
 N

am
e

C
ou

nt
ry

C
ap

ac
ity

Co
m

m
iss

io
ne

d

1
A

gu
a 

C
al

ie
nt

e
So

la
r P

ro
j.

U
SA

25
0 

M
W

20
12

2
C

ha
ra

nk
a

Pa
rk

, P
at

an
In

di
a

21
4 

M
W

20
12

3
G

ol
m

ud
So

la
r P

ar
k

C
hi

na
20

0 
M

W
20

11
.1

0

4
So

la
r P

ar
k 

N
eu

ro
G

er
m

an
y

16
6 

M
W

20
11

-2
01

2

5
M

es
qu

ite
 S

ol
ar

 I
U

SA
15

0 
M

W
20

11
-2

01
2

6
So

la
rp

ar
k

N
eu

ha
rd

en
be

rg
G

er
m

an
y

14
5 

M
W

20
12

p
g

y

7
So

la
rp

ar
k

Te
m

pl
in

G
er

m
an

y
12

8 
M

W
20

12

8
C

en
tr

al
e

so
la

ire
de

 T
ou

l-
Fr

an
ce

11
5

M
W

20
12

8
R

os
ie

re
s

Fr
an

ce
11

5
M

W
20

12

9
C

al
ifo

rn
ia

 V
al

le
y 

So
la

r 
R

an
ch

U
SA

10
8 

M
W

20
12

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

R
an

ch

10
Pe

ro
vo

So
la

r P
ar

k
U

kr
ai

ne
10

5.
56

 M
W

20
11

45

16
 M

ar
 2

01
3

1/3
fW

ld
T

t
lP

i
E

S
l

W
o

rl
d

 P
V

 M
a

rk
e

t 
L

o
n

g
-T

e
rm

 V
ie

w
W

o
rl

d
 P

V
 M

a
rk

e
t 

L
o

n
g

-T
e

rm
 V

ie
w

13
3 

T
W

10
 T

W
80

0 
G

W
75

T
W

C
um

ul
at

iv
e

1/3
 o

f W
or

ld
 To

ta
l P

rim
ar

y E
ne

rg
y S

up
pl

y �
V

er
si

on
09

02
20

5

GW/Y]

4.
36

 T
W

/Y
4.

52
 T

W
/Y

A
nn

ua
l W

or
ld

 
To

ta
l P

V

ation [G

2
25

T
W

/Y
A

nn
ua

lV
LS

-P
V

Installa

2.
25

 T
W

/Y
2.

21
 T

W
/Y

R
ep

la
ce

*N
ot

e:
P

V
20

30
+

A
nn

ua
lV

LS
-P

V

1.
00

 T
W

/Y

al PV I

V
LS

-P
V

 
JP

 �
33

0G
W

/Y
*

N
ot

e:
 P

V
20

30
+

12
2 

G
W

/Y

Annu

23
6 

G
W

/Y
17

4
G

W
/Y

N
ew

JP
 �

40
G

W
/Y

*

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

46
17

.4
 G

W
/Y

S
ou

rc
e:

 IE
A

 P
V

P
S

 T
as

k 
8 

3r
d 

R
ep

or
t ”

E
ne

rg
y 

fr
om

 th
e 

D
es

er
t”

16
 M

ar
 2

01
3

de
se

rt
 w

/o
 s

an
d 

hi
ll

sa
nd

 h
ill

s,
 

t
hi

lls
e t

c.

P
os

si
bl

e 
S

ui
ta

bl
e 

S
ite

s
Su

ita
ble

 la
nd

 av
ail

ab
ilit

y=
 5

0 
%

S
it

bl
l

d
76

2
10

3
k

2

lo
w

hi
gh

su
ita

bi
lit

y
n.

a.

sa
nd

 hi
ll, 

etc
.

Su
ita

ble
lan

d
= 

76
2 

x 
10

3
km

2

=
87

3 
km
Ì

Ins
tal

lab
le 

PV
= 

53
.3

 T
W

(e
ff.=

14
%

;s
pa

ce
fac

tor
=1

5%
)

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

47
D

es
er

t
S

te
pp

e
C

ro
p

0.
55

0.
45

0.
35

0.
25

0.
15

N
D

V
I ym

ax

(e
ff.

14
%

;s
pa

ce
fac

tor
15

%
)

Ex
pe

cte
d e

ne
rg

y=
 6

4 
P

W
h/

Y

139



16
 M

ar
 2

01
3

A
N

O
T

H
E

R
 S

T
O

R
Y

R
o

u
g

h
S

ke
tc

h
o

f
E

a
st

-A
si

a
-S

u
p

e
r-

G
ri

d
S

c
e

n
a

ri
o

R
o

u
g

h
 S

ke
tc

h
 o

f 
E

a
st

A
si

a
S

u
p

e
r

G
ri

d
 S

c
e

n
a

ri
o

H
T

S
C

H
T

S
C

H
T

S
C

H
T

S
C H
T

S
C

U
H

V
D

C
 C

on
ve

rte
r 

^
20

12
,k

ur
oc

ha
ns

-n
et

0
10

00
20

00
km

H
T

S
C

H
ig

h
 T

e
m

p
e

ra
tu

re
 

S
u

p
e

r 
C

o
n

d
u

c
ti

n
g

 C
a

b
le

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

S
ta

tio
n 

(�
80

0k
V,

 5
00

0M
W

)
^

20
12

, k
ur

oc
ha

ns
ne

t

H
yd

r
o

G
ig

a-
S

ol
ar

W
in

d-
Fa

rm
Si

em
en

s

E
xa

m
pl

e

16
 M

ar
 2

01
3

Fo
r 

A
ft

er
-h

al
f 

of
 2

1s
t 

C
en

tu
ry

P
os

si
bl

e 
G

LO
B

A
L 

N
E

T
W

O
R

K
 C

O
N

C
E

P
T

P
os

si
bl

e 
G

LO
B

A
L 

N
E

T
W

O
R

K
 C

O
N

C
E

P
T

M
i&

H
d

U
i

T
k

W
ld

V
t

ti
M

d
b

d
t

f
N

O
A

A
/G

V
I

M
ur

ai
& 

H
on

da
 U

ni
v.

 T
ok

yo
 : 

W
or

ld
 V

eg
et

at
io

n 
M

ap
 d

ra
w

n 
by

 d
at

a 
so

ur
ce

 fr
om

 N
O

A
A 

/ G
V

I 

Le
ss

 th
an

 1
00

0 
kW

h/
ca

pi
ta

 –
R

eg
io

ns
 in

 E
m

er
ge

nc
y

E
ac

h 
do

t r
ep

re
se

nt
s 

1%
 o

f h
um

an
ity

 (5
5 

m
ill

io
n 

pe
op

le
)

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

p
g

g
y

10
00

 –
20

00
 k

W
h/

ca
pi

ta
 –

R
eg

io
ns

 in
 T

ra
ns

iti
on

O
ve

r 2
00

0 
kW

h/
ca

pi
ta

 –
D

ev
el

op
ed

 R
eg

io
ns

16
 M

ar
 2

01
3

-�
²
�
�
 
!
�
4
·
y
½
¾
y
�
G
�
70
Ó

80
%

/Í
¦
Â

!!
-ú
�
h
�
 
�
ä
 
ú
A
 
;
Î
°
�
�
æ
�
�
ñ
4
Ï
J
�

â
	
>
è

<
4
@
l
È
r

Û
6
ì
í
î
ï

Î
ú
�
Í
�
�
�

L
Ð
h
�
�

--â
	
>
è

<
4
@
l
È
r

Û
6
ì
í
î
ï

Î
ú
�
Í
�
�
�

- Ñ
Ð
h
�
�

Ñ
Ð
h
�
�

-~
"
�
�
þ
â

	
�
Ò

9
>

|
î
Ó
þ
d
Ô

-Î
ú
�
Í
�
�
>

y
�
¥
Õ
)

 
�
~
�
"
�
�
×
Î
�
�

²
�
�
â

 
ó
�

e
f

 
±

e
f
â

�
-o

]
Ö
m
�
�
×
¾
~
$
�
�
�
±±
m
Ø
Ù

A
þ
o
Ú
m
d
�

-�


�
â
�
³
×
�
?
H
¡
�
ó
â
�
þ
Û
³
×
�
?

d
�

-�


�
â
�
³
×
�
?
H
¡
�
ó
â
�
þ
Û
³
×
�
?

d
�

-Ü
Ý
b
y
a
9

 
9
Þ

d
�

c
ç
.
�

Á
>
r

Û
6
�
�
 
!
�
�
�
�
f
�
�
d
¦

¶
�

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

50

c
ç
.
�

Á
>
r

Û
6
�
�
 
!
�
�
�
f
�
d
¦

¶
�

c
ò
�
ß
�

Fo
o

t P
ri

n
t

q
�
�
à
í

�
�
�
�
�
�
�
�
�

©
 k

ur
oc

ha
ns

-n
et

 2
01

2,
 T

ok
yo

16
 M

ar
 2

01
3

TH
A

N
K

 Y
O

U
!

TH
A

N
K

 Y
O

U
!

w
w

w
ku

ro
ch

an
s

ne
t

^
ku

ro
ch

an
s-

ne
t, 

To
ky

o,
 2

01
3

ku
ro

ch
an

’s
 c

ol
le

ct
io

n
51

w
w

w
.k

ur
oc

ha
ns

.n
et

140



�
�

ñsÇæ5678.�ãlòó� ô� 
����ô�
�

%&'()*� +,-.�/0��12�
"�$+ 9:��;0<.$�

õõö÷� =>� ?@�
�

�
Z[�ø§v�

� �r<89hi:�ijüý+ç�/ jÔW3<89h<vU£Pæ�Ô:âtu§}<£PæG+

�<vU12���12�°r�����C:/ jAÔ89hi:<i:���a�mn×Ø½�a�

+ç�*nÜo<�^jÔtu��<ÉD<aNj¤¥Ô89hi: åP���z°`j�ùÓ å�

�pÚ�<Üâ���×Øp��Ô*<�^<��[Pé�P!E��m�jb÷�ÆÅ+ç�*nÜ�

É�ÔoçAÇÆ�ESÑæEp��Ap�É�ÔÜâ����d�jiU+çnpÔH� <÷v�)

n89hi:°!±²<i:~Ì�X:opjE¥ÔY¤y�û�ÔÓ�A&'�>E*�<pEnÜ 

� o<opAÔwx<tuú���¶B��°!±²<PºS7@<�^jú�+ç�*�Ô 24�3�
Üâ�æ���lÇp��ñ�âi:�wxA¸¹õB¶�)n��j¤n$P!:â�S¿¿�P3m

ntuú���V����nØ�p��DçnÜïg�|I(Ë��Pº�Vð 

� C�ÔDE��}�<ûj)n:â*÷�AÔi:Êo�¼�E�Ô&p:Êoj,*��DE:â%

$N<S7@�¿¿����OpEÊ�*nÜo<�^jÔ*Ö§)�*�A&p:(�Z*��Ô÷Z

j)n�â÷R)q��P�P¨<*÷<êÐpEÊ�*nÜDði:~<ÐDjô���ÔÐD|ÉD

¸ßDC�¨<&:�êÐjEnú	� *pÈ�ç�*nÜ�>E¨«�j�Ô±DEÉD<��:â

�[¼n�^<§ó%$N<&:��é�<Oø�g�|p��æ�PO�ã3+ç�Üïg�|×(D

E��j¤nl\]}�ðïg�|!(óEZ�à�±zÃZ´l´�ð 

� DE��}�@<:â���AÔDE:âÌC<¶�Ñ�E��ÉDÃ(jBC���é�úv��

��Û�ç�>�Ü�É�ÔéêëìLMNOP<üýþ?)Ôó`%$N<Z�à�±zÃZ<�^j

AÔ§�TÊ��Ã(jÐ,op�NëOp��nÜoo�AÔ:â�UVmn<ÉD<�Ã(jB

C�Ô��ûßÊ�¥"�<§��S7@mnop�ÇÞ��*Ü 

� ,C¥Ôi<� 180�v��Ô�éêëìLMNOP:Rpoç�UVmnÝV¾�¶²p��Ô�DE
�AMãäåPæ<ÉD0�S7@�)¥+E*<ÉSøp*:s|�)nÜùûj�6<�x�ÛÊ

�6�Üo<���j�Ê���12<æ�Aùû<¤:E�<�Ü 

�I�@C�ÔS��tu<6�ø¥#Ê�>���12E�<~ì�ÔØ�ú¡tuú�<¨��Ø�

����ØDE)Ô/ j¤Ê�A¨�<� °!±²C��<$ jBC*��ëìE !�H%$

NJ<��12j�d�ÔC�H%$N��KL�jÛ:~ì�b(j�!ÑPä@pº�ç�*n�

���ZnÜo<~ì�ÝÊ�Ô�H%$N�ëìE)n^�<��¦�@��w��*�Ü 

�×�:âtu§}AØ�ú¡jY6Ð�DçÔ¤¥û�%$N�<KL���12j¤Ê��ã�+ç

E*:âØ�)�:âÎ^j,*�AÔbE��<tu) %$N<±DEtup<Pº�Eønj

¤Ê�ã�mop�lÇpmnÜ 

�!�±DE)��tup<øn��^�Ô)nDE¤<��12S7@�KtjÛ�n�^jAÔ�K

t:âøn./<¦x�lÇp�ÔH%$N3<���W_12�ëìE�æ±z�tu~ì��o

mnÜC�Ôo<¤:Eøn�Ô_*j��Z�±z�pEn¤:E��Ê·�×ØpEnÜ 

�Ó�SÑ�j×ØjEn�)9:Ô��<º»})�}E�AÔ§óÈÉ��s+çn©>�ó�Z�

à�±zÃZ´j¤Ê�SÑ�jZ×mn�^<�§óB�&:Ö���&:~ì�o�j¤¥¬z

�í�P�E¼ç�EDE*Ü 

ª 12&�±Y~°�ï�ê²

141



�ª�o<¤:EDEÉD§óÈÉC�<Ô�KL��]^�Ø�ú¡<§}°!±²éúvAÔwf

tuú�pA�>�~EnopÉDÔEØJ<tuQ¡°j��j1Ê�:âtu<È�Ï®�NëOØ

·pEnÜ  

� ùû�AÔo<¤:Es|�ú�+çÔS7@+ç�DE�AMãäåPæ��ñsÇæ5678.o

ùSV�o:ù-¹�;o6STU.V��Ú`(éLM�kãæ!�;���{�����=�����pp¥)��
º�oppmnÜ��ÔDE<�éLM�kãæ!�Ç<�j�wmç�Ô��tu<ÉD6npÔ�

j¤¥�¦�@�ôLMNOP@+ç�DE<G+� p0E+çnopjEnÜ,C¥Ô��tj��

>Eq�ãäjEnA��)nÜ 

`[úûlñsÇæ5678.�ÍÌ4�jrü³¶5678.|qvê
hÐý�

� o:*:<�<DEMãäåPæ�Y6 �Z�*�éêëìLMNOPRj,*�Ô�ZjHS<«

ò<)DC���x2Ç��Ü 
�

� ���� W¨ñsÇæ56Ùéüwlõþ��&�

Ã Ä ¨ÅÆÇ�ÈDÉ�ÊËÌ Í } Ì ÎºÏÐ©ÑÒ

� !e$

©ÓvqÔÕk)
§��5MNIJÉÊO£
PQR���Sá
§TU·�PQVþã
§�������=�SáWX

§G�§HIJKJL
©Ö}£YZ§Z§[
\í§\�§]�
§5M^á>×ØÙÚ
Û�

©g�nÜÝÞßàá
âã£

� �ÀÁ
§_`Vþ1V
§5�C��f+�£gN
©hô�âV

§G�§HIJKJL
§5M^á>äåæç
Û�
'_5M§ïð·âV(
©î�ïðÞñ�

©èé·êçëáìí
§��¥aS�2���áb
cd�o�eL�¥
aS�Sá
§Äi×jg	C��
&í

���e$

§ÅÉ·&kl����=�S
�;WX
§ÉÊ>ìm
?noNO
3��

©ò+©ó+áôõ
§Ö}öÞ)'p�Ä3
�q����qCr(

§µÉst4!

÷��e$
©ø÷¨ùÓvqÔÕk)
§u;ìí�v×wx
§ba���+��c

§u;>ry	?
zð(

§{|}~Ehô��
;�C�+>�
§}����p�ØÈ
§�����  

� ��"� W¨ñsÇæ56Ùéüwlõþ�"&�

Ã Ä ¨ÅÆÇ�È©É�ÊËÌ Í } Ì úºÎºÏÐ©ÑÒ

O P Q û �
e $

§��I£�ål��p3
§�����ÉC��

©xyüýáþ�J·
üý��ñ�

§��C��EeLC
û=o

£#��e$ ©�ÀÁ�����
©��	+
Û�
§�Ê�1]N��
§-.O&í

§1V���

� { �
��nÓqo

©ëá½���
©�f�k���üº��
��Ù�

©�Ç��	+ÀÁñ�

©� !e$���9
ïê -ò9�Dó�
���Ôln(
§�����Vþãò

� £ �
��nÓqo

©ëá½���
©���0M0��¦ 0½º���

©�Ç��	+ÀÁñ�
§������C�+
� EÇÈ

� � e $ ©!"�#ºÓvqÔÕk ©��	+
Û�

§µÉst4!
§`¡�¢�C£�
¤OP$p�©%P
�k¾&

$ � ï ð

©�¥'(e)9Üg�n*
©¦�+� ©��+� Á�$
zº,-
©.��$z/�D)Ê,*
§���ÏÐ>×01+�

©Í}üý
©���Ôln
©J·üý

©��Å½º��01
ºJ·2
*½g�
n©�pmn
©$�|345á67

�L0K�]�Q�K���K���������]=�
������K�����������=�  

142



�  Ð�AÔvU<�>+<�jÔHS<éêëìLMNOP:R�ðR�Ô»»hK�ÉDû¨VÉÊ

�p¬��Ü�¯ðÔD¶ðÔDðAÔ¸¹ 24�3�ÜâaU�ëìE�<p���)��ÜG�â�
º»vU�)n�<<Ôoçj¢�¦�½�kl�>*:�)nÜC�SûEjAÔoçDpY6 �Z

ëìE:âÕEæEj,*��®þ��Ü 

�[ñsÇæ5678.oùSV�ûÊ"8$��?�����=����$�

� lÐj+ç�HI<éêëìLMNOPR�Y6 �Z�Ô!ÑPä��kàË±z�ú���/ 

<_%²�ÔzZjb*�Ü�

�  ²j»*�Ô�Êp�¶:÷jAÔ�kàË±ztØ�p��Ô�kàË±zI��kàË±z�<

DE�kàË±zc�ú���*nÜ*ç�ç<�kàË±zAÔÊËDEÔ£�DEÔv�DEE��

W_~¦fg� PäjPú�+çn��dC�*p#�çnÜ,C¥Ô*ç�ç</½�Ôh�9W_

j~EÊ�*n��Ô�3�E��<G+3�éì�N��Í@+çnÃy�]*Ü 

� oçAÔOr]ÎNO�ÔG+3�éì�N<~EnÔ�éz!ÖÔÊeÖÔ£�sÊÔ�$�äsÊ

E�<� p��G+c�Ô�3�3)���«¨3<�Í@�KDÊ�ú�+ç�*nopjÔ nÜ

ð:h�Bzëv<���M%P°`��°!±²j¤n��<phZ�ÔKÐtup���¥ÐÊ�*

nop�ÄDç�*nÜ 

� oçD<�kàË±zAÔHEMS) BEMS�o���¬<89hi:)�¯ðÎPäï�3E�<é
êëìLMNOPR��eÔ/ j¤Ê�AG°r<�:Êo�u��*nëì½�]*ÜoçA*ç�

ç<
�<¹¨�Z�à�±zÃZjcÐ,�)9:Ü�e9ñ�3�¬<��jkãæ�3��°�Ì

��Í@<uâEæE�)nÜ�É�Ô¤¥�>E�Í@AÔ*ç�ç</mn�kàË±z<¶<G+

3�éì�N<�îj¤Ê���D+çn�)9:Ü�kàË±z¤<tujAÔHú�
�<G+p8

9hi:E�<�A:R<3��Í@mn:â���Û> *mnopjEnÜ 

 

�
#$>+

!"#:$%�þÆ

^Z=����	�������'�Z����"#�$

�����]���� &

�
�$>+

#$>+

�
�[

�[

� &

�\

 
zZ� ñ56oùSV�o:ù-¹�;"8$��?�����=����$�

 
� o<è�Ôê n�3¬<��}12AÔ�kàË±zjÊÓ+ç�¶°r<:âÕEÊo�~ì�i

fmnÜ��}< 3��^�<�:°r�)ç�Ô3�3^��æ��gn���j�³�ëì�)nÜ
�3<�rDE<�æ���� 3��o�nÃyAÉE¥G+*p#�çnÜo<¤:j��Ô��jU

143



h��i:mn89hi:j¤Ê��ÔÉE¥<��¦�½�ÃZ+çnÜ 

� �e9ñÔ±<éêëìLMNOPi:p��ÔDði:A 24�3b����ëì�)nÜì�i:
pº�çn��j�i:� Û<«½��,ÜðUV���ç�ÔD¶ð)�¯ðUV<ÎPäï�3

�HP��$P!��p��<«½��,ÜD¶ðUV HPADLMN�P�NE�<uâEæEpE¥
,,)nÜéêëìLMNOP�kãæ!�M�mn�^jAÔ�ØEklê�)nÜ 

� G�âi:�Ô�r�¦���*n�kjAÔ24�3B<:RpEnÜo<[�3A¸¹ 100�Ô&.
�r�*<CCUVmn��6�i:pEnÜ&.�rAº»�jAvUmn�<�)nÉDÔ*<��

âvU�pGÉvU<}�AÔ�EtØ�ÉD<5:j¤¥12+çnopjE9:Ü 

� DEKa�¤¥¦�E��12�ëìjmn�^jAÔ12ëìE:Rp��Ô���Ñ!i:���

DçnÜ����r�i:ÜâA12ëì�ÔÜâ�û�n�jAÔ���Ñ!��AÕE��»¼�¤

*Üo<|�Ô89hi:)�âi:<i:��pr��j~Enpo9�)nÜ89hi:E��¥÷

ÉD<aj¤ni:���AÔÝ�ç�i:~ÌAø¥"ZE*ÉD�)nÜ 

� S��tjAÔwf�A�B<�âi:~)��i:~�áæ+ç�*nÜ 

� �Ø)i:<º»3<vU�í�PmnjAÔ:âÕEAãw��pEnÜo<¤:E/ jAÔDE

~j��+ç�*n�!��tupèñ�ð:h�Aúl<klê�)9:ÜC�Ô�ÈÉv�G+jA

�E<�B LNGi:jÜnop�<���kãæ!ú����E¼ç�EDE*É�ÄçE*Ü 

� ¬<��p��©i�mjj0�nÉ�ÄçE*�Ôº»}<12jAÔ`*<k�}�UV���E

�t�Ý�¤:Ü	��ÔljAm�**Ö§<éêëìLMNOPi::âAÔ`�<DE<Þn:â

Vp��dC�* PäjP�)nÜ�e9ñÔokjAÔ`*3<:â��AÚ��Ô*Ö§<$n:

â���mnop�ëì�)nÜo<¤:E����Ô�Ê+ç�Ôíj�pµó<8�p2<Hq��

�&:(�)nÔ� °ézãæ���[P[�ðµ<��� [P�AÔo<����)Ê�Ü 

� �e9ñÔ�,�tj¤ç�Ô�3�°éä�ëì�)n�Ô�ró¤j�ç�Ô�É�É 1�3^�
E<�ÔW�6O�ã3<�Í@^��Ékl�>E*�Ô±ó3p<!P PÌ�ã�ú<�<�mç

�ÔÇÆ�jAÔ�Êp�>E�3}<12�ëìjAEnÜ 

 

$

~"��ä&���
~"��ä&�ç

à �

ç .

½¾Q/0123

â	~"��Î
ú � Í � � 9 ��Q/0123

ó Å 4
Q/0123

ß 	 > # 9

o � ³ ´
J K 9

 ß	:ûB�{C
 D#EFG{C
 )*�JK
 �LMN0O23PQ

 ß	Ú~�ú��~
º?:ûÂf
 â	c#2|�
�@
 )*@AÂÃ

 â	Dc#þBkÂÃ
 35y(6â	Âf
� ��Ó$-�:¾>8
:;&
 â	c#2|�9<
 )*�+y�ÂÃ

º ? : û 9

Y Z 9 : 9

â	35:û

K78:0 �\

â 	 : = / =  � \ Õ Û

 '3A>y(<
 ���� ]��� J���
 )*�+y�

o � º ? 9

HtI:� stI:� R�
� } �

~"��,�ç
~"��- 

à�6789:+

: = Ô 


��Z=����	������"#�"��'�Z��  
z`� }�2�n4��RijûÊ�

���^����7Ùél�©}�����^{9�)l�í	�

144



� z`AÔØ�ú¡�ÂÃ@��:â��tuú¡�ÐmÜoo�AÔC�SG��<��12A�¬Ø

��)n^�ëìE !��smnÜ�����!j� �Ô���)Ú���iêmnÜoçDAÔD

E!ÑPä��kàË±zÖ<~ì�ºÉ��Ô	�����PE12�»»hKí�PmnÜ	��Ô

3��^�<��}�Xrmn�:°r��,Üfyj¤Ê�AÔKL�>E*<�ÔKt:â./�Ô
��Ô±<�kàË±zÖ)�E:âÖp<3�Ô×ØE:â1
�Û:Üº»12)tu¦�@��E

��Ö)§óÈÉñÔÖ��emn�ÔSÑ�E�!ä�eA)A¥ÔKt:â./�Ô��Hks=j

En�)9:Ü 

 [��8$��? ûÊ�v��2kÝX��ñ56oùSV�o:ù-¹�;�lt�.É�

� z�vAÔ)nDEjú<+ç��ñ56oùSV�o:ù-¹�;�<�qP��b*�Ü�

� o<DE�AÔ�/)ú�~�u�Ô*o¨Ô:��È<ÊË�Ôt��ÉD� ÊËC� �¦x�

�*nÜoçD<�¢c<�FjAÔ89hi:�¸¹§(ÔÊÓ+ç�*nÜm�jÔÊËV)�/V

:Rp��ÔÌ�ã� �±z�´�ÜG°r<�:;�¹¨V�uK�ÔÊÓ+ç�*nDP!� (

v�Ü+DjÔw¥jAq��P�P�Ê<��e��Ê�Üo:x:�ðj�<���6¤:ÜÜÜ�

� �É�ÔK��e<LMNOPR<�\�]^�ÔDE<LMNOP���¦�@+Zn�^jAÔK

L½�]^�DELMNOP°!±²��wmn×Ø½j,*�Ô$Æ� �+çn¤:jEÊ�>�Ü

�p��ÔK��e�u��*néLM÷R�ºÉ�E�Dy±DEpuUE�·�øn�ëìE Îâ

�+�¥Ô¨«�<LMNOPK������!æÑMP�q�ä�<�V��>EU|�9:Ü)n*

AÔ±<DE<LMNOP/½pW_X9�Eêz��êz��ëìEWæ�0,¼Dçnëì½�)nÜ�

� oo�P*EopjAÔ�zjAêz��éìP²�¦x�Ôzá<Dð÷Rj�ÔCç�*nop�

�ÉÊ�Ü*çDpÔW_X9�jY6 �ZnM<u BMãäåPæ<�w�ëì�AE*Ép<ú

<�s�6����>�Ü��Z��»¤��Z�&Ýj��

�

��Z=����	������"#�"��'�Z��

CEMS��
�� �

� !e$

¢���

� �
��̂ CS����

��e$

�$z

�$z

� !e$

${|}~
�����

�£�¢¤

�k

¡���

${|}~
�����
¥�¦>¥�&

gstuvw
�$z

gstuvw
�}��$d

�#
xy$zâ	

ìí��
����

��

� !e$
xy$z
${|}~
�����

�$z

o�ß	!#
y j
:=Ô


9:]lõ
Û�-~

umn
�olõ

â	!#

¨��k�$

|����� �.�

�.»�º
�

z�� 5678.Ô
_�ä§��ñ56oùSV�o:ù-¹�;�l��

�

145



� +DjÔ[$mç�ÔéLM�kãæ!��wmn�^jÔ�:~ì<��mcd��>*opjAm

�jíç��Ôoo�A+DjÔ*<kl<�w½�]^n�^<ÔUÞ�EÇÞ�'©�»�Ü 

�I��øÔÇ�v�h��l³�.V~�Moo�{ç�EDE*<A:¯KU�<�:;<UV�

)nÜij:¯KU�<{|�?^�*<w°rAÉE¥�>E�<pEnÔ��V<��@¼�Ô�#

<Ô|�ù¥jAÔ�÷��}�/j}���*n�<��Ñ�)nÜ	��Ô�/<}�/jAÔ�:

;�Ì:�E�D}���*n<�)nÉDÔ�ÉD<b��:�mç�Ô�/5:<�£PæZP��

Ìj~¢�>nëì½�)nÜC�Ô�/<}�/�W<89hi:£PæjãÌ:pEÊ�:¯KU

�AÔBËÓ<� #�£Pæj�:�V2H�mç�Ô�£Pæ°éä�´��>Ô�c�¼�E�Ô
tu���<��12jpÊ���>Eq�ãäEnÜ (1) 

�×�C�Ô)eoej|xmn:¯KU�AÔ¨«�jAãd:Rp��<�V�ëìjEnÜ«jK

�}<~umn:¯KU�AÔöe~�<�VE��<��ÔL�!æPNE�jÊÓ+ç�89hi:

��e9ñKÐ��ëì�Û�p<�1�V�<����Ûpm©>�)9:Ü�����E���U�

:R�p��0ç�Ô*<UV !A�>*Ü(2),(3) 

"�$´���alYUÌòl®Ì(:¯KU�V<�:;AÔ)n^�<Þ°â�+n�^jAÔ�

�j�:�<�:�×é�·�)nÜ�:;<P�ý@j¤¥Þ½ìAÝ�ç��n�ÔHEMS)
BEMSE�<�ÓÝV<Ì�:�A~Éj��)n<�Ôu�UV�ëì�)¥Ô�×	�)n(1)Ü 

�Ó��D,�.<.("~< HEMS) BEMSj (�AÊÓ+ç��Ó�:;)Ôl$<}�¶:¯
KU��:;��Ì�ÄP[Pjcþ�ÔvU�	�<û�ÔHS< SOCj� �ÔÎ^:â�¦�

:��¥ÔN�:â��<�^j]^j1:mn��M!MgÜlÇAÔtu<½&~ìpÔ��R�q

<ÃÐÔZ�à�±z<]*Ô
�����öí�����j¤n¨î�8º<��~ìE��lÇÜ 

�ª�ø/NÄ±�lä_pqNÄ����(89hi:)�âi:<¤:E¯\�·�i:r��;+

çnéêëìLMNOPi:�AÔ�kàË±ztu<��·0M�)ÔKt:â./�<:â1
<�

^jÔ�p����< 30�^�üp<i::âr<@AËPO��>*Üwx�AÔ¯\�<! ��
j¤n(\@°!±²<pÕÓÉD@Amn�^<=>}i�?^Dç�*n(4)Ü 

�

¡[�ñ56oùSV�o:ù-¹�;�&.l�§lÅÆç�

./�� �ñ56oùSV�o:ù-¹�;�&.l�§l�¿ÅÆç"+¢�� $�

�I�}�2�n5678.o�6.É�0To����"���$M�

�!ÑPä��ê!�¢JU�;�<�¢<�<×Ä��!ÑPä��NA¢JU�!ÑPä�éìP

²Ã¢JU�!ÑPä��kàË±z�¢JU�§óñÔ¨�¢«� 

�!ÑPä@¢JU<�^j�:~ìA×é(�¢JUV�:;Ô!ÑPä��N<A¢JUV�:;

j,*�AÔ(�3�12 �3^��<�(o<5E�AÔ¡����:;QL)TB�:;}ij
kl�./�� 

�lÉÃ��AÔ�r{|�<¢<<�:;�V�u~�j��æmnop�ëì��Ì�ÄP[P~

ì�c/� 

��3<�¢JU12A)n !�ëì�(�^�<�:°r<�� 

���ój»¼néêëìLM�89hi:��â�i:r<º»vUp`*3�Øº»}<�Í@�

kl�>n<�éêëìLMNOP�$!ä�kãæ!j¤nDE3ñÔ�BrjS7ú��éLM

d <oÞpp�jÔ	��Ô���i:r<I�×���¸�<�°r�ãéìP<×Ø½A]C

n 

�×�jrüä1æ�R�¹üwÅÆMJâãrU5�¹�ÅÆ"��¢$M�

�ó¤:âÖéúv<�^<§óÈÉ]~ìñÔÖBr=>(ã k�E¢|m åL%&:Br=>

}i 

146



�¢|m�°r;�J åP���!�SiCÔGaNÔetc.�(]hÄPä åP���!Br}i�¢
|mè�V�°r å��}i(]~ì:âtu��°r:âÕE¢JU<12Ø�=> 

�§óÈÉéêLMñÔÖúvV]ìÝÇü��&:DP�N�V@=>}i 

�Ù�¶Hk�jAÔ§ó�ÈÉ<Ð�z×NPäH 1000Ô kW^�<¢|m]:0��&:tuú
vëìEBr=>}i�ÃamÜ 

�!�jrüä1æ�R�¹üwÅÆMJâã��ÅÆM�

��:���!°!±²T=>}i���÷RjÜDE*Tù�<Y Z=>}i(°������:

;Ôjä�ê²���:;Ô� 

��!ä�±<�^<rvä¡=>}i 

�#¦��¶�=>�¦§°!±²=>}i 

�Ó���.T6STU.V2 MÌoNÄÅÆM�

�éêLMñÔÖ�tu�V=><]�@×Ø(]~ì!ÑPäqP[P�Ø�ú¡ÓÇ´°!±²�

]~ì åL%tu 

�¯\�KÖ�·ÊË[��Ìp89hi:��âi:<i:r@A=>�£�ï��ä��E���

� 30 �üp�Hk@A��H%$N¢JU�V×ØÓ�¶:�:aN��Ì�ÄP[P~ì�V
<×éÓ 

./&� �ñ56oùSV�o:ù-¹�;�&.l�§là!ÅÆç"´"¢� $�

�I�}�2�n5678.o�6.É�0To����"���$M�

�Ø�ú¡!ÑPätu<S���)n§óñÔ¨¢JU�¢«��HØ�312~ì 

�!ÑPä@ EMS<�^j�:~ìA×é(`*�<éêëìLMi:rp�ØjAº»}�éêL
M�$!ä�kãæ!j¤nDE3ñÔ�W_�1�Brpmn�ÔéLM{|oÞpp�jÔ	

��Ô���i:r<I�×���¸�<�°r�ãéìP<×Ø½A]Cn 

�×�{9�)oµ#,0Vñ56�í	2 ¢MJâãrU5�¹�ÅÆ"�$¢$M�

� ó¤:âÖéúv<�^<§óÈÉ!ÑPäÌ�ã�@<Br=>p��×ØEã k�E¢|m
��&:�Brpmn åL%tu=>}i 

�¢|mè�V�°r å���°r@(]~ìtu��°r:âÕE<:â12ú�Ø� 

�¢|mÝHq�ÝÇü��&:=>�§óÈÉéêëìLMNOPñÔÖúvV]ìÝÇü��&:

DP�N�V@=>}i 
�!�%�É�³¶e«i��.T6STU.V2 M%&¶pq»¼ÅÆM�

�����¯\�KÖ�·<ÊË[��Ìp�EéLMi:�G+vU@A=> 
�E¤��12°!±²<úv�¢��¤>l	��E¤Kt:â./�óô�Ì�ÄP[P;} 
�ó�LMNOP�Z�à�±zeZ(:â�LMNOPo� 

./4� �ñ56oùSV�o:ù-¹�;�&.l�§lí�t0'Ev����

� @C�'©�>�¤:jÔDEüpj7 ��éêëìLMNOP�klêE�Düý��*��^j

AÔ:âtu<!ÑPä@A×é�)nÜo<�^<tu]�@jAÔ1Û��Ô]�@+ç�ÓÔÕ

t<:âtu¨üý�NëOpEÊ�*nÜ:âtu]�@<�^<ÓÔÕ=>��:)n©>Éj,

*�Ô_E��6�*Ü�

�I��kàË±zØ��AÔéêëìLMNOP<ºV<�^jÔ�¢JU~ì<¦x��ØpEnÜ

�¢JUAÔDE¤<��vU�ÔDEtu¤jpÓ+ç� (<!ÑPäqP[PÉDÇ&�®�+ç

�wf���P[)Ô@A�P[jBC>Ô�kàË±ztu¤<12ìâ< !¤�ÔëìE !�1

2�Û:Ü*<�^jAÔ�kàË±z¤<G+�ØUVÔéêëìLMNOPi:UVÔ�:Ì�:ì

âE�ÔÞ2ÔwxÔðjj,*�<Ô�P[®��÷Õ�@AE�Ô�ØEÓ�Ç~ì<�o�Ø�

147



+çnÜ�

�×��Êp�Ò*vUAÔG°r�A� )�N<�¢JU)A¢JU��ëì�)n�Ô*<�kà

Ë±zØ�jÊÓ+ç��¢JU��Ñ<a7���mÜ89hi:j,*�AÔ	��ó¤ÊË�kà

Ë±z�)ç�Ô� �^��æ<l�j<<����:)n*A���Ñ!E�<��12ëìi:��

omç�Ô  Ir�¤�<$P!vUAKâ�í�P�>n !p��DçnÜo<¤:E�¢JU�

)ç�Ô*lÅo<G+vU�j³mn��:â��Etj~¦mnopjE9:Ü��

§ ¨ )©ª � « ¬ d
6±�¼#�?®.f¼8

� �  ® ¯ ° ± c ²
%�³N.�´¦¥µN´��¶

É Ê Ë Ì Í Î Ï Ð
6Ñ�Ò�ÓÔ»��Q�Ô&®.f¼s�WQ[8

qS>è�
x:�r

Îú�Í���r
'¼�¯�Ô»��Q�(

ËÍÏ
n�m

v�9
���ò��

�Kst"

y ( 3 5
|[��}

£·

¼�¯�
n�m

Õ�Ï
n�m

®�¯�
n�m

põK<�

½¾k�¿ÀÁÂÃ
ÄÅÆEÇÈ�

[ñuvñu

���������
���������	��
���	
��
��

p
õ
Õ
_
9
wy
z
{
9

 
z � }�2�üij2kQ�öí�il(\4�)*êÀ�

 
�!�DE<N��)Î^�AÔBr�jA:âKt./�Pt��Û�çnp<�mnÜoçD<�Ç

AÔÓÔÕt�Ô��Û�çn¤:jEnp��n<KÖ�)nÜ��tj»*����@A<�^<

×ØEÓÔÕÖ��o+çn�9:Ü��

�Ó�:âtuKa�ÔKÐ�AB¨=Û��*�/ jÔÓÔÕt�K�ÉDÔKL�A�Ç�ëì

E°!±²�E��AEDE*ÜS��tp������EÓÔÕ°!±²�AÔ�ê«�iê�

��Ôû�°!±²A��Læ�>n¤:EÔ�KL�A�	�Brp��Ôé��NZPé�°!±

²�)n©>�)nÜÓt°!±²�VZd�!ä<��@Aö¼E¼ç�EDE*ÜC�Ô�E¨«

�jAÔ�S<�kàË±z�KÐ�>n�^<ÔKÐ��ìâ�ÃZ�E¼ç�EDE*Ü��

�ª�º»vU12<�^j�Ô�ÈÉE¨«�<8^æpEn§óB�tu2o<UV�u��)nÜ

��rAÔ`*jH*�^jÔG+¸ß [P��`*X9��)¥ÔéêëìLMNOP< ��`*

�W_X9��)nëì½Ü���

�J�LMNOP¸ßp�_��éêëìLMNOPUVAÔo<�P[K}���ãÌ��P[�)

n�Ô3���°P�P[<«A¹BA�Ø���)nÜC�Ôl$��¤:EÓÔÕt<��@�ö

¼ÔÔÕä�ézãæ<o����AÉn�^jÔû�<�¬�P[AÔÑæ�@�Ç����Ô��t

jÇ&mnBrÊ·�NëO�)nÜ�

�k����P�Æ¹	)3���°PZ�<�^jS��<¹�~ì�BrÊ·ÉD×ØpEnÜ�

§[Þ
ª�

� 2012 � 7 � 1 �ùjÔ��ó<89hi:v�AÔü�Ä<¤:j�;}����Ü���	
ø�

148



�<�>E�� æä�)nÜó¤./A@<��*�¤¥��>E«�¥�0Z�Ü@C�<�� ÷

�pÔT�j;}��CÊ�*�xn�q��P�PjÞ��Ô10kW�1MWðã<�k�N�P�
P<ôEÜw�)nÜoçAÔ�Ê�!ä�@<ù�jq�ãä�)nÔ�/<�FE�¨<�Ê�

W¢*�p��DçnÜ 

� C�ÔQ(<¢·�³\j��Ô*�xn��F��i:�c/��Ü �<K�}�AKD<~u

sÊ<�F�����Ü��¥Ôu�D�ýÏmnE�Ô89hi:üýj�Fef���*nÜv

�ïD<6ED�ÔC�UVE���ËPO�]CÊ�*�jT*E*ÜsÊC��<LMNOPKÐ)

C�V�<ÃZ)�ÇE�Ôoo��°!±²u @<�>Eëì½�@0�>nÜ���	
ø��j

S�Dç�*÷j³��AÔi::ârZ×<Ø��]C¥ÔXr�<�E�E��)Z§�<8�j³

��Ô=>�jÂ-EË����a��^Dç�*nÜ��ój»*��ÔãÊË�û<ï±�°�N�

ãdj]�Ôo:*Ê�DE�<LMNOPKL·0¨V¼�Ô¤¥�ÈÉE;}�ij��pEn�)

9:Ü 

� ¹¨fÔ)ôLMNOPfÔ<V�ÉDÔÊËÔv�sÊ)ÍtsÊE��Ô�:~ì� �Z�sÊ

mn�6�o��*nÜ*�xnLMNOP�ÑMP�q�ä�°!±² EMS p��Ô89hi:�8
9:;³ å���p�:~ì<Y6 �Z�V°!±²<HI<�_�0Dçn¤:jE¥,,)nÜ

o<¤:ET�*£å�\<3¡<�6AÔ!ÑPä�ëP² SHS )!ÑPä��kàË±z¨<;}
�Ãa��U>j,E�nop�kl��*Üo<¤:Eëì½�ºÉ��*��^jAÔp:�ûj»

*��È�Ï®�_CçnÜ 

��������������� 

� oçÉD<DES7@<U>AÔ*<�kàË±zKa�KL�jÔ*<3� ±zj� �éêëì

LMNOP�kl�kãæ!��*�jT*E*Ü*<e�<��E�DÔr�x�Cp^�6�ÜD%

c)jpÊ�Ôu���O<D%CÌ�R���*��^jÔ89LMNOP<©æ��é�P<LMN

OPjBC�klê�É¦x�E*Üu�<÷R�¸ß��*��¥ÔÂn*ðjA)¥+E*Ü 

� éêëìLMNOP�kãæ!��kàË±z�REmix-community�pAÔ*:*:CÌ��wmn
�^<uVEæE�)npÕ�nÜ �<C¾´<ºi�kl��*Ü�<�mÔ�<�mC�æ�Ôc

)<�^<�>E���)nÜ�ç�ç<�b÷p��Ô89hi:°!±²pÔ*< PäjP�)n

éêëìLMNOP�3´AÔW_X9��æN�ÃÐ�ÔS7kãæ!�ú���xÉE¼ç�EDE

*ÜHS<U|�if��*�opj¤Ê�ÔLMNOP°!±²j»¼néêëìLMNOP�°��

�S�@��*�op�ÔoçÉD<�>EÃÌpEnÜ 

� 89hi:AÔa<&¥<G+E°!±²�ÊËVÉDÔ¶°r�k�N�P�P)Ô�°r�q

��P�P��O��P�P�Ô�<DE��z��j°�j;}ëìE�{�½�umnÜo<

Br�E/½<�^jÔØ�B<éêëìLMNOP�MãäåPæ�úv+çn¤:E�m�j�p>

�Ô89hi:AÔ>Êp*<¶²j)¥æ¼npT*E*ÜD%�j¦xmnHDE�kàË±zjp

Ê��÷8ëì�ÔNëOEklê�)npÔ½¾A?�Õ �*nÜ 

� r]AÔ�iÐî�(5)�é¶��oX���<�)nÜ 

 
ÏÐ�Ñ�
(1) »¼£úÔ»¼KKU�Ô»¼:~(:¯KU��V*�!ÑPäÌ�ã��×�Q�}�Ô��P

! 2012.4.12Ähttp://www.mitsubishicorp.com/jp/ja/pr/archive/2012/html/0000014507.html 
(2) EV)ôÌ:	�DE<LMNOP�ÑM�q�äjºV, 

http://jscp.nepc.or.jp/article/jscp/20121114/330552/index3.shtml 
(3) JXE, NEC: ��.�¢|m�P�!!±P°`�j»¼n�:�Ì:u °!±²<�×ú��}

�, 2011.9.27. http://www.nec.co.jp/press/ja/1109/2703.html 
(4) :¯�Ì(éêëìLMNOP<i:@Ap°!±²=>Ô:¯�ÌLMNOP�òó/q[µ�O²

CÌ�òó°!±²  x¾ÌÔ2012.11.21. 
https://workshop.iee.or.jp/sbtk/cgi-bin/sbtk-showprogram.cgi?workshopid=SBW00001C65  

(5) -.(89hi:°!±²péêëìLMNOPu MãäåPæÔª 15&Å¢U89hi:°!
±²x¾iÐÌÔ���Ô2013.3.16. 

149



��
�}

�
'�

"#
�$

太
陽
光
発
電
分
野
の
最
新
動
向

�
�

�
�


�
�
�
	


�
�

�
�
�
�
�
�
�

�
�

�
�


�
�
�
	


�
�
�
�
�
�
�
�
�
�
�

�
"
�
�
#
�
$
�
è
é
ê
ë

Z=
��

��
	�

��
�

�

ì
í
î
ï
�
�
 
!
�
ð
à
Ù
ñ
ò


�
ó
�
	


ô
õ
ê
ë

��
�}

�
'�

"#
�$

太
陽
光
発
電
分
野
の
最
新
動
向

太
陽
光
発
電
分
野
の
最
新
動
向

i
j
-
Ý
>
6
7
8
9
:

�
�
�
Ö

.
0

 
á

�
�
�
Ö
�
.
�;

�0
 
ì
í
î
ï
�
�
 
!
�
�
â
¶

�

n
~

A
B
>
6
7
8
9
:

n
j
c
~

A
B
>
6
7
8
9
:

 
6
7
8
9
:
>
¦
=

 
Þ
ã

{
?

¥
~

È
6
7
8
9
:

r
j
{
?
>
¥
~

È
6
7
8
9
:

 
ç
.
6
�
�
�
f
�
�
w

 
ì
í
î
ï
�
�
 
!
r

Û
9

 
ì
í
î
ï
�
�
 
!
�
r

Û
9

}
j
Î
�
#
�
×

Z=
��

��
	�

��
�

�

&

��
�}

�
'�

"#
�$

Z=
��

��
	�

��
�

�

4
��

��
�QQ

�
�

�
��

�
���

��
`�

Q�
��

�
���


Q�

��
�	

��
=�

Z	
Z	

Z=
Q�

��
Q#

#?
��

#�
�#

#�
��

�

��
�}

�
'�

"#
�$

Z=
��

��
	�

��
�

�
��

��
�QQ

�
�

�
��

�
���

��
`�

Q�
��

�
���


Q�

��
�	

��
=�

Z	
Z	

Z=
Q�

��
Q#

#?
��

#�
�#

#�
��

�

150



��
�}

�
'�

"#
�$

Z=
��

��
	�

��
�

�
��

��
�QQ

�
�

�
��

�
���

��
`�

Q�
��

�
���


Q�

��
�	

��
=�

Z	
Z	

Z=
Q�

��
Q#

#?
��

#�
�#

#�
��

�

.

��
�}

�
'�

"#
�$

Z=
��

��
	�

��
�

�

:

��
�}

�
'�

"#
�$

%
r

2
0

1
2

1
2

3
1

	
$
3

½
¾
f

%
2

0
1

2
.1

2
.3

1

P
V

 i
1

0
 k

W
8

4
7

M
W

	
$
3

½
¾
f

2
0

1
1
+
¾
¤
¦
>
~
�
�
�

Ó
}

G
W

(½
¾

)
8

4
7

 M
W

1
9

3
 8

7
3

 P
V

s

}
G

W
(½

¾
) 

C
u

m
u

la
ti

ve
 

To
ta

l
4

7
0

4
M

W

P
V

 î
1

M
W

2
 1

7
6

 M
W

7
4

2
P

V
s

4
 7

0
4

 M
W

2
2

4
 4

5
6

 P
V

s
7

4
2

 P
V

s

m
�
ä
y

1
0

 k
W

 ï
P

V
i

1
 M

W
1

 6
8

1
 M

W
�


å

æ
5
å
æ

å
æ
5

-
 
ç
`
è
�
å
.

¡Î
°
T�
�
æ
�

¢
±
e

f
â
5
�


W
â
5

4
â
a
9
V
é
�
4
â

2
9

 8
4

1
 P

V
s

-
 

 
ç
`
è
�
å
.
5

!
³
´
>
*
ê
â
e
f

>
â
.
�
°
þ
Û

4
â
a
9
V
é
�
4
â
5

�
�
6
�
ë
|
3


o

ì
í
Ó
 
í
C
b
�
â

Z=
��

��
	�

��
�

�

 
Z=

��
��

	�
��

�
�

�
	�

	�
�

�=
��

�
��

���
�QQ

�
�

�
�

�
��

��
�

�
���

��
`�

Q�
	�

�
Q

Z	
���

��Q
�


Q�
�

�=
x�

Q"
#�

"#
!�

�
�=

x�
��

��

>
â
.
�
°
þ
Û

å
æ
î
9
:
j
j
j

ì
í
Ó
í
C
b
�
â

.
ó
â
�
¼
¨
�
�
0

��
�}

�
'�

"#
�$

%
r

2
0

1
3

5
3

1

44
00

12
69

27
9

0
50

00

6
7
8
9
:
.½

¾
0

10
00

0
20

00
0

25
00

0

%
2

0
1

3
.5

.3
1

Ó
�
��
¢
�

44
00

90
0

12
69

70
6

27
9

96
1

6
7
8
9
:
.½

¾
0

6
7
8
9
:
.K

½
¾
0

15
42

19
37

0

Ó
�
��
¢
��

¡
�
o
�
J

]
��
þ
�
�

�
Å
�
�

81
9 81

51
6 19
0

70
8

25
3

D
�
�ú
A 

< 1
MW

D
�
�Î
°
î

1M
W

63
74

19
37

0
�
�
�
�

�
�
�
¢

81

26
0019

0

63

25
3

2

D
�
�Î
°
î

1M
W

 

<
=
9
:

79
6

12
99

6
�
�
�

�
�
�
�

94
00

20
0

3
0

!
á
Z
=
î

1M
W

   

!
á
Z
=

< 1
MW

    

65
1

0
Ó

20
12

.3
¡
�
ï

;
�
J

]
(M

W
)

20
12

.4
Ó

20
13

.3
Â

Ã
a
ð
�
â

Å
�
�
�

�
�
�

20
0 23

003

36

0

38

!
á
Z
=

 1M
W

    

g
B
h
"
~
9
:

*  
 

14 58
1

Â
Ã
a
ð
�
â

(M
W

)

20
13

.4
Ó

20
13

.5
Â

Ã
a
ð
�
â

(M
W

)

�
¢
�
�

�
�
�

50
0

1
0

â
�
9
:

ì
�
�
Û
Ü

4

20
30

0
20

79
12

80

20
12

.7
Ó

20
13

.5
¶

�
�
â

(M
W

)

�
�
�

�
¢
�
�
Å

Z=
��

��
	�

��
�

�

22
37

1

[d
at
a 
so
ur
ce
] h
tt
p:
//
w
w
w
.e
ne
ch
o.
m
et
i.g
o.
jp
/s
ai
en
e/
ka
it
or
i/
dl
/s
et
su
bi
/2
01
30
5s
et
su
bi
.p
df

151



��
�}

�
'�

"#
�$

太
陽
光
発
電
分
野
の
最
新
動
向

太
陽
光
発
電
分
野
の
最
新
動
向

i
j
-
Ý
>
6
7
8
9
:

�
�
�
Ö

.
0

 
á

�
�
�
Ö
�
.
�;

�0
 
ì
í
î
ï
�
�
 
!
�
�
â
¶

�

n
~

A
B
>
6
7
8
9
:

n
j
c
~

A
B
>
6
7
8
9
:

 
6
7
8
9
:
>
¦
=

 
Þ
ã

{
?

¥
~

È
6
7
8
9
:

r
j
{
?
>
¥
~

È
6
7
8
9
:

 
ç
.
6
�
�
�
f
�
�
w

 
ì
í
î
ï
�
�
 
!
r

Û
9

 
ì
í
î
ï
�
�
 
!
�
r

Û
9

}
j
Î
�
#
�
×

Z=
��

��
	�

��
�

�

�

��
�}

�
'�

"#
�$

!
"
G
H
I
J
,
ù

1
0

0
G

W
K
L
M
%
r

2
0

1
2

 C
Y

Z=
��

��
	�

��
�

�

�2
Z=

��
��

	�
��

�
�

.


f
0
*

Ó
�
ñ
ò
>
6
7
8
9
:
 
¡
a
9
>

ñ
u
5

[
\

'�
�
 
¡
H
t
Ù
5
	
~
5

"#
�$

�^
�"

$�

��
�}

�
'�

"#
�$


#

1
0
N
¨
I
J
,
O
P
%

1
9

9
2
r

2
0

1
2

"#
�"
+
�

°
�

|
ï

;
�
J

]
�

|

q
|
�

�
^ó
�

q
|
�

�
�4
ó
�

Z=
��

��
	�

��
�

�

��
Z=

��
��

	�
��

�
�

�8
�

/"
�'

�+
�8

��
��

�J�
��

+�
��

��
��

��
��

	�
��

	��
'�

��
&�

&2
�&

�.
�

�
ô

�
o
0

��
��

J))
�

�
�

/��
��

�A
��

/�
��

)

��
�}

�
'�

"#
�$

Z=
��

��
	�

��
�

�

�& �&
Z=

��
��

	�
��

�
�

K
ä

�
�
�
 
!
�
>
#

|
q
.
õ

�
ö

µ
p

t
0
���

��
#.

p
û
�
�
 
!
�
n

�
�
$
0
�

��
��

�QQ
�

�
�

�
�z

��
��

`�
Q�

�=
��

�
Q
#�

	
���

Q�
#�

�$
��

$Q
�

�#
>�

��
�

152



��
�}

�
'�

"#
�$

L
at

e
st

 T
o

p
ic

36
円
/k
W
h

53
3万
円
/月

約
7年

約
7年

D
IY

K
it

s:
1

2
kW
í

1
5

0
k¥

/k
W

fo
r

ro
o

f-
to

p
@

1
0

0
0

h
rs

/Y
yi

e
ld

D
IY

 K
it

s:
  1

2
 k

W
 

1
5

0
 k

¥
/k

W
 f

o
r 

ro
o

f
to

p
@

 1
 0

0
0

 h
rs

/Y
 y

ie
ld

D
IY

 K
it

s:
  1

2
 k

W
 í

1
6

5
 k

¥
/k

W
 f

o
r 

g
ro

u
n

d
 b

a
se

1
 1

7
5

 k
W

:  
3

5
3

 M
¥

(3
0

0
 k

¥
/k

W
) 
í
Ó

7
 y

rs
 r

e
c

o
ve

ry
 @

3
6

 ¥
/k

W
h

 t
a

ri
ff

5
4

kW
:

1
2

.9
6

M
¥

(2
4

0
k¥

/k
W

)
í
Ó

7
yr

s
re

c
o

ve
ry

@
3

6
¥

/k
W

h
ta

ri
ff

Z=
��

��
	�

��
�

�

�4

Z=
��

��
	�

��
�

�
�

�=
��

�
�+

�Z
Z

��+
�

��
[

	�
�

�	
��

���
�P

=

��

�"
�$

�

5
4

 k
W

:  
1

2
.9

6
 M

¥
(2

4
0

 k
¥

/k
W

) 
7

 y
rs

 r
e

c
o

ve
ry

 @
3

6
 ¥

/k
W

h
 t

a
ri

ff
5

4
 k

W
:  

1
4

.0
4

 M
¥

(2
6

0
 k

¥
/k

W
) 
í
Ó

7
 y

rs
 r

e
c

o
ve

ry
 @

3
6

 ¥
/k

W
h

 t
a

ri
ff ��

�}
�

'�
"#

�$

V

↓
↓

�
��

�
�

[
��

�
��

�
��

�Q�
�

��
�

"

�#
#

�!
?�

�Q|&

↑
=

=
↓

�
���

��
�

��
�

�





|

	�
�Q�

|
	�

�
"

�!
^�

"#���I�

\
]
G

#�
^#

�#

[�����"

#�
?^

�!
^^

�!
!�

"#
#�

��	
��

�
"#

��

�z�	�

�
	�

	
�

�=
��

�

#�
�

�
�#

�#
#

�#
##

�#
##

#
�#

##
##

�

�
=�

=

	�

�z
�

[
\

��
��

=

�

�
��

��
�

��
���

|
&

Z=
��

��
	�

��
�

�
Z=

��
��

	�
��

�
�

�
	�

	
�

�=
��

�
<�

�
��

	�
��

�	

�'

�
��

�

��

�
;

�	
��

	�
���

��[
��

��
z�


�	
��

��
��

�
�

<�<
';

[
\

&��
;

�
=


��"
#�

�
��

��
�QQ

�
�

�
���

��
z�

�
�Q;

�
��

��
�Q�

��
�

�

�	

��
Q

*
	�

��
��

��
=�

z
���

��x
��

Y
=�

�Z
	�

	�
�

�3

��
�}

�
'�

"#
�$

Z=
��

��
	�

��
�

�

�.

Z=
��

��
	�

��
�

�
��

��
�QQ

�
�

�
�

�
��

��
�

�
���

��
`�

Q��
��

Q�
��

�
���


QZ

��
��

�
��

�	
�Q^

��
Q^

�$
��

��
���

��
$

�.

��
�}

�
'�

"#
�$

Z=
��

��
	�

��
�

�

�:�:

Z=
��

��
	�

��
�

�
��

��
�QQ

�
�

�
�

�
��

��
�

�
���

��
`�

Q��
��

Q�
��

�
���


QZ

��
��

�
��

�	
�Q^

��
Q^

�$
��

��
���

��
$

153



��
�}

�
'�

"#
�$

$>
"�

��
#�

�?
��

�$>
�"

�

�#
�>

��$
�?

���
�#

�
�!

��
�

^
$��#

��
�

��
!�

^�
$�

Z=
��

��
	�

��
�

�

� � 

Z=
��

��
	�

��
�

�
��

��
�QQ

�
�

�
�

�z
��

��
`�

Q�
�=

��
�
Q

#�
	

���
Q�

#�
�$

��
�Q

�
	�

#�
��

��

��
�}

�
'�

"#
�$

>>
�>

�

$?
!�

$?
�!

�

">
�?

�
">

�?
�

Z=
��

��
	�

��
�

�
Z=

��
��

	�
��

�
�

�
�=

��
�

�
	�

	�
��

�
��



��

x�
�*

	�
�

��
�

Y
	~

�
�

�Z
���

+
	�

��
�	


�;
�

�
	x



��

�
��

��
*	

x�
�	

��
��

��+
;

�
*&

��

�!

��
�}

�
'�

"#
�$

太
陽
光
発
電
分
野
の
最
新
動
向

太
陽
光
発
電
分
野
の
最
新
動
向

i
j
-
Ý
>
6
7
8
9
:

�
�
�
Ö

.
0

 
á

�
�
�
Ö
�
.
�;

�0
 
ì
í
î
ï
�
�
 
!
�
�
â
¶

�

n
~

A
B
>
6
7
8
9
:

n
j
c
~

A
B
>
6
7
8
9
:

 
6
7
8
9
:
>
¦
=

 
Þ
ã

{
?

¥
~

È
6
7
8
9
:

r
j
{
?
>
¥
~

È
6
7
8
9
:

 
ç
.
6
�
�
�
f
�
�
w

 
ì
í
î
ï
�
�
 
!
r

Û
9

 
ì
í
î
ï
�
�
 
!
�
r

Û
9

}
j
Î
�
#
�
×

Z=
��

��
	�

��
�

�

��

��
�}

�
'�

"#
�$

�
�
�

�
�
�

�
�
�
�

|&

è
�
÷
�

�
�
�
�
ä
�

ø

�
�
�

�
�
�

�q|

Í
�
ø

�
�

�
�
�

�
Y
�þ
µ
ù

H
�
÷
�

�
�

�
�

�
Y
�
®¯

�
¢
Y
�þ
µ
ù

�
¢
Y

®¯

h
ä
�
�
�
@

�

�
�

�
¢
Y
�
®¯

�
�
�
Y
�þ
µ
ù

�
�
�
Y
�
®¯

ú
�

A
B

1
�
4
�
ä
�
x
y

�
�
�
�
�
�
�
¢
�
�
�
�
�
�
�
�
�
�
�
Å
�
�
�
�
�
�
�
¢
�
�
�
�
�
�
�
�
�
�
�
Å
�
�
�
�
�
�
�
¢

Ò
�
�
t
�
Ô
-

�
û
¾

�
"#

#�
+

^,
^-

A
B

!,
""
-
>
o
�

�^
â
ü
T
ý
A
B
�
��

Ò
�
�
t
�
Ô
-

�
û
¾

�
"#

#�
+

^,
^-

A
B

!,
""
-
>
o
�

�^
â
ü
T
ý
A
B
�
�

�
�
	
 
�
á
o
d
�
K

"#
#�
+
:
=
c
d
.
w

â
	
0
A
B
�
�
�
�
	
T�

á
o
d
�
K
k
È
>

þ
5
o
�
:
=
Y
¥

w
�

�

Z=
��

��
	�

��
�

�
Z=

��
��

	�
��

�
�&2

�
�

�
�
3
5
6
6
7
8
9
:
â

	
Â

Ã
è

<
�
·
¼
r

Û
×
�

Â
f
5
6
7
�
�


Ù
�
5

\�

�$

��
�+

��
�5

"#
�#

�

þ
5
o
�
:
=
Y
¥
�
�

154



��
�}

�
'�

"#
�$

H
o

u
rl

y 
P

ro
fi

le
 o

f 
E

le
c

tr
ic

it
y 

S
u

p
p

ly
1

8
 A

p
ri

l 2
0

1
3

N
e

w
s:

O
n

1
8

A
p

ri
l

2
0

1
3

,
G

e
rm

a
n

su
m

o
f

W
in

d
P

o
w

e
r

a
n

d
P

V
p

o
w

e
r

re
a

ch
e

d
5

0
%

o
f

G
e

rm
a

n
D

o
m

e
st

ic
P

o
w

e
r!

!

Z=
��

��
	�

��
�

�

£�
�=

��
¤

��
���

�QQ
�

�
�

���
�

�
�	

��
��

`�
Q�

�
	�

�`	
�	

�Q
	�

���



�Q
�$

#>
Q"

$Q
�

�
�#

""
��

��



&�

��
�}

�
'�

"#
�$

H
o

u
rl

y 
P

ro
fi

le
 o

f 
E

le
c

tr
ic

it
y 

S
u

p
p

ly
 

G
e

rm
a

n
y

1
8

A
p

ri
l2

0
1

3
G

e
rm

a
n

y,
 1

8
 A

p
ri

l 2
0

1
3

£�
�=

��
¤

��
���

�QQ
�

�
�

��
�

	�
�

Q
�Q

��
�

�	
��

Q�
z�



�

���
��

��
��

��
�=

�
��

��
��

�
�

	�
��

��
�




�$
�#

#

Z=
��

��
	�

��
�

�
£�

�=
��

¤
��

���
�QQ

�
�

�
��

�
	�

�
Q

�Q
��

�
�	

��
Q�

z�



�
���

��
��

��
��

�=
�

��
��

�
�

��
	�

�
��

�



&&

��
�}

�
'�

"#
�$

H
o

u
rl

y 
P

ro
fi

le
 o

f 
E

le
c

tr
ic

it
y 

S
u

p
p

ly
1

8
 A

p
ri

l 2
0

1
3

N
e

w
s:

O
n

1
8

A
p

ri
l

2
0

1
3

,
G

e
rm

a
n

su
m

o
f

W
in

d
P

o
w

e
r

a
n

d
P

V
p

o
w

e
r

e
xc

e
e

d
e

d
W

in
d

P
o

w
e

r
a

n
d

P
V

p
o

w
e

r
e

xc
e

e
d

e
d

5
0

%
o

f
G

e
rm

a
n

D
o

m
e

st
ic

P
o

w
e

r!
!

P
V

P
V

C
o

n
ve

n
ti

o
n

a
l

W
in

d

1
8

A
P

R

Im
p

o
rt

e
xp

o
rt

1
8

 A
P

R

Z=
��

��
	�

��
�

�&4

��
�}

�
'�

"#
�$

H
o

u
rl

y 
P

ro
fi

le
 o

f 
E

le
c

tr
ic

it
y 

S
u

p
p

ly
1

8
A

p
ri

l2
0

1
3

1
8

 A
p

ri
l 2

0
1

3

P
V

W
in

d
G

a
s

P
u

m
p

in
g

H
a

rd
 C

o
a

l

N
u

cl
e

a
r

B
ro

w
n

 C
o

a
l

1
8

 A
P

R

Z=
��

��
	�

��
�

�&3

155



��
�}

�
'�

"#
�$

~
"
�
�
ä
&
�
�
�

~
"
�
�
ä
&
�
ç

à
�

§
¨
©
ª
C
«
¬


§
®�
¯
�S
°�
¯
�S
±�
¯
�
~
"
�
�
,
�
ç

~
"
�
�
-
 

~
"
�
ä
&
ç

ç
.

K
7
8
:

0
 

�
\

§
®�
¯
�S
°�
¯
�S
±�
¯
�

§
²
³
=
´
«
µ

~
"
�
-
 

à
�
6
7
8
9
:
+

½
¾
Q
/0
1
2
3

â
	
~

"
�

�
Î

ú
�

Í
�
�
Q
/0
1
2
3

ó
 
Å

 
4

â
	
Q
/0
1
2
3

 
â

	
D
c
#
þ
B
k
Â

Ã
 
3
5

y
(
6
â

	
Â

f
� 

��
Ó

$-
�
:
¾
>
8

:
;

&
â

	
3
5
:
û

�
Î

ú
�

Í
�

�
�

�
�
Q
/0
1
2
3

:
;

&
 
â

	
c
#
2

|
�
9
<

 
)
*
�
+

y
�

Â
Ã

â
	

3
5
:
û

â
	
:
=

/
=

 
�

\
Õ

Û

:
=

Ô



ß
	
Ú
�
~

 
ß

	
Ú
~
�
ú
�
�
~

º
?
:
û

Â
f

º
?

:
û

9

:
=

Ô



ß
	
Ú

~
>

#
�

 
â

	
c
#
2

|
�

�
@

 
)
*
@
A

Â
Ã

Y
Z

9
:

9

o
�

³
´

J
K

�

 
ß
	
:
û
B

�
{
C

 
D
#
E
F
G
{
C

)
*
�
J
K

o
�

º
?

9

H
t
I
:

�
 
s
t
I
:

�
 

Z=
��

��
	�

��
�

�

&.
J

K
�

 
)
*
�
J
K

 
�
L
M
N
0
O
2
3P
Q

H
t
I
:

�
 
s
t
I
:

�
 

R
�

�
}

� ��
�}

�
'�

"#
�$

y
j

�
 
!
e
$

x
y
$
z

o
�

ß
	

!
#

y
j

:
=

Ô



â
	

!
#

�
�

��
^C
S�
��
�

g
s
t
u
v
w

�
}
�
�
$
d

x
y
$
z

â
	

�
�

x
y
$
z

$
{
|
}
~

�
�
�
�
�
�
$
z

¨
�
�
k
�
$

�
 
!
e
$

�
k

�#
x
y
$
z

â
	

ì
í
�
�

��
�
�

|
�
�
�
�
�
�.
�

C
E

M
S

�
�

�
 
!
e
$

�
�
e
$

�
k

¡
�
�
�

�
�

�
�
 
�

�
$
z

�
£
�
¢
¤

¡
�
�
�

$
{
|
}
~

�
�
�
�
�

¢
�
�
�

�
 
!
e
$

¥
�
¦
>
¥
�
&

¶
·
>
��
�¥
¸

�
$
z

$
{
|
}
~

�
�
�
�
�

g
s
t
u
v
w

�
$
z

9
:

]
l

õ
Û
�
-
~

u
m
n

¶
·
>
��
�¥
¸

¹
*
��
��
¥
¸
º

Z=
��

��
	�

��
�

�
Z=

��
��

	�
��

�
�

&:
�

�Z
=�

��
�	

��
��

�
�"

#�
"�

�'
�Z

��

�
�
�
�
�

u
m
n

�
o
l

õ
�.
»
�
º

��
�}

�
'�

"#
�$

8
$�

>
�?

�

�#

��
�

=�
���

�6
��

�
��

C

�
&

8
$

>
�?

�

#

��
�

=�
���

6
��

�
��

C

�
\

"
�

�
�

�
�

& �
J�

�
�

�
[ �
[

�
�

�
�

J�
�

�
�

[

!
"
#
:
$
%
�
þ
Æ

�
�

�
�

�]
�

�
�

�
&

Z=
��

��
	�

��
�

�

& 

��
�}

�
'�

"#
�$

Ã
Ä

¨
Å
Æ
Ç
�
È
DÉ
�
Ê
Ë
Ì

Í
}

Ì
Î
º
Ï
Ð
©
Ñ
Ò

�
 
!
e
$

©
Ó
v
q
Ô
Õ
k
)

§
�
�
5
M
N
I
J
É
Ê
O
£

P
Q
R
��
�
S
á

§
G
�
§
H
I
J
K
J
L

©
Ö
}
£
Y
Z
§
Z
§
[

\
í
§
\
�
§
]
�

©
g
�
n
Ü
Ý
Þ
ß
à
á

â
ã
£

§
T
U
·
�
P
Q
J
Q
Ê
Ë

§
�
�
�
��
��
=
�
S
á
W
X
§
5
M
^
á
>
×
Ø
Ù
Ú

Û
�

â
ã
£

G
�
H
I
J
K
J
L

©
è
é
·
ê
ç
ë
á
ì
í

�
 
�
À
Á

§
_
`
V
þ
1
V

§
5
�
C
�
�
f
+
�
£
g
N

©
h
ô
�
â
V

§
G
�
§
H
I
J
K
J
L

§
5
M
^
á
>
ä
å
æ
ç

Û
�
'_
5
M

ï
ð
·
â
V
(

è
é
·
ê
ç
ë
á
ì
í

§
��
¥
a
S�
2�
��
á
b

c
d
�
o
�
e
L
�¥

a
S�
S
á

©
h
ô
�
â
V

'_
5
M
§
ï
ð
·
â
V
(

©
î
�
ï
ð
Þ
ñ
�

a
S�
S
á

§
Ä
i
×
j
g
	
C
�
�

&
í

§
Å
É
·
&
k
l
��
��
=
�
S

ò
+
ó
+
á
ô
õ

�

�
�
e
$

Å
É
·
&
k
l
��
��
=
�
S

�
;
W
X

§
É
Ê
>
ì
m


?
n
o
N
O

3
�
�

©
ò
+
©
ó
+
á
ô
õ

§
Ö
}
ö
Þ
)
'p
�
Ä
3

�
q
�
�
�
�
q
C
r
(
§
µ
É
s
t
4
!

÷

�
�
e
$
©
ø
÷
¨
ù
Ó
v
q
Ô
Õ
k
)

§
u
;
ì
í
�
v
×
w
x

b
a
�
�
�
+
�
�
c

§
u
;
>
r
y
	
?

z
ð
(

§
{
|
}
~
E
h
ô
�
�

;
�
C
�
+
>
�

§
}
�
�
�
�
p
�
Ø
È

Z=
��

��
	�

��
�

�

&!
§
b
a
�
�
�
+
�
�
c

§
�
�
�
�
�

156



��
�}

�
'�

"#
�$

Ã
Ä

¨
Å
Æ
Ç
�
È
©
É
�
Ê
Ë
Ì

Í
}

Ì
ú
º
Î
º
Ï
Ð
©
Ñ
Ò

O
P
Q
û
�

�
�
I

�
å
l
�
�
p
3

x
y
ü
ý
á
þ
�
J
·

�
�
C
�
�
E
e
L
C

O
P
Q
û
�

e
$
§
�
�
I
£
�
å
l
�
�
p
3

§
�
�
�
�
�
É
C
�
�

©
x
y
ü
ý
á
þ
�
J
·

ü
ý
�
�
ñ
�

§
�
�
C
�
�
E
e
L
C

û
=
o

£
#
�
�
e
$

�
À
Á
�
�
�
�
�

©
�
�
	
+


Û
�

�
Ê
�
1
]
N
�
�

1
V
�
�
�

£
#
�
�
e
$
©
�
À
Á
�
�
�
�
�

§
�
Ê
�
1
]
N
�
�

§
-
.
O
&
í

§
1
V
�
�
�

�
{

�
©
ë

á
½
�
�
�

©
�
 
!
e
$
�
�
�
9

ï
ê
-ò
9
�
ó
�

�
{

�
�
�
n
Ó
q
o
©
�
f
�
k
�
�
�
ü
º
�
�

�
�
Ù
�

©
�
�
	
+
�
Ç
À
Á
ñ
�

ï
ê
-ò
9
�
Dó

�
�
�
�
Ô
l
n
(

§
�
�
�
�
�
V
þ
ã
ò

�
£

�
©
ë

á
½
�
�
�

§
�
�
�
�
�
�
C
�
+

�
£

�
�
�
n
Ó
q
o
©
ë

á
½
�
�
�

©
�
�
�
0M
0�
�
¦
 
0½
º
�
�
�
©
�
�
	
+
�
Ç
À
Á
ñ
�
§
�
�
�
�
�
�
C
�
+

�
 
E
Ç
È

§
µ
É
s
t
4
!

§
`
¡
�
¢
�
C
£
�

�
�
e
$
©
!
"
�
#
º
Ó
v
q
Ô
Õ
k

©
�
�
	
+


Û
�

§
`
¡
�
¢
�
C
£
�

¤
O
P
$
p
�
©
%
P

�
k
¾
&

©
�
¥
'
(
e
)
9
Ü
g
�
n
*

�
�

0
1

$
�
ï
ð

�
¥
'
(
e
)
9
Ü
g
�
n
*

©
¦
�
+
�
©
�
�
+
�
Á
�
$
z

º
,
-

©
.
�
�
$
z
/
�
D)
Ê
,
*

©
Í
}
ü
ý

©
�
�
�
Ô
l
n

©
J
·
ü
ý

©
�
�
Å
½
º
�
�
0
1

º
J
·
2


*
½
g
�

n
©
�
p
m
n

$
�
|
3
4
5
á
6
7

Z=
��

��
	�

��
�

�

&�

.
�
�
$
z
/
�
)
Ê
,
*

§
�
�
�
Ï
Ð
>
×
0
1
+
�

J
·
ü
ý

©
$
�
|
3
4
5
á
6
7

�
L0

K�
]

�Q�
K�

�
�
K

��
��

�
��

��
]

=�

�

��
��

�K
�

��
�

�
��

��
�

�=
�

��
�}

�
'�

"#
�$

太
陽
光
発
電
分
野
の
最
新
動
向

太
陽
光
発
電
分
野
の
最
新
動
向

i
j
-
Ý
>
6
7
8
9
:

�
�
�
Ö

.
0

 
á

�
�
�
Ö
�
.
�;

�0
 
ì
í
î
ï
�
�
 
!
�
�
â
¶

�

n
~

A
B
>
6
7
8
9
:

n
j
c
~

A
B
>
6
7
8
9
:

 
6
7
8
9
:
>
¦
=

 
Þ
ã

{
?

¥
~

È
6
7
8
9
:

r
j
{
?
>
¥
~

È
6
7
8
9
:

 
ç
.
6
�
�
�
f
�
�
w

 
ì
í
î
ï
�
�
 
!
r

Û
9

 
ì
í
î
ï
�
�
 
!
�
r

Û
9

}
j
Î
�
#
�
×

Z=
��

��
	�

��
�

�

42

��
�}

�
'�

"#
�$

u
v
�
�
 
!
�
B
�
Ú
�
�
�
�
î
�
�
�
�
�
�
 
ø
�
ë
�
�

Z=
��

��
	�

��
�

�

4�
[

��
��

�x
��

�
���

I
�

	

��
�}

�
'�

"#
�$

u
v
�
�
 
!
�
B
�
Ú
�
�
�
�
î
�
�
�
�
�
�
 
ø
�
ë
�
�

6
7
8
9
:

�
�
�
¢
¤�

6
7
:

0
 
�
g
�
-

�
�
	

�
�


6

s
t
:

0
�
�
�
�
¤�

¬
Ê
è

W
M

�
e

f
Ç

�
�
�
�
�

�
�


6

s
t
:

0
�
�
�
�
¤�

¬
Ê
è

W
M

�
e

f
Ç

�
�
�
�
�

¬
Ê
H

W
M

�
e

f
�
�
ò
�
�
*
{

â
!

�
�
�
�
�
�
�
b

�
�

X


�
�
 

 
�
�
�
�
�
�

y
z
�
u

<
]
×
�
A
æ
ä
�
§
�
�
g
�

�
�
�
�
 
�
ç
�
�
#
�
Û
�
×
�

°
~
M
u
g
B
{
~
×
�

�
�
#
�
Û
�
×
�
½

µ
`

$
à

�
ò

*
{

è
n

�
-

`
f

$
9$

*
½

µ
à

�
�
�
ò
�
�
*
{
;

è
n

�
-
 

f
"
 

§
�
�
 
!
�
3
�
4
·
y
F

G
�

Â
f

�
¨
�

-
;

è
�

�
à

�
�
�
æ
�
�
M
u
þ
Û

Z=
��

��
	�

��
�

�

4&
à

�
�
æ
�
�
M
u
þ
Û

157



��
�}

�
'�

"#
�$

c
½

¾
õ
�
�
�
Î
�
ò
�
�

�
ï

�
N
à
�
�
�
�
�
@
Y
�

c
�
��
�
�
 
þ
�
~
�
ç
N
�
 
þ
�
�
�
�
N

�
 
þ
e
*
w
�
º
�
�

p
�

N
�
$
�
�

c
í
�
9
:

]
@
�
 
�
!
o

<
"
Í
$
�
�
�
N

c
í
�
9
:

]
@
�
 
�
!
o

<
"
$
�
�
�
N

9
:

]
N
<
#

<
N
$
Ò

<
N
v
o

<

c
�
~
�
�
�
�
�

]
�
þ
<
#

<
N
!
�
þ
¶
·
�
%

�
 
Q
&

c
�
~
�
�
�
�
�

]
�
þ
<
#

<
N
!
�
þ
¶
·
�
%

�
 
Q
&

c
3
5

 
	

]
�
J

�
�
Ù
�
B
�
{
�
�
	
N
Û
�
§
�
�
×
E
�
N

�
r

Ö
�
�
 

�
�

6
�
 

x
s

±
4
n

j
9

�
r

Ö
�
�
 
N
�

�
6
�
 

x
s

±
4
n

j
9

c
Õ
)
'
ü
�
�

á
�

¦
x
(

à
y
�

Â
Ã

w
�
N

�
y
�

9
ú

�
r

Û
Õ
)

�
Î
~
�
�
 

y
�

9
N
Î
ú
�
Í
�
�
r

Û
Õ
)

w

c
~
"
�
�
9
>
)
*

w
�
+
Á
k

y
(
¾
u

.
>

[
ñ
>
)
*

Z=
��

��
	�

��
�

�

44
~
"
,
N
,
-
.
N
,
-
/
N
~
"
Î
ú
N
ç
.
�

Á
�
�
�

��
�}

�
'�

"#
�$

太
陽
光
発
電
分
野
の
最
新
動
向

太
陽
光
発
電
分
野
の
最
新
動
向

i
j
-
Ý
>
6
7
8
9
:

 
á

�
�
�
Ö
�
.
�;

�0
á

�
�
�
Ö
�
.
�;

�0
 
ì
í
î
ï
�
�
 
!
�
�
â
¶

�

n
c
~

A
B
>
6
7
8
9
:

n
j
c
~

A
B
>
6
7
8
9
:

 
6
7
8
9
:
>
¦
=

 
!

�
t
Þ
ã

r
j
{
?
>
¥
~

È
6
7
8
9
:

 
ç
.
6
�
�
�
f
�
�
w

ç
.

�
 
ì
í
î
ï
�
�
 
!
�
r

Û
9

}
j
Î
�
#
�
×

Z=
��

��
	�

��
�

�

43

�
×

158



^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

1

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�

�
�
�
�
��
��
�
Ñ
�
�
-
�
�
#
�
$
�
á
,
�
 

�
�
�
�
��
��
�
Ñ
�
�
-
�
�
#
�
$

á
,
 

M
em

or
an

du
m

b
P

f
K

K
k

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

&
O
º
_

12
0ô
.
'

¿
0

by
 P

ro
f. 

K.
Ku

ro
ka

w
a

To
ky

o 
In

st
itu

te
 o

f T
ec

hn
ol

og
y

2

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�

�
�
�
�
��
��
�
Ñ
�
�
-
�
�
#
�
$
�
á
,
�
 

�
�
�
�
��
��
�
Ñ
�
�
-
�
�
#
�
$

á
,
 

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

3

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
Ò
º

»
2
3
Ô
�
�
�
�
��
��
�

É
B
h
�
A

:
t

É
B
h
�
A

:
t

É
B
h
�
A

è
<

ã
4

É
B
h
�
A

è
<

ã
4

ø
i
m
�

è
<

ã
4

è
<

ã
4

É
B
h
�
A

:
t

u
±

:
�

:
�

8
@
¥

È
y
¥

:
t
>
u

±
.
:
=
�

0

:
�

:
�

8
@
¥

È
y
¥

�
ä
�
x
y

6
7

:
0

K
=
:
t
>
u

±
.
:
=
9
í
0

6
7
:
0

K
=
:
t

6
7
:
0

K
=
:
t

ø
}
m
�

.
:
=
9

0

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

4

159



Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
Ò
º

»
2
3
Ô
�
�
�
�
��
��
�

.
#
5

Ã

6
7
:
0

K
=
:
t

ø
i
m
�

6
7

:
0

K
=
:
t
>
u

±

6
7
:

0
I-

V
ò
�
¼

6
7
:

0
I-

V
ò
�
¼

8
@
¥

È
y
¥

:
�

:
�

�
ä
�
x
y

:
�

:
�

6
®

�

^5
Ã
k
È
É
B
h
�
A
ã
4

`

6
®

�

^5
Ã
k
È
É
B
h
�
A
ã
4

`

ø
}
m
�

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

5

6
7
:

0
>

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
Ò
º

»
2
3
Ô
�
�
�
�
��
��
�

s
7
8
9

I

6
7
:

0
>

(
ê

ë

É
B
h
�
A

:
t

8
:
ú

:
t

;
7

8
9

R
s

I

V
:

t
:

t
8
9

R
sh

I p
h

V

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

6

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
Ò
º

»
2
3
Ô
�
�
�
�
��
��
�

P m
ax

(V
pm

ax
I p

m
ax

)
P m

ax
(V

pm
ax

I p
m

ax
)

�
<

I s
c

I s
c

(
pm

ax
 ,
 

pm
ax

 )
(

pm
ax

 ,
 

pm
ax

 )
:
t

�
	
:
=
ü

�
	
:
=
ü

P m
ax

: t

V o
c

V o
c

:
�

V o
c

a
b

:
�

P

: =

P m
ax

ã
4

L
-

FF
 =

[=
�
©
§

®
¯

S
TC

]
=

[=
�
©
§

®
¯

S
TC

]
-

�
û
¾

1
kW

m
–
2

#
 

W
¾

2
5
+

¨
~

1
5

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

:
�

V o
c

�
¨
"
~

1
.5

7

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
Ò
º

»
2
3
Ô
�
�
�
�
��
��
�

I s
c1

P m
ax

1

P
2

I s
c

P m
ax

I s
c2

P m
ax

2

#
 

W
¾

.
>

8
9

�
÷
4

V o
c

V o
c.

>

P m
ax
>
?
W

 
6
7
:

0
>
K
=
k
5
:
�

¦
k
Ü

~
þ
m

 
I-V

ò
�
¼
�
¨
�
Û
�
@
[
	
¦
b
y
o

 
þ
m


Û
4
k
5
�
<
:
t

d
Ü
y
ñ
@
@
m
o

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

 
"
×
�
�
 
W
¾
k
A
Ï
A
B
É
y
.
�
�
�
�
:
�
d

Ä
0

 
W
¾
¥
�
<
:
t
@

3
A

~
B
5

I-V
ò
�
¼
d
¡
�
î
ï
�

8

160



M
ET

I/
M

RI
�
�
�
`
K

º
C
�
6
7
8
9
:
s
t
v
o
<
�

¨
¨
B
D
â
<

¨
¨
B
D

�
<

,
�
�

~
�

�

� : t
$

3
-
D
4
·
y

,
�
�
~
�
�
�

9
:
 

	
~
�

�
�

�
 :
�

t
,
�
�
~
�
�
�

2
:
t

 
	

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

10
ku

ro
ch

an
s-

ne
t

10

�
�

�
¥
/
¦
§
�
�
¨
�
Î

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
Ò
º

»
2
3
Ô
�
�
�
�
��
��
�

�
=
�
$
l
C
�
¥
£
/
¦
§
�
�
¨
�
Î

6
�R
YV
,&
XW
�Z
%Y
VU
[8

ht
tp

:/
/j

a.
w

ik
ip

ed
ia

.o
rg

/w
ik

i/
{

�
�
Ø
�
>
�
E

V B
= 

f(
p 

d
)

V 
: >
F
b
:
a
ð
:
�

(V
)

Ó
76

0 
To

rr
x 

 1
 c

m

b
(

)
p 

: t
G
>
�
=

(T
or

r)
d 

: :
1
�
>
H
I

(c
m

)

Ó
76

0 
To

rr
x 

 1
 m

m

Ó
76

0
To

rr
Ó

76
0 

To
rr

x 
 0

.1
 m

m

�
)
b
:
>
J
à

>
F
b
:

Î
�
§
b
:
.
$
3
b
:
0
¨
�
b
:
.
o
K
b
:
0
�
�
b
:
.
H
�
u

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

11

�
)
b
:
>
J
à
�
>
F
b
:
N
Î
�
§
b
:
.
$
3
b
:
0
N
¨
�
�
b
:
.
o
K
b
:
0
N
�
�
�
b
:
.
H
�
u

!
0
N
"
B
�
�
�
b
:
N
j
j
j
�
æ
�
�
�
�
N
C
�
�
B
�
�
N
j
j
j
j

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
Ò
º

»
2
3
Ô
�
�
�
�
��
��
�

·
¸
�
.
V

(2
80

V,
50

A
)�
o
,
´
l

K
ù

l
-
.

C
S

s
v

í
�
4

�
\

\
Ú

/
I

v
0
4

�
q
r

v
s
ø

h
·

¸
�

.
V
n
o

�
·

¸
v

�
1

C
¡

^
Ù

�
�
§

�
.

V
�
2

X
3

v
ä
l

l
�
§
4

R

·
¸
�
.
V
�
/
I
v
ñ
Y
o
5
6
�
�
.

V
^

s
4
�
7

z
l
�
Ð
v

e
8
�
&

�
.

V
�
2

X
3

v
Ú

ä
l

l
�
§
4

R
c
�
9
4

�
�
:

�
2

h
�
§

v
�

Ú
;

ø
c
Í
Ó
<
=
4

Ù
^

g
ä
Ó

c
�
�

e
8

�
)

_
:
&
á

h
I

Ú
>

R
�
�

Õ
�

Ú
V
^

s
4
�
7

Ú
z
l
�
Ð
v

e
8
�
&

á
�
Ö
�
.
V
�
?
@
v
5
6
�
A
¬
°
(

´
v
Y
l
�
Ð
Ù
¯
V
v
Ù
h
Q
Ú
B
C
v

ä
l
Ù
l
c
�
D
l
â
E
v

�
\
�
Ú
F
G

Ý
g
v
�
.
V
"
�
"
:
4
�
�
:
�

D
C

H
-

.
º

c
�

Ú
H

-
.
º

^
I

x
�

Q
_

v
�

B
,

0
D

c
e
8

�
;

x
Ú

H
-

.
º
ä

v
J
§

�
K

c
�

.
V
<
=

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

ä
l
Ù
l
c
�
D
l
â
E
v

�
\
�
Ú
F
G

l
Ç
X
Ñ
ò
l
·
p
v
Ö
�
¨
�

H
-

.
º
ä

v
J
§

�
K

c
�

.
V
<
=



h
Ù
é
l
ù
ú
^
L
ü
�

��
��

�QQ
�

�
��

=�
{

	�
�

�=
Q�

�
	�

��
Q�

�
Q�

��
	�

��
��

�



��
��

�QQ
��

�

���

Q
�

��
��

$Q
��

�
{�

��
��

��
�

�



��
�

��
��

��
��

�
12

�
�

A
C

20
A

N
FB

Ò
º

»
2
3
Ô
�
�
�
�
��
��
�

�
�

A
C 

20
A

 N
FB

(�
L
�
�
�
î
ï
:
t
�

2.
5k

A
)

D
C 

10
A
:
¾
K
:
!
�
a
b
¹

N
FB
a
b
ò

00
m

06
sM
2


ü
�
4

D
C¨

�
9
í


ü
�
4

D
C¨
�
�
9
í

N
FB
a
b
ò

01
m

05
sM
2

¨
�
�
4
·
�
I
N
6
s
O
 
P
Q

N
FB
a
b
ò

01
m

30
sM
2

¨
�
�
�
L
�
R
 
I
N
6
s
O
S
ý

H
t

f
�
�
¬
4
s
t
K
:

�
a
b

�
�
�
:
t
¨
Ú
 

¦
x
s
t
:
t
k
�
�

¦
±
þ
m

13

161



Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
�
�
�
�
��
��
�

(
0
1

 
�
Ð

A
B
È

B
~

È
º

»
2
3

 
�
 
ü
+
Ò
i
Ô
.
Ñ
T

�
�
�
�
�
0

c
IE

C�
�
"
:
u

³
�
N

IS
O
�
¼
>

�
>

$
U
+
>
�
"

³
�
N

JIS
�

�
m
B
~
È
û
¾

º
�
N

(
0
1
�
Ð

A
B
È

B
~

È
º

»
2
3
�
 
ü
+
Ò
i
Ô
.
Ñ
T

�
�
�
�
�
0

�
m
B
~
È
û
¾

º
�
N

c
JIS

 C
89

92
-2

:2
01

0 
�
V

�
>
W
X
Y
©
§

 
Z
¼
>
©
§

�
JE

T"
×
�
�
 
¶
·
¦
k

�
H
�

�
æ
~

C 
d
�
�
¨

c
å
æ
U
¥
k
l
ª
[
"
×
�
�
 
�
�

4
H
K
	
\

�
Z
¼
>
©
§
¶

�
]
d
.
A
�
>
Õ

>
@
�
 
0

�
]
d
.
A
�
>
Õ

>
@
�
 
0

c
^

s
<

PF
D
:
4
Ã

(¨
�
�
S
ý

#
¦
k

y
_
�

>
`
^

¦
k

)N
ý
D
�
	
x
4

d
å
z

ý
Ï
�
a
Ã
4
.
�
 
½
ú
b
�
0
N
x
:

ý
D
�
	
x
4

d
å
z

ý
Ï
�
a
Ã
4
.
�
 
½
ú
b
�
0
N
x
:

 
�
�
>
ò
¯
]
d

c
½

¾
f
>

å
æ

.
:
u
x
4
k
�
~
�
	

�
º
�
k
b

�
K
7

>
:
u
�

C
6
D
4

³
�

(å
D
z

PV
x
4

d
	

�
k
l
m
y
A

?)
c

ú
A
 
�
�
æ
�
�
�


c
d
å
æ
.
.
�
~
�
	
0
N
�
�

c
Î
°
�
æ

�
�
i

M
W
Ó

25
0M

W
.
¶
®

�
Z

�
	
0
Ó

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

c
Î
°
�
�
æ
�
�
�
�
N
i

M
W
Ó

25
0M

W
.
¶
®

�
Z

�
	
0
Ó

14

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
�
�
�
�
��
��
�

(
0
1

 
�
Ð

A
B
È

B
~

È
º

»
2
3

 
�
 
ü
+
Ò
n
Ô
.
Ñ
T

�
�
�
�
�
0

c
>
)
9
í
�
>

Â
Ã
²
³

�
H
t
�

d
a
b
x
~
B
5
{
f
�
Î
�

�
�
�
�
§
k
²
³
.
�
r

Ö
�
°
B
A
æ
B
�
0

(
0
1
�
Ð

A
B
È

B
~

È
º

»
2
3
�
 
ü
+
Ò
n
Ô
.
Ñ
T

�
�
�
�
�
0

�
�
�
�
§
k
²
³
.
�
r

Ö
�
°
B
A
æ
B
�
0

�
{
f
�
Î
�
 
¨
¨
B
�
>

D
Ca
e
¬

d
a
b
.
�
�
¹

]
k
f

3
A
b
0

3
0

�
¸

.
>
´

C
ò

x
g

z
¥
k
l
¨
¨
B
h
K
k
i
:
®

�
�

¤
o
²
³
>

ñ
�

�
"
×
�
�
 
�
x
4

ï
�
.
¨
�
�
�
R
î
ï

A
�
j
e
y
ï
�
¬
k
@
]
d

0
A
b
N
¨
�
�
4
j
e
y
ï
�
¬
k
@
]
d

�
0

c
6
7
8
9
:
�

°
½

¾
>

>
)
>



Û
�

PV
7

8
ò
¯
N
k
p
�

c
6
7
8
9
:
�

°
½

¾
>

>
)
>



Û
�

PV
7

8
ò
¯
N
k
p
�

þ
�

>
�
l
>
=
�

9
 
�
~
�
ç
9

k
l
�
h
]
d
@
b
y

c
{
f
�
Î
�
 
¨
¨
B
�
>
x
4
 
�
�
�
å
D
m
	
x
4
k

O
K

�
4

m
	

4
A
b

�
å
z
�
a
Ã

 
ò
¯



b

c
¨
 

ú
J

�
EV

A
k

s
O

k
4
h
m
�

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

15

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
�
�
�
�
��
��
�

(
0
1

 
�
Ð

A
B
È

B
~

È
º

»
2
3

 
�
 
ü
+
Ò
r
Ô
.
Ñ
T

�
�
�
�
�
0

c
¸

#
�
6
7
8
9
:

>
)
>
n
&

<
4
�
m
l
j
j
j

c
�
Õ
o

w
>
n
&

<
>
W
4
·
y
9
:
b
Z
�
p
ù
>
�
:

(
0
1
�
Ð

A
B
È

B
~

È
º

»
2
3
�
 
ü
+
Ò
r
Ô
.
Ñ
T

�
�
�
�
�
0

c
�
Õ
o

w
>
n
&

<
�
>
W
4
·
y
9
:
N
b
Z
�
p
ù
>
�
:

c
R
«

½
q

w
>
n
&

<
�
°
~
�
Q
N
Z
5

6
c

>
r

�
¦
�
ï
@
s

�
~
È
"
×
�
�
 
@
�
t
ò
4
[

$
�

c
>
r

�
¦
�
ï
@
s

�
~
È
"
×
�
 
@
5
�
t
ò
4

$
�

ï
@

�
?

k
È
�

 
�

c
[
u
�

>
k
È
ò

x
5
6
7
8
9
:

¨
¨
B
x
4

d
K

k
l
5
�
>

$
3

A
B
ì

¨
�
�
9
í

 
ì
K

>
>
P

G
@

è
m
�
"
×
�
�
 

�
Ç
4
3
�
x
y
]
d

<
@

è
m
N
ï
�
�
k
a
9
Ù
v
o
þ
ï

�
C
�
�
l

d
µ
P

9
�
�

|
î
Ó

�
C
�
�
l

d
µ
P

9
�
�

|
î
Ó

c c
§
�
�
!

PV
F�
7
v
°
~
9
í
>
P

G
b
�
�

c
§
�
�
!

PV
F�
7
v
°
~
9
í
>
P

G
b
�
�

ä
�
9
Z
Ô


N
¨
 

�
�
A
N
 
 
 

c
�
:

�
w

~
È
�
x
@
n
&
N
y
z
¬
k
k
n
&

<
b
�
N
z

~
l
x

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

9
:
@
ý
h
�

�
16

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
�
�
�
�
��
��
�

(
0
1

 
�
Ð

A
B
È

B
~

È
º

»
2
3

 
�
 
ü
+
Ò
r
Ô
.
Ñ
T

�
�
�
�
�
0

c
{
|
>

>
)
r

Ü
>
}
~
k
b
-
Ý
>

¶
®
¥
>
�

m
k
þ
m

A
b

�
{
|
k

A
þ
�
�

�
4
�
e
y
�

(
0
1
�
Ð

A
B
È

B
~

È
º

»
2
3
�
 
ü
+
Ò
r
Ô
.
Ñ
T

�
�
�
�
�
0

A
b

�
{
|
k

A
þ
�
�

�
4
�
e
y
�

c
-

!
¦
k
è
4
�

>
ò
>
ì
K

>
>
î
ï

<
@

K
7
4
è

m
o

c
¶
®
>

ý
�
>
�
@
>
]
d

<
è

m
��
y
_
�

>
<
¥
m
e
Û
x

Û
¡
�
�

<
>

M
�
5
�
�
�
�
º
d
.

PC
B0
>

M
�
j
j
j
j

c
g
B
{
~
É
B
h
�
A

(B
PD

)>
j

]
�

�
º
�
k
b

¼
>
M
+
Ã

[
º
�
k
b
�

�
�

k
-
D
4
·
y

BP
D
@

C
�
�

[
º
�
k
b

�
�

�
�

k
-
D
4
·
y

BP
D
@

C
�
�

c
¼
�
�
�
�
�
É
B
h
�
A

(B
LD

)>
j

]
�

�
º
�
k
b

¼
>
M

+
Ã
[

º
�
k
b

BL
D
>
v

1
�

°
k
]
�

�
+
Ã
[

º
�
k
b

BL
D
>
v

1
�

°
k
]
�

�
c

D
Cä
�
�
ø
>
�
�
�
k

7
F

A
b
N
¼
>
�
~
�
k
b
N
j

]
�

�
º
�
b
N
¼
>
M
+
Ã
[

º
�
k
b

�
{
|

º
�
¥
�
�
x
y
È

m
>

º
»
2
3
@

|
�

�
.
º

»
p

õ
]
d
0

c
>
)
�

 
>
×

L
3
�
@
`
^

 
|
�

3
�

�
>
)
�
³
�
�
@

f
3
4
¦
±
þ
m
�
.
�
Ø
þ
p

õ
@
ò
4
K

l
c
þ
m
0

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

f
3
4
¦
±
þ
m
�
.
�
Ø
þ
p

õ
@
ò
4
K

l
c
þ
m
0

17

162



Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
�
�
�
�
��
��
�

(
0
1

 
�
Ð

A
B
È

B
~

È
º

»
2
3

 
�
 
ü
+
Ò
}
Ô
.
Ñ
T

�
�
�
�
�
0

c
½

¾
Ù
�


+
>

å
æ

°
±
6
>

>
)
�
~
�
k
5
½

¾
p

²
Ù

�
�
>
�
s
4
�
þ
@
y
�
¶
®
�

µ
k
È
�
m

A
B
l
4
�
Ù

A

(
0
1
�
Ð

A
B
È

B
~

È
º

»
2
3
�
 
ü
+
Ò
}
Ô
.
Ñ
T

�
�
�
�
�
0

�
�
>
�
s
4
�
þ
@
y
�
¶
®
�

µ
k
È
�
m

A
B
l
4
�
Ù

A
4
�
�
$
�

d
�

�
x
�

k
�

c
å

æ
�
U

[
p
6

�
>
)
9
í

G
k

K
7
4
è

m
�
.
{
S
0

c
�

~
>
þ
m
7

F
þ
â
<
�
K

ñ
�
k
b
.
ø

[
â
<
>
9
�

ñ
�
b
0
�
K
>
�
ü
�
 
�

�
â
<

�
b
0
�
�
K
>
�
ü
�
 
N
�

�
â
<

c
¨
�
�
�
K
�
ï
.
×
[

�
¨
�
�
>

�
<
8
9

¦
í
�
y
è
R

�
:
u
�

@
�
K
0
>

7
F

<
k
b

�
�
K
k

¦
±
y

(�
z
a
9
�

:
u
�

@
�
K
0
>

7
F

<
k
b

�
�
K
k

¦
±
y

(�
z
a
9
�

 
b
�

)N
�
K
ò
>
Q
�

@
C
.
¨
¨
B
h
K

3
�
0
>

7
F
�
�

@
±
a
9

�
c
â
<
�
K
>

õ
2
�
ï
þ
Û
�
~
�
ç
9
@
]
d

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

18

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
�
�
�
�
��
��
�

(
0
1

 
�
Ð

A
B
È

B
~

È
º

»
2
3

 
�
 
ü
+
Ò
�
Ô
.
Ñ
T

�
�
�
�
�
0

c
PV
è
 

�
J
¡
>
@

f
 
@
b
y
N
s
t
¥
H
t
N
�

Á
6

c
�
~
�

b
�
A
�
:

>
)
y
z
¢
Z

�
�

6

(
0
1
�
Ð

A
B
È

B
~

È
º

»
2
3
�
 
ü
+
Ò
�
Ô
.
Ñ
T

�
�
�
�
�
0

c
�
~
�
 
b
�
�
A
�
�
:
N
>
)
N
y
z
N
¢
Z
N
�

�
6
N
 
 
 
 

c
,
�
�
~
�
�
�
�
>
)
>
×

L
4
þ
�
È
y
N
£
�
�
þ

H
Sd
h
¤

c

ý
�
N
x
4
N
Î
�
�
$

c

ý
�
N
x
4
N
Î
�
�
$

c
�

�
â
<
@


±
�

¦
>
)
N
â
<
�
K
@
^

k
m
N

c
¨
�
�
L
¥
>
�
¦

ñ
�
@
^

k
m
i
 

c
¨
�
�
>
�
K
k
î
ï
§
@
5
¼
>
W
>
Q
�

@
C
k
Û
[
x
y
b

c
¼
�
�
�
�
�
É
B
h
�
A
A

D
Cä
�
�
ø
A
b

c
6
7
8
9
:
�

°
è
�
�
â
4
k
~
�

ò
Ù
æ
Ú
 

d
�

c
6
7
8
9
:
�

°
è
�

 
�
â
4
k
~
�
�
ò
�
Ù
æ
Ú
 

d
�

c
�
Õ

?
@
>

È
m
>

�
@
~
�
�
~
>
�

°
k
b

c
M

ET
I/
s
t
:
u
v
o

<
�
�
×
Ø
�
�
�
P
¶
¦
§
N
°
B
A
æ
B
�

c
M

ET
I/
s
t
:
u
v
o

<
�
�
×
Ø
�
�
�
P
¶
¦
§
N
°
B
A
æ
B
�

C
¡

d
�
â

!
N
â
<
�
K

ñ
�

c
>
)
¦

 
¦
>

>
)
9
í

 
¨
O
>
Î
ò
Í
ø
ç
k
o

l
3

A
©
l

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

m
y
ª

¦
k
þ
m
�

19

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
�
�
�
�
��
��
�

(
0
1

 
�
Ð

A
B
È

B
~

È
º

»
2
3

 
�
 
ü
+
Ò
£
Ô
¤
¥
m
i
.
Ñ
T

�
�
�
�
�
0

(
0
1
�
Ð

A
B
È

B
~

È
º

»
2
3
�
 
ü
+
Ò
£
Ô
¤
¥
m
i
.
Ñ
T

�
�
�
�
�
0

Ö
�
 
!
e
$
h
�
R
û
m
o
S
¥
�
�
�
�
T
ù
�
�
�
�
�
�
�
�
&
'

I
J

U
%
V
Þ
¨
$
{

�
�

W
X
¶

I
J
Y
U
%
V
Þ
¨
$
{
f
�
k
�
�
�
�
Z
W
X
¶
>
�
�
�
�

�
Y
U
�
�
&
'
%
[
\
º
�
�.
�
]
^


�
_
á

º
`
a
k

á
b
c
Ù
�
d
�
Â
¶

á
b
c
Ù
�
d
�
Â
¶

Ö
�
 
!
e
$
º
e
f
g
h
�
°
d
Â
%
�
E
�
º
�
 
$
z
�

�
E
�
º
i
j
º
�
�
�
k
º
N
l
�
m
Û
n
�
¿
o
¶

º
i
j
º

k
º

�
m
Û
n
�
¿
o
¶

Ö
�
 
!
e
$
�
p
q
º
V
Þ
¨
º
f
�
k
�
�
r
·
º
s
K
ç

t
�
u
�
Â

s
K
ç
6
7
v
�

w
Ü
p
�
�
x
y
[

z
{

|
}

Ö

º
s
K
ç
6
7
v
�
´
w
Ü
p
�
�
x
y
[
½
z
{
�
|
}

K
~
�
Â

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

20

Ã
�
�
�>
)


Ù
0
1
�
Ð
Ù
��
6
7
8
9
:
�
~
�
ç
¥
>
)
v
o
�
�
�
�
�
��
��
�

(
0
1

 
�
Ð

A
B
È

B
~

È
º

»
2
3

 
�
 
ü
+
Ò
«
Ô
¤
¥
m
n
.
Ñ
T

�
�
�
�
�
0

c
>
)
¦

 
¦
>

>
)
9
í

 
¨
O
>
Î
ò
Í
ø
ç
N
Q
�

ñ
�
N
h

¤
ñ
�
N
�

>
ñ
�
k
5
o

l
@

3
A
©
l
m
y
ª

¦
k
þ
m
�

(
0
1
�
Ð

A
B
È

B
~

È
º

»
2
3
�
 
ü
+
Ò
«
Ô
¤
¥
m
n
.
Ñ
T

�
�
�
�
�
0

c
o

l
>

e
*
w
�
º
�
>
p

õ
>
`

7
@

|
î
Ó

¦
b
y
�

c
y
)

³
×

A
b
û
×

³
×

A
b

c
�
L
�

 
×

L
{
|
>
`
^

<
N
K

õ
>
¬

~
N
�
�
@

A
A
y
�

c
�
L
�

 
 
×

L
{
|
>
`
^

<
N
K

õ
>
¬

~
N
�
�
@

A
A
y
�

�
L

õ
ö

 
3
�
×
¾

|
â
N
�

º
n

 
N

IT
EN
[

�
þ
®

Ú
>

]
d

<
N
e
*
w
�
º
>
H
t

]
d

<
N
e
*
w
�
º
>
H
t

c
¶
j
3
A
�
�
�
b
y
�
m
d
Ê
¯
4
°
m
È
°
B
A
æ
B
�
 
º
�

9
d
°
±
4
'
$

¼
[
�
.
¦
±
y
6

A
B
�

ç
�

 
²
�
4
�
0

@
c
³

Õ
�

�
k
p
�
þ
½
´

 
A
�
�
Î
�
�
@
°
±
4
µ

k
m
�

c
6
7
8
9
:
>
Ä
¦
þ
9
Þ

d
î
ï
4
x
y
5
·
�
�
×
�
�
¼
þ

½
´
�
Ð

d
·
�
�
h
>
�
H
~
�
�
,
 

É
>
&

O
¦
�

½
´

 
�
Ð

d
·
�
�
h
>
�
H

 
~
�
�
�
,
 

É
�
>

&
O

¦
�

.
¶

x
k
þ
m
c
¥
k
y
B
>
·

d
e
¸
x
0

c
�
Ù
¹
	
@
5
·
�
�
h
>
p

õ
Õ

;
d
O
�
x
y
o
7

F
þ
�
�

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

c
�
Ù
¹
	
@
5
·
�
�
h
>
p

õ
Õ

;
d
O
�
x
y
o
7

F
þ
�
�

>
²
�
þ
º
»
@
�
¼
c
¥
d
t
G

k
½

d
¹
¾
·
[
�

�
21

163



:
8

�
�

: t
:
�

: t

8 : t
�

:
�

8 :

.
�
:
�
¿
�
À
0

: t
9
:
m
�

Á
:
�

d
h
¤
x
y

$
3
Â
þ
Û
¦

í
l
y

Á : t

Á
:
�

d
h
¤
x
y

È
m
4
Á
;
7

É
B

h
�
A
¦
g
B
{
~

 
�
:
�

|
T

U
~

�
~
�
�
�
�

A
B
8
:

t
d
Ã
e
y
:
t

�
J

 
:
�

|
T

U
~

�
�
�
�
>
s


;
7
N
¨
¨
B
D
�

�
â
<
N
/
Ä
Å
>

9
:
m
�:
�

h ¤

�
<
L
¥
�
4

~
�
�
�
�
D
>

â
<

L
¥

.
�
:
�
¿
�
À
0

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

22

9
:
m
�

8 : t

$
3
Â
þ
Û
¦

í
l
y

�
�

t

9
:
m
�

Á
:
�

d
h
¤
x
y

È
m
4
Á
;
7

É
B

í
l
y

:
�

9
:
m
�

Á :

È
m
4
Á
;
7

É
B

h
�
A
¦
gg
B
{
~

�
.
�
:
�
¿
�
À
0

:
�

8 :

: t

�
�
~
�
�
�
�

A
B
8
:
t

d
Ã
e
y
:

 
�
:
�

|
T

U
~
�
�
�
�
>

s

;

:
�

: t
t

�
J
@

b
©

È



Û
9 : :

s

;
7
N
¨
¨

B
D
�

�
â
<
N

/
Ä
Å
>

�
<

L
¥
�
4

g
B
{
~

É
B
h
�
A

9
:
m
�

:
�

h

: =
.
�
:
�
¿
�
À
0

L
¥
�
4

~
�
�
�
�
D
>

â
<
L
¥

:
�

¤

�
Á
:
t
�
>

�

:
=

x
	

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

23

�

:
=

x
	

BP
D
@
C
	

: t

9
:
m
�

�
�

t
�
;
�

�
;
�
;
Æ
;

BP
D

©
ª
«�
%

:
�

Á :

Æ

�
;
�
;
Æ

-
D

¦
H

�
<
:
t

�

: t
� �

�
;
�
;
Æ

S
E
3
F
ù
�
K
�
�


9
:
m
�

9 : : =

� Æ
�
;
�
;
Æ

g
B
{
~

É
B
h
�
A

:
�

=

Æ
-
D

�
:
�

h ¤

Æ

�
;
�

�
;
�
;
Æ
;

BP
D

n
Ó
n

�

-
D

�
H

�
<

:
t

^
ku

ro
ch

an
s-

ne
t,

 T
ok

yo
, 2

01
4

24
�
m
n
�
Ó
m
n
�
�


164



 
 
 
 
 
 
 
 
 
 

 
 

165



166



167



168



169



170



171



172



 
 
 
 
 
 
 
 
 
 

 
 

173



174



175



176



177



178



179



180



181



182



183



184



ð

185



ð

186




