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PV efficiency development of each cell

Best Research-Cell Efficiencies 2iNREL

NATIONAL RENEWABLE ENERGY LABORATORY
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Global PV Growth(historical/forcast, BNEF)
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O But price is steadily decresing, due to toﬁ—tier cananies'exnansion race

<value chain, yearly price> < value chain, monthly price 2015,>
o silicon waper cell module silicon waper cell module
($/kg) ($/&) | ($/Watt) | ($/Watt) (S/kg) ($/%) (S/wW) (S/W)
11 | Jun 54.0 1.98 0.76 1.25 Jan | 19.16 0.868 0.317 0.614
)

yr | Dec 29.9 1.13 0.58 0.96 Feb | 19.01 0.846 0.310 0.601

12 | Jan 30.9 1.14 0.48 0.95
Mar | 18.04 0.835 0.304 0.591

yr Dec 15.5 0.81 0.34 0.66
Apr | 16.70 0.820 0.295 0.579

13 | Jan 18.0 0.86 0.36 0.67
May | 15.94 0.807 0.291 0.561 of

yr | Dec | 182 090 | 038 | 069 s
Jun | 15.48 0.804 0.300 0.550 n#EN&

14 | Jan 20.4 0.93 0.39 0.69
Jul | 15.40 0.807 0.307 0.548 il

yr Jul 211 0.86 0.33 0.63
Oct | 14.56 0.825 0.318 0.558

15 | Jan 19.2 0.87 0.32 0.61

yr | Jul 15.4 081 | 031 0.55 (PV Insights)




Renewable investment was 272.2 billions in 2014.

That would be 300 billions in this year

Global renewable & PV investment trend

Global renewables invesmentt trend
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In 2014, PV 145,3 billions, wind 102,1 billions
PV & wind has 91% share of total

A= : New Energy Finance

PV investment trend
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IN 2015, PV investment will be 160 billions



In 2014, wind power is already competitive.
PV price is decreasing, PV will be competitive with coal, gas in 2020(KoExim)

LCOE(Levelised Cost OF Energy) of energy sources. PV & wind system price

Electricity price according to resources PV & wind system price trend

20 1 4 (won/kWh)
. PV system price
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NEW ENERGY FINANCE

LEVELISED COST OF ELECTRICITY Bloomberg

Marine - wave = : @ 1037

Marine - tidal
STEG - LFR
STEG - parabolic trough
STEG - tower & heliostat
Wind - offshore
PV - thin film

PV - c-Si
PV - c-Si tracking
Biomass - anaerobic digestion
Biomass - gasification
Biomass - incineration
Municipal solid waste
Geothermal - binary plant
Wind - onshore
Small hydro
Large hydro
Landfill gas

Geothermal - flash plant

Natural gas CCGT

Coal fired

CHP

Nuclear

0 100 200 300 400 500
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Fossil technologies: W us B China " Europe ™ Australia

Note: LCOEs for coal and CCGTs in Europe and Australia assume a carbon price of $20/t. No carbon prices are assumed for Source: Bloomberg New Energy Finance
China and the US.

Michael Liebreich BNEF EMEA Summit, London, 12 October 2015 @MLiebreich



Recent announced long-term remuneration contract prices for renewable power
(e.g. preferred bidders, PPAs or FiTs) to be commissioned over 2015-19
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Canada

Germany Germany
USD 67-100/MWh USD 95/MWh

Egypt
USD 41-50/MWh

Turkey
USD 73/MWh

China
USD 80-721/MWh

USD 58/MWWh

India
USD 88-116/MWh

Jordan
UsD 61-77/MWh

Australia




WORLD MAP OF GLOBAL HORIZONTAL IRRADIATION GeoMagel

solargis

http://solargis.info

SolarGIS @ 2013 GeoModel Solar
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Global battery storage (GWh) and price (S/kWh)

2013-2014 market data; 2015 on @ProfRayWills forecast 22% price decline Update 11Augl5
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20135: Store <1 Minute of . - -
World Electricity Demand How Cheap Can Lithium-lon Batteries Get?
0.26 .'
: This is a future model of lithium-ion battery prices.
gl 2 Storage for 3 minutes of 2015 : :
cé 0.24 * gl ogal electricity d emand gzignfrfsl g;z;c]i";f:egost reduction of new battery storage per doubling of scale.
b= 0.22 » ® Costs do not include the cost of generating the elecitricity to store
° e
< 0.20 *.
o ®e
_E 0.18 ®
s 3 minhe
x> 0.16 ®e o
@ °,
% 0.14 ®e ~ 5
oo . o
L 012 1Bmin®* e, " Leary;
= ®
2 o0.10 oo, € Rate
] e, ®
£ 0.08 51 minutes ‘%o 4 =
[aa] ® g ® o
“ 0.06 3.4 hours ."'o....
[\J] LA
= 0.04 14 hours .= °¢
= 0.02 Ramez Naam (2015) http://rameznaam.com/ 1 day
' 2020? 2028? 20362
0.00
40,000 80,000 160,000 320,000 640,000 1,280,000 2,560,000 5,120,000 10,240,000 20,480,000 40,960,000 81,920,000

Cumulative Worldwide MWh of Batteries Deployed
® e eBattery LCOE per Kwh - 15% Learning Rate Battery LCOE per Kwh - 21% Learning Rate
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LITHIUM-ION EV BATTERY EXPERIENCE CURVE %J?,EH].EEEQ
COMPARED WITH SOLAR PV EXPERIENCE CURVE i
100 - . .
1976 A

£ A |
% Crystalline Si PV
2 module

- 10 - |
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= 1 4 U e
S | m-24 3%
g H12014 | ?
0 - Li-ion EV battery |
= o | | pack ~ m=21.6%

- 1 10 100 1,000 10,000 100,000 1, DDD 000 10, DDD 000
Cumulative production (MW, MWh)

Mote: Prices are in real (2014} USD. Source: Bloomberg Mew Energy Finance, Maycock, Battery Universiy, MIT

Michael Liebreich, New York, 14 April 2015 @MLiebreich #BNEF Summit



B cell cost [S/xWh] N pack cost [S/&Wh]
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Forecast for cost of lithium-ion batteries and resulting costs for stored electricity.
Data is provided by analysts from Avicenne and Winfried Hoffmann, who
presented the assessment to the EU PVSEC.
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— EMS, BMS, Inverter etc.
— Economic, reliability, environment (ERE) dispatch tools
— Energy arbitrage algorithms

« OJO|A 22| E A|EF2 2020 200 = £ 0f| AH=El (Navigant)
— Residential, commercial, Giga factory(Tesla)
— Integration and interoperability of systems
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(Source : SNE Research, 2012.11)
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