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Global wind

Global solar

Source: BP Statistical Review of World Energy 2018 1
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Global nuclear

Global wind

Global solar

Source: BP Statistical Review of World Energy 2018 2
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Global coal

Global nuclear

Global wind
Global solar
Source: BP Statistical Review of World Energy 2018 3
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38% of
global power
16% of
global power
Source: BP Statistical Review of World Energy 2018 4
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Japan’s Nationally Determined Contribution (NDC)

o Japan ratified the Paris Agreement on climate change on 8 November 2016
o Emissions reduction target of 26% below 2013 levels by 2030, or 18% below 1990
levels by 2030

Source: Japanese Government, “Submission of Japan’s Intended Nationally Determined Contribution (INDC)” 5
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18% more in
about 13

years

Source: National GHG Inventory of Japan (http://www.env.go.jp/pressf/files/en/784.pdf) 6
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Unit:
10,000kW

Source: Japan Ministry of Economy, Trade and Industry 7

Installed renewables capacity (excluding large hydro)

YoY Increase: 32%

YoY increase: 9%

YoY increase: 5% Solar PV
Wind

Small hydro
Geothermal

Biomass
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Estimated cost comparison: Japan vs. European markets
¥60.7

4

g %00

s K

= ¥19.6 France

¥8.3

o

2 ¥22.0

3 ¥20.0 Japan

%. ¥10.9 i:rmany

% ¥8.8 ':p:n
Source: Japan Ministry of Economy, Trade and Industry 8
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Estimated cost comparison: distribution across projects
Utility scale-solar (>2MW) estimated LCOE Onshore wind
No. of projects No. of projects

Total Total

Source: Japan Ministry of Economy, Trade and Industry 9
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Source: Created from media reports
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Source: Created from Kikko Network data

Japan’s dash to coal
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More than 50 countries decided for 100% LRI TS -HETIRE TOHH A
RE target
Denmark; Sweden; Costa Rica; Iceland; WHERZELZENTET L2
Cape Verde; Uganda; . L o s N

P I [ AN GE A A ¥ 0 I R
States/ Cities with 100% RE law: ThbrrtwnwHZ L, T/ [5H

California, Washington D.C. ) .
fEdHbTr /0y, T5C

Cities with 100% RE target e.g.: FIZEh. S-S CUERT

Barcelona; Masdar City; Munich; Downtown

Doha; Vancouver; Fukushima; San INF—ZMIBETEXSL | Ly 2
Francisco; Copenhagen; Sydney; Lyiv; ~ .
Washington DC ETT, EHC, [FHOZ AV

=3 = g fr s
Companies with 100% RE target e.g.: F—Y AT A LD BEAiIZTE
Google, Coca-Cola, Ikea, Walmart L L) ZELIEFHEINTHT

To bIBMWIREIa A 2L &

30100re.ne Hans-Josef Fell

https://coaht org/—/medwa/Fi\es/IRENA/Ccalmon—fér.—' . Member of German Parliament (1998-2013)
action/IRENA_ 100percentRE_2019.pdf

President of Energy Watch Group % %_) 7;: [ 0) '(:\j‘o j|§l\ Gi\ :- 0)%7&
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100% Renewables in Japan:
Most energy generation based on wind & solar

Hans-Josef Fell
Member of German Parliament (1998-2013)
President of Energy Watch Group
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100% Renewables in Japan:
Energy cost decline from 71€/MWh to 53€/MWh

Hans-Josef Fell
Member of German Parliament (1998-2013)
President of Energy Watch Group
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My 100% renewable energy house
since 1985

Building Materials: wood
Grass roof: carbon sink

Electricity
+ Summer: PV
« Winter: Cogeneration with
sunflower oil
Heating
Summer: Solar
Winter: Cogeneration +
woodstove in conservatory
Cars
Electric car
Biofuel car (sunflower oil)

Hans-Josef Fell
Member of German Parliament (1998-2013)
President of Energy Watch Group
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Hammelburger
Solarstromgesellschaft 1994

Worldwide first energy community to produce solar
electricity! Installed power: 15 kW.

From today’s view, this is very little...

But it was a revolution in 1994!

Hans-Josef Fell
Member of German Parliament (1998-2013)
President of Energy Watch Group
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Political support stimulates
renewable growth

ae Share of renewable electricity in Germany
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Source: Own compilation based on data from BMWi, AGEE-Stat, BEE, UBA Hans-Josef Fell
Member of German Parliament (1998-2013)
President of Energy Watch Group
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Renewable energy in the hands of citizens

Distribution of owners of installed capacity for

renewables-based electricity generation in Germany,
2016 Other

1.0% Big Four utilities
(E.ON, RWE,
EnBW &
Vattenfall)
5.4%

Individuals
31.5%

Commercial
13.4%

Source: Agentur flir Erneuerbare Energien e.V., trend:research, 12/2017

Hans-Josef Fell — MdB (1998-2013)

Prasident der Energy Watch Group
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Civic energy cooperatives increase in
Germany

In 3 years the amount of energy cooperatives
quadrupled in Germany

Source: Klaus Novy Institute, 2012
Y Hans-Josef Fell

Member of German Parliament (1998-2013)
President of Energy Watch Group
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ca. 1.600.000 kWh

AZ14F9
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Annual supply through RE:
ca. 7.600.000 kWh (2011)

7 Years ‘Energiewende’ in Grol3bardorf
Inhabitants financed it with a cooperative

weat
90°%

Annual electricity demand 2011:  Annual heat demand 2011

ca. 3.200.000 kWh
Annual supply through REN:
ca. 2.880.000 kWh (2011)

Hans-Josef Fell — MdB (1998-2013)
Prasident der Energy Watch Group
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Source: https://www.pv-magazine.de/2018/11/19/bloomberg-nef-
photovoltaik-und-windkraft-sind-die-kostenguenstigsten-

energiequellen-in-den-meisten-volkswirtschaften/
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Wind and Solar are now the cheapest
energy source

Data on electricity generation costs do not include support.

Hans-Josef Fell
Member of German Parliament (1998-2013)
President of Energy Watch Group
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Agro PV
Double yield: Double yield:
Solar electricity and corn Solar power and organic meat
Shadowing saves water! Species-appropriate husbandry!

Hans-Josef Fell
Member of German Parliament (1998-2013)
President of Energy Watch Group
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100% Electric bus fleet

All 16,000 public buses and 99% of taxis in
Shenzhen (pop: 12 mio.) drive on electric power

CO2 reduction:
135 mio to/a

But: Electricity should
be based on 100%
renewables!

Hans-Josef Fell

Member of German Parliament (1998-2013)
President of Energy Watch Group
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Renewable Energy in Trade Wars

—Solar Power in South Korea’s Energy Mix and the Impact of Protectionism

kb HERE

Va—vU e AR (EE) ERIR

June Park L L 3, B, BEICH ST A B OKFTEREBIAF O
LilgRE L TwIE T, AR BOE. T YV b Y TRELLIER— N — DR
BUCH> TBRix S8 TW22EF 9, FAFINF T, SCHER - BEIRHHO E
T, ZLCHATRIAVF—OBORZBISR L TIZELTEVD LA, 2L
THHW R AR BRTEF L2 Ll PS5 H, HEFICBRE LT AH1IC
HLEFTBE72vold, FISHETEET AL F =120 L TEABIZBO) L Tw
O TIIRLTEVE V) ZETT, AAEH, BifiL Lovwold, @bz
BRET DI ENODICEETH L0 E W) T ETY, BEIZZDOBK DI
FHiExHEZ TWwD E-ES DOTY,

1. 7Y FF Yy rE—TH—F

ZFZTC 9 BB L LV OE, AR AV F—EORZ IS
WEABOROM S OB T 5 2 EDPEELZONPE V) ZETT,

BOH LTI PO HIH LT, o2 ZHMHLE T,

I, [Ty Fy ¥y ] T, @MU T OMEER. 2 F ) BEE O
k& LA T Oflifg Tt x L72HA T3 /2. BUFPBI&EE* LT, HET 5
MO L) BENMIEEZHET A LD T v F T LT TT,

RiZ [2=TH—=F] TI. ZHLLIGHEOREEZIREST 25T Wt
M5 HEOWHIZEMDPAS> TL DI LT, HEDEMESFSLZETT, &
DZODFEDOERZHZ TBWTLZE 0,

TlE, REICADET, V=5 —F27 /0TI —0%L v Tk, hEDNZ
LEOHRITHEATHE T, T, BEMNICKE ZilIE, REL KE, 797,

ARTORER N A X

K|



¥ 62H SGRA 7#4—5 L AR AV F =SR2 2 B ? ——AHA 2B FE “An Inconvenient Truth” %8 2T

WTTA, BEBTY =9 —TAVF—DFEHANRDEA TV L DONHETT,
HEH IS RBIBRE R BIASO02H D . FFEFICI TLHRB LTV Lwnwbh
TwET, o, REBEMFIE. ZROPEEE. 29 LIZKBEERERY —F—
PRV L TRBEL TV E T,

CTHLD LI, NEOBERIZIIRE RS EANDH ) T L72hS KEE HE
DOE DR EE 5 BHEEITP T, ZORB®F T, KEOEL—TF— F
HED. RWIEB I N0, PEEEROY —F =SR2 VIS AL —T
H—=FREo7DTY, 7272, L Tldaovold, PEIZTIESHE. i
AR ANV F—EORZHEE Ll T E T L. V=T = SR IVEEIXZ ORI
BUCHDBENH T ETT,

) LMRDOY —F =3 p Vg, BEEREOHN T, ZRREDOY —F =3
ANDY—TH— FPHEEOREE R LD TL &9 He BAMICIZ, EEO Y —
=S8R NVDEFE, HHVIZIHIZED L) BHERHLDTL &) Ho LR
BfFAYS, 7 2 LT 5 Renewable Energy 2030 Bsfid, #ED X — % —
WXL TR IS LEE S L BbNEDTT,

2. TAYVIDE—T Hh—FE&
HEDOTZANVF— - YL U=
TIPS, TAVIDOE—T7H—F, HEDODZANVF—Iv 7 A, TR
F—O M) L=, HNDY —F —EENOZEZRBIL - LT, REICBORO
SRR L7zwERWE T, 7 A A0 —7 5 — FidEARMIz, hE, LT
EDYy—F—ntnVaey—4ry b LTwELZ (A4 K1),

U.S. Safeguard (Sec. 201) on
Chinese and South Korean Solar PVs

1OdIY |23 vuDs

Source: U.S. Energy Information Agency (EIA)

AZ4 K1

I 30 © 2019 SGRA



BENENPOBERREI RN ——BENDI XL —3I vy VR EREIEDA /T b A dEfE

AZA K2

© 2019 SGRA

L LD, ZHUKENOAMRE, £ L CRBETH2TTldz <, BE
BBV THRMEPAEL720TY, ZORED—7 7 — FAEHINL &, i
TP B 572012, KENZEE§ 2 RME»H ) £9. —F, BERHET
W ENIBI S Z A THIR L T E 9725, mEBIFICIE S SI2iEz L LTt
PLED VI EENDH D, HEWFDTRT 2 THEMED S > TV E T,

29 L-EBE BB O T, SEHBMEOFE T AL F—BORIZIE, ML
Y ROWH GG 2 N—A L L7ZBORMEEDSE ) 2V T3, #ide LT, BE
DV —F =3IV EHEEOWEA OO L TLE>TWADTT (ATF4 F2),

TAV DY =77 — Fid—EDOFEZBERO LB L ORICERS I E L72A%
FDA 7 MEmEEEEICER LTV E T, FLCEE S PEIZWTO IR
B LVTZ LD TYA, TOMRIEIENTVEREA,

—Ji T KEOGED BMFE L 2T uEe ) A PEL HEE O/ SRV HKE
THEEELTWEDTY, KEDG| S X B L2 TN H 52 L b
EEINFET, — KT E=7H—=FICL) V=5 =83 TR EN G &
NBEWZELIZID, TAVIDOY—F— XA NVOEBIIKE LEENHR TN LD
DHEFETT,

BWT, fHICREOIZANTF —I v 7 AL A NVF—D M) L r=ilfiling:
WERBWEF, FIZ, TV ZANF— - VT VLAPRH L TR ETE
N=Z2IZ L5, AEEBMEOHAETNRI ANV F—BERICEH L TBiEL Low
EHwET (RF14F3),

BRI T ANV F—HZ LML 2 TR LRV, ZOHMIEE) b H Y
T A 4F TEENX 19702 SR F B LG £ L7225, BB
BUORZ BT 2 CAERBHEE, T 513 %5 _XENS 2 L% TRV F—B

ARTORER N A X

B



1OdIY |23 vuDs

B

$#62E SGRA 7x—7.4 IREENN S i S r L R

AHBA 72 EFE “An Inconvenient Truth” % 2T

Figure 2. Energy Sustainability Balance and Energy Trilemma Index Rankings — South Korea

Security

ENERGY SUSTAINABILITY BALANCE ENERGY TRILEMMA INDEX RANKINGS
South Korea South Korea

2011 2012 2013 2014 2015

Energy Performance 73 72 85 70 78

Energy Security 92 89 103 98 101

Social Equity 39 32 49 25 20

Environmental Impact Mitigation 81 86 85 85 94

Contextual Performance 22 21 16 22 22

Political Strength 41 41 37 40 40

Societal Strength 27 26 26 31 32

Economic Strength 12 11 9 13 14

Cost Overall Rank 55 54 64 55 54

Sustainability

Copyright: World Energy Council 2018
Source: Ministry of Trade, Industry and Energy (MOTIE) / https://trilemma.worldenergy.org/#!/country-profile?country=Korea%20
(Republic)&year=2018 / https://trilemma.worldenergy.org/reports/countryProfile/2018/Korea%20(Republic).pdf
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TOP 5 COUNTRIES 2017

Source:REN21,RENEWABLES 2018 GLOBAL STATUS REPORT
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Feed-in tariffs 8 The 12t Five- 13th Distributed
year Plan Electricity energy

Development participated in
Five Year Plan market
trading.
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The Below 2 ° C scenario goes further in the reduction of CO2
emissions to support achievement of the Paris agreement goals.

Source: The China Renewable Energy Outlook 2018 (CREO 2018)
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Development in air pollution in the two scenarios

Source: The China Renewable Energy Outlook 2018 (CREO 2018)

The Stated Policies scenario assumes full and vigorous implementation of the current and stated policies for the energy sector as expressed in
the 13th Five-Year Plan and the 19th Party Congress.
The Below 2 ° C scenario goes further in the reduction of CO2 emissions to support achievement of the Paris agreement goals.

A4 K10 KRBROYE

* Coal and oil reduction measures

Keep coal reduction as a key priority via strict controls
Stop new coal-fired power plants now
Reduction of coal use in industry by sectoral rebalancing and electrification

Stop growth in oil consumption by encouraging ambitious deployment of EVs in the
transport sector

Ensure a sufficiently high cost on CO2 emissions, also in the short run

* Raise deployment of renewable energy

Clear guidance for power system development
Remove barriers for distributed generation and offshore wind
Gradually shift the subsidy system to avoid stop-go situations

A4 K11 RIEREDRSE
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FRATT e A F = AR & AR -2

AHRA 729 “An Inconvenient Truth” % 8 2 C

5. R4 Ll BNH

L#EOT4 A==V F (AFA4 F12) k., HETHVAVALERNH D
T3, fAld, HE T, TENUIHAWEZ AL F -2 EHAKETHH) L) 7o
V7 bERATHET,

Fibes AIEH EB0ETRLS RN T, RKOZANF I, L)
TR, KI72FTE%R L KREO LD RiFd 55 b DI
BDTY o ROLANF =z LT RIFIUIITERA,

UETY, L) TEF L7,

Shanghai Disneyland, Shanghai

Components:

® Gas generators: 10 units

@® Lithium bromide absorption chillers: 5 units
® Centrifugal chillers: 4 units

® Gas-based water boilers: 3 units

( J

( J

Thermal water storage
Rooftop Solar PV :  60KW

Achieved:
Electricity: 112 GWh per year
Cooling services: 399 000 GJ (253 000 Gl is
from waste heat)
Heating services: 153 000 GJ (98900 GJ is
from waste heat)
Compressed air: 413.8 million cubic metres
The system-wide energy efficiency: 85.9%

2514 K9 LEBDTAAZ—5V FBEIXRIVE—DEA
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| | Y4 Tk 3

R B LEL O FTHEOELZ A TAHAET (AF4F1),

S D ASRAER, WMRITBEE L, BoETLL, R LD, KRIZIEZEAY
HCO, TL7zo Filt, WEDRELZDT, HAAOMEIFAELET. ETOmKRER
KFE HEVIEE, TREBLLZRETHFEL TV DO TT, 4005 32M
ﬁﬁuk%’—iﬁ#%@b\ ZND OB TCO,Z O, ICEWMT LI LNTESL LD
2% ) F L7ze STHAI2MEERD O 2044E01. 10MFER £ Thex. BRELXED
B, CO,DMRED > TWo DT, TNHA—KRUN72F 0, Thibh

_ ation ?
Why Low—carbonization Future

4.5 billion 3.2 billion 200years ago
years ago years ago . ~present

co, .
0, Which
PS ° h? Escaping
O Earth?
ligh
Oxidization occur Blue algae Industralization
under hlgh emerge 02+C_’COQ
temperature and C0,—0,+C
pressure
O, in the air resulting from photosynthesis Maintain status
—Calculating the amount of O, in the atmosphere will quo thru
determine the reserve of C renewable energy
400 X 1012t

Total amount of fossil fuel currently found
10X 102t No worries for the fuel depletion at this
moment
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AHBA 72 EFE “An Inconvenient Truth” % 2T

BRI D L7z 2L T 425 2004EANCEEEGLB I 0, AR
BEEELAINF—L LTE) TEE2FAZDOTY . oLk Ehiz L8
EINTWENEVWNTETE, SORAFDODBENTRTOLERICEILbDLT
ME RFEIZ4A 10" M v ERBEONTE T, BUE. AR LR
BEIZF1IXx10®°rrHsrEaNTVETH, EZZ040L EOMERTD 5
HIFTY,

2F), HWERIEINED) TW2OTTH, MEXINTIEH D T AL 200
ERNALARE 2D X9 1o T, SIEHIEARE TWEDTT, T2
5. ZOHRALABE OB IUTKRGIE E 72 COTRD £9, 2D L X 13HER
PHRITLLPRNTT R b ) =20, CO, Z PN LA & i
BT, BAETREIAVE-THI ZETT, 2HThE Pl 505k
AR CE A LEDNTVET, Th, EBICRIERE~NOEHRE VI DIEH T
DWBEZEZ DB RIS VATT R, BEICVWLWALEVWSTHE R
N5%GEF-oTH, MELFETT, TINLEE, BELE-TBELVHLA%R
HINVERLANEDHFENVEHTETFHA, ~FHELREFRN—T 3 ViFTA b
LoRERVET, SHIEZTA MIOWVTWAWVATHRTAT LD T, ZDif
BLIzwERWwEF,

2. KBEEa A +oilH

ZEIZL7z0E, NEFERTFHDEBRFEEIA MRGET—F > 7 7V —T (W
GIZEAZANTF—FICOWTOIAMFHHRTT (AF74K2) THIHEST
BBEELT, THIV)EF VIS EE L, EBEORRIZE D) LOh v
D% - BGEL TA W EBWwE 5,

How was the cost of energy estimated?2%: REHEF HZAXFEBIAMREWG

(Power generation cost verification committee (PCVC))

Energy cost (JPY/kWh) (For a residential 4kW 2014 model plant)
_ (Dcapital cost + @maintaning cost + @fuel cost + @social cost(JPY)
- (®Amount of energy generation (kWh)
_ (D1456k +1456k x5%x 0.55+ @14.4k x20x 0.744 + 30 + @0
(D4ﬂ5x20xaiﬂﬂkﬁ@£:::lFxmrd

isc0u51t rate

=¥239.2k/kWh(capital cost) + ¥34.2k/kWh(maintainin?g cost

(Dcapital cost Lifetime of PV, Tpy:

Construction + Disposal 20 year in 2014 model plant,

@Maintaining cost 30 year in 2030 model plant.
~1% of construction cost in PCVC

QFuel cost =0
@social cost

Promotion, Safety measure, Pollution, ...
®Amount of energy generation

AZAF2
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IANVF =D A M, . BEEIA N HHFFa 2 b B2, A
TANE, BELZZANVF—ORBETHLZLIZE>THONE T, BEITA
MEIKBEBEBOBEAIZ0TY, #4532 X MIKBEEBOYETIE, 4IEFIT (F
SEAMAG HICHIEE) kA - R EAH ) 9725 FRMIZIZ0OCARD F9. £
NHhLEGIRDANLILESHY T, CAOZFHELET L, T X b
¥239.2k/kWh, T A FH3¥34.2k/kWh T,

FNTZ DGR 5EFICOVTHMALE T, AKWDOPV ¥ A7 A DAER
AV F =S 4205k Wh 2 PV AR 204 2 000 T S HIZHTI50.744 %
PFLDICRY 9. FFEMIT R F—584: 8 4205kWh T3 A% NEDO @
HE@EO7—& THAED 22 & HTE 9% FEBITIE, BERMWICH S 5 il
FHFEFcEWIRFZMS>TRDET, flzIF4Fu Ty FOY AT LTI,
BEERR LT ANV F =234 35 LT FER ANV F—AERIZ4kW D
J% 1 H24WH 2T 5365 HE 2 ) 3755 2 IR Fe=012 % 2t h
L EM T AV F —FA R 4205k Wh 23 S F 9

TBDOT—F 2 77N —THa A FEHRICHEH L7z Feld 012 T3 25, FERIC
BOE T Feld RK015TH A 2 &b hroTwET, THITMAZ TREEBO
FHird, 304EE LI O2oH Y T3,

FTHRBOT—F 2 T TN —THPRFELIZ20144E L 20304FD T A 32T H S
W% Ed (AF4 F3)o BFIDKREI0M /kWh, FirKITAS12 1 /kWh,

REFRRFHEESHREIAMRIWG

(Power generation cost verification committee (PCVC))

Energy cost at 2014

Q/’é {\\‘QI ;'\\(Q' K\kz (\"\ \?}\
e\)b 0’} &0 %§°0 @Q\/b f',,\bé\
¢ 4\&@\&
] B .
Power cost at 2030 (prediction)
IS D
CRC L&
S¢S §$% &
F & &
T
What is the immediate power cost now at 2019?
AT714K3

© 2019 SGRA
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Review site 1

http://standard-project.net/solar/ review site (Residential, <10kW)

Actual PV market price in JP (2019)

Price information picked out from

Review site 2
http://kakaku.com

—

200k ¥/ky

PV price is dropping drastically in
reecentyears, and is 200k ¥/kW at 2019

1OdIY |23 vuDs

AZA K4

Ii

LNGK2514H /kWhy AV ) KI3H336 H /kWh, KFEEO X 775~ b
A324 M /kWh, FEKHEEMAT29M /kWh T3, 20304E TIXAMEMmIZS XY
MK BoTwET,

TIE4, 20194E W OHIRIZ &) e DHh P FEEIZ KR A&
20144ED SN %) FTHA->TWET, 20144E0 5 20194FEHAET To, flitka 2T
BRIy I F =3 2 NENT L TR TS 7RI HLTT(XA54 K4),
20194FBIFECld, KB EMGE L 1kW 720 20T FICEFTFA->TwE L
720 STHUZHTR T —F ¥ 77— T TFH L 72 2030 4E DA D 258k¥/kW L
HIL o TVBDTT,

T =% V77N —TTHL NI 20145 O KB B OMiIR. Fdr, B flH =
ML CEIE LT A M e, S HICEBOBRMAHZEFC0.15% b K L CEt
BLIZIAMNEATA RBIWRLEZTZ I 7B ET, T—=F 77NV —=TH
AL 72201445 0 3 A2 b H727.3%/kWh. 20304E72515.3¥/kWh Td > 72012
xt LTy 20194F D EB kg % fli > T, GRAAIHZEFc 2 012& LCRHET 5 &,
Fa 3204, 254E, 304E & LA Tl N2 N165¥%/kWh, 14.6¥/kWh,
133¥/kWh & %2 ) 97, HICEEMAHZEFc %015 & 3UE, Fads204E, 25
L 304 & LA TIEENZEN132¥%/kWh, 11.7¥/kWh. 10.7¥/kWh &7 D

© 2019 SGRA
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Cost of residential PV system in JP (¥/kWh)
Calculated with reference to N EIIFEREMEE - REIX MAE Y —+
System price (¥/kW)
364k ¥/kW 258k ¥/kW 200k ¥/kW | 200k ¥/kW
2014 actual | 2030 predict | 2019 actual | 2019 actual
Fc=12% Fc=12% Fc=12% Fc=15%
Lifetime |20 27.3 19.5 16.5 13.2
Tpv 25 17.0 14.6 11.7
(year)
30 15.3 13.3 10.7
Red: PCYC’s estimation
Power cost at 2030 (predictio
> @ o & g %\
§i§§$ §§f§§
APYLPXSGRQA’ QA\ QA\ 5
AZA4 K5

F9, Evny) 2 lid, EBIREEEBBOBEIA FIDITVY) Y EDIEEHMIC
BTy RBLNGEZARIEDLL LR WEIZZ>TWLE W) Z b F
R

3. TR KR EBIIENS HDWE TIPSR ?

Tld. GBI HICKBEEBBOKEIA MIENTSVWTFRLTL &9 2%
BBIAA DN FIFH0D_207 775 =0HVFET (AF54FK6), —D
R EHBEOIERIC X BT b9 —2Id A4 2 X—2 3 VT X B EMWEFED
FEHTT. THELITRTOL, Bl AEBE T, MEIDE Y 2 — L Otk T
o TOXHIZ, Swanson's Law £\ D23H D F LT, AEBBEI 2512755
&L ilifgEAI80/8—t ¥ M b EWHFEAINGO L ARV LTWET, Th
WZHED & SBRL TR ET. 2O TERRIIEZ T TENLDTT,
) 3 VFEMETT S B BRORBEERIZE )W) Zehbnd L,
THIVINDHLVNALRRESOMEZF UHEOMTHE R 2 IZHIZ 5 Z DT
EFT (RATAF7)e ITHENMZLDOEFRTET R, KEWRDOIEMIC

© 2019 SGRA
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There are 2 forces push down the PV cost
1. Increment of production scale
2. Progress on efficiency (Innovation)
Price v.s. production scale Progress on efficiency

o
s,
lad
E;.
= APYLP x SGRA 6
z .
= AZ1FK6
.—]

Single-junction & Multi-junction cell

L |
> &<
1-Junction _ T
® . -

Single medium mesh net :
*Cannot capture small fishes
*Larger water resistance—>hard to capture hi-speed large fishes

Low efficiency !!

Present commercial Si solar cell is 1-Junction cell

3-Junctions

Efficiency will be boosted to a much higher value if 2 or 3 junctions
are applied to recent Si cells

AZA K7

APYLP x SGRA 7

© 2019 SGRA
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ADEWBDSEL B0 T, WHOZ IV F 2L 54, BEFMIITO
T, BT LIREL 2R WDITTT, 5. ¥V I UAORIOMEZMAZ %2
WX oT ST ENBWREESY D ) T3, FEERIICIIMESEIC BB &
V) I 2 FEER D T E T, BEERIIA LB 5D 15ED 30/ 8-t~
MEEEIC R B E VTS,

K EMOLERBERAZ0/8—1 ~ M b & LT, FHar304E, Sl %
Fc015CTRMET 5 & ¥ A7 AMEMEABUE & AR D& TRELEET R M
10.7%/kWh %5 71¥/kWh 2 E TEIBIC T A5 2 E2%b2 ) £,

4. KEesgEOHE

KEHOFBEIA FARIBDO TR BY )BT el E L7 LLE
N2 TIERGHEEIE L L FEA TEHREIZRICH? LEEELEDE
WENF LI ALELEV) T LAY 7 TH,

A4 F8IFIMD20184E5H27H (H) &£28H (H) OFEOHNRTT,
CO7V—=PRFITT, IWNTREFIFEERIBEEH L THETDOT, —ED
NI —TIZANF=DFELTVE T, HEITKIEET, HOIKEEBEE

Electricity Generation & Demand in Kyusyu 5/27-5/28, 2018

https://isep-energychart.com https://tenki.jp/
5/27 SUN, “8°
5/27 SUN, “®- 5/28 MON, “T
5/28 MON, "™

The most issue of PV is its uncertainty

Solutions: ¢ Power storage

* Networking

e Backup power plant

YLP x SGRA 8

AZ1K8

© 2019 SGRA
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W) F9, 27THIMKH T, 2% ) OO HTLAz, —HT28HIZFHTY
W FEMOHTL . NP EBEOTRE T, HEHIX, HEIPZWVIZD
Mbo3, KEEEERIEFIIZLS EoTwET, BHYATLoTWIHD
R b LR E R E L RO TS, iS00l ET
BHEMDLNEWVITRVOTT, KNEBIEIZEILZVONE V) &, Ik
DbHE, WL EIF5 L ZICEPEL LDLDTT, TIND, IEOLWTHR
INBOFEEFET 2V EWTEEA N 7Yy FEERF LX) IS, PRSI
—ED/8T =TI Lkl 2 DA —FNRM L2 DTS, TIEHRHIZRS 728
FEIfliotart v b, —DIRTDOREBTRENTHKIEETT, &) —>
3. COHRTRINIRHEERE T, MoMIRIZTHE Y ALbIFTTh, 2Ok
KB HEHRBIANRELEOMENDH B DT ZOKEIEREBEOALEN 2%
BLCENYATLZEE LA, oL & KEEBIIENZETR2VO
Ty FEGIINEPNEL CTOENy 7 Ty TORNEBEZHE IS TEDL XS %215
RN FET, TH, WRPRYVOHDZDIZRITKDBEEZHRLTBLDT
. PR NIEEOREIA MIETLEL o TLE > THRIEEKROIE
IZ M EELLTLEVET, TIASH, SHFEHRTT, 9 —2F%k v b
T—=F 7RI —=ZA L =Y (FE) TF LeLAy FT—=F07H, L
NL7O2EEREPEVDLELHVH/LIOTT NS, TOREIHET V7T
THELHZBBRED L 512, Z2VIKREICTL20D RV BWETI, XTH
FELLLTETETTL2OTHNIEEL V) FREZEZ LVEVTRLLD
9,
TERIITIZKDFEED —EmlAANT, KEEBEZEEL T, BHFECH
HDETHBEL T OP—FRVWE B VTS, TI2»H, HEEAMIIIEFICE
P TEFETH, Kty 7 R3EBROIR M EHFGEHETT,

5. WLBINOBIRE KRBT L
BB &M A T DELIED
KBEFEA T A 1

C 2RO OKRGBEMDOEE T LEOBEMIH ) T3, —FLL TR
BETT (X594 F9), NASEM->TWIDLRHY 3, &, TR,
LR, PIZIE80/5—t v 2L, BHOIAMI80/—t > bExHE SN
EWIT v, 6, I A MPHERLET,

NEDO (= A v ¥ —EEHMAR G HIERRE) ou—Fxy 72l L,
20204 F TIC KRB Z 23 M /kWhiZT 2 HESV.TOHRTWET (A5 4
F10)o EBRIZSDEAKEEDO T A MZ23)7H/kWhTY, HEZ A5 &, 17
T /kWh & 7 ) BsAIAATZKPI (Key Performance Indicator « B ZE3EH5EF
lifEHE) 2R ELTCVE T, EBRIIZEZTITERLTWEREDL X o & 0Hh
D FEEAo
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Feasibility of power storage system for PV
Important parameter of power storage devices (long term storage)

@ Cost, @ Lifetime, @Efficiency

FH24ETA BEELE STOBKIOVII SE TR

ESAE R ? (www.electricitystorage.org), H. lbrahim et al.
Renewable and Sustainable Energy Reviews12(2008)12218x &

ASA4F9

“REMBEMBEFE O — K~ v 72013 (NEDO)

China

Cost of pumped hydro: ¥23000/kWh  APYLP xSGRA

10

AZ14 K10

© 2019 SGRA
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Price of battery will saturate at around $150/kWh? (¥17k/kWh)

Actual and predicted cost of battery packs

Rapidly falling costs of battery packs for electric vehicles
Bjorn Nykvist & Mans Nilsson, Nature Climate Change volume 5, pages 329-332 (2015)

AZAF 1N

LZEIZA MO EADL EHIEO T Z MIF6HH /KWh, FFRICIZARED
HELTWRLTHHOBHEECE LA 20D T (X714 F11),

INHLEBIAXAMEERICHELTATT (AF4 F12), KB EOIER)
Fix, 20%. 25%. 0% TENTNFHLTVWET, FEI A ML, LBlIEM
I L7z teslatt® 6 T /kWh T X 10D IR L, 2377 /kWh THavid
205 E DR, 1707 /kWh THIE 200k, HITK L KRIEED 23771/
kWh THa304E, OFEITOVWT, EEINKEBEEO T A MOV TEF
L L7z, ZREEHIKFEEOFENRIZENENI0/S—t ¥ M L8O/ —
e LFE L7 BOLFENRET V) VKB VKV R N EHT D5
HFOXFEPFEICING L D 3E T A V2T LEMERD T3, KEEBOE
RN AI25% 2 EASY . AOoFEEI A 23 M /KWhIZTFANUE, HES N
7o KBEHE I A MEZLNG & ) v Wy RERESNE L7,

6. LB

CHDEHNT, KBEEEEIA MIMEARE IV R THILATEL L%
RLELZ. L2 LEEHAEZRANVEF—ORLESIZHY, Thr kit b7,

© 2019 SGRA
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Energy cost of residential PV system with power storage added
Standard conditions for calculating:
PV system price = ¥200k/kW, T,y=30 year, F.=15%
Battery capacity = 4kWh/kW PV, efficiency = 90%, Tyayer,=20 year,
maintenance cost =0

Energy cost of residential PV system in JP (¥/kWh)

Cost of power storage Cost of pumped hydro
(¥/kWh) (¥/kWh)
60k(tesla) 23k 17k 23k, ©>30years
t=10years | 1=20 =20
nofPV | 20 36.1 17.0 15.7 17.9
(%) 25| 289 136 | 125 143
30 24.1 11.3 10.4 11.9

Green: <Gasoline fire (¥32.1/kWh at 2020)

Blue: <LNG fire (¥13.9/kWh at 2020)
F ZREMBEEHEILO% & L. %*%%%%;}JT $80% & L. BEMEEZCpICRRT B LT
EMMICEH L7z, 30EDOKBERED IS L T REBHEDIL10E F 7215205 & L,’CL\Z)?“

2EEAIFIEOEREZ B & L, BEBEIZEB|REEEL, ﬁh\+o7ﬁ¢*ﬁ(iﬁ%ﬁi UH&EL
7=o HBARBICE L TIEHHId 7% < Bl ITy230RWHECRAT: 12

AZA4 K12

&

IEELAMEMAGDELLENDH Y . D720, KEEiEEa X M
I A N ROTRENR2ZE LT A M EREEINE T, RIS
A ME23TM/KWhIZTFIF2 2 e TENL, Hm2BFEOFERM % b
ZR LKt ED 3 A MI136 /kWh & 7% ). LNG KJJ 3 D 2020 4F D
FHaZAFBIMH/EWh& D L TELZEDTFHMINE T, £ FTHUIHE
IANVF—HINIBAEDO LA NV F— K2 LS ELWRIEFHNTT, TIh
ST, BUED Z BN DERMTOTME 2o T0E T, NHOIN L TONE
WTH2U7WRE 72X )12, Z O TBARICHHI 2588 £ 721 3B BEAHTE
MshaZe3tokRI)2ET. fETAVF -2 TR AN F— L5 LR
BPERIDECELPL LNEEA, UETHEERZKDLETWZEET, b

DAL ) TIFE L7

X

I

-
b
!

C
a
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I =g 4 —\TJ—=¢

RN AEDOY 1 Va v

12 T K

A SRk R

75 O, LIEEDSDIETTOFHICHANDL &, (oku—Abie, )
TVRECRY) . $72. ZOHCKRICBIEATEZ LN EADY IT

DT, HLRETITHALETOT, THRMBE 7230,

9 AENE VI ZHMALIL L ). MEROUEED & v ) #XIZAL
ELTT MRBLIIEED, PEh, KFBXE V) =Z0o0MXKIZHAh T E
§o ZOUEHE Y XD IR VISALIE S 5 DDA T

R D 7R

CNEEXHOEITYT (AF74 F1)e HRTRIELWVHES L W) HE
BHY ., JRZTTERLT, A4D [ER] ol SEIELLONGHES
Ty HRTHRDLELVHO—DIZEIINTWE Lz, BEKL WEZRZIO
AR EZD LTWT, BOBLAZIIELOHETY T3, HEAIWRS &
Bo7) —UPEEICRSRoTEET (AFA4 F2) )oK
EDBFATNS, WbhbWwLHRINEWDbIAFITY,

BEEAICIE TETW] EWIHIFEXHY 3, WERYNITL T, TEICfHH &
W ZET, BT T EHERE, HEICHHSNEE T I, HITHRES
ELT, FIHLZD S, LW S b HROBEAE 2T T, L pAEt &7
TT&F L7

iz, ¥/ (A54F3)e F/a0FMiE~rvsrtsbhIEdas
fich 4 20> (FH) ke #%~EE&M®$#%hé®f?op®4/n
FREIYITELDECEVDNTWRIEFIZHFE)OVWE ) 2T, D) LD
DTRETIRNE T, ¥/ 3%2Fo THBETIITERE, WAWALI L THE
WICEPEELZTET Lz, IRV, B3, F 70, 11k e, &hic
HEWEM ST, EFEE LTELHNLZDOTT,
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L2 L. 2011 4E DSl o, IR X 0 SN2V L T &
7ZHR Aa, Ke, TRTOAKRPEGRSN, T HI R koTLTnE
L7zo B BTG DOIMEATT N TRbNbIF T, —IEER, BEFEoL
HIZEZTF 7 aTH, TOREHEEIZ5000N 27 LIVEBRZ TWE Lz, R4
RoZz2F 7 a3 TH 30007 L&, BHMEEI TV TUIETEVE T2 F
DX, BEEOFICHAAATHL ZEIFTETEA,

%o BRI HOTTH, SBEMIZIEFISE 2 ALHIRT, 4 FA20E%
THZHIZEFAYEY FFA NS RZZD LET AWk L WEREEO R T
MNIAEEEZ L TEZDTY,

SREEAT ORFIN 2 ESE X, BB T, [AGEA] L W) 79V FEEHD EL
72 (AF94 F4), FEIHHEAE T S TH2R2 ) BETHE 2 S TH
D HTIE TREEE] LV BEEGEN-> TEELXLTE2bIFTT, Ly
L. HRENTOWRRY SR8 %2, —HICLA, BXTWE TS
ENTLES7DTY, 4 #MEIRRAMER SN, HRLIZEFERICLD. £
2L 1~ 2 OMBAFHH I F L22s, FLETAHEEL V) IIFEEL
T ORBDIET 572 W) IRILTT,

AL K4

2. fRESEFEFRE TR R
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