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Renewable energy has been developed in Japan to actualize the sustainable society. It is also expected to
contribute rehabilitation razed by Great East Japan Earthquake. Iwate prefecture has great wind resources
potential among disaster-stricken areas. We have evaluated the wind energy by wind turbines in Iwate
prefecture with Geographic Information System (GIS) taking into account restriction for the plant location
and business feasibility. Furthermore, we have analyzed sensitivity analysis of feasibility and assessed the
case of bigger or less expensive wind turbines. As the results, wind power in Iwate prefecture has capable of
generating 734 TWh for one year with the levelized cost of 24.7 Yen/kWh. For the location which has above 8%
of the internal rate of return (IRR), the total amount of annual electricity and the levelized cost are estimated
to 3.0 TWh and 154 Yen/kWh, respectively. The available area is 232 km? and this accounts for only 1.5% of
the whole. The improvement of IRR is expected by the installation of larger wind turbines, though the available
area increases only slightly with the cost reduction case.
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Table 1 Renewable Energy Target in lwate Prefecture ®

2010 2020
Capacity Capacity | Increase rate

[kW] [kW] [%]
Solar photovoltalic 34,740 747663 2,052
Wind power 67,099 475,699 609
Hydro power 274,576 276,001 1
Geothermal 103,500 110,999 7
Biomass 1,724 40,954 2,275
Total 481,639 1,651,316 97

AR bz, MSEICERT 2L, 2010 44> 5 O
AT 609% EIHFILHEC, FAETEL AL F -—OhTHHE
DS T2,

2. SMFEbLURHREMY

REFLIZBI D50 FEoME% Fig. 112R-4, A%
BOBART Y VXV EHEETT2720120%, F—12, BIig
RO HE 2 M 2 T T2 LB S b, £2T
KL TEHETES 500 m U0 Ay v a~figibl, %
FAFICHDE, GIS & TR ) 58T o B 36 7T B Mg & ok
Dize Fz, BT =Y EREOWTI A —T DT —5 % Hw
T, HAY V2B AEMBERLIER L. T0%, W
Wi g BRI rERER, WS4 A7 —2ELTH
FRIN . (Internal rate of return, IRR) =5 L7z. £ 5
DORERAHCT, AFRICBUILEAIIEEOEART Vv
WEBREWOFMEIT o720 GISV 7 hvzT7E LT, Arc
GIS 10.2 Vv 72,

21 #ET—X

N ZEBOMFABLTIANOHIKE B ELT, W
BEIATL (JAHE) ORBALSEATHS, HFEOHE
TiX 2 MW OB HEOEAFEFBE S L\, ZTTRMILICE
Wb, ERETI2 MW OREAEAT L EA2HE LT,
xS —2 L, T4 (Global Wind Energy
Council, GWEC) 12& 2 T A MKW F) F 2Dz [aR
MERT —A] &, FRMIAFD S5 %5 KM 5T 2
ERTHEEN TREEEEAr —2] 1220 ThMa217-
72

S Hek s — 2 CGERHT 2 MW R3S B AR )
CIAMERE T —A (4% B LU 12% 2 1) )
CRIEURHE A —2 (5 MW RIS EREA, IA M

Fe e r — 2 L[] 4

Estimation of available area
[Wind speed] [Land use] [Altitude] [Slope]
=

Total annual electricity generation
[Wind condition] , [Power curve],

[Utilization factor], [Correction factor]

e

Estimation of IRR
[Initial cost] , [Road network],

[Electricity grid], [Maintenance]

S

Comprehensive evaluation

Fig. 1 Potential and feasibility evaluation of wind energy
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Table 3 Wind turbine specifications /)~ 19

Rated power output 2 MW 5 MW
Table 2 Consideration for evaluation of available area ™ ~16) Cut in speed dm/s Am/s

Cut out speed 25 m/s 25 m/s

Condition Data mesh Rated speed 13 m/s 13 m/s

Wind speed >5m/s 500 m Roter diameter 80 m 126 m
Land use Forest, Agriculture, Waste land 100 m Swept area 4,978 m? 12,469 m?
Altitide < 1,000 m 50 m Hub height 78 m 90 m
Slope < 20° 50 m Altitude 1,000 m or less 1,000 m or less
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Fig. 2 Turbine spacing in a wind farm '®
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Table 4 Cost assumptions for feasibility evaluation '

Specific cost

0.25 Million Yen/kW

plain field

25 Million Yen/km

Road construction

mountainous

85 Million Yen/km

Initial cost

Electricity grid plain field 35 Million Yen/km
construction mountainous |55 Million Yen/km
Capital cost 600 Million Yen per unit
O&M cost 6,000 Yen/kW

Cash flow — - ;
Electricity selling price

22 Yen/kWh
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Fig. 4 Distribution map for annual electricity generation
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Fig. 5 Distribution map above 8% of IRR
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Fig. 3 Steps of estimation of available area
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Table 5 Estimated results depends on IRR

IRR
4% 6% 8%
Total area [km?| 2,495 890 232
Toal annual electricity [TWh] 273 10.6 3.0
Average utilization factor [%)] 347 377 40.5
Average initial cost [Million Yen] 640 618 587
Average electricity cost [Yen/kWh] 195 17.3 154
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Table 6 Major points for each selected site

. Electricit: .
Site IRR . v to Road to Grid
generation
A 9% High Not far Not far
B High Far Not far
C 5% High Not far Far
D Low Not far Not far
IRR [%]
I -5.18 - 3.99
i I 4.00 - 5.99
6.00 - 7.99
[T 8.00 - 9.99
I 10.00 - 14.47
—— Road
— Grid
0 125 25 50 km
T

Fig. 6 Selected locations for typical examples
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Fig. 7 Total annual electricity generation and initial costs for each selected location
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Table 7 Cost Scenarios

Scenarios Cost reduction | Specific Cost O&M cost
[1000 Yen/kW]|[1000 Yen/kW]
Moderate (MS) 4% 240 5.76
Advanced (AS) 12% 220 5.28
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Fig. 8 IRR considered cost scenarios: (a) Moderate scenario (MS), (b) Advanced scenario (AS)
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Fig. 9 IRR for 5 MW wind turbines
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Fig. 10 Annual electricity and levelised cost of 2 MW and
5 MW wind turbines per data mesh size of 500 m
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