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AQUES 500 855-1130 |49-6.1 2060 - 2090 +90 to +140

A key number ; 450 ppm Target CO2 mitigation :85%

450 Scenario: Temperature increase <2 C

Typhoon
Climate Change Air Pollution
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BhOH R Table 6.2 = World electricity generation by source and scenario (TWh)
Figure 2.8 = Emissions intensity of global electricity generation in the
New Policies and 450 Scenarios New Policies Current Policies 450 Scenario
2025 2040 2025 2040
£ 600
z -85% Total 15 476 23 809 20 540 30 047 30886 42511 27 688 34 092
8“ =00 i"‘é'ﬁjja) Fossil fuels 10017 15830 17175 20243 19183 26246 14113 8108
* 400 R L Coal 6005 9707 9934 10787 11475 15305 7062 2518
e IR B AL , . ) _ . I
300 Gas 2753 5148 6514 8910 6957 10 361 6 466 5389
200 Oil 12539 1035 727 547 746 580 585 00
Muclear 2591 2535 3 405 4532 3315 3960 3685 6101
100 Hydro 2619 3854 4 887 6230 4817 5984 45934 6891
- 014 T —— - Other renewables 250 1483 4074 8041 3567 6320  489% 12992
2040 i
éﬁF HE Fossil fuels B65% 67% 58% 52% 62% 62% 51% 24%
Primary energy demand €O, amissions Coal 39% 41% 34% 28% 3% 36% 26% 7%
20 &5 50
‘:§ ° Gas 18% 22% 22% 23% 23% 24% 23% 16%
T 40
g - Qil 8% 4% 2% 1% 2% 1% 2% 1%
2 . 20405 FTIC | : : . )
- 14GtCO2 ﬁ“;}ﬁ Muclear 17% 11% 132% 12% 11% 9% 13% 18%
0
=] 2'_( . ﬂ‘.’{l4% Hydro 17% 16% 17% 16% 16% 14% 18% 20%
0 Other renewables 2% 5% 14% 21% 12% 15% 13% 38%
1590 2015 2040 1990 s 2040
= Current Poliches Scenario = New Policies Scenario == 450 Scenaric WE02016
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=L AIST Pros and Cons of RE

O Low emission
O Sustainable
O Resilient
Osafe

O Intermittency
O Uncertainty

O Costly
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ZCAIST Technical potential of RE sources

Current use Technlcal potentlal
Hydro (large) 2.800 TWh (1) 6.000 TWh (2),(2) (1) BP 2006
2 2

Hydro 4 TWh (4), 150-200 GW E;; ?:-\-23;01
(small&micro) 230 TWh (3) (“4) “]_E (.' 2 0'4(]
wind 0,5%global (6) | 126.000 TWh (7), (5) Martinor et al 2006

600 EJ (8) (6) TEA 2006b
Biomass 46 EJ (6) 250E) (8) (7) Archer and Jacobsen
Geothermal 2EJ(8) 2005
Solar thermal electric 630 GW in 2040 (9) ®) Johansson et al 2004
b 1 -

4700 GW in 2030 (10} ?R});’;‘fggfh“ a12003

e —
5 i A450.000 TWh (4),(11 T
Solar photolvoltaic [« @.(11) D (11)Renewables 2004
Ocean, wave energy 500 GW (4)
Ocean, marine currents 10 TWh (3)

Huge potential of solar PV
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Change : Start to happen
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COP21: Milestone for Energy Transformation

O Policy maker’s understanding

O World wide agreement (175 nations)
O Impacts of limit of 2C

O “Unburnable Carbon”

O Energy transformation

INDC ( Intended Nationally Determined Contribution)

o Figure 1=  National climate pledges submitted for COP21 and caverage in
At torms: of energy-related £0; emissions in 2013
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Limited Carbon Budget : Leading to company risk

AIST CO, Emission from Power Sector

Transport

(Thousand Mtoe) 20%

% 7%
w 7
Three steps forward for renewables in the New Policies Scenario:
a step-change in the 450 Scenario

WEO2016
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W Other g
B Buildings 18
O 1/5 of carbon reserves can be used Transport
B Indust 15
O CCS does not help so much "
W Power 12
) generation .
O Unburnable carbon increases stranded assets .
Unexpected company risk . '
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G.f% g
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" ‘:‘. § OECD Non-OECD
0 E 2
o i ;
U] p . . ape .
i @ ONon-OECD countries show significant increase
L
Year
: OPower generation is more pronounced
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AIST AIST
Figure 2.5 = Shares of global demand met by renewable energy in selected
sectors in the New Policies and 450 Scenarios Figure 2.6 = Evolution of the power generation mix in the 450 Scenario
Total demand 2014 2040 2040
Renewables New Policies Scenario 450 Scenario
Indirect renewables 2014 2040
il 23 800 TWh 34 100 TWh
- 60%
Electricity
(Thousand TWh) ﬂ . 75‘RE | 16%
Nuclear
M Hydro
5.0 6.1 53 Wind
Heat ' ' Solar PV
(Thousand Mtoe) - = 22% 67% Other renewable:
CCs
7 2 %
< 2 Unabated fossil
3.4 fuels
2.6 2.7

REDSB2E|APV
4E| AWind

The power sectoris transformed and almost decarbonised by 2040 in the 450 Scenario
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THEISRDI 7 @2014 . Carbon Pricing

Figure 10.1 = World share of renewable energy by sector and type, 2014 Figure 1.1 Selected carbon pricing schemes in place as of mid-2014

Maxico 5
Estonia 4 & Carbon tax
RE: 14% of energy supply, tore 1 & ot trading syt
9 i China* Sk
8% W/O biomass Furapean Union | 4
Mew Zealand | &

Power Uniited States, (California) | &
and heat RE Power 20% Korea @

Slowenia
0%
renewables

Geothermal 0.3%

trediand >
Canada** ¢ ¢
France | &

[T —
tapan*** | @

Orenty | O
Finkand**** G

switzedand | @

»

Countries puf o wide range of prices on carbon in different parfs of the energy sector

G

Y
\u

Buildings \ T | Industry** Transport .

12%* b 11.5% 3% Carbon prices 0~140 USD/tC0O2

renewables ,-"' wE renewables renewables

/
\ ',f’ 4'0—/\)L 14 Gt mitigation of CO2 400 bil.USD
4 BADHHEITHLY  30USDADTAXT 43k :ELHRLM?
Power is leading the transition to renewable energy: other sectors lag behind WEQ2016
unrmas ERETESWRR 17 urmas ERETESWHAR 18

Realistic Oil Crisis
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Saudi Arabian Policy
Proposed Energy Mix 2032
O Target decreased to 1/6 at 2030

O More realistic target

O 2020 target is 3.5 GW incl. all the RE

~ National
Transformation
Program 2020
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RE Technologies

RE Capacity

Installed capacity Additions: 2015-2030
6 180 GW 8800 GW 3 900 GW
100%
—N
. renewables
o W Solar PV
Wind
— T - W Hydro
0% S Nuclear
| Ol
20% Gas
I Cosl
2014 2030

RE Share : 60%

RE Share : ~¥30% ~50%
IEA WEO

HRRBOONNBAERRETRILF— (EXELTORSR)
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Share of Annual Renewable Energy

(Large Hydro is excluded)

RE TWh/y

EU | e
USA I Wind
China I N
Germany I
Spain NN
Japan 1IN Solar
Brazil I Biomass & Waste
India .
Canada HH
Russia 1
Norway |
0 50 100 150 200 250 300 350 400
B Wind ™ Biomass &Waste M Solar M Geothermal
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PV Technologies; Variety of materials (& ¥& & XF &)

. Mono c-Si 26.3% (BEFE&S)
Silicon
— Multi ¢-Si 21.3% (BFE&RSH)
Thin film Si 13.4% (stab.) (GEEESI)
Compound Monocrystalline (InGaP, InGaAs,Ge) (46%)
Semiconductors =
s (BL#5R) Cu(In. Ga)Se, (22.6%)
(LEM+EBE) | polycrystalline —[CdTe (22.1%)
(BREREE) CuZnSnS (12.6%)
Perovskite (22.1%)
Organic Thin film (solid) (11 %) Ef&
EBR) Dye-sensitized (12 %) B3IERE
Quantum effect Quantum dot, multi-quantum-well (8.6%)
EFFvh. SERFHE
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Efficiency (%)

Best Research-Cell Efficiencies
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Cell Efficiency

100%
S
= 300
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hot carrier | | | |
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“ters

0%

Single junction cell

Theoretical Limit (Sze)

(M. Green)

Wikipedia
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AIST Cumulative Capacity : Wind and Solar

Figure 23. Wind Power Global Capacity and Annual Additions, 2005-2015
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See endnote 1
for this section.
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Figure 15. Solar PV Global Capacity, by Country/Region, 2005-2015
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AIST Investment to RE

Figure 35. Global New Investment in Renewable Power and Fuels, Developed, Emerging and Developing Countries,

AIST

Figure 10.4 =

Average renewables investment as a share of GDP (2010-2014)
and renewable energy jobs in selected regions, 2015
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g Figure 2.5 Recent announced long-term remuneration contract prices for renewable power by date
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BHREET A0
Demonstration of ZEB
Shape of BIPV
~60 kW PV
KANEKA

The external appearance
with the super see-through modules
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T0% 20 Eurogean FVSEC, Barcebons, 2005,
K. Kinkimat sl (SHANF)
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Issues as a pillar of electricity
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Energy Portfolio (MIX)

* Base load + Peak load

Pumped hydro
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Grid Capacity

Actual peak output
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Figure 12.2 =

BARTZ1F T I

Electricity load prefile on a summer day and impact on hours

and velume of annual curtailment in the abzence of integration
measures in the United States in the 450 Scenario, 2040
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At high shares of wind and solar PV, integration measures are needed

to avoid significant amounis of curtailment
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2016FEMDFiEEE 8.7%~26%
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0I5FEBFICETARGAEBRIG N RAALER

E—ohvyrhR

WI6EEEFRAFERICETIREGAFKEHREN

BifT Bkw R34t thyE64t JLH ottit
BXEHEZE | 7007 9253 1643 16260
FH(A)

PVitiE 1 148.6(494.7) 361.2(598.5) 65.9(152.3) 509.8 (1093.2)
PVERTEE 928 1714 339 2641

H L3R (%) 16 (53.3) 21 (34.9) 19.4 (44.9) 19.3 (41.4)
HAALEER (%) | 2.1 3.9 4 3.1(6.7)

O EEOFEOREZVLAIADKEAH NZEE20 FRSREL, THI5HDFHEZ G N
ELTHHE > BRETLBRRBRERISRLULEOEAEZHEG

O 20145 E8E 4%, RKEELE = 6%LE > 6.7% (B
0145 DEBIZFED24E = 9.6%
O P—YEMEDTNIZEZET 2 E—I0OFThIZABROEZE?

B BkwW W3t thPE61t LM ottt
BRKEHEE |6293 6893 1455 16260

(8H)

PVitEE 566(494.7) 977(598.5) 283(152.3) 1826(1093.2)
PVERTEE 1228 2094 629 3951

H 3R (%) 46 (53.3) 47 (34.9) 45 (44.9) 46.2 (41.4)
HAGEE (%) |9 14.2 19.5 11.2 (6.7)
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2016 FEXEERRKEEZEHATIMNUDE—IEELF-T-,
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AIST

Monitoring is a key

Relative output from 10.06.2014 - 14:15 Sourec SMA

Daily Variation of PV Power
in Germany

22:30

18 GW

- .
.
0GW ﬂl 37 GW

Current PV Power in Germany™

23.8 GW

*projected current output of all PV plants
installed before 31.05.2014 vith a total

36.57 GW nominal ccording to the
German Federal Net
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AIST —DDEEREK : Integration

Monthly Production Solar and Wind

Monthly Production Solar and Wind

TWh
7.0
6.0
5.0
4.0
3.0
2.0
1.0

March I April May I June I July IAqgustl Sept. IOcmharl Nov. Dec.

73.8 TWh@2013 +8.3%
68.1 TWh@2012 14 % of total electricity

B The maximal sum of solar and wind production was 7.6 TWh in January
2012

B The minimal sum was 4.7 TWh in November 2012

January I February

Legend: wind Solar

Graph: B. Burger, Fraunhofer ISE; data: EEX Transparency Platform

16 -
“ Fraunhofer
ISE
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Figure 12.6 = Installed capacity of energy storage systems
in selected regions in the 450 Scenario

GW

300

200

100

= 100 2015
(]
2020
B 2030
75
W 2040
50
25
] .
World India United States European Union

Storage systems in the United States, Europe and India are
expected to almost double, with the biggest increase in India
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AIST Energy Storage

ENBRIM?
25 da
Li-lon Battery
O
=15
=
<
o) Ni-MH Battery .
§ 10} U /\\ ) Cost_ Down
X Pb Battery MCH
- A Current
173 5 |
S O NaS Electricity ’
Pumped O < 2030EBiE P
Hydro L ) 2030: H/Ik\;h . ‘mwx;q‘v)
0 -
0 0.05 0.1 05 ¢ 10 2.0
Energy Density (kwWh/kg)
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Lifetime Power Generation

P %
wer L 3“ EVA discoloring
LID 0.5-5% Glass ARdeg. / Delamination, cracked cell isolation
Pnominal L | <3%
<10%

PID

Diode failure
\ Cell interconnect breakage Corrosion of
- ; cell & interconnect
Contact failure j-box/ s
string interconnect 2
Glass breakage §
\ Loose frame <
= : . 11t : :I " > Time
Infant-failure Midlife-failure Wear-out-failure

(source :IEA report review of
failures of PV modules 2014)

TROECESRERTEIN? (FHVT—H)

% SUNTECH
AKBEARE BAEATHOHT2BERE REDER
QUels gl

SRTFLI0FEREE, =ELQEIL XS w /U DRIEIF10ETIEBRHYEE
b EDA—ILHARIHRZER25F ! LosYELEIRERENSHE
ITHELBZDLTRELEENENET,

WARRANTY TERMS AND CONDITIONS FOR Q-CELLS PHOTOVOLTAIC MODULES
* 10-year performance warranty for 90 % of the specified minimum power output ¢
25-year performance warranty for 80 % of the specified minimum power output

SHARP
EHAROLTHEDVEET0IZ, S AT LOFRIE

KIBEBMES1—/)LOHAIE ZRAHNOTRIE(AFRALD0%) DI0%ETE
105 RFELET .

unrmas ERETESWRR 59

urmas ERETESWHAR




% , T »“‘_ O Average failure rate 2.5%

manufacturers 0.3 ~ 6 %
O Statistical data required for
reasonable sampling numbers

Encapsulation

O Initial failure mainly J-BOX, glass
breakage, cell breakage,
delamination (not shown)

s —— (panel) Failure mechanism
d . . , I O Large deference among the

P O Higher failure rate for PCSs
. O 8 years’ wear-out failures occur on
glass breakage and interconnection
After K. Kato
7% 1 60%
O Annual failure rate of “system” Eiia
o
S O c¢-Si module well matured g™
% 205 2515 s
st O Thin film getting matured O PV module failure in 8 years R 10 10
10% 10% O Failure rate is 2% after ~ 10years (DeGraaff)
O Power loss > 20% occurs at a rate of 3% (Kato, AIST)
00 2006 2007 011
Crystalline technologies = Thin-film technologies = Both: ¢-5i and thin-film
IEA Report
61
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< AIST < AIST

ABARE (XIEER) OREHICETILARER

1\, * [T e
HRER EEERS BREHRT—AUIVRTL 14 RNFHRMH BRI TI005H
http://www.jikojoho.go.jp/ai_national/ FEHE(L10ppmTHDINF
12 HEEANDEL?
F—O—K K&k EvbE 283%
GE:RI—EHTHEHEZFINTOIOTEROHKITHER) TATVEHTEZDED

pryg 10
ES—LHLORERN 178 EL. BIRREEE g
L—T o . meS 2

E10FERZICIFDLKEDH
&I Z HATREE
(DR ?)

RIT=2>T42aThoOHEHE X el (EIFRC/NDEWLHEENBREERED) 6

RS (FLOY) 178 RFV=9H(ZF) 108, ov—T oft

FREDZUVEFE PVL-U0044 PVN-402(403. 405) SSI-TL4A0A2 (TL45A1) 4

B SORESR X 134 2

BESH ok (F—7—FB) 0 | [ .
2016 2015 2014 2013 2012 2011 2009 2008 2007 2006 2005

ID:8166 ABEHAFEEL AT LO/SRILNZIF Tz, A—H—IFEYFFFTLIEEEHYBHIELRDOTE W PCS I:Ell—)l/

BTRANES I REERLL
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REEERFITPVALHIIZER (BRAREBARKLUR)
ROERLTIRETS > FDIRIDOEKRKE
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Offit& i ELAELLY (SETHAZEDEIEM)
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)

Link with the future - £ %

BEIZKBEMTIE (INFINI)

MEMKEEN (BEHMER)
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O BARERATIS IR EIER

O8N 2EFRHEIN? BRZEHSIHMN?
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Thank you for your kind attention !
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