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Is the PV a mature sector?

Have expectations been met?



@Zm Background

PV theoretical foundations are recent. First terrestrial application was installed in
the 50°s (some have not yet exceeded its useful life). Takeoff begins in 2000

First silicon solar cell, Bell Labs 1954

Hoffman Electronics rises solar cell
efficiency up to 14% from the existent

10%, 1950 -1960
70’s Word Energy Cirisis: Big Industries

start showing real interest on

electromagnetic waves renewables

h Herfz,] 885 photoelectric effect 80°s — 90°s: “dark” times
Albert Einstein, 1905

2000 — now: boom

Future : disruptive potential

First solar cell
Edmond Becquerel 1839



Nobody can forecast cost estimation. Costs fall too fast

Grid-parity polential plsomLV (photovoltaic) power In major markets. residential-segment exarmpl
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@SZm Future

Forecast of cumulative installed capacity is between 300 and 400 GW for 2017

Cumulative Global PY Demand (GW)
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Two specific situations are expected
(50/50%): residential, commercial and
industrial segments (local consumption
& smart grids) as well as industrial and
utility scale systems (transmission grid)

2013: 139 GW (EPIA)

Source: 2014, NPD Solarbuzz



@Zm How did it happen?

Real solar industry emerges in the 2000 decade

Spot price of solar-grade silicon ($/kqg)

150 Bottle-neck !

Rise of tracker systems, CPV, thin film, etc

Begins installation in Asia of mega = factories for PV
modules and solar — grade silicon (0,001 ppm)

Total silicon PV-manufacturing capacity available
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PV use reject
electronics-grade silicon

(0,001 ppm)

===3_point moving average

Annual analyst estimates

Bloomberg New Energy Finance, 2012

In the early years, the
demand exceeded the
capacity of PV cell
production (only the

leftovers from electronics
grade silicon were used).

Asian giants appeared.

Now only big companies

can afford investments in

production sites



What about efficiency?
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. Cell efficiency evolution

Only multijuntion cells (CPV and space application)

have achieved significant

efficiency increases. Silicon and thin film technologies remain without any relevant

changes lately
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@57.m Module efficiency evolution
oy

No major changes in the overall efficiency of the module. Significant improvements
in mismatch, temperature losses, positive tolerance, etc. and quality control of
materials used

B Theoretical Max. vs. M Best Research-Cell vs. Typical Module Prod.

63%
CPV (3J) 43.5%
3% — Best Seller 2013: 15,9% Yingli YL295P-35b
29%
c-Si
18%
mc-Si

Photon Database2000 - 201 3: conventional
panel averaged (mono — multi c-Si) efficiency
rate: 4% / 13 years (0.3%/year).

29%
CIGS

29%

cdTe From 10 — 12% (2010) to 14 — 18% (2013)

20%
a-Si

OB NREL, 2013




Zm Module efficiency evolution

PV best modules

Improvement over
past 10 years

i R it [% absolute]
E; / ——RBeast c-Si 5.5 %
15 4
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@Zm Inverter efficiency evolution

The most important indicators to characterize the advances in inverter technology
are: costs, efficiency, losses and reliability & service (described by the Mean Time
Between Failure or MTBF)

3 inverters in the same configuration

are coming for large power plants
2015

----P
e e it

innh ﬁ'lmﬂlmh n,sunmh 1 million h ’
Additional Bockup functions & storages, power quality
Benefits improvements, ancillary system senvices, ...

SMA, 2014



@Zm System efficiency evolution

Experience, know-how and best practices in engineering and design have improved
the efficiency of systems. Critical equipment efficiency have been improved

1300 -

iop | 1044 08T 2010 PR=100% In the 1990’
~ 1100 ] Typlcal PR ~70 %
2 «
g 1000 1 ® Very wide PR-range PR development of PV
= 900 Systems in  Germany:
: 90’s - Now
< Al Today
3" ' Typical PR ~80-90 ¢
a " M TS . - - . i ~ -
% 00 = AL e, N = ypica A

500 | . W Less variance in PR

; as compared to
400 - ; e . | '
800 900 1000 1100 1200 1300 1400 1990’s ISE Fraunhofer, 2013

Annual irradiation in module plane [kWh m2 yr®]

IES — UPM (Spain), with extensive experience in measuring performance of plants in operation has
estimated a 15% system efficiency improvement in Spain, on average, from 2000 to now.

*Specific yield (kWh/kWp) is the total annual energy generated per kWp installed
*Performance Ratio (PR) quantifies the overall effect of losses on the rated output



@2m

Do you think you have good knowledge on the actual
situation of the PV sector?



Zm PV modules market
15

Silicon will continue dominating the market: low cost, high stability, low risk and
demonstrated degradation

?UJ]W =1 . {1 : Tu%

£0,000 — L 60%

50,000 — — 20%

4U1ﬂm -3 i 40%

20,000 L 20%
1] J T . | | — " s =— 0

2009 2010 2011 2012 2013 2014 2015 2016 2017

B CPV (HOPV:LCPY) EPIA, IHS Solar, PV Insider and SNE Research, 2013

B OFV — C-5i share

B High-efficiency PV = TF share (inorganic+arganic)
B 7F modules {inorganic) — High-efficiency PV share

B C-5i modules —— CPV share (HCPV+LCPY)



@Zm PV modules market

e 3
Non c-Si PV production capacity: Only CdTe and A-Si are relevant
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EPIA, IHS Solar, PV Insider and SNE Research, 2013



Gsz,m PV modules market: semiconductors

Each PV semiconductor technology has a different efficiency, performance
characteristics and cost
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@Zm PV modules market: semiconductors

Why multifunction cells?: it covers more spectrum

Silicon Multijunction

Cell 1

Cell 2

Cell 2

spocial irmd ance [Wivlum|

w 0w 3w 0o dow o oEdoa

NREL, 2010




@Zm Commercial PV modules: silicon

Monocrystalline cell Polycrystalline — polysilicon PV panel
cell




GSZm Commercial PV modules: silicon
B

" Dielectric Insulatior Cosmetic Masking

3M, 2014



@SZYY\ Commercial PV modules: thin film

Amorphous silicon
(T — Solar)

CdTe cadmium telluride
(First Solar)

CIGS copper indium gallium selenide (Solar Frontier)



& Commercial PV modules: CPV

Light-quide Solar Optic Fresnel Lens Parabolic Mirror Cassegrain Optic
YYY YYYYYY
M H
p
/
BPV cell

morgan Solar, 2013

Eight to six years ago, there were more than 20
companies in the CPV industry. Nowadays, just a few
companies are fighting to survive.

Soitec, 2013




GSZm Tracking- fixed
S

Nowadays, only single — axis tracker can be competitive against fixed structure

Mecasolar, 2011

Fo

Acciona, 2010 Mecasolar, 2011 PV Hardware, 2013



@Zm Tracking- fixed

Solar tracking system increases the electricity production. This increment is achieved
with high direct normal radiation values. On the other hand it will have a more
expensive installation and operation cost

Global DNI

3Tier, 2014




Zm System electrical
25|

The most common configuration is the series one — connected PV panels and DC —
AC inverter. DC — DC converter are used to improve the efficiency. Microinverter
market is growing, specially for residential applications

PV strings connected to 3 “smart combiner box’ Conventional series-connected PY panels Electricity Grid
Electricity Grid Stringin'.rerter ........
Inverter = T -
e B =
| i | e | et &
r%: - i

Smart combinar I:n:ut

PV panels connected to AC micro-inverters

Fa
-I_|
'___""' Micro-investers —

PV panels connected to DC-DC converters

+fa
/B

AL

NREL, 2013



@57.m Inverter market

Inverter efficiency for state-of-the art brand products stands at 98 % and higher

above 36 kWp: 50%

IngeconSunlite, 2.5kW 2014

market share

micro-inverters: 1%

Enphase Energy M250, 2014

up to 35 kWp : 49%

Danfoss MLX 60, 2014



@57.m Life expectancy: 20, 30, how many years?

The most critical equipment is PV panels. Good manufacturing practice is critical:
material quality, process control, etc

PV Panels Faiulre Inverters Failure Rate
Pawer [% : ;
. [ ] EWJH dl’iﬂﬂlﬂﬂﬂg ’_I-El Initial
LH} U 5500 : ; - — I £ Operability
A Glass AR deg. / Delamination, cracked celle isolation = J Infant Mortality:
: i e e e = \Afarie e zhing A. Weak Solder Joints
P nominal 1 : ?gh % Molf.‘.:;lt-_,r Steady B. Cracked Ceramic Capacitor
g Stata
F_m i Steady State:
Dinde failure i = Time C. FET Single Event Burnout
Cell interconnect breakage Corrosion of E D. Corrosion
, T \Ccell & interconnect =2 | A E
Contact failure j-box/ = e Wearout:
: £ uz e E. Electrolytic Capacitor
string interconnect 3 <0 Bt
. T =
‘GL'J:SS brea’ftage .ET g - - D F F. Non Compliant Solder
\ Laose frame ' E = Joints (BGA,etc.)
; 2 = = '
I _ : . TiITIE o 10 100 1,000 10,000 100000 1,000,000
Infant-failure Midlife-failure Wear-out-failure Tina (ates)
Solarbridgetech, 2013
IEA, 2013 9 '

Still good after 20 years: The LEE-TISO testing center for PV components at the University of Applied
Sciences of Southern Switzerland installed Europe’s first grid-connected PV plant, a 10kW roof, in May
1982. They analyzed the performance of the panels in 2002: 9% less than the initial rated peak output.



GSZm Standards

Standards and certifications are a key point in electrical systems. Especially in PV
because the large percentage of the total cost of the system is equipment. Besides
the performance guarantees are given by the panels and investors

International TESTS AND CERTIFICATIONS

Organization for Standard tests UL 1703, IEC 61215, IEC 61730

Standardizaticn Quality tests ISO 9001:2008, ISO 14001:2004
EHS Compliance  RoHS, OHSAS 18001:2007, lead-free, PV Cycle
Ammonia test IEC 62716

—— Salt Spray test IEC 61701 [passed maximum severity)
PID test Potentiakinduced Degradation free: 1000V '©

ELECTROTECHNICAL

COMMISSION Available IiSﬁl"IgS CEC, JET, KEMCO, MCS, FSEC, CSA, UL, TUv

SunPower E-Series , 2014
ﬂ% QUALIFICATIONS & CERTIFICATES
IEC &1215, IEC 61730, MCS, CE, 150 9001:2008, 15C 14001:2004, BS OHSAS
18001:2007, PV Cycle, 54 8000
‘:UI Al I
nr-._'.- F\f CYCLE ."_' H

Yingli YP295P-35b , 2014

Amarican Society for Testing Materials .



How does market growth?



Zm Supply chain
_ 30 |

PV: only for big players. Capital and high level technology intensive sector. Asia

(China and South Korea), Germany and USA are the leaders. Production capacity is
continuously growing

2012: 48 GW global capacity (China 35 GW) 2014: 50 - 60 GWz¢

2009
Number of
companles: | 75
Production | 130,000
capacity. TONNES 15,000 MW 18000 MW 1 | 16,000 MW
. i . .
Effective 80,000 . J/ \
uction: TONNES AN 10,000 MY ot o, 000 WYY R oooMw -
So - N 7’

-
______ - S -7

-

Photon, 2010



@Zm Supply chain

ST
PV Cells/ModuIes Production by Region 1997-2012 (%01c Total MWp Produced)
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Year

Navigant Consulting, 2012



@Zm Market evolution
B

180,000 —
World cumulative installed capacity
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@Zm Market evolution
B

54,000
Europe cumulative installed capacity 81,458
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@Zm Market evolution
I

The rooftop segment should experience stable growth from a global point of view.
However, the world PV installation segmentation is changing: utility scale is the
fastest growing segment

Rooftop Utility scale
W00 35,000 —
a5 000 — S0 30,000 22416
- | 0773 CERECT] e ]
0,000 25,550
25,000 - g i hoe
2] =2
25,000 — 2500
fiF i o0,000 — - E
2L {03 {95 201 hh= by 175
MW E0.000 - 15312 ., BN i5a
15,000 - :
15,000 -
10,000 —
0,000 —
5,000 - 9000 =
] 1]
2013 24 2015 20&e 2017 2018 2013 24 A6 26 2Y 0 2018

W Historical data W High scenario B Low scanario EPIA2013



@2 Driving factors / barriers

People go green

Self - consumption

Smart Grid / Distributed generation
Independent Power Producer

Easy to install

Easy to operate (minimum cost)

Cost fall — grid parity

Fossil prices have grown

Low risk: life expectancy over 30 years tested

Administrative procedures

Grid connection

Utilities

Forecast / Nowcasting

Solar resource (evaluation and availability)
Firm power capacity

Capital intensive to install

New sector / technology / business model

Capacity building needed



Is it sustainable?



GSZm Energy payback time (EPBT)
| I ——

Depending on the type and location of the PV system, the EPBT currently lies
between 0.5 and 1.4 years. The technical lifetime of PV systems is 30+ years;

hence they produce net clean electricity for more than 95 % of their lifetime

Less silicon, efficient process, high tech & automation and large scale factories

ABD e e e e e St B RDD&DP Installations in Southern Eurﬂpe
400 - g T8 (1700 kWh/m?2/a)
350 14
. . e e 10 B
E 200 8 % —
= 3 z
.;:: 150 [ E é : —a—EPBT (years)
2 w!--.————n—R [+ = E '
i . T 2 05
a . - — 9 o4 :
2004 2006 2008 2010 2012 J8a0 1995 2000 2005 010
Year Year

ISE-Fraunhofer, 2013



@Zm Energy payback time (EPBT)
| I —

Ground system in South Europe

Global Irrad.: 1925 kWh/m?2/yr, Direct Normal Irrad.: 1794 kWh/ma/yr
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u Module
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EPBT in Years for PV and CPV Systems
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Sysiem
2008 2007 2002 2002 200% 2008 2008 2011
14% 13.2% 132% 11% 109 6.6% B.5% 24.1%

ISE-Fraunhofer, 2013



@ZYY\ Energy payback time (EPBT)

Roof system in Germany

Global Irrad.: 1000 kWh/ma/yr

EPEBT in Years

e e e e e e e e
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20049
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@Zm Recycling
4oy

Solar industry has solutions for lifecycle management. PV CYCLE, as the leading
take-back and recycling scheme in Europe, offers waste treatment and WEEE
compliance solutions for all commercially available photovoltaic (PV) technologies

A"\

ASSOCIATION

PV CYCLE

Treated waste tonnes  ~ Gemeny
v 101 Spain
o [taly
By technology, in % ® France
Flexible E 2.4% = Belgium
cdTe | 0.4% = UK
d = Poland
Cl{G)s 17.8%
= The Metherlands

© Slovenia

Total treated tonnes 2010-2014; 9.548t w other European countries
Total treated tonnes in 05/2014 188t (CZ,HU,GR,CH,A,DK,LU,5K, RO; BG)

Silicon based — 79,4%



Will grid parity change everything?
When?



Zm PV economics
I

Reliability up to 98%, significant cost reduction and efficiency improved

Reliability

Cost Efficiency



@Sz,m Levelized cost of energy (LCOE)
e

Levelized cost of energy depends on performance, system costs, and ongoing
operations & maintenance over the lifetime of a system. All costs must be included:
transmission grid, decommissioning, contamination, impact, social risk, supply &

procurement, etc. For all energies! please )

N Opex, -
Capex+ 3’ IFHZ. ¥ Discount rate
lcoe = = - ( +er' . i€, Spectic energy vield [kWhkWp]
] .
> N Lifetime [vears]

il [:1 -|‘J1"')E



Zm Cost evolution
I

In 2012 the 1 $/W was overcome and silicon also exceeded thin film prices.
Nowadays these prices remain stable, and are closer to 0.4 than 1$/W

PV EXPERIENCE CURVE, 1976-2012

2012 $/W
100
PV MODULE PRICES HAVE
FALLEN 80% SINCE 2008
20% IN 2012 ALONE
10
1
0.1 ; : ; _ .
1 10 100 1,000 10,000 100,000 1,000,000
+ historic prices (Maycock) ——experience curve MW
+ Chinese c-Si module prices (BNEF) ——Thin-film experience curve
4 First Solar thin-film module cost
'l:kil.”-e-:'l'-"-ngea inflation Ind-e'!lia.ll.‘l-ln Us PPL IR -S.u'.lme Paul Maycock, B@f)(:ﬂb&g New Energy F'i-r:lef_u
E'!r?ﬂgﬁl’aag[g / / / / MICHAEL LIEBREICH, Delhi, 17 April 2013 TWITTER: @MLiebreich 8

Bloomber New Energy Finance, 2013



@57.m Cost evolution
45

Forecasted cost for ground mounted PV projects in 2020 : the future is here

3.42 Total CAPEX cost ($/Wp)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
®m Module wlinverter wBalance of plant mEPC m Other

Bloomber New Energy Finance, 2013



GSZm Cost evolution

_a 4
Average Price for PV Rooftop Systems in Germany (10kWp - 100kWp)
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@Zm LCOE analysis

Deutsche Bank analysis: module prices around 65¢$/W and systems cost around
1.5 — 2 $/W, 20 lifetime, 80% system performance, 0.7% degradation/year,
discount rate = financing cost. Realistic assumptions?

Figure b: North/South American Markets

Coat of Elactricity Solar Vs Avoided
ey Type
{3/ Kwh)

LCOE {5/KWh)

Morth/South America

Los Angeles, California, USa 40015 020 Recidential ‘ -50.05 ’ In blue grid - pqriiy
Calformia, LISA SO.1é OB Eesidential

Hawaii, LISA S0.14 037 Residential

Hew Jersey, US4 a0.21 2016 Residential 50005
Ontaria, Canada S0.2% 1 Residential s0.10
Wi 2015 009 Residential A00e

b exica a0.15 0.13 Commercial 5002

b iz L2015 20010 Ired s trisl L0005

chile 4015 4025 Residential
Argenting [unsubsidized) s0L15 %014 Residential 003
Argenting [subsidized) A0S 20,09 Racidential A0006

Source: D8, BLS, Ontwss Enangy’ S0t AAanoan Ainsyy of Snofgy, Chwe Snangy GRoun, Argeniinsan Secrafany of Srargy, Aasad

Deutsche Bank, 2013



@Zm LCOE analysis

Figure 6: Asia Markets
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Deutsche Bank, 2013



@Zm LCOE analysis

|Fi{|L||-£! 7. Middle East, Africa, Europe

LCOE {$/KWh Cost of Electricity T Solar Vs Avoided
¥ " (5,/HWh) 1 Cost [5kW Panal)

Middle East/Africa/Europe
Saudi Arabia 50.14 50.07 Whalesale L0.07
South Africa 50.15 5021 Residential
Turkey 50,19 50.18 Residential 0,00
Turkey 50.19 50.14 Commercial S0.04
fsrael 50.14 50.18 Residential
GErmany 20.26 50.15 Residential L0.11
Germany 50.26 50.13 Industrial 5013
italy S0.18 50.38 Residential 50,20
taly 5018 50.35 Industrial 5018
France 50.25 50.17 Residential 50,07
France 50.25 50.15 Industrial 5009
Spain 50,18 $0.19 Residential
Spain 50.18 50.14 Industrial L0.05
United Kingdam 50,23 50.15 Residential 50,08
United Kingdom 50.23 50.15 Industrial 008
Greece 50.15 %0.29 Residential 50,14
Greece 50.15 50.19 Industrial -50.04

Source: Oostsche Bank, Sawdt Bectne Cormpany, Exsarm, EuroSiad, MASA

Deutsche Bank, 2013



@Zm LCOE analysis
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@Zm The PV market is becoming truly global

=Reality exceeds all expectations: cumulative installed and supply chain capacity, cost
competitiveness and global development.

®ln 2011, Europe accounted for 74% of the world’s new PV installations; in 2012 this number
was around 55%. In 2013 it is almost certain that the majority of new PV capacity in the
world will be installed outside of Europe.

"For the first time since 2003 Europe lost its leadership to Asia in terms of new installations.
China was the top market in 2013 with 11.8 GW of which 500 MW represent off-grid
systems.

=Strong PV technology price decreases and electricity prices on the rise have helped drive
momentum toward “dynamic grid parity”.

=Distributed generation, electricity storage, and energy management technologies are
advancing rapidly and will eventually give a large number of customers, the chance to
unplug from the grid. As this occurs, the role of the traditional utility monopoly will shrink.



