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Global metal casting output

Global metal casting output by materials

f . 0,
Others o> 2:9% 2015 w 2014

. 1.7%
Copper casting gg 1 7%

15.4%
Aluminium Casting I 14.9%

. ' 10.5%
Cast Steel  o—1 5

24.6%

Ductile cast o | 24.3%
44.9%

Gy At IO | /5.3

0% 10% 20% 30% 40% 50%
Source . Modern Casting Magazine, Dec. 2016

* Global casting output for 2015 is 104 million tonnes.

* The share of Gray iron, Ductile, Steel, Aluminum, Copper, Others is 44.9% -
24.6% ~ 10.5% ~ 15.4% ~ 1.7% ~ 3.0% respectively.
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« BITARELED - PE+1.6% - EE-44%  HE+1.2% -~ BEFFE - B1E+10.3%
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Main casted components in a wind turbine

Gearbox Housing

Bearing Housing

@' Main Frame Rotor Hub
S SFTI lnt%ence, Dec 2014 9

I
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Table 4-8: Castings suppliers for offshore wind

=

= - Turbine size
Manufacturing locations Selected offshore customers

(MW)

Global Castings (VTC Partners) Germany, Sweden, China 2 80 Vestas
Valmet (Metso foundries) Finland 236 WinWind 3.0MW
Eisengiesserei Torgelow Siemens 3.6/6MW, Areva SMWMW,
Germany z 80
GmbH Senvion 6MW, Vestas SMW
Meuselwitz Guss Germany 1.5-6.0 Siemens
SHW-CT Castings Germany < 6.5 BARD 6.5MW
Siempelkamp Giesserei GmbH  Germany L5 Areva 5.0MW
Spezialguss Wetzlar GmbH Germany Areva 5.0MW
Walzengiesserei Coswig
Germany Multi-MW n.a.
GmbH
Sakana S. COOP Spain < 6.0 Siemens 6.0MW

Source . FTI intelligence, Dec 2014

VEORCELIAM GO 40




Global demand of castings for different turbine size

. . . Castings Share of total MW
Wind Turbine S,
ind Turbine Size (Ka/MW) in 2013 (%)

< 15MW 12,000 2.8%
1.5MW 21,000 24.6%
1.51-25MW 17,220 55.0%
2.51-4.99MW 18178 15.5%

> 5.0MW 21,263 21%
Average weight 18169 100.0%

Source . FTI intelligence, Dec 2014
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Growth in size of wind turbines |

320+
300 Rotor diametre (m)

580 -] Rating (kW) P

260 - / 20 000 kW \
240 4 150m Future

3204 - 10000 kw wind turbines
500 '
180
160
140
120
100
80
60
40
207

Hub height (m)

Future

Source: adapted from EWEA, 2009.
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2016 Global Wind Turbine OEM Market Share 2016 Wind Turbine OEM Market Share in China
Rank Company Country | Market share% | Rank Company Market share%
1. Vestas Denmark 15.9% 1. Goldwind £ & 27.6%
2 GE us. 11.9% 2 United Powerlt& &1 7] 8.8%
3 Goldwind China 11.7% 2 Envision &= 8.8%
4 Gamesa Spain 6.8% 2 MingYangHR5 8.8%
5 Enercon Germany 6.4% 5 CSICHhfET 7.9%
6 Nordex Germany 4.9% 6 | Shanghai Electric E88&R 7.5%
7 Guodian-United Power | China 4.0% 7 XEMCHE 5.3%
8 Siemens Germany 3.8% 8 DongFang RA5ER 4.8%
9 Ming Yang China 3.6% 9 WindeyEZEE 31%
10 Envision China 3.6% Others 18.0%

Source . GWEC, Feb. 2017

Source . BNEF, Jan. 2017
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Unsubsidized Levelized Cost of Energy Comparison
Certain Alternative Energy generation technologies are cost-competitive with conventional generation technologies under some scenarios;
such observation does not take into account potential social and environmental externalities (e.g., social costs of distributed generation,
environmental consequences of certain conventional generation technologies, etc.), reliability or intermittency-related considerations (e.g.,
transmission and back-up generation costs associated with certain Alternative Energy technologies)
Solar PV—Rooftop Reade ntin!‘ §138 $222
Solar PV—Roofiop Cal' 598 $193
Solar FV—Community 378 5135
Solar PN—Crystalline Utility Scal® 549 s61 5929
Solar PV—Thin Film Utility Seald® 846 $56 59294
ALTERNATIVE [ ith Storage 119 182 5237 @
ETTE ) Solar Thermal Tower with Storage 35 )
Fuel Cell* $106 $167
Microturbine® 576 589
Geothermal 579 snu7
Biomass Direct 377 5110
Wind s32 s62 sus” @
Dicsel Reciprocating Engindet 5212 5231
Natural Gas Reciprocating Engind™ $68 $101
Gas Peaking 5165 s217
LU
CONVENTIONAL 1Gee w4 hid
Nudum‘n §97 $136
Coal” s60 5143
Gas Combined Cycle 548 $78
s0 550 S100 5150 S200 5250 £300
Levelized Cost ($/MWh
Source  LAZARD, Dec. 2016 SALLY
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