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All You Need to Know about Polysilicon

Do you want to be up to date on the latest developments in the polysilicon industry?
On its most recent technological innovations and the decisive market trends? The 2014
Who's Who of Solar Silicon Production provides you with all of that. It analyzes hundreds of
data and details, presents them in a clear and compact form, and draws insightful conclu-
sions to help you make the best strategic decisions.

» The introduction illustrates the connection between the polysilicon spot price and the
number of manufacturers and lists all companies that have stopped production since 2011.

» The technology chapter re-assesses the technical viability and cost potential of 10
polysilicon manufacturing routes, including the dominant Siemens process and physical
purification methods to obtain upgraded metallurgical-grade (UMG) silicon — all in light of
the recent market development and new technological achievements.

» The company chapter covers capacity expansions and plant shutdowns, technological
progress and project changes at 92 manufacturers and aspirants through concise updates,
arranged according to world region and manufacturing approach. Each region is introdu-
ced by a brief summary of location factors and/or development trends.

» The supply chapter provides you with four different scenarios of production volumes
and end-of-year capacities for 85 polysilicon and UMG silicon plants and projects from
2011 through 2017. It highlights the market shares of the top ten manufacturers and the
distribution of the global output by world region.

» The demand chapter quantifies the polysilicon demand of the semiconductor and
photovoltaic (PV) industries from 2012 through 2017. It uses an improved bottom-up
approach, based on numerous forecasts for regional PV markets, in order to arrive at three
different scenarios of global PV demand.

» The balance chapter compares the various demand and supply scenarios, explains
consequences from the supply/demand balance for market participants, and discusses
changes in the cyclical pattern of the polysilicon industry.

» The price chapter examines the factors that have influenced the polysilicon spot price
since 2011 and uses data from customs statistics to assess the effect of Chinese anti-dum-
ping duties. Based on an analysis of industry cost curves, it forecasts the development of
the spot price through 2017.

» The cost chapter provides data and background on cash production costs and deprecia-
tion rates of 48 polysilicon and UMG silicon plants from 2012 through 2017.

The 2014 Who's Who of Solar Silicon Production comprises 124 pages. It is offered for
a price of 1,199 euros. At www.bernreuter.com, you will find a comfortable online
order form.

Save 200 euros! If you order two or more copies,
each copy costs only 999 euros.
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Executive Summary

After more than 50 manufacturers — most of them small and medium enterprises in
China and South Korea - suspended or abandoned production in 2011 and 2012, the
polysilicon industry recovered from oversupply in 2013. Due to low utilization rates
in the first quarter, the global output decreased to approx. 228,000 metric tons (MT),
4% down from 238,000 MT in 2012. In contrast, demand from the photovoltaics (PV)
industry rose by a double-digit rate, driven by new PV system installations of approx.
36 GW. Thus, the large polysilicon inventories resulting from oversupply in 2011 and
2012 could be reduced significantly.

The outlook for 2014 and beyond shows two sides of the same coin. On the one hand,
growth of new PV installations will accelerate; we cover the broad range of forecasts for
2014 with three scenarios, spreading from 43 GW (low case) to 46 GW (base case) and
49 GW (high case). On the other hand, a slowly rising polysilicon spot price induced
several dormant Chinese manufacturers to resume production in the second half of
2013, and additional capacities from new entrants and existing producers will come on
stream in 2014. As soon as these capacities have largely been ramped up, they will lead
to new oversupply —in the low-case demand scenario already in 2014, otherwise in 2015.
Consequently, at least half a dozen high-cost producers will be pushed out of business.

In the high-case scenario, the spot price for solar-grade polysilicon will rise from 18 $/kg
atthe end of 2013 to a range of 21 to 24 $/kg in the first half of 2014. Market participants
should not, however, misinterpret such an increase as a sustainable price trend. As our
analysis of industry cost curves through 2017 demonstrates, the spot price will drop to
16 $/kg by the end of 2014 in all our scenarios. It will not recover before overcapacity has
disappeared from the market.

Electronic-grade polysilicon for the semiconductor industry has not been included in our
cost curve analysis since we regard solar-grade and electronic-grade polysilicon as two
different commodity products. Apart from some fluctuation, demand from the semicon-
ductor industry will remain stable in a range between 29,000 and 31,000 MT.

As far as new production methods for solar-grade polysilicon are concerned, fluidized
bed reactor (FBR) technology based on monosilane will emerge as a viable alternative
to the established Siemens process in 2014. Out of the nine alternative manufacturing
routes that we have assessed, monosilane-based FBR technology is the first that promi-
ses a real breakthrough in the market. While maintaining high silicon purity, it entails
manufacturing costs that are substantially lower than those of the Siemens process.

Although approaches to produce upgraded metallurgical-grade (UMG) silicon have
made significant technical progress, they have lost much of their original cost advan-
tage. Hence, UMG silicon will only have a chance of succeeding when the market price
rises again.

BERNREUTER RESEARCH - Huttenstr. 10 » 97072 Wiirzburg - Germany - Tel. +49/931/784 77 81

- info@bernreuter.com -

Polysilicon Market Reports

Johannes Bernreuter

About the author

Johannes Bernreuter, 48, head of Bernreuter
Research and author of the report.

Bernreuter has become one of the most
reputable photovoltaic journalists in Germany
because of his diligent research, clear style
and unbiased approach. He has earned several
awards, among others the prestigious RWTH
Prize for Scientific Journalism from the RWTH
Aachen University, one of the eleven elite
universities in Germany. Originally an associate
editor at the monthly photovoltaic magazine
Photon, Bernreuter authored his first analysis
of the upcoming polysilicon bottleneck and
alternative production processes as early as
2001. In 2008 he founded Bernreuter Research
to publish polysilicon market reports.

www.bernreuter.com



The 2014 Who'’s Who of Solar Silicon Production

4

BERNREUTER |RESEARCH

Table of Contents

10T o] o | TP EPUPUPRPPRRRR 2
EXECULIVE SUMIMAIY ..iiiiiiiiiiiiiiii e et ee e e e s e e e e e e e s e e e e e e e ennrnaeeeeaeeeeeanns 3
List of Tables and FIQUIES .......oooiiiiiiiiiiie e 7
Abbreviations, Chemical formulae, Silicon grades, Exchange rates ................. 9
1. Introduction: Anatomy of the Shakeout............cccooooviiiiiiiiiennnn. 10
2. Technologies: A Fresh Assessment .........ccccccceeiiiieeeiieeeiiiiienn. 12
2.1 Introduction: Changing rules of the game ..........cccccceee i, 12
2.2 The SIEMENS PrOCESS ....oiieeiieiieaee ettt e e e e ettt ee e e e e e et e e e e e e e e e enneeeeas 14
2.3 A simplified SIEMENS PrOCESS ..coeieiiiiiiiiiieeeee et e e e 17
2.4 Monosilane-based approaches ..........ccccccceeiiiiiiiiiiece e 18
2.5 Fluidized bed reactor technology .......cvvvevieeee i 21
2.6 Vapor to Liquid DEePOSItION ......cooeiiiiiiiiiiiiieee et 23
2.7 Reduction of silicon tetrachloride with zinC ...........cccccoiiii 24
2.8 Reduction of silicon tetrafluoride with sodium ...........cccovieiiiiiiiiiieens 24
2.9 Electrolytic approaches .........coceiiiiiiiiii i 24
2.10 Physical purification of silicon metal ............oooooiiiiiiiii e, 25
2.11 Direct carbothermic reduction .............cccoiiiriiiiii e 28
2.12 Conclusion: Benchmarking the technologies .........cccccccoeccviiivieeeiiicinnnen, 29
3. Companies: Developments across the World ............ccc..oooo 32
3.1 The Americas (Canada, USA, Brazil) ......ccccccccoviiiriiiieeeiiiiiiieee e 32
Hemlock SemICONAUCLON GrOUP .....eeiieiiiiiiieiteee e ettt e e e e et e e e e e e eneeeeeeeaeeeaneees 33
REC SHlICON INC. oottt e e e e e et e e e e e e e e anneee 33
MEMC Electronic Materials, Inc. (now: Sunedison, INC.) ......cccccceeiiiiiiiiiieeeeeeiinns 34
Wacker Polysilicon North AMerica LLC ........coioiiiiiiiiiiieeieiieee e 35
HOKU MaterialS, INC. ...oeiiiiiiieiiiie e 35
Silfab ONLAIIO INC. ..eeiiieii et e e e e 35
Umoe Solar New BrunswiCK INC. .......cooiiiiiiiiiiiiiiiie e 35
AE POIYSIlICON COIP. ettt e e e e e et e e e e e e e e e anees 36
Peak Sun SilICON COIP. ..uviiiieiiiiciieii et e e e e e e e e e e e enees 36
Arise TeChNOIOGIES COIP. .oeiiiiiiiiiiiiee ettt e e e e et ee e e e e e e e e anees 36
BUCKEYE SHlICON INC. ettt e e e e e e e e e e s anees 37
Silicor Materials Inc. (formerly Calisolar INC.) ......ooooiiiiiiiiiiiiii e 37
7= Tozz 1a ot o 10T g1 oo o T SRR 37
DOW COMNING COP. coiiiiiiiiiiie e eecti et e e e e et e e e e e et b e e e e e s e s abaeaeaaesassstbrereeaeeesannnes 38
RIMA INAUSEITAL STA ...t e e e e e e e e 38
SOlAr SICON INC. vttt e et aae 38
0] £ | T 38
MAYALEIIAIS, INC. .eeiiiiiiiiiiiit et e e e e e e e e e e e st e e e e e e e e aanees 38
Process Research OrteCh INC. .......oooiiiiiiiii e 39
RSI Silicon Products LLC .......c.ueiiiiiiiiiiiiie et 39
21-Century SIlICON, INC. ot a e e 39
3.2 BUIOPE i 40
Wacker Chemie AG ...ttt e e e e e et e e e e e e e e anees 40
MEMC Electronic MaterialS S.p.A. .oooee oottt e e e e eneans 40
Silicon Products Bitterfeld GmbH & Co. KG (formerly PV Crystalox) .................... 41
The SIlICON MINE B.V. ...t 41
SHlICIO ENEIGIA S.A. ettt et e e et e e st e e e nae e e e e naeeeann 41
CNEESIE S.L. oo 41
Siliken ChemICAIS S.L. ...t ea e e 42

www.bernreuter.com



Table of Contents

3.3

3.4

3.5

3.6

3.7

3.8

www.bernreuter.com

JSSi GMDBH e
Schmid Polysilicon Production GmbH
L 1T TS Y] = N S PPPPPPNS

Clean SIlICON AS ...ttt
Grupo FErroatlAntiCa S.A. ....oooi i ieiee ettt e e e e e e e snae e e ennes 44
SOlANVAIUE AG ...
Evonik Solar Norge AS (formerly Fesil Sunergy AS)

NEd SHlICON SPA et e e e s e st e e e e e s e tb e e aaaeeeeanaee
JPM Silicon GmbH

GIFASOIAr B.V. et e e a e 45
HYCOIE ANS ittt ettt et e et ee et et e te et aeteeabetarerararaes 45
JAPAN . 46
0] (01 4 F= W O o] 1 TSR 46
Mitsubishi MaterialsS COrP. ....coiiiiiiiiiie e e e e e e e aaees 46
Osaka Titanium technologies Co., Ltd. .......

M.SELEK CO., LEA. ittt 46
Japan Solar Silicon Co., L. ....ooiiiiiiiiiiieee e 47
| S (=T I @01 o PSSR 47
NS Solar Material Co., Ltd. ....c..ooiiiiiiiiiiiee e 47
L0101 1 ] = R PRSP 48
(0101l 0o 471 o= 1|21 I (o FR PP TR UPER 48
Hankook Silicon Co., L. .....ccuiiiiiiiieiiiiecei e 49
Woongjin Polysilicon Co., LI, ..o 49
Korea Advanced Materials Co., Ltd. .......cccoviiiiiiiiiiiiiiie e 49
Hanwha ChemiCal COrP. ...o.oiiiiiiiiiee ettt e e e e e e e e 49
LG ChEM L. .eiiiiiiiiiieiiieee ettt ettt et s e e abeee s 50
[N O3 0o 1 o J PP PPPPPPPPPPPPPPPPPIR: 50
SMP, LTP (Samsung Fine Chemicals/MEMC joint venture) ..........ccccccoeecvvvveeneenn. 50
Sphere Renewable Energy Asia PacifiC, INC. ........cccoeciviiiiei i 50
CRINA e 51
Jiangsu Zhongneng Polysilicon Technology Development Co., Ltd. ..................... 53
LDK Silicon & Chemical Technology Co., Ltd. ......cccociveeiiiiiiiiiieee e 54
TBEA Xinjiang Silicon Industry Co., Ltd. .......ooociiiiiiiiiee e 55
(D= To [o J N (=3 A = =T £ |V @' o P PPPPPRPPPPPPPIR: 55
Sichuan Renesola Silicon Material Co., Ltd. .......ccuoiiiiiiiiiiii e 55
Luoyang China Silicon High-Tech Co., Ltd. .....

Yichang CSG Polysilicon Co., Ltd. .....c..eoeiiiiiiiiiiiieee e 56
Asia Silicon (Qinghai) Co., LId. ...cooooiiiiiiiiiiie e 56
Sichuan Yongxiang Polysilicon Co., Ltd. ......ccccccieeiiiiiiiiie e 56
Inner Mongolia Dunan Photovoltaic Technology Co., Ltd. .......cccccoiiiiiiiiiineinnins 56
Qinghai Huanghe Hydropower Development Co., Ltd. ........ccoccciiiieeiiiiiiiiiieeeeee 56
LI 111122 g PP 57
Taiwan PolySiliCON COMP. ...ttt e e 57
PowerteC ENergy COIP. ..oouviiiiiiiiiiiiiiiiiiiiiieiiiiieeeieeeeeeeeeeeeeeeeeeeeeeereeeeererererererererereree 57
F U@ 01 4] r= | I ©o 1 o PP EP TR 57
MULO SHICON COIP. oottt e e et e e e s e st e e e e e e e esnsbreaaeaeeeaanees 58
Sun Materials Technology Co., Ltd. .......cooiiiiiiiiiiii e 58
Shihlien Energy Technology Co., Ltd. ......coooiiiiiiieeiiiieee e 59
Real Green Material Technology Corp. .......

AUSTFALIAL ... 59
F U pA=To] F= T = 2 o PSSR 59
Russia/Commonwealth of Independent States ...........ccocccviieeieeiiiiiiiinneen. 60
N1 (o] IS Y] =1 gl I (o R TP PPPTPI 60

Semiconductor Plant 0JSC
Semiconductor Silicon Plant JSC
UZKhIimProm SJISC ...ttt e e e e et e e e e e e e e anebeeeaaaaeeeanees

BERNREUTER |RESEARCH 5



The 2014 Who'’s Who of Solar Silicon Production

6  BERNREUTER |RESEARCH

3.9 INAIA e a e e e 61
LanCo SOlar PVL. LU0, ...ttt e e 61
lacharya SIliICON LEd. .....ovviiiiiiiiie e re e e e e e 61
Mabharishi Solar Technology PVE. Ltd. ......cc.ooeiiiiiiiiiieeeeeeee e 61
Mahanadi Coalfields Ltd. ..........ccccriiiiiiiiiiiiii e 61

3.10 Arabian PeniNSUIA .........cooivveriiiiiiiiiee et 62

Polysilicon TEChNOIOGY CO. ...cceeiiiiiieei e 62
Qatar Solar Technologies Q.S.C. ... 62
IDEA POIYSIHICON CO. ...ttt e e e e e et e e e e e e e e enees 63
SaUdi POIYSIIICON ..eiiiiiiiiiiiii et e a e 63
Cosmos Chemicals BRd. ........cccociiiiiiiiiiiiii e 63
Y I = 1] o1 ] o 1U o TP TP PUPRTRN 63
MBM Solar HOIAING INC. ..cviiiiiiiiiii et e e e 64
Mubadala Development CO. ........ueiiii it e e e e 64
SIICOTEK B.V. ettt 64
Silicor Materials Inc. (formerly Calisolar INC.) ......cooiiiiiiiiiiiiiie e 64

4. Supply: Global Scenarios through 2017 .....cccoooeeiiiiiiiiiiiiieeee, 65

5. Demand: Market Perspectives through 2017 ............cceevvvvnnnnnnn. 77

5.1 Demand from the semiconductor iNdUStry ..........cccccveeiiiiiiiiiiiceee e, 77

5.2 Demand from the photovoltaic iNdUStIY ..........ccccvvieiveeiiice e, 78
Meta-analysis of analyst fOreCasts ...........cccvviiiiiiiiiiiiiee e 78
Different approach: Extrapolation from three independent indicators ...................... 81
Reality check: 2012 result and analySis ..........ccccovciviiiieeiiiiiiieieee e 84
Extrapolation revisited: Projections for 2013 .........ccuiiiiiiiiiiiiieeee e 86
Bottom-up approach: Installation scenarios 2013 - 2017 .......ccccceeeeeiviiiiieeeeeeiiinns 88
A wider perspective: Cross-comparison with three other industries ...................... 91
From installation to production VOIUMES ...........ccooiiiiiiiiiee i 94
Time lag between polysilicon and solar cell production ............ccccceeevieiiiiiiinenen. 95

6. Balance: Dynamics of Supply and Demand .............ccccevvvvvvnnnnnn. 98
Supply Scenario 1 (UNCONfINEd) .........eeiiiiiiiiii e 99
Supply Scenarios 2, 3 and 4 (low, base and high case) ...........ccccccvvvieiiiiiinnn.. 100
Change of the cyclical Pattern .............eeiiiiiii e 102
On the eve of a turbulent market development ..........cccovvveieiiiiiiieeee e, 103

7. Prices: The Roller-Coaster Ride Continues ..........ccccceevvvvnnnnnnn. 104
2011: The market cOrrection BeGINS .........cooiiiiiiiiiiiiieiiiee e 104
2012: DUMPING Of INVENTOMIES ..oeieeiiiiiiiiiiie e et e e e e e e e e e e e aaeee s 105
2013: Anti-dumping tit fOr tat ..o 106
2014 - 2017: Return of record-Iow PriCeS .......cc.ueeiiiiiiiiiiiiiiee e 109

8. Costs: Breaking the Barrier of 20 $/kg ......ccccvvvveeeeeiiiiiiiiiieenn. 113

9. Conclusion: Steering through Stormy Waters .........ccccccvvvennnnn. 116

Appendix: Directory of Company Web Sites .........cccccvveeeeiienenn, 118

A. Manufacturers and aspirants ...........ccooooiiiuiiiiieaai e e e e e reree e e e e e e anees 118

B. CVD reactor SUPPIEIS ....uuviiiieii ittt e e e e e e e et eeae e e e e s enees 122

C. Providers of reactor power supply SYStEMS .......cuuiiiiiieiiiiiiiee e 122

D. Hydrochlorination technology Providers ..........cccccooiciiiiiiiee i 122

E. Other technology providers/CoNSUItaNntS ...........ccoooiiiiiiiiii i 122

F. Engineering, procurement & construction firms ...........cccccooiiiiiiiie i 123

ADOUL the QUINOT ...cciiii e 124

www.bernreuter.com



List of Tables and Figures

List of Tables and Figures

1. Introduction: Anatomy of the Shakeout

Number of polysilicon/lUMG silicon manufacturers vs. polysilicon spot price 2004 - 2013 10
Polysilicon manufacturers that have stopped production since 2011 ..........cccccceeeeeennns 11

2. Technologies: A Fresh Assessment

Market shares of ingot/cell technologies 2012 - 2017 ........cooeeiiiiiiiiieiieeiiiieeee e
Development periods for alternative polysilicon production technologies .....................
Development of polysilicon production COSES ..........ccoiiiiiiiiiieeiiiiiirce e
Polysilicon manufacturers and projects with hydrochlorination process ..........
Sensitivity analysis of cost savings with hydrochlorination (greenfield plant)
Power consumption Of the SST PrOCESS .....cccuviiiiiiiieiiiiiiee e

Indices of REC Silicon’s FBR polysilicon plant per quarter ..........ccccccceeeiiiiiieiieeeeeeiinns

Carbon concentration of VLD silicon and SEMI standard ............ccccccoeeiiiieniiiiiiennennn.

Improvement of impurity concentrations (ppmy) by UMG silicon manufacturers/developers 25
Average cell efficiencies reached by Calisolar INC. .........ccccooiiiiiiiiiiiiiiii e 25
Structure of Silicor Materials’ projected manufacturing costs per 1 kg of UMG silicon .. 27
Construction periods for larger-scale UMG silicon plants ..........ccccoooiiiiiiiieniiiiiiieneeenn.

Impurity concentrations (ppmy) in silicon from direct carbothermic reduction
SiO, material costs per 1 kg of silicon produced from various feedstocks ....................
Ranking of polysilicon production teChnologies ...........cccueiiiiiiiiiiiii e

3. Companies: Developments across the World

Industrial electricity rates for polysilicon production in various world regions
Hemlock Semiconductor’s capex for @XPanSion ...........ccueeeeieeiiiiiiiiieeee e e e
Impurity concentrations (ppba) of REC’s granular polysilicon ............cccccooeviiviiieeeeiiinnns
Wacker Polysilicon’s capex for @XpanSion ............coocuiiieraaiiiiiiiiee e
OCI COMPANY’'S CAPEX wevvererrrrrrirrereereeeeeteteteeteeeeeeeerttetertrtrereteerer——————————.
Proposed list of companies in line with access conditions ........
Chinese polysilicon manufacturers in production ......................
Jiangsu Zhongneng POIYSIlICON'S CAPEX ....ocuvvriiiiieeiiiiiiiiee e et e

4. Supply: Global Scenarios through 2017

2012 polysilicon production scenario and result (in MT) ... 65
Classification of polysilicon manufacturer tiers .........cccceeeiiiiiiiiee e 65
Scenario 1 (unconfined): Polysilicon production by company (in MT) 2011 - 2017 ....... 66
Scenario 1 (unconfined): Polysilicon production by tier (in MT) 2011 - 2017 ................ 67
Scenario 2 (low case): Polysilicon production by company (in MT) 2011 - 2017 .......... 68
Scenario 2 (low case): Polysilicon production by tier (in MT) 2011 - 2017 .........c.c....... 69
Scenario 3 (base case): Polysilicon production by company (in MT) 2011 - 2017 ........ 70
Scenario 3 (base case): Polysilicon production by tier (in MT) 2011 - 2017 .................. 71
Scenario 4 (high case): Polysilicon production by company (in MT) 2011 - 2017 ......... 72
Scenario 4 (high case): Polysilicon production by tier (in MT) 2011 - 2017 ................... 73

Scenario 1 (unconfined): Production of UMG/DCR silicon by company (in MT) 2011 - 2017 ..74
Scenario 3 (base case): UMG silicon production by Tier 1 & 2 companies (in MT) 2011 - 2017 . 74
Scenario 3 (base case): Silicon production by region (in MT) 2011 - 2017 ................... 74
Top ten polysilicon manufacturers in 2012
Top ten polysilicon manufacturers in 2013
Top ten polysilicon manufacturers in 2014
Top ten polysilicon manufacturers in 2015
Top ten polysilicon manufacturers in 2016
Top ten polysilicon manufacturers in 2017

Market shares of the top ten and top four manufacturers 2011 - 2017 ........ccccceeeeeennns 76
5. Demand: Market perspectives through 2017

Polysilicon demand from the semiconductor INAUSEIY .........cccooiiiiiiiiiieiiiieeee s 77
Analyst forecasts for global PV installations in 2008 .............cccccvviieiiiiiiiieeee e 78
Analyst forecasts for global PV installations in 2009 .............cccoiiiiiiiiiiiiieeee e 78

www.bernreuter.com BERNREUTER RESEARCH 7



The 2014 Who'’s Who of Solar Silicon Production

8  BERNREUTER JRESEARCH

Analyst forecasts for global PV installations in 2010 ..........cccoooiiiiiiiiiiiaeiiiieeee e 79
Analyst forecasts for global PV installations in 2011 .........ccccceovviiiiiiiiee i 79
Deviation of analyst forecasts from actual installation volumes 2008 - 2011 ................ 80
2002 scenario of the PV industry’s polysilicon demand and actual result ..................... 80
Guidance and results of 20 major cell/module manufacturers 2008 - 2012 .................. 81

Sensitivity analysis of guidance extrapolation for 2012 ...........cccccceiiiiiiiiiiieie e
Analyst forecasts for global PV installations in 2012 ...............cccvvee...

Extrapolation from the analyst forecast average for 2012
Extrapolations of the PV installation volume in 2012 ..........ccccoeiiiiiiiiie e
PV growth rates 2003 - 2006, 2009 - 2012 .......ccccecieiiieriieniee e seee e

Market shares of growth drivers in global PV installations 2003 - 2012 ............c..cceu. 84
PV installation volumes and global growth rates 2003 - 2012 .........cccceeiiiiiiiiiieeeeeniinns 85
Deviation of the analyst forecast average from actual results 2008 - 2013 ................... 86
Analyst forecasts for global PV installations in 2013 ... 86
Results and guidance of major cell/module manufacturers in 2012/2013 ..................... 87

Sensitivity analysis of guidance extrapolation for 2013
2012 scenario and result (IN GW) ...

Installation scenarios for the top ten PV markets (in GW) 2013 - 2017 ......cccccceeeeeiinnns 89
Installation scenarios of IHS, EPIA, Sarasin and Bernreuter Research for 2013 - 2017 ... 90
Annual growth rates of the semiconductor and PV indUSLIEes ........ccccceeveiiiiiiiieeeeeeinnns 91
Annual growth rates of the automobile and PV industries ...........cccccceiiiiiiiiiiieeiinins 92
Annual growth rates of the automobile industry after 1945 ..........cccccceeiiiiiiiiiiee s 92
Development of annual wind power and PV system installations (in GW) .................... 93
Global cryst. solar cell and thin-film module production volumes (in MW) 2004 - 2012 94
Ratio between global cell/module production and PV system installation volumes ...... 95
Scenarios of crystalline silicon cell production volumes (in GW) 2013 - 2017 .............. 95
Polysilicon shipment periods (iN WEEKS) .......cccuiiiiiieeiiiiiiiii et a e 95
Breakdown of time lag between polysilicon and cell production (in weeks) .................. 96
Specific silicon consumption of cell production (in g/W) 2010 - 2018 .........c..cceeevvnnen. 96
Share of first quarter in full year cell/module production/shipment volumes ................. 97
Polysilicon consumption/demand of the PV industry (in 1,000 MT) 2010 - 2012 .......... 97

Scenarios of the PV industry’s polysilicon consumption/demand (in 1,000 MT) 2013 - 2017 .. 97
6. Balance: Dynamics of Supply and Demand

Demand of the PV and semiconductor industries (in 1,000 MT) 2010 - 2012 ............... 98
Scenarios for the demand of the PV & semiconductor industries (in 1,000 MT) 2013 - 2017 . 98
Balance of silicon supply and demand (in 1,000 MT) 2010 - 2012 ........cococviieeeeeeeninns 98
Silicon supply by tiers (Scenario 1, unconfined) and demand scenarios 2013 - 2017 .. 99
Scenarios of the silicon supply/demand balance (in 1,000 MT) 2013 - 2017 ................ 99
Comparison of high-case and market-clearing demand scenarios 2013 - 2017 ......... 100
New PV installations in the base, high-case and market-clearing demand scenarios 100
Silicon supply by tiers (Scenario 3, base case) and demand 2013 - 2017 .................. 101
Scenarios of the silicon supply/demand balance (low, base and high case) 2013 - 2017 . 101
Intervals between contract price peaks and troughs 1977 - 2011 ...........cccovvvveeeeeeinnns 102

7. Prices: The Roller-Coaster Ride Continues

Development of spot and contract prices versus Chinese polysilicon imports in 2011 104
Development of spot and contract prices versus Chinese polysilicon imports in 2012 105
Development of spot and contract prices versus Chinese polysilicon imports in 2013 106

Preliminary duty rates for imports from the USA and South Korea to China ............... 107
Average price ($/kg) of polysilicon imported to China ..........cccceviieiiniiiee e 107
Shares of processing trade and main importers in monthly imports in 2013 ............... 108

Development of the Chinese and international spot prices in 2013
Electronic-grade production volumes and capacities (MT) in 2012

Solar-grade polysilicon industry cost curves 2012 - 2014 (base-case scenario) ........ 110
Solar-grade polysilicon industry cost curves 2015 - 2017 (base-case scenario) ........ 111
Scenarios of the year-end polysilicon spot price (in $/kg) 2013 - 2017 .......cccccvvvernen. 112

8. Costs: Breaking the Barrier of 20 $/kg
Cash costs and depreciation rates (in $/kg) of polysilicon manufacturers 2012 - 2017 . 114

www.bernreuter.com



What customers say about The Who's Who of Solar Sil  icon Production

As a market participant and reader of all previous editions of The Who's Who of
Solar Silicon Production, my company and | also find the 2014 edition an S| I icon p ro d uc t ©
important piece of information. Silicon Products Bitterfeld GmbH & Co. KG is

active worldwide as a polysilicon producer and engineering company. Therefore,

an all-encompassing market overview, as condensed in this report, constitutes an additional source of information to
make the right strategic decisions. This report provides a wealth of figures and fascinating prospects well into 2017.
Apart from few exceptions, these forecasts are also in accordance with our assumptions.

I hope the optimistic trends are correct. This would be good for our climate and for the solar industry.

Dr. Hilmar Tiefel
CEO of Silicon Products Bitterfeld GmbH & Co. KG

The 2014 Who's Who of Solar Silicon Production fully ties in with the good

quality of former Bernreuter publications. The report provides a comprehensive . SGL GROUP
view of the solar silicon sector with interesting analyses of the supply and THE CARBOMN COMPANY
demand perspectives through 2017. Overall it's a positive contrast to

commonplace reports and provides good value for money.

Peter Stumper
Product Marketing Manager at SGL CARBON GmbH

http://www.bernreuter.com/en/shop/polysilicon-market-reports/2014-editi on/customer-opi nions.html
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