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Non-renewables

Wind 3.7%

Hydropower

16.6%

Bio-power 2.0%

Renewable
electricity

23.7%

solarPv  1.2%

Geothermal,
CSP and

ocean 0.4%

Based on renewable generating capacity at year-end 2015.
Percentages do not add up internally due to rounding.
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2015 KX G YE Ry S L

2015F WMk ES b E3kMI%93.35%

100% Production 2015 (GWp)
e IR e tttttiiiITfmmrm Bl 1 Thin film 4.2
B Multi-Si 439
! Mono-Si 15.1

80%

T0%

60%

50%
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30%
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Percentage of Annual Production

10%

0%
o & © o g b
F FFFF ST @ S ﬂpcdo Si S S

Year

Data: from 2000 to 2010: Navigant; from 2011: IHS (Mono-/Multi- proportion from cell production). Graph: PSE AG 2016
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FIXXKIGEE LR A ERIER
BEELCOE(Levelized Cost of Electricity) Fi& - KB ERK A
8 J1 2K R A% ik B 8 B

3rd cycle:
Developing Trend ond cycle: PV Power
Straight-Edge  Generators

IRR 9 LCOE Investors

Market volume

1st cycle:
Environmental ldealists

—

1990 1994 1998 2002 2006 2010 2014 2018
Timeline « _ indicative
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LCOEMI®ERF

EMNEEAHEZNAFRZ=

= Module cost

522&@@{ 5V = BOS/inverter/labor cost
= | and cost
System costs = Soft costs
Capital costs = O&M cost
O&M costs, efc. = Finance cost
kWh Generated = Location ’,f “k
= Irradiance
SEERZS = Efficiency
= femperature
= Tracking/Fixed mount
= Uptime
= Qutput degradation
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BREGRE
997635 E
EHRELRE - WPanasoniclIHITH T 2RI AR - BEBE0IES17~25%
NEER  2EBHRpAEEHNASH AN ES S EEMaEERCERBA
w#(Light Induced Degradation, LID)
HERSm » BREXR

HIT vs. Crystalline Silicon

Ot
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)\ﬁ‘i
il
<
v
g
Bk

Site: Los Angeles, CA HIT (standard) ) May 92 -
Date: August 16, 2007 Albedo: 04 r—biél?t?B.ZJSL;’c.e 2
Direct Sunlight ’ 140
’ 120 |- 17% UP B HIT Standard
HIT  13%UP 5 i B HIT Double
IS S 5 4 25% P
|

Crystalline Slllmn/\\
N\

7z N ”x

Time [1 Day)

Normalized Power

Tilt Angle

HIT(Panasonic) | Mono(Canadian Solar) | Multi(SHARP)
240S CS5P-240M ND- 24OQCJ
STC(HHRlzFE ~ # F g )W) 240

B R %#(%/°C) -0.30 -0.45 -0.485
STC : Standard Test Conditions (il #&:25°C, AM1.5, 1000W/m?)
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RAEAREBERFGETER

Location Test duration Module Tech. g/oe/(_gyr:adrz);\tlon e
c-Si 0.5-2.7
Perth (Australia) ) p-Si 1.0-2.9
(REIR) 16-19 months oS 18.8
CIS 12.6
Veca Ar (USA) 2.4-4 years c-Si 0.4
(,l\efa ﬂ;)zona 2.4-2.7 years p-Si 0.53
2.7-6.7 years a-Si 1.16-3.52
N d t (I I :
o e?;,\_/_mg:e)ser (Israel) 3.4 years p-Si 1.3
Golden, Colorado :
(USA) (8 LI ARES 12) 8 years c-Si 0.75
Hamamatsu (Japan) 10 vears S 062
(R TR y '
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Location Test duration Module Tech. Degrgdatlon
rate (%/year)
Trinidad, California :
(USA) (B2 E) 11 years c-Si 0.4
Lugano
(Switzeland) 20 years c-Si 0.53
CRERIZ)
Golden, Colorado
(USA) 20 years C-Si 0.8
(SLUARERIE)
Ispra (Italy) p-Si 0.3 (silicone)
(RERIR) 22years c-Si 0.67 (EVA)

B ertEAHRIRARR

FE—FHEL~3%

F_FHE  BRRB&E  E4M - A/05~1%/F
RN EPER BRI - BEB(variability) AR o 738

w =
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g 21 ﬁ % Hg M ey
Ei =)

(b)

Region Jordan Taiwan Thailand - south of Navarre (Spaln)
5 :
Climate Desert Subtropics Tropic - 3 tO 22% en.ergy loss in the case
_ — 1 Gromndin of fixed horizontal surfaces
) Ground in roof of building in 0 .
Site industrial zone | industrial zone | G€Velopment - 11to 8% energy loss in the case
— : — of tracking surfaces

Lowest Temp. 4C 11°C 21C . .

— - During dry periods, the losses

Temp. j6C 35C 35°C increased about 0.1-0.2% per
Rainfall Time | Nor. to Mar. Apr. to Sep. May. to Oct. day

Highest oem A 06em - daily rainfalls above 4-5mm

Rainfall

noticeably clean the modules
Energy loss 28% 4% 22%
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AE X EIRE AR

(US$/Wp)
100
19764 SOLAR PV MODULE
L COSTS HAVE FALLEN
RN 99% SINCE 1976
A
™ 80% SINCE 2008
10 Aﬁm 1998
ArahA
1988 LW ‘zAOBfA A 2008
S A
ABATHKeEFREEE):
1 p
- 1976 US$ 75/W (2 MW) 2014
Currem m=24.3%
. 20084 U$ 4.27/W (6.6 GW) Curren
« 2015 U$0.61/W (59 GW) Price
0,1 ! | \ | ‘ | ‘
1 10 100 1.000 10.000 100.000 1.000.000 10.000.000

Cumulative production (MW)

Note: Prices are in real (2014) USD. ‘Current price’ is $0.61/Wp
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3.24

2010 2015 2020 2025
® Module @ Inverter w Balance of plant mEPC = Other



RARIPRIEZENED - H1990FRAV70% - ERZSHIB0~90%

Specific Yield [KWh/ kW,

800 -

500 -

400

| wtesd a7 2010 PR=100% In the 1990's

B Typical PR ~70 %
B Widely ranging PR

2 values
..
e T
ol ¥ "_ ) 50% - Today
R ® Typical PR ~80-90 %

B Less variance in PR

800

200 1000 1100 1200 1300 1400 as compared to
Annual irradiation in module plane [kWh m= yr] 1990's
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2016 ERMFHRET] . REFEEEMRFHMRERER - ASEEW23.50

RFERZEKREBF52.2AR(164R) ; BINSEEIRTTE R EM &S FEE 8B 70 hlE
ANZW44.2M59 7R (174%) - 2 7 INSEFIRIRISEMN42.2 2 RISEREIEH]

BW6l.7aRE&ESEE (174K -

BRI Y HRLITB B (3002 % hREEEBEERARRLI~17TRAE

wol | &R |wn pg | BEES ) KH .

BB E | 12 - w13 ml4% m15% m16% =175 #METHAR : 1958~2016%F7H

g 1994 i 59.9

iR 1994 B35 68.6 10 1 9

g 2008 | 3= 58.6

Fi 2008 T 62.4 81

g 2015 | R 66.1 .

iR 2015 78 68.4 5

i 2016 5 4% 56.2 P

i 2016 1 b 57.2 33

£ | 1959 | g ik 4 62.1 , I . 2

& | 2005 | 4% 58.5 I

=i | 2005 2 64.9 o /M N | -

i 2010 PR L 58.4 O S S D R G

ch | 2016 | R o 57.2 A R A, i Ak
Sk | 2000 | Al | 784 e s - ;_f % ﬂ
SA S| 2006 | wef 60.1 oo fj
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(&R) 14 0-1.5 (m/s) <1 kgf /m? Eﬁﬁﬁ :

(#24,) 2 @ 1.6-3.3 (m/s) 1 kgf /m? 1. Hﬁ””{ﬂEEkgf/mZ?ﬁ%:?:N/mZ
(#R,) 3 -‘i 34-54 (mis) 1-3kgffm: (Pa) /\Kﬁj/\/(lo o
e cememe L STew | ) BHAIEC 61215MME IR ER

(HR) 5 @& 8.0-10.7 (m/s) 7-14 kgf /m? — = =
(%R ) 6 @ 10.8-13.8 (m/s) 14-23 kgf /m’ 'I—'E rE’I @jj EI% IEJZEZI-OOE?_ ;_}i l:j .
(%R) 7 & 13.9-17.1 (m/s) 23-35 kgf /m? 2400Pa ’ JJ:t;I{’&*%E"{E-[ﬁmnu%i@ ﬁﬁ?ﬁk—
_ 8 u 172207 (mis) | 35-52kgf /im’ E(Umform |Oad|ng)
t 9 @& 20.8-24.4 (m/s) 52-72 kgf /m’ 3 *F(JUEIEC 612151{}%%4%55 1—_f/EJ nﬂZnEﬁ’—“F
B 10 @ 245-28.4 (m/s) 72-97 kgf /m? M\EIH = 1‘}‘: %ﬁjﬁg;@] E*EEE' E

A 1 & 285-326 (mis) | 97-128 kgf /m? o e el EE —BE

., 12 @& 32.7-36.9 (m/s) 128-164 kgf /m? (J—_E }i J—_E /\_@) Ifl\ }:ifijE

1 13 % 37.0-41.4 (m/s) 164-206 kgf fm: 2400P3 EI:EI = = Z5400Pa

: :: i ;‘::;"‘;} zz:zfz:g:m 4. IEC 61215 m B AR EMUENER
" R —— RAEBEEEFIEN IR - FIFEEE

16 & 51.0-56.0 (m/s) 312-377 kgf /m”

[o]
17 & 56.1 -61.2 (m/s) 377-499 kgf /m? Jz

>17 @ ~61.2 (m/s) - 499 kof /m?
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q(z) = 0.06K(2)K,:[IV10(C)]? q(z) = 0.06E = [ x V2
LR AR e <
A EIB I A B (10 2 1 ith T2 (4 20)
;’%ZO)(%%Q;(“E;/%%(m/ S) LR GH(EEAS LB AR ES
K ()37 2 yEC R
K, T4 8 AR

(El'gjfj) Wy =CrXq(z) XAy X G Wy, =Cy Xq(z) XAy X G

KRBT A REREE Z K BIEE %

RIEBFINEN BB B BEas Cw=000+0.0090 (B

ANGE et Cw=0.71+0.0160 (FEIB)
(C¢=C,) 010°<0=30° 0:15°<0<45°
ST T Cw=0.95-0.0170 (R=E]R)
0:12°<0<27°
BEE“QEE%(G) <188 1&?&*@%@&*@@1&%%%4\18

B A3.1
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STC Power
1$ \ —+—geagradation curve shape
= a0 N
E 70 N
£ AN
£ = i
g 40 N
§ 20 -
10
[s]
o 10 20 30 40

duration of treatment/ h

PID (Potential Induced Degradation) il
AL 19

- 85°C - 85%RH -+ -1000 V - 96/M\I5(GE4E)
- IEC 62804

il
{ &1 L {3
L IRYE YA T R " Power loss 80%
<71 S 1&gl il
..'. B AP ‘-L- :
el A1 B (ESERE 25
i,_‘ bk = lr-H APE
WLRE (R
IA‘." :._ . 4 1 §
sl R e (e
el dle & ;I 4 :
PIDBIELERH PIDZELER R

Source: ITRI, GEL
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- B3R 2 A A4 (snail track) ~ Worm markszl B9 4L -

MBI R BRGTANEENTERR - LEZGE - AZFIEEA !

M. Kéntges et al., Naming of
snail tracks:

» Across the cell: snail track (a~I)

» Along cell edge: Framing (m)
« Start from cell interconnect

along the finger: Finger print (n)
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. EVATROREES 2 EIAL A B EME T Mechanical load
. TEMEH - EEEVARRSEERS -

% ’ E-I. j:[l] f‘EIJ ma 4: ,@I (STC pnw&rl,r;ilzicz'lc:a‘lz:] n:L?siE'::;,zElEi':I':nspectIm\ll
. BB REEVARSE - TR = T
EEAERE mason || wr
- B4AEANIRIBRRENE MR "zi {mfir: -
BE  wEEEEHE Light Soaking @1000W/m:

(Qpen circuit, 24 k)

. 4

5TC power, Electroluminiscence, Visual inspection

¥

DH 250 h HF
(I=5A) {short circuit)

-

a

Light Seaking @1000W/m?

(Qpen circuit, 24 k)

Final characterization
(STC power, Electreluminiscence, Visual inspection)




TR ZRE

EERRBPIDARMARITE “=

1 38 >~ 3 B85%E > {75542 ePIDR 4
2. AIST>+2015# #Japanese Journal of Applied Physics#p 7|2 £ - # 3
PIDY it 7 7 e L S BB FRIE > ¥ RSP 5~ e

PID:p| 2 echade ioan % p|2R T ¥ o

poAJISE K plE g it [ECH 2 Bt

JIS H 8502: 1999
Salt-mist Spray - Spray Rate: 1-2ml/h/80 cm®
35°,2h - Total Spray Duration: 240 h

- Total Spray Density: 15 -30g/100 cm’

(5% NaCl)

e .
Dry 120 Salt-mist Cycles
60°C /20~30%rh '
4h

Wet
50°C / >95%rh
2h

4y ik

V)
24
& §

i

A

n_\\
ETMRS -rﬂ

* pecte BRI

O 5PIDT # +5PIDH £ 42 W : it
735 PR S ¥ W WEPIDB R

O 7 #PIDT i ++#PID3 5 H 2 # & -
B TPIDR A i )R

O % +<PID 7 * +$PID4t 544 2 B -
TR S B2 EPIDR R

IEC61701: 2011 -sprayRate: 1-2 ml/h/80 cm?
X - Total Spray Duration: 64 h

Salt-mist Spray

- Total Spray Density: 4 -8 g/100 cm?

35°, 2h
(5% NacCl) 4 Salt-Tist Cycles

b !z E .w li g

Wet Dry @ /
40 °C / >90% rh 23 °C [ 40~55% rh |88 ‘ R
22 h 72h : l iz

|

x 8 (Severity: 6) = 32 Salt-mist Cycles

W T B A P
PID » 4 # i & @ % % PID:nA 7

iR 32
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