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Fossil fuels

78.3%

Modern renewables

10.3%

All renewables

19.2%

Traditional biomass

8.9%

2.5%

Nuclear power

HMA =HF oUX] 28] T MAHEHLX|2] +X]

£7-1

Biorg_‘assi - Hydropower
geotherma

solar heat 3.9%
4.2%

14% 0.8%

Wind/solar/ Biofuels
biomass/
geothermal
power

%
40 Growth Rate in 2015
Growth Rate End-2010 Through 2015
30 28
20 17
10 9.7 6
2.4 2.7 3.9
0 3.7 29 42 35 17 12 3 6.5
-0.9
10 B B KN ® O O
Geother- Hydro- Solar PV CsP Wind Solar Ethanol Biodiesel
mal power power heating production  production
| Power Heating E Transport

A B M S0 x| 8F St
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(ZX: REN21, Renewables Global Status Report 21, 2016)

Non-renewables

76.3%

Wind 3.7%

Hydropower

16.6%

P Bio-power 2.0%
Renewable

electricity

23.7%

1.2%

Solar PV

Geothermal,
CSPand
ocean 0.4%

Based on renewable generating capacity at year-end 2015.
Percentages do not add up internally due to rounding.

HMA 7] x| EaZF F xS0l x| %], 2015

e~
27
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Gigawans
800 785
Gigawalts
700 l 200 99
i=
B Ocean power
600 m CSP
B Geothermal power
150
500 B Bio-power
Salar PV
122 !

World EL-28 BRICS China
Total States

United Germany Japan  India  ltaly  Spain
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%1 770=, 2015 27|
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Gigawalls
500 World Total
W Annual additions 433 Glgawatts
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Gigawatts
150 +30.8
M Added in 2015
120 2014 total
90
+8.6
]
60
+5.7
]
30 +2.6  +0
1415 +11 +03 +28
B —
0
China United  Germany India Spain United Canada  France Italy Brazil
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{=X: REN21, Renewables Global Status Report 21, 2016)
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Billion USD

200 (£X: REN21, Renewables Global Status Report 21, 2016)
B World total 279 286
Developed countries billion USD
250 W China, India & Brazil
Other developing countries
200

182 179

a5
ﬁ AR TRURLUEI Y | Europe W Europe @
H o
150 2 @ 5 / Billion USD z o
) - y i 120 =
100 5 >
o 100
2
50 80
3 - @
5
o
60
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 -+ M China
a0
Ax ol x| S o HMA Mt FXL
|_Ix o X x EE— d* I_I-H' 'I'x 'H'E: ... H Asia &
_ HF Al‘% - Pacific 20
ﬂlx_la. 7H EEO 7 2005 2015 (excl. China
& India)
Billion USD Change relative to 2014 2005 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015
[ solar Pow 12% ? m China ]
olar er + .
N India I. Billion USD =
100
EWindPﬂwer +4%

Biomass &

—42% B Asia & Pacific (excl. China & India)

Billion USD

—29% 60

Biofuels . —35% 40
1 Developed countries

Geothermal [ 0.7 Developing countries 20
0 Power 13 —23% 2

0.2
“‘ Ocean —42%
0.03 2005 2006 2007 2008 2009 2010 2011 20012 2013 2014 2015 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

7158 71E UMLK M7 EX 7, x|l Mt EXLOY (2005-2015)
MEIR-7L s AR, 2015

OTA- ORI 6

The Korean Society for New and Renewable Energy




L A
S =211 7 = LTENE =

Korea Energy Economics Institute

Increase in capacity

In a mere 20 years, the yield
of wind turbines has increased 100-fold.
With the new 5 MW turbines,

it will multiply another fivefold.

J_Ir_l_lr.__*-r

Totor dismete

Trub height

e

1980 1985 1990 1995 2000 2005
rated power Lok B0 KW 250 KW 600 kW 1,500 kW 5,000 kW
rotor diametar : 15m 20m 30m 46 m 70m 115 m
hub height i 30m w0m 50m 78m 100 m : 1200m
annual energy yiekd : 35,000 kWh 95,000 kWh 400,000 kiWh 1,250,000 kWh 3,500,000 kWh  appr. 17,000,000 kith
Monopile  Suctio son Gravity Base i-Pod Jacket Tripiles
Roadmap for the R&D of 10MW offshore turbines (Prototype)
15
1 =
Cipper |swAY | [T
5 ppe » Superc rmduttnr SWA Y
10 "
Prototyps Q4, 2010 P VP cialize the turbing Mount on g fou
7] for onshdre test on traditi I foundation| by 2014 or 2015, 5
= A sway N\
s = % ENERCON AMSC o

7] 7.5MW onshore i

- ==

1 e

B
4 i
7 | Diamele*: 144m Diameter: 164m \ B meter{145m
0 T T T T T >
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
UK Round 3
Source: BTM Consult ApS- October 2010

10MW 2 sf| A+ Z21E{H10| R&D 7|
J UE eI 7
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(ZX: International Technology Roadmap for Photovoltaic, 2016)

ost consideration 2 ITRPV

PV Learning Curve

10"  10° 10" 10° 10° 10* 10° 10° 10 20
= 19 Medule Module Module
§100 100 e i a2 ot
g 16 CE"[!
: : N
3 F 3 = W
¥ 10 10 £ 1
= = é-g share 01 2010 share 12 2013  share 01_2016
3 £ o
= g o
% 1 ;r;{stgllllcsgglce data 1272014 = g:g .
= % 1 04
o ()4 03 ‘—/\/\\,\_——_’\
E 02
. \ i
& 212015 ~———a— % % & & 5 & & 3
¥ i3 - ITRPV 2016 3.”’ ,;;: 3’7 r S'fv m; ; '; -S'N "; 3?* ,;f‘w
100 10 10" 10° 10* 10* 10° zo%-éwp 107 —ilicor Multi Wafer  —Multi Cel Multi Module

ITRPV 2016 cumulative PV module shipments (MW)

Shipments /avg. price at years end: . : .

P L 2 - Price reduction by =20% in 2 years
2014: 39.3 GWp /0.62 US$/Wp N ] ) i
2015: 50 GWp/0.58 US$/Wp - Poly Si still most expensive particular material
0
old shipiicn  PEAED Module share only 41% today

o/a installation: 227 GWp
reduce cost by:

200 GWp landmark was passed! - increase efficiency (material +machine utilization),
- optimize products for special markets

historic LR 21.5% (1976 .... 2012) (niche vs. high volume)

Learning continued - imprqvg module power by increasing cell efficiency
- parallel shift to historic trend + optimizing CTM
oI oL e
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REthinking

Energy

2015

Figure 3: The Levelised Cost of Electricity from Renewable,
Fossil and Nuclear Technologies (2014)

USD/kWh
0.60 -
0.50 —t
0.40 —
0.30
0.20 |
l N —
. B | L]
0.00
elefplelzlalelzlzlaalzalzlslee
= s Lo L e B Le bm L e s alta o o lig s
®» 9 s =z 2 5 5 £ £ = 2 os
o o o o o = = 5] i = c o
= = = = (= o @ © O o~ L~
2 & B £ £ © =z 7 .
- L
o o ! 3 fa) © &
wn | @
= = a
p

Source: IRENA, 2014b; IRENA, 2015¢; Mills, 2015
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2020E7K] E7H 50GwWh 2|E 0|2 HiEf2]
50 GWh in annual battery prod b
noUGH for 500,000 To At A=l

BYD= o 7| =3 L ®7|A Erof 2
3304000
@ » 77|} stofes 4 13 hol:ch

(BRET22CH, X|\5H)

o 7|7k WE{R] Aatel A2 23] 724000
[1128MwWh, 23H) -
« CI0H 7762} 9ot g@
(2F 13229, Kuhay) 20144 2015

MIA H 7|2t ol F7 712

"h\ i
{ .a'-)} .
Jeju Forum0j| A{, 2016.5

1] BYD(E=) 621722
2] ElS2Hol=) 521574

3] Of#H|A|(2E) 4918204

4] JAeHE =) 427671

5] HIAH(TS) 49H48
6] BMW(=2) 3913412

| (E=) 2018055

At SNE2|MX|-BYD-KOTRA
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®Wind < Hydro

R B Ease ®PV  ® Biomass
Ll Shanghainns Sea
L . . - + Participating Countries : Korea, China, Mongolia,
Gobitec and Asian Super Grid, 2014 ~~ Fraunhofer (Japan)
» Core Technologies: Large Scale RE in Gobi desert,
ESS, HVDC

» prof. Jinsoo Song, Korea

DESERTEC - EUMENA

“Energy for Peace in Asia”  New Vision?

Demand Leveling (Time Zone & Climate Difference)
Stable Supply (through regional interdependence)
Fair Electricity Price

Vladivostok

— _ hase 3
Nswon] sia
{=  Super Grid

Mumbai | % Mam\al

Kuala Lumpur I g

Singapore
Source: DESRETEC Foundation I—I

Total 36,000km

Presentation by Mr. Masayoshi SON
OrAL. XANOYL]X|T T
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(EX: HIIME, 2016.07)
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(ZX: Grid Energy Storage, DOE, 2013)
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oYX MEEX 7|sE F8

(EXN: x5, =HG| 2, 2016)

- X
g | 83 | U quwg | emws | a5 | 4w e | 3
(%) (MW) (Whke) ($/kW) ($/kWh) A|ZE (years) AEr T
oFZ= dl
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v ol=
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UEF 3 Sl B 2] 7
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INCORPORATING RENEWABLES 6’;‘;’;’
INTO THE ELECTRIC GRID: ’ March 2016
EXPANDING OPPORTUNITIES FOR SMART 3,000 F
MARKETS AND ENERGY STORAGE 4,000 }
3,000 Wind
]Une 2016 2,000 + Sma”'HYdrO Solar Thermal Geothermg
,}x\ AN Biogas //"
1,000 | Biomass | |
o - —

0 2 4 6 8§ 10 12 14 16 18 20 22
Hour of the Day
Source: CAISO

AlZHE MY ol x| E={2H(2016.3.31)

28 i Gw
24
20 2016 A | \__/
b Actua 20 — .
16 — 2013
16
12 F 2017 Forecast
Est. 12
8 F g L
4 + ¥ L
0 L i 1 i i i I 1 1 i i i 1 i I 1 1 i i i I 1 0 L
0 2 4 6 8 10 12 14 16 18 20 22 o 2 4 6 8 10 12 14 16 18 20 22
Hour of the Day
Hour of the Day Source: CAISO
Source: CAISO
AL H & x~
Net 9 H3$}, 2016.3.31 G MY +=2851(3.317|F)
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(EX: staEZHMABTZ|, Wind Power Journal, 2016)

| Wind Power Chart
e
|| R

U Zeuc HY

A ALF MAF(E) £ (MW)
100kW m] gt 113,276 1,321
100-200kW w] 4k 655 89
200-300kW ™| gt 333 79
300-400kW =] gt 339 114
400-500kW ] gt 303 136
500kW o] 4 1613 1,943
A 116,519 3,682
4 ~2010 | ~2011| ~2012 | ~2013| ~2014 | ~2015 [~2016.6
A et | ARZFMW) | ~580 55 257 391 2,399 | 1,913 2044
mmw FAZEMW) | ~580 | 635 892 | 1,283 | 3,682 5595 7639
893.5MW
EfFd U™ AX| 8
771 £tX| 7 4817]|) .
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HX| B 3, 0|2 E, 2014)
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= O -
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Woustenhagen et al, 2007; Devine-Wright, 2005; Pasqualetti, 2002; Wolsink, 2005, 2007.
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: 1A 52 3.5km 3|4

. 22k 2MW x 207| = 40MW(X| S} 2R AL 107]) HEXBHS,553,
107])

. AFAIEE 1996, A|SF: 20014 3

¢ S84 X0|0| 48 Y2, SABCK A SO oo

+ ZE(2005)

- ARIEV| EHAIRH SIHEQ Citot ArelH =89 =E o 28 A

)

Il

o] oist
- 1=
- HSZYS 5o Ul YN Ko7t AN, HHEY 840
e S8
- Oj7Zto| R ZQF MIMOQ| ZtE | AZ0| EHMCHK| AM M| (%I-I:Experiepces from Middelgrunden 40MW
APB|E 28 M0 O|X|= 93tS DL|E2USH= IR} LQSS F| Offshore Wind Farm, Copenhagen Offshore

Al Wind, 2005, Jens H. M. Lasen et al.)
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