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X2 10H7t At O|8E = 23+1.8%
a5 > N > Z4¥ a4 > MY > ME > FH7|
259% > 23.7% > 23.7% > 20.8% > 17.6% > 13.9% > 11.9%

\'

N ZHZF /02X ZHEHF (%)

41H| 0] & (capacity factor)

Z# T (2017) Wind Energy Journal
SROILX|7 & AT Since 1977

| ZM7| AH]|0| 25 (IEA Wind)

c Annual capacity factor(%) Average
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EfF2 30.8 GW + =3 16.5 GW = 48.7 GW Al AX| (2018~2030)
EfF2 36.5 GW(CF=15%) + =2 17.7 GW(30%) + 7|E} 9.6 GW(25%)
= 48 TWh + 46.5 TWh + 21.5 TWh = 116 TWh

@ A7 (FE,HE) 25 GW + @ ATEEAIY 7.5 GW
+® &7 EHYE 10 GW + @ O =2 ™AL 28.8 GW = 48.7 GW
@ =AY BIYE X[& + @ =" FIT, REC 7HSX|(?)
+ @ YA X], Qs ElYE + @ T2 ZEHE RPS X ™

SROL{K IS AT AN YR HEE 22 Fire 2

=

i

| Azl xpix| U Tl 24

ZRT
EgeM KX Ay
SAlT = ) o pS!
e g0 —28%

AFRE 7
X} 23

RPS & F 7|5t
SHIIA HEH
SO 92 BIH4

StqAR, AX A
t7led, 247t M

Ay
EELE

SEE
RPS, FIT

ot 07 12

UH1 | SHSH LHARAQ 7|88 LXZH L AFEMWE | 11



EEEEEEE

SEXHA I P8R (2013)

Theoretical Potential 'Technical Potential Available Potential
= 45GW = 17GW 1.6GW

WE Target = 3.0GW
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& (2014) Energy Procedia
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ESOURCE
ATLAS

TRE J42H8 4

1st Edition (2010)

ENEWABLE uini=
ENERGY AAtolluix] xpeix| =

Korea RE Mapbook

(Korean, English, French, Russian, etc.)
www.kier-atlas.org
www.facebook.com/kier.atlas
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20054
A1 - THEEOILRT A

012
AUTiSolLAX| WA

b ialhdd ) R

3rd Edition (2018) KR/EN
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Wind power i i by operating
a generator with rotatory power transformed from wind Kinetic energy using.

‘maturity among the various renewable energy fields. Wind power generation is
rapidly the

of wind farms around Jeju Island and Kangwon-do province in Korea (Capacity.
640MW in 2015).

-
K

SER|UX]7 &S Snce 1977
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SODOm

Renewable Energy Resource Atlas

0 Hourly variation of wind speed

The Korea Institute of Energy ing t i i ol

ofth of 100m !
tion 10m). The resource map below shows the annual average wind speed distribution at 80 meters
above ground level.

|21 L ————

SRO|UX|7 &S Snce 1977
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I Weibull scale factor
Wind speed

distribution can be expressed by the Weibull distribution. Weibull scale factor shows the center of wind
speed distribution. The larger the key factors of Weibull distribution such as average wind speeds, the
‘superior the wind power resources will be.

80m above ground level 120m above ground level

72 [ —————

O Weibull shape factor

EREEEEE]

SN @

Renewable Energy Resource Atlas

and a low wind speed regime of the Weibull wind speed distribution. The smaller the Weibuil shape factor,
the greater the probability of a high wind speed regime,

120m above ground level

Renewable Energy Resource Atas

SER|UX]7 &S Snce 1977

IO Global wind resource map compiled by reanalysis data

which is WRF (Weather Research Forecasting), and then s resolution is refined by the wind flow model,
WindSim. Inthi the K By ied thei i
roughness model (US8229720), wind power density model (PCT007077), and acceleration algorithm of
numerical calculation (PCTO10080).

Moan Wind Speod at 50 m abovo Ground Level

O Intra-annual variability of wind resources
Wind resources on the Korean Peninsula are directly affected by worldwide climate change such as the EL
Nino and the La Nina. Wind resources in 2005 were great due to the EL Nino but poor in 2008 due to the La
Nina, (Source: SANDER + PARTNER)

:i?{ﬁ%nL

[SS———

] Extreme wind speed map

EREEEEE]

SOMmO@

Renewable Energy Resource Atlas

The rate that typhoons affecting the west coast
of the Korean peninsula is rising due to the
effects of climate change, and also the maxi-
mum wind speed of these areas are increasing.
Itis very important to make an accurate estima-
tion when designing a wind farm because wind
turbines are tall and huge structures that should
withstand strong winds.

The left resource map, produced in partnership
with the Atmospheric Environmental Informa-
tion Research Center of Inje University, is an
occurrence map of extreme wind speeds in
Korea, These results are calculated at 80m high,
the hub height of a wind turbine, by recalculat-
ing wind speed of typhoon passed through
Korea in the last 15 years.

O Typhoon tracks that passing
through the Korean peninsula

There are seven common typhoon tracks that
impact on the Korean peninsula and it is divided
into tracks passing through the westem sea, the
southem sea and the east sea by region.

O Typhoon that Has affected
on the Korean peninsula
Nel(9905), Sam(991
Yo Anni9917), Barti9918), Dani9920) &3 Z
| ettt | o
20 hebio102, a1 1)
202
2003 Mmmns-msm?;nmm "
2004 MIndule407, Namtheun(410) MeghOn15), o
Chaba{(0416), SongdalOA1é
2005 Nabi514) 1
g Mo
07 a0 Ungl0705, N7 ) 3
2008 Kalmagi(0807) 1
e E—

The total number of typhoons that had an impact on
the Korean peninsula from 1999 to 2008 s 35, result-
ing in an average of 3.18 typhoons per year.

Renewable Energy Resource Ates

SRO|UX|7 &S Snce 1977
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Onshore Wind Mapping for Complex Terrain

© World’s best accuracy: R?=0.84 (vs. monthly Power, 100m/10yr)
Downscaling method of wind power density, US 14420190, EU

B Terrain roughness algorithm for complex terrain
Wind flow simulation method in complex terrain, US 8229720, JP

2 Directional wind flow simulation algorithm
Acceleration method of wind flow simulation, US 14440019, EU

Offshore Wind Mapping Using Satellite Imagery
B Arirang-5 (KOMPSAT-5, 2013-042A, Sun synchronous orbit)

Suanoitshors 2007:04.13 Goheong offshore 2007.03.06

Busan offshore 2007.11.03

T

Offshore Wind Retrieval from SAR Imagery

00000 « 0000
r 7 e 5

Statistical Dynamic Downscaling via NWP-CFD

23 4 5 6 7 8 9 10lmsl

SER|UX]7 &S Snce 1977
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Wind Sector Classification
9 Based on Similarity of time-series wind vectors
Kim et al. (2016) Asian Journal of Atmospheric Environment, 10(2)
B Based on Principal component analysis of meteorological,
geographical, morphometric parameters
Kim et al. (2017) Wind Engineering, 41(2)

Wind Power Forecasting
B Long-term forecasting based on satellite data ensemble
Kim et al. (2017) Energies, 10 (994)
9 Short-term forecasting based on mesoscale data ensemble
Wind power forecasting by wind pattern classification, KR 0802402

Wind, Layer 1, Domain 3 (2007/10/08 18:00 UST)

127

128

~
&
X

NN
TS A AN N NN

st

i o

SassmupNANLLN N AN
R GOSN NN

34
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120
Wind
L (m/s)

I

Monthly wind power forecasting by satellite data ensemble

Wind power forecasting in Typhoon case

SRO|UX|7 &S Snce 1977
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GIS-Based Exclusion Analysis
B Cascade calculation of wind resource potential
Theoretical-geographical-technical-economical-market
potentials in 1km grid system
8 Validation and correction of capacity factor
Countrywide wind farm SCADA vs. wind map prediction
(1066 MW, 547 wind turbines)

Ty

A5 ws mE

EOIZE EY

Analysis of countrywide capacity factor

B20188
(%)

Exclusion zones for wind farm development
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o ATIMO|HK| B 2E L BIHEE 22 AXMOLIX X A 240 WAHoR 97
Theoretical potential
i Long—:sr}n
Barrlers ‘ p 4 Midterm potential Frens
(non-economic) yd
Maximal Additional
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T SATHEL
Unsubsidized Levelized Cost Of Energy (LCOE)

The price at which electricity must be generated from a specific source to break even including all
the costs over its lifetime

Solar PV—Rooftop Residential’ $138 $222

Solar PV—Rooftop C&I" $88
$78

s61 $920

$193

Solar PV—Community $135

Solar PV—Crystalline Utility Scalc®™ $49

Solar PV—Thin Film Utility Scald®” $46 856  $92©

ALTERNATIVE

o @
ENERGY® $

Solar Thermal Tower with Storage® $182

Fuel Cell* $167
Microturbine*
Geothermal
Biomass Direct
”””” Dicsel Reciprocating Eagindd®
Natural Gas Reciprocating Engine®'+ $68
Gas Peaking $165
16ec” $94

397

HxtE?

$60

CONVENTIONAL

Nuctear” $136

®
Coal 5143

Gas Combined Cycle $48 $78

$0 $50 $100 $150 $200 $250 $300

Lazard v10 (2017)

Levelized Cost ($/MWh)

Source:  Lagard estimates

Note:  Here and throughont this presentation, unless otherwise indicated, analysis assumes 60% debt at 8% intesest rate and 40% equity at 12% cost for conventional and Alternative Energy genesation technologies. Reflects global,
illnstative costs of capital, which may be significantly higher than OECD comatry costs of capital. See page 15 for addifional details on cost of capital. Analysis does ot seflect potential impact of secent deaft mle to segrlate carbon
emissions nnder Section 111(d). See pages 18-20 for fuel costs for each technology. See following page fos footnotes.

1 Deuotes distributed genenation techuology.
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Table 1. Summary of Inputs and Reference Project LCOE for 2015 Land-Based Installations

2.0-MW Land-
Based Turbine

($/kilowatt [kW])

2.0-MW Land-
Based Turbine
($/megawatt-

hour [MWh])

Turbine capital cost 1,209 33.2
Balance of system 330 9.1
Financial costs 151 4.1
Capital expenditures (CapEx) 1,690 46.4
Operational expenditures (OpEx; $/k\W/yr) 51 14.6
Fixed charge rate (%) 9.6

Net annual energy production (MWh/MW /yr) -3/494- 2,059
Net capacity factor (%) —38-89— 23.5%
TOTAL LCOE ($/MWh) —61— 103

* Sources are listed in the relevant sections of this report related to the specific cost components.

(CapEx x FCR) + OpEx
(AEP,./1,000)

LCOE =

=3 UH™CE7L (US NREL)
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Table 13. Summary of Inputs and Results for the Fixed-Bottom Offshore Wind Project

4.14-MW

Offshore Turbine

4.14-MW Offshore
Turbine

($/KW)

($/MWh)

Turbine capital cost 1,466 41.8
Balance of system 2,167 61.9
Financial costs 983 28.0
Capital expenditures (CapEx) 4,615 131.7
Operational expenditures (OpEx; $/kW/yr) 179 49.86
Fixed charge rate (%) 10.3

Net annual energy production (MWh/MW/yr) -3,668- 2,878

Net capacity factor (%) —412—- 34%
TOTAL LCOE ($/MWh) —48+- 219

* Sources are listed in the relevant sections of this report related to the specific cost components.
Note: Reported costs are in 2015 U.S. dollars using U.S. Consumer Price Index data (Bureau of

Labor Statistics 2016).
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Table 14. Summary of Inputs and Results for the Floating Offshore Wind Project

4.14-MW 4.14-MW
Offshore Turbine  Offshore Turbine
($/kW) ($/MWh)

Turbine capital cost 1,466 420
Balance of system 4,146 118.6
Financial costs 1,035 29.6
Capital expenditures (CapEx) 6,647 190.4
Operational expenditures (OpEx; $/kW/yr) 138 384
Fixed charge rate (%) 10.3
Net annual energy production (MWh/MW/yr) -3;595- 2,628
Net capacity factor (%) —44-0— 30%
TOTAL LCOE ($/MWh) —220— 313

*Sources are listed in the relevant sections of this report related to the specific cost components.
Note: Reported costs are in 2015 U.S. dollars using U.S. Consumer Price Index data (Bureau of
Labor Statistics 2016).
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3l = 8MW/km?2 (KIER)
5GW ZQ A

2 UX|HH

9= 15MW/km?2 (NREL)
25 15GW ZQHA

= 15GW / (5MW/km2) = 3000km?

& (2016) Wind Energy Journal
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High correlation between
average diurnal wind speed
and SMP results in lowered

Negative correlation between
average diurnal wind speed
and SMP results in lowered

All renewable wind generation will
capture lower revenue due to the
overall renewable cannibalization in

average capture price

Current
Current wind
power generation
capture prices in
South Korea
(capture
percentage of
average SMP
price, %)

Correlation not significant as the
difference between average diurnal
maximum and minimum is minimal over
sea. Therefore little variations in capture
price for these areas.

average capture price

2035

Forecasted South Korean wind
generation scenario in 2035

As it is forecasted that most of Koreas
2035 wind generation will be located in
the west, wind revenue cannibalization
will be more significant here. Therefore a
lower capture price is obtained.

2035
2035 wind power
generation
capture
prices in South
Korea
(capture
percentage of
. average SMP

I3 price, %)
1 b ﬁg
T
i

A high correlation with overall
wind generation and a low
capacity factor results in the
lowest capture price at this
location

Byrne, Z¥ T (2016) EH YLK =2 H

- —
LISt sfjAF Z234XI2 AF|E 0| 22 (HAMA 1,200+
= e o S = oMo T XT \= ' =
1220 Sinan - Hanwha E & C Yellow Sea b8 778
1316+ Jeonnam SGW Offshore Zone - Sinan- 200MW Phase 2 Yellow Sea B4 7.29%
1316% Jeonnam 5GW Offshore Zone - Sinan- 300MW Phase 1 Yellow Sea b 7.29*
-
- 1353 Saemangeum VYellow Sea b4 2 744
-
-
- 1353 Southwest Offshore Demonstration Yellow Sea bR 7.14
-
- 1353 Southwest Offshore Phase 2 Yellow Sea o 7.14
-
-
& 1359 Jeonnam 5GW Offshore Zone Yellow Sea B4 742
-
-
1377 Southwest Offshore Phase 3 Yellow Sea b8 7.01
== -
-
- o
1287+ Taean - KOWEPO West Korean b4 6.95%
- pennisular &
-
-
-
-
-
-
-
- 1419+ Incheon Offshore Wind Farm West Korean b4 6.66%
Pennisular =
—n- =
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200 4884
I 2016 F7HA| =5 EH[ 22 WLg ZHE
100 89
[
56.1
50 6.1
32.8
a1 23.2 18.9
oy 13.8 12.8 12.2 9.5
a3 7 i
=7 -2 0.3 83
== o|= = ol = 2| 2l = =2~ g2t3E  FiLch o|EE|o
XtZ : REN21, 2018, Renewables 2018 Global Status Report, p.110, p.212.
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Z[20= 2tElotH| 2|7t S5 X of=2|7t & TAM A, FHE XY= =it
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OUSE/=7tE S 2dH| 8T
BT = PN BT = PN & " =(0
Onshore (MW) 2017 2018 2018 HIS (%)
Americas 10,572 11,940 135,041 23.8%
USA 7,017 7,588 96,635 17.0%
Canada 341 566 12,816 2.3%
Brazil 2,027 1,939 14,707 2.6%
Mexico 478 929 4,935 0.9%
Chile 269 204 1,621 0.3%
Asia-Pacific 23,927 24,902 256,320 45.1%
China 18,499 21,200 206,804 36.4%
India 4,148 2,191 35,129 6.2%
Japan 170 262 3,661 0.6%
South Korea 103 127 1,229 0.2%
Europe 13,865 9,016 171,328 30.1%
Germany 5,334 2,402 53,180 9.4%
France 1,692 1,563 15,307 2.7%
Sweden 197 717 7,216 1.3%
United Kingdom 2,641 589 13,001 2.3%
Turkey 766 497 7,370 1.3%
Other Europe 3,235 3,248 75,435 13.3%
Africa, Middle East 632 962 5,720 1.0%
Total onshore 48,996 46,820 568,409 100.0%
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EuU28 _— 14%

N

Denmark
Ireland
Portugal
Germany 21%
Spain 19%
UK | 18%
Sweden 129

Romania 10%

Austria 10%
Greece | O
Lithuanic | 9%
Netherlands | 9%
I 7 O
I 7O

41%

24%

Estonia
Poland
Belgium | 7%
Finland e %
Italy I %
France
Cyprus
Bulgaria
Norway
Latvia
Hungary
Czech Republic
Switzerland
Slovenia
Slovakia

10% 20% 30% A40% 509%
B Onshore Offshore

Source: WindEurope
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49 614 587
513 a3
I 406 92
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a5 a5 1
l ! H u - 05 03 04
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249 | T 2 29 b - GW 83 90 o
2 5
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n
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3204
300 Rator diametre {m)
280 - Rating (kW) 250 m
260 - 20 000 kW
2404 150 m Future
2204 125 m 10000 kW wind turbines
E 2001 5 000 kW
= 180+ 100 m \ 7/
£ 160 3000 kW
<= 1404 80 m
2 104 70m 1800 kW
100 som | TN 4
80 4 Wm 750 KW -
607 1Tm3oomw” \_ 1\
EDE T | /
204
g P £ 2 < o !
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O B gl 7t Z=0[($m/MW)

2.2
50 194
1.8
15 180 153
1.36 123
14 1.271‘25
1.2
1.22
10 1.21 1.20 n
. 1.03

08 0.99
06
04
0.2
0.0

MH 2H "H 2H 1H 2H 1H 2H 1H 2H 1H 2H 1H 2H 1H |2H|1H 2H 1H 2H 1H 2H

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

= = «Previous Index (2H 2016) —O— Current index (2H 2017)

AI& : BNEF, 2018, 1Q 2018 Global Wind Market Outlook, p.30.
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0 Vestas O Siemens

+18-35%

1a AEP
W increase
» = since 2010% IEC| IECII IEC Il
Vestay: High wind Medium wind Low wind
-._ —
3.0 MW 3.3 MW 3.45 MW
+V112-3.0 MW first + Upgrade to 3.3 MW * Upgrade to 3.45 MW
member of “new” 3 nominal rating nominal rating
MW Platform =
+ New rotors: 105m, « New rotor: 136m 14 Siemens
117m, 126m o Geared platform
i SWT-2.3-108
<
IECI V105-3.3 MW® V105-3.45 MW ™ T
V112-3.3 MW® V112-3.45 MW™ w Samans
SWT-3.2-101
/ a VATT=STAS MW <§( Direct Drive platform SWT-3.4-101
IEC I V112-3.0 MW® VA17-: 33MW V126-3.45 MW™ (%) SWT-3.2-108
/a SWT-3.4-108
IECH V126-3.3 MW V136-3.45 MW™
anouncemenT 2010 2012/13 2015 m
$L. UNISON

COPYRIGHT © UNISON CO,, LTD All RIGHTS RESEVED.

LH2 | SHLH I AE L 72 |

o

39



{
— ~
I 2 Ol HE C I. x"'l "'l.E.I- oo
S - EE |_|'7 (LCOE)E J|1'|'_'° ors ot -
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(IEA, 'World Energy Outlook 2018")
S5 MY BHWHT|O 7 H% L B A7\ HN) SR Qo) AT 4HSY U W 450
=0 2030E MR &S| Ba LCOEE 5~15%, S-S Ha YT 7t= 30% Ol ot MY
LCOE - Historic development
USD/ MWh
240 7
220 7 === Oinshore
200 4 === Offshore
180 1
140 +
140 A
120 A
100 A
80 4 -
&0 4
40
2010 2010 2011 2011 2012 2012 2013 2014 2014 2015 2015 2016 2016 2017 2018 2013
TH 2H IH 2H TH 24 TH TH 2H TH 2H 1H 2H TH 1H 2H
;-%?!&UNISONG COPYRIGHT © UNISON CO,, LTD All RIGHTS RESEVED.
X0 =5k _ S AFE{H] ~L
-J-I L oo HWo 'I — _i_w
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oAl R EOAM EAlElE SSHE UMS2 84 0 4MWZ 0| &0[H,
= [
=20| = XZO| Z|C 158m7tX| 7ts 3.
. —
OM=ALE SA ME (S48 HE
5.5
Gl28-50 GE 48-158
g 5.0
MN149/4.0-45
= E-126 EP4 Sl E-141 EP4
a5
§ : 42M140
2 a0 »
£
(= VII7-4.0/4.2
2 V136 -4.0/42 N131/3300 VIS0-4.0/42
30
0 1 2 3 S
Main IEC class
®Enercon @ Senvion @ Siemens Gamesa ® GE Renewable Energy ® Vestas @ Nordex
Source: WindEurope
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HlS5to2MW E2tc25MW

35t 4 MW

25t0 3 MW

o o HF X =
X2 S - SHEHE (HF 7|18)
M EFE= Z2HEQ| 42, 4AMW O|4Z 0| Ciet M=7 S7tet.
O XYM M FE SL4SEH HEo EH 8T
100% 38
90%
36
. 80%
S_Q,
_g 70% 34 :,:
%80% 3.2%’
T 50% ‘E
g 3.0%
5 4% g
0% 28 @
20% 2
28 &
10% o
g
0% 24 <
&
&

3to 35 MW

Ao 45MW B45to 5MW e Average turbine rating

Source: WindEurope
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405 MW (1 1%) —

SENVION
1,253 MW (6.5%)

SEWIND
1,434 MW (7.7%)

MHI-VESTAS
3,264 MW
(16.9%)

Top 10 offshore wind turbine suppliers’
cumulative capacity to end 2017

SINOVEL

GOLDWIND lGlMW[ﬂ“J
ENvISION 376 MW (1.9%)

O\ \

60 MW (0.4%)
OTHERS
7 assmw (L)

‘CSIC HAIZHUANG
115 MW (0.6%)
WINWIND

SIEMENS
GAMESA
11,440 MW
(59.3%)

Hta:

Q SON( FTI INTELLIGEMNCE “#awen tarewnra mistoricsl offhiors inetsllstons.

DATA DRYEN UARKET iTELLIGENSE  SOurcec FTI Intoikgencs, Aprd 2018
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Manufacturer | Rated power _Rotor
diameter
MHI-Vestas 8MW + 164 m
Siemens sMwW 154 m
Mingyang 6MW 140 m
Senvion 6.3MW 152 m
GE 6MW 150.8 m
[MHI'Vestas V164]
Sinovel 6MW 155 m

[Sinovel SL6000]

includen Vostas and
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z
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20% Bé
3370% 7'@
= 3
Z BO% g+
g sox .
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3 0% 4%
%30’% 3;.{3
5 20% 2
1

0]

HMOtoc&EMW NHEto7 MW 7 to 8 MW

. . Source: WindEurope
8 to 9 MW 9o 10 MW e pyerage turbine rating
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1GWO| o dAtSt= 7|2 1171, 5= M elA| 670 A7t MA AlES 2HE

=38 HE HZ=AH2017H)
Gigawatts ] 200 4.00 6.00 .00

= Vestas [ L e

Siemens Gamesa _— 6.63
18% = Goldwind [ EEE

aGE T <55

= Enercon I ;o

= Nordex B 285
Envision B e

» Senvion B s

= Suzlon [ R = EMEA

® Guodian UP B = AMER

mMing Yang o u APAC
Other

XI2Z : BNEF, 2018, Technical and Financial Service in the Wind Sector, p.3.
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L WIND
POWER

a GE Renewable Energy business

-

BLADE DYNAMICS

>

2018 2019

O & 25 8Nz A8t 8

Blade Suppliers Gearbox Suppliers

L WIND
POWER

a GE Renewable Energy business
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RN

Rexroth @Hansem

Bosch Gfoup industrial gearboxes

2015 2011

Bearing Suppliers

SKF

SCHAEFFLER
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M7 MK 7|ZO R 20151, 161 200MWE HQIOLE, 1714, 183 CHA| 24

249470 A 6077, SHAL 574 287
1,400,000 -
M| (kW) 1,299,090
- FAARZH (kW)
1,200,000 -
1,000,000
800,000
600,000
400,000 |
200,000 161,250
0 +—- - - T . : : : ; I.
'98 '99 '00 '01 '02 '03 '04 '05 '06 '07 '08 '09 10 11 12 13 14 15 16 17 "8
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1998 1,200kW 1,200kW 2009 50,900kW |  352,845kW
1999 2,145kW 3,345kW 2010 19,750kW | 373,295kW
2000 1,500kW 4 845kW 2011 31,100kW |  400,860kW
2001 1,980kW 6,825kW 2012 84,050kW | 484,910kW
2002 3,750kW 10,575kW 2013 80,150kW |  563,650kW
2003 4,230kW 14,085kW 2014 47860kW |  611,510kW
2004 23,390kW 38,195kW 2015 224 350kW | 833,500kW
2005 28,000kW 66,195kW 2016 200,750kW | 1,031,220kW
2006 109.350kW | 175,545kW 2017 111,450kW | 1,139,910kW
2007 21,150kW | 196,695kW 2018 161,250kW | 1,299,090kW
2008 105.250kW |  301,945kW
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T S48 X998 &= T
=L SEEHX2| 2F 90% 7t 470 K| (B, TE, M=, =)0 85
No Ao Ared At oA+ 27|45 Ha| 8 Hre
K zec 1274A 24744 1717| 326,300kW | 25.12% |
i 2| mews 1374At 20744 1387 311,800kW | 24.00% }
K ES 167HAt 234 1207] 270,500kW | 20.83% 1
4| zyss STHAL 11704 1217] 260,450kW | 20.05% |
5| Z7|Z/2H A7 AL SIHA 247| 54,250kW 4.18%
6| zadc SHHAL 6744 407| 48,500kW | 3.73%
7| He=c 67HA 6744 187| 22,800kW 1.75%
8| =zmuc 174A 1744 17] 2,000kW | 0.15%
9 24 17HAt 1744 17] 1,650kW | 0.13%
10 g4 17HAt 1744 17] 750kW | 0.06%
7 - 98744 6357 | 1,299,090kW 100%
% 240 AN AYUS TUSHS ARIAIZE ZABO2 Y ARISE TSR 942
W2 PNISON®
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101% 101% 76%
f H 2010
A5 . = 2017p
. n?A

. B
* Source : |[EA(2018) / KEA(2018)

HE e HEC 17E) HE T du=EC 17=) A3t H[EEH 17P(E))

i}o|=
2.4GW 718

(15.7%)
3.8GW qmu 799%

0|2
6.1TWh
(15%)

+82.8TWh(7%) A

E242.2TWh(5%)
EE1.2GWI(7.7%)
(56%)

81220.3GW(1.7%)

EREE.9TWh(16%) 7|E}0.5GW

.
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2y =8 7|aY WY .

Q0WLH SOIQHN SIS ATIE AZSIAOLE F2 94 7|XFRY SJoko] 4
Mg 9|=20k Kg. 2008~107 ALf 07| Qo BHAIY TS U OfH 4¢
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S o 10E0 2X 02 wE S22 7|z &5 Y M7F0e| 7|a4%t Fa.
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n

0=l 38 7[=712 B

2CH7|(2001~20154) 3¢HA|(2016~ B xH)

MWE 27| 7IEY 7|& AA =a

Beuny) g 4 CUREA SIS S8 M oL R| A o
(=t | & 2) o e 23 A ZMAA S SHAY & 9 S P2z
<93UEE HF 28 MTjdo|HX| nE < a0l WEIY QTR JaY o
100kW 17|, 30kW 27| Al EHX]| «750kWE, 2MWE S A|AE st B>
28 E=RUXI7| &7 R) QL|&/% 4, 2001~2007) CKEL ZAAH QLS
+ 300kW S +AHF SHUYM «15MW Z2{et A|AH T SHRIANY, 23MW, 43MW 72t &, A
7| JHe (k= 2to|HE, 1992~1996) 2007) 3.3MW)
+£7| 71% 213 Poolo] HHE SMWE S8 SHLTAILY (T, <AMWZ 0l et ZTHE o4 S3A|
2006~2009) 2 Y (RUE 42MW, R4t
<SS Z Y (L65SMW, 2MW, 5.5MW), A 5.5MW, 3HEI42MW I )
MEZYQR.5MW, TMW), STHZ H(Q2MW) «BMWZ0| A ALHE SlAIZSHA|IAH
« | REMBLFRMW), STXSZ(L5MW, i S(E |FUD)
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.
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I 24 E Hk _ OL|20 s
q' ¥ =Y | '| 7 H = T Ll - —| A|' E:“ et
=22 7[gae| 7|=d K7t 27| 750kWX1I%% F109, 2MWH S22 & 54
e EMSIRAL2L}, Ol SMWAH|EF2 Z7(|5t] AMWK| S0 0| =X5H0] 7|=
AXE 14 o2 8. (Mt BF)
2007 2009 2015 2018 2019
U113 U120
Mw 750kW 2.0MW 2.3MW 4.2MW 4.3MW
\évllar;(: IECIA IECIA IEC A IEiATC IEC TCIMA | IEC TC S(IIA+) IECTCS IEC TC B+ IECTCIA IEC TC A+
Rgi‘:’ 50m 54m 57m 88m 93m 88m 112.8m 120m 136m 151m
80m 83.5m,
H.H 50m 60m 68m 80m 100”’1 75m 113%m 100m 95m / Site specific 95m / Site specific
m
%UNISON‘ COPYRIGHT © UNISON CO., LTD All RIGHTS RESEVED.
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%LH *Io oo 4MW=| '-"1'03—|E'||_| £
> (@) IL T O =L
2 TLHAIEO| SAE S4SHEHE NES HWS|EH, 4k) A HH T
> L o< — 1% o
ol 84 EF =H XF 8l =245 ZHOM HSSHA st A=,
0 2018~19 =LY FEEAE EA ME
8 Y
Manufacturer = Vesias. SIEM REENS X 9 EdlETJEﬁ"Sg e
UNISON ENERCON
Model U136 U151 V136 V150 Swlg(?D Sv‘ﬁf D sc45132 | E-136EP5
Il,{:;fi 42MW | 43MW | 42MW | 42MW | 43MW | 41IMW | 45MW | 4.65 MW
R 136m 151m 136m 150m 130m 142m 132m 136m
Diameter
Hub 85m/115m/ 84m & 109m/120m/
Height 95m/117m | 95m/117m | 105m/112m | 105m/155m 135m 109m/129m site specific 132m
JIurEins A MA+ B 1B B B 1A 1A
Class
%IMSONE COPYRIGHT © UNISON CO., LTD All RIGHTS RESEVED.
B2 | ZZUMO| ZUHQ| AR L 7|&EEt | 47



3

el A

-

oftl

ox

~
_i_\
Energy
cquality world:

(2L Bl A%

Vestas

HUnison mDoosan = Hyundai

*Unison, &5 2@ A5 H|Q|

L UNISON®

AIX(2018

S|

r T

2010 6%0] 2TKELE FAEY AILERE

71E]

Vestas mSiemens © 7|Ef

0f 2018H0|| =
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ck X| £ 28 90
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< trade-off
['trad 6f/
noun

a balance achieved between two desirable but incompatible features; a compromise.
"a trade-off between objectivity and relevance”
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Wind farms kill fewer birds than most other hazards, but pose a Wy 2018 128 282 - Q

particular threat to species including raptors. Estimates of annual
fatalities — shown for the United States — are highly uncertain.

Communication towers:
5million to 6.8 million

1- ‘AutomobiIe;:
- 60 million to 80 million

¥ Power line electroc(:tions ar;d collisions:
= hundreds of thousands to 175 million

b= https://www.carbonbrief.org/bird-death-and-wind-turbines—a-look-at-the-evidence (ZA4

Buildings: Strikes to building
glass and lighted buildings

100,000 tol biIIiont

Agricultural
pesticides:

67 million
to 90 million

| Cats (domestic
i ines: .and feral):
%?36%":?’ | 365 million
aboin440,000 =" tolhbillion

Birds Killed

Oil | Company = 85

0il Company = $600,000

Wind Farms = $0

XIZ: https://www.facebook.com/bc.canada.politics/photos/a.878942795

523666/2074962529255014/?type=3&theater (FA2: 2019.9.20.)

2:2019.9.20.)
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2E0| F2 Ht 2N SE MYFE O B XY
THE IMPACT OF WIND ENERGY
ON WILDLIFE AND THE ENVIRONMENT
Papers from the Berlin Seminar
(a) Observations (b) Corpses
The Global Warming Policy Foundation
GWPF Report 35 Songbirds Birds of prey @ Ducks Geese
Waders Gulls Other
Xt=: Peiser (2019)
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Table 4: Impact rates for selected species.

Species Impact rate
(Collisions/turbine/year)

!

|3
L]

Females per 100 knv?
82 8
&

Median Confidence interval

o D — R

Buzzard 0471 0.142-0909 005 2005 2035 2045 2005 2025 2035 2045
Red kite 0.141 0.005-0.458 -
Sea eagle 0.038 0.000-1.373 (c) Danish Wahld (d) Rathenow
Lapwing 0.649 0.170-1.299

* PROGRESS study Figure 8: Effect of wind turbines on buzzard populations.

*12%247,600km Ol 20 HLER 43,
* 12,800 &7 EfHI(2f 5 FA|O| ZH)

Xt&: Peiser (2019) *
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Reported collision victims

100 4
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At&: Perrow (2017) &=
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B Anseriformes
Galliformes

® Phoenicopteriformes

LI - ® Podicipediformes
o Gaviifformes
= Procellariiformes

Pelicaniformes

® Phalacrocoraciformes
Ardeiformes

W Ciconiiformes

m Accipitriformes

W Faiconiformes

m Gruiformes

® Charadriiformes

= Columbiformes

|  psittaciformes
= Cuculiformes
# Stigiformes

w Caprimulgiformes

= Apodiformes

EcaEci Coraciiformes

® Upupiformes.

Piciformes

o Passerformes
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80 100 120 140 160 180 200 220 240 260 280

Species (systematical order)
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LS HIIRE S A =7 + 018

| Tt AUE FHEX|= OHE 5= UL 20l FX|uohnson et al. 2016)
ot WHM7| =0| 0|8

o XY
- 140,000~328,000: Loss et al. (2013),
fH7IAE G AT 27 5

- 573,093: Smallwood (2013), X E2¢
— 214,000~368,000: Erickson et al. (2014),
Wind Turbines Are Not Killing Fields for Birds

Annual estimated bird mortality from selected anthropogenic causes in the U.S.

Median/Avg. Estimated

B2 BT 20| B

P E——
oliision - Building Glass [N 676.500.000 G-I et

Collision - Vehicles - 214,500,000
L 4

Poison l 72,000,000

Collisions - Electrical Lines I 32,500,000

Electrocutions ’ 6,250,000

Collisions - Wind Turbines | 328,000

Scott R. Loss @statistacharts  Source: U.S. Fish and Wildlife Service

19

Z%: Loss et al. (2013)
statista®a
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ME I (German Wildlife Foundation)2
1= Sl Z2YUHMOZ Q1510 1.2 O12|(2F 3,6008) Z50| AtUsHE HO=Z
HUMO| W2 St} 2F 75% H|EHN Z&(flying insects)2| Zf2A2| &EEA

Figure 3: Examples of insect residues found on wind rotor blades. Left: Deposits of a swarm of the beetle Omophlus
lepturoides (BladeCleaning 2018). Center: Unidentified insect roughness on rotor blades (Wilcox et al. 2017). Right: Soiled

leading edge of a rotor blade near to the blade tip (Hinsch & Westermann 1996).
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Xt=&: Ferrdo da Costa et al. (2017) &=X /{\

KEI”

TE2EZE Alto Minho 222X

XI=: Perrow (2017) &=

22




=22 ET, S A = o5
SEYUN0| 24 IRF0 O|X|= G
o AL M L], SALA| & 2F Al RSHO| U= S7H(ML ¥ B7h
Recorded traffic on windfarms
25
20
@
% M average
% B maximum
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Xt2: Perrow (2017) & xmpre -construction construction 1st year 2nd year 3rd year
r
23 KEI”

average scat number per season
~ w I [ o ~ o

[

o

Xtz: Perrow (2017) &%

o A T7IS KIS 4 QU= HILE £0| AL, TAHH THH]
— ZAb Al 325 24 s e
—) A S A 3] 82
- ZAH YR B0l 57t SAF -, AT 5

Wolf relative abundance in windfarm areas

pre-construction

(<2000m)

construction 1st year 2nd year 3rd year

mmm \Vindfarm A (<3km to breeding site) == Windfarm B (>3km to breeding site)
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Breeding success
100% 94%
80% 76%
70%
60%

50%

20%

10%

Percentage of breeding success in packs studied

0%

pre-construction construction operation

Operational Phase

0 25 5Km . 0 -
Xt=: Perrow (2017), Marques et al. (2018) &= /{\
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PERSPECTIVE nature n
https://doi.org/101038/541560-017-0036-5 energy E TS,
CUMULATIVE IMPACTS AND BIRD
NATURE ENERGY | VOL 3 | JANUARY 2018 | 10-15 | www.nature.com/natureenergy o m:gRrAdﬂronmgMofmusml o
B betwe:gb’hﬁhApflLThlsng has not been
H H covers is assessi
Mapping synergies and trade-offs between energy | o0 o L e oo
. et T } Economic vlablily of the prn]etl:: due .2; u.eil
and the Sustainable Development Goals Lo gyttt | S
the sustainability of the o

Francesco Fuso Nerini"?*, Julia Tomei**, Long Seng To®**, lwona Bisaga®, Priti Parikh®, Mairi Black®, biodiversity of the global bird \%
Aiduan Borrion®, Catalina Spataru’, Vanesa Castan Broto’¢, Gabrial Anandarajah®', Ben Milligan®* population. |_ ‘5' N

and Yacob Mulugetta*

Energy systems can have direct impacts (for example, local pollu- of / ¥ o i
tion or competition for space with energy infrastructure) and indi- £ w } N D o
rect impacts (for example, ocean acidification or climate change'’)

on conservation, restoration and enhancement of marine and ter- POWER GENERATION PROJECT

restrial ecosystems and other natural resources (SDG9, 14-15)*%. SACKEROUND MANNAR; SRI'LANKA
SpGlS is inte.rtw.ined with the nature of energy transitions, espe- ST it e _Sm:.ffﬁlﬁiﬁxﬁwm
cially where livelihoods are dependent on ecosystem goods and e e Rl S
services™. Energy systems that fully account for these interdepen- SAFEGUARD CATEGORIES A
dencies including the multiple benefits and values of the environ- ?gl,,.,,g,,,:{.i'é‘;:“.;‘"‘"“ : 9
ment (Target 15.9, 17.9) can minimize adverse impacts of energy 7

d b d ey} T 12 2 RESPONSIBLE ADB OFFICER SOURCE OF FUNDING
use on ecosystems and biodiversity’' (Target 12.2). mdbaro lior | o sarus EVRSRG,

pro 1
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Estimated Renewable Share of Total Final Energy Consumption, 2017

79.7%

m Nuclear energy
Traditional

£|F of|LiX|0of| M Xix|SH= A SolL X] HIF: corn

improved or adjusted data or methodology. Totals may not add up due to rounding.

27 REN21 RENFWAE

TATUS REPORT

biomass Wind/solar/biomass/
Fossil fuels geothermal/ocean power
Modern renewables
Biofuels for
transport
106% :
3.6%
Hydropower
: 4.2%
Biomass/solar/
geothermal heat
Note: Data should not be compared with previous years because of revisions due to Source: Based on OECD/IEA and IEA SHC.
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Estimated Renewable Energy Share of Global Electricity Production, End-2018

(o)
73.8% 4
Non-renewable
electricity

Renewable
electricity

15.8% 5.5%  wind power

Hydropower

2.4% Solar PV
2.2% Bio-power

Geothermal, CSP
0.4%
. ‘o and ocean power

Note: Data should not be compared with previous version of this figure due to
revisions in data and methodology.

%7 REN21 RENEWABLES 2019 GLOBAL STATUS REPORT

XA LA SL0F LXHR] 2 oy

Jobs in Renewable Energy
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Historical world power generation mix NEO 2018 power generation mix
4 »
100%
90%
80% ‘ /482’6 sc_;ladr
70% Nuclear ‘ \/ |
60% N
o] N 64%
50% renewables
40%
30%
20%
29% fossil fuel
10% by 2050
0%
1970 1980 1990 2000 2010 2020 2030 2040 2050
GREEN
BNEF, 2017, New Energy Outlook 2017. L= AHOIO!
et =291 3 A 8 20162040
|
Figure 8.15 - Global power generation capacity additions and retirements in
the Mew Policies Scenaric, 2018-2040
H Coal 740
M Gas 1510
Ol
M Muclear 270
M Hydro 700
W Wind 1 640
Saolar PV 2 430
Other renewables 350
M Batteries 320
Existing plants
220
Solar PW*
Other renewables* BO
Batteries* 110
Much of foday’s power plant fleet will still be operating in 2040,
with renewables stepping vp fo replace capacity refirements and meet new demand
* A portion of capacity additions of renewables and battery storage are retired by 2040, consistent with the average
lifetime assumption for wind and solar PY of 25 years, and 10 years for batteries.
World Energy Outlook 2018 L= AHO1D}
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Erdgas
Steinkohle 13,2% Mineralél
14,1% 0,9 %
/ Sonstige
86 / 742 % Wasserkraft**
93 6 31%
/ 28 Biomasse
) 6,9 %
Kernenergie 76 = 46
11,7 %
Erneuerbare 107 40
333% 6 :
. Photovoltaik/
\, Geothermie
Windkraft AN
16,3% Hausmdill **
Braunkohle 0,9 %
22,5%

Geothermie aufgrund der geringen Menge in Photovoltaik (PV)

*vorlaufig, **regenerativer Anteil
Bruttostromerzeugung in Deutschland 2017 in TWh (Stand: Februar 2018 © AG Energiebilanzen) hA"o;gI

|| S
M WA 22019
|
BRUTTOSTROMERZEUGUNG 2018

Kernenergie 11,8 Of ovvnenrni . SRR Erneuerbare Energien (EE) 35’0 %

Erdgas 12’9 % ..............
** Photovoltaik 7,1%

- -+ Wasserkraft 2,6%

gesamt ++ Bioenergie 8,1%
646.8 TWh (inkL. biogener
e Abfall)

s *Windenergie  17,3%
Braunkohle 22,5% -*

Steinkohle 12,9 % B 4,9 % Heizdl, Pumpspeicher und Sonstige
(Bruttostromverbrauch: 595,6 TWh; EE-Anteil: 37,8%, Stromaustauschsaldo: - 51,2 TWh)
Quelle: FNR nach AGEB (Marz 2019) © FNR 2019 GReen
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Erneuerbare Energien in Biirgerhand
Verteilung der Eigentiimer an der bundesweit installierten Leistung zur
Stromerzeugung aus Erneuerbaren-Energien-Anlagen 2016
Sonstige: Energieversorger (EVU):
1.0% _ l 10,3%

.Grofe vier" EVU:

Privatpersonen; ——=<e 54 %

31,5%
Gesamt:
100,3 GW,, Fonds/Banken:
13,6 %
:gnsd:/:me: Projektierer:

14,4 %

I— Gewerbe:
z y "
Quelle: trend:research 154% H QSE'E“J‘E’S;A’RRE
Stand: 12/2017 ¢ ENERGIEN
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2~ SPG Solar, Napa Valley (2008.06)
" Solar Lily Pads(Ef 2 221 9) 400kW 4.5 M$(12502+H2 /kW)
Glasgow Clyde R|ver (2008.05)

B &S 500 kW (2012.09) A2 =ITH 72
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3 HI AN XS F2Y

o M7|EHE dH| fIX|(#[o] 2 Zol)of M2 MAZstof ofst &4 F
u 518 X4 (O] A)): 48] 20| HT F2 7y X5 YT 28, A0l Ut 7y

o

HUZote-1 (%)

(%2 s Ma,) 0.268 0.268
e 09713 2718 4w 139 368 6123
A Y A2 (%) 1.238 3.308 4.854 1613 3.939 6.370
GIZEfE & T (kWh) 289,080 2,986,774
OI7H A 24 Z (kwh) 35788 95628 140319 481767 = 17649  190,2575
GiZh T Hof 24 (H 8) 609.7 16292 23906 82082 20,0436 324137

WHA|ZE: 3.96h (PVsyst), SMP: ao 423 | KWh, REC: 59,956 zJ/MWh)
7|I0I 2 7'|EI 57t EtEt 200kW % 2,066.4 KWOIA] @72 3,562 Fim U 48,4128/m O] T T 24 YY

SEAL0|7} ok 10HH Ol ke, "JE‘.‘.‘_WH £4 10|79 13,68 _356L1
(24:_.7.‘1 O[H{E] AfO[9| ;||0| 0| 32= x{a Z710] olsf MYz 45) e..m

_ 80| T 42 YL oJ3 20| A DZ O 2 HHEO HO[E oS 5 (oto] 278

KONKUK
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1. Site F&2£: Gugiao Town, Fengtai County, Huainan City, Anhui Province(9t%|4 3}O|HA| SCO|H FuE)
2. 82 150MW(ET| A E)> 190MW(HTH A 4 37t J), MA| 2] 8 EfSTETA
3. 744 $E 63MW ANFEDOAYUUN F), 127TMW 244

1 Block % 3MW

3MW 237

35kV AC £ cable, MW $4¥HA 16744 RMU &
3t0] 5 47H AC SH2fQI0| X| ¥ HTAot HA

A4 sAH
(35KV->110kY)
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Rated power 380 W (front)
Cell type monocrystalline / half-cut / PERC / bifacial
Cell efficiency 22.0%
Module efficiency 18.9% (front side) = | % F:
i A ! 390W Bifacial Mono PERC
ort-circuit current 11
Double Glass Module
O ircuit volta, 488V
LN JAM72D09 370-390/BP £
Rated current 105A
Rated voltage 405V
Temperature coefficient -0.37% These double-glass modules assembied with bifacial PERCIUM cells have the
capability of converting lights incident on their rear side into electricity on top of what
Quantity per pallet % is boing generalet by he font side, making thom the best perionmed and the most

cost-effective modules in terms of solar energy generation as well as tolerance for
harsh environment and extreme weather conditions.

3%-~15%more
energy generation

framed design, ease of
transportation and installation

Superior low
imadiance

Excellent temperature

N\ \ \ VA \

Maximum series fuse rating
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3 FEERA) 10.55 A 25 T2(%)
HE 25 HRICO -40 ~ +90 C =|CH Al2" FAN)

20 A Power tolerance(%)

41.4Vv

495V
19.8
1,000 VvV
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1.5 m depth
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Continuous process since 1995 leaded by
DEA and involving:

*  Ministry of Energy, Utility and Climate
(offshore resources)

* TSO and local grid operators

*  Ministry of Environment and Agricultur
e (natural environment and fishery)

*  Ministry of Transportation and Building
= s (safety at sea)

«  Ministry of Defense (naval issues)

'+ Ministry of Culture (visual interest, etc.

*  Wind Industry and R&D institutes

ZX : MINISTRY OF FOREIGN AFFAIRS OF DENMARK 13

O‘I?'Q-I (leg' — HI0I3 One Stop Shopat 84 =ty AL Ma2f

ONE-STOP-SHOP CONSENT PROCEDURE

’i‘/'\"\’i\
o I

- """""""" --------------- ": Source: Denish Energy Agency
y " h 4 2 D [ 3 h 4 s

Option-to Guarantee Loss-of-value Green scheme
purchase scheme scheme Financing to
scheme A dedicated fund Compensation for municipalities for
The developer from Energinet value loss on enhancing the
must offer at least provides a properties in the landscape and
20% of the share guarantee to local vicinity of the the recreational
of the project to cooperatives for wind turbines. values of wind
local residents. preliminary projects.
investigations.
\ y € y 9 A 4
- HEEX HASIE X|HSHHAM SAI0f BTAGXA FRU-EES =0/= 2F 2¢SE

&3 : Danish Energy Agency (2018)
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