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Topic Instructor
A:Crystalline (1)A-1: Crystalline Silicon Solar | Prof. Kyotaro Nakamura,
Silicon Solar Cells -1 Meiji University, Japan
Cells o
(2)A-2 : Crystalline Silicon Solar | Dr. Kentaro Kutsukake
Cells -2 Physics of Crystal Defects
Laboratory, Institute for Materials
Research, Tohoku  University,
Japan
B: Thin Film (3)B-1 :Fundamentals of Prof. Dr. Takashi Tayagaki
Silicon Solar Quantum Dot Solar Cells Institute for Chemical Research,
Cells Kyoto University, Japan
(4)B-2 : Thin Film Silicon Solar Dr. Makoto Tanaka
Cells - 2 Panasonic Corporation, Japan
C: Compound | (5)C-1: Compound Prof. Takashi Minemoto
Semiconductor | Semiconductor Solar Cells - 1 College of Science and
Solar Cells Engineering, Ritsumeikan
University, Japan
(6) C-2 : Compound Dr. Hajime Shibata
Semiconductor Solar Cells - 2 National Institute of Advanced
Industrial Science and Technology,
Japan
D : Organic, (7) D-1: Dye Solar Technology; Dr. Andreas Hinsch
Dye Sensitized towards market introductionand | Fraunhofer Institute for ~ Solar
and Perovskite | MW mesoscopic concepts Energy Systems ISE, Federal

Republic Germany




Solar Cells

(8) D-2 : Perovskite Solar Cells

Prof. Dr. Seigo Ito

Department of Electrical
Engineering and Computer
Sciences, Graduate School of
Engineering, University of Hyogo,
Japan

E:
Photovoltaic
Systems

(9) E-1 : Photovoltaic System
Characterization and Integration
Tutorial

Dr. Joshua S. Stein,
Sandia  National Laboratories,
Albuquerque, NM USA

(10) E-2 ; Photovoltaic Systems:

Landscape Design Issues

Dr. arch. Alessandra.
Scognamiglio,

ENEA (lItalian National Agency for
New Technologies, Energy and
Sustainable Economic
Development) Photovoltaic
Technologies Area, Portici
Research Centre, Portici (NA),
Republic of Italy

= ~ 9 ¥ Az (tutorial) > i F T B oA RE > d B RGETHEfE -

2

HEPWARFA L DA B E ARG F A

y
EAEETEZ BN AEY R ABETEHEE E LR PG
1250 = > R g 50 BRI R A LA BB § R 4 R R
THATERE cART R A FEHERY R FLERYF

22 A ino Ak Z 9T 0 2 46 B sessions A (w3t T s 4 4 R

1. A R FE g 20 374 & 2 37 # 4 (New Concepts and New

Materials for Future Technologies) -

Z

. R E W < B o & # (Thin Film Silicon Based Photovoltaics)

-~

A & X E R & % X B & % # (Thin Film Compound
Semiconductor Based PV)

)

. ¥ da = B s = # (Wafer-Based Crystalline Silicon)

FEA ~ =21 %&E 3% 5 B g ¥ (Concentrator Photovoltaics,
I11-V and Space PV Technologies)

7O~ LR AT~ s T~ B i ©# (Organic, Dye Sensitized
and Perovskite Solar Cells)

1 p # & #x ¥ 3 A& (Characterization and Modules Reliability)



8. X kT ki o

bl it w2 &g e 2 B L& (Systems,
BOS components and Grid Integration)

9. + Bk T kB ¥ A ¥ v 3 3o X (PV Deployment;

Industry, Market and Policy)

Area

sessions

Area 1. New Concepts and New
Materials for Future Technologies

1.

&

o1

Crystalline Silicon Solar Cells; Past,
Present and Future 1

Crystalline Silicon Solar Cells: Past,
Present and Future 2

Intermediate Band Solar Cells

Light Management Concepts and
Emerging Technology

QD and QW Solar Cells

Area 2: Thin Film Silicon Based
Photovoltaics

I N

Silicon Heterojunction Solar Cells
Industrial Technologies
High-efficiency Devices

Light Management |

Light Management 11

Area 3. Thin Film Compound
Semiconductor Based PV

=

o R woN

CIGS1

CIGS: Chracterization
CZTS & CTS

CIGS : Module

CZTS: Characterization

Area 4: Wafer-Based Crystalline
Silicon

=

o R W

¢-Si PV: Simulation
c-Si PV: Cell 1

c-Si PV: Electrode
c-Si PV: Passivation

c-Si PV: Cell 2

Area 5: Concentrator Photovoltaics,
[11-V and Space PV Technologies

Space Solar Cells




Multijunction Cells

Next Generation Concentrator

Photovoltaic (NGCPV)

. Quantum Effect
. CPV

Area 6: Organic, Dye Sensitized and
Perovskite Solar Cells

. Dye

Hybrid Solar Cells 2

Sensitized  and

Photovoltaic Cells

Organic

. Organic Photovoltaic Cells

Area 7: Characterization and

Modules Reliability

©® N e oA W N

Rump Session upon PV Quality
Assurance

PV Module Characterization 1

PV Module Components

PV Module Characterization 2

PV Module Qualification Test & PID
PV Performance Characterization
PVQAT 1

PVQAT 2

Area 8. Systems, BOS components
and Grid Integration

goR W e

Outdoor Performance

Design and Operation

Energy Rating

Forecast of Power Generation

Grid Integration

Area 9: PV Deployment; Industry,
Market and Policy

Environmental & Economic Aspects
of PV

. National Program & R&D

. PVin Energy System

22 4 A RELSEHF L

46 & sessions
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# Kyotaro Nakamura 2 3 7 Crystalline Silicon Solar Cells — 1 » 4cB] - #7771 >
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=

AT
1. A A~ 1 & F &2 & = 2 (Basic Photovoltaic Principles and

Methods)
2. B % & < Bt & (Conventional Crystalline Si Solar Cell)

3T - X &~ Hoa @ R (Development of Next Generation

Crystalline Si Solar Cell)

4. % % (Summary)

W

B - ~ P 5+ 8 # T % 3 Kyotaro Nakamura 2 2 Crystalline Silicon Solar
Cells-1

p2a Y7 Lz

HEF AT AB AT A ARETEEES 0 £ @
D E &P DM okF 5 18.5~19%

)

B PAUARF DX K I HF R T E
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B+ F e d2 LRE AL ”a'*fér"séi:ﬁ%‘f%é‘j}é?mi;ﬁ; n
A AHEFAEAT 0 AT

S AR TR T AT BHAELAFEA R F4e (Heterojunction
with Intrinsic Thin-layer, HIT) /& p 1990 & i 4=#p e Sanyo = 7 - 4 & & d &
tDFE* g G Eazbhp Faghien Ap A i EIAYRARET
B F & B EAICEA WARE R MO RS 200 R Q) HALRHG)BER
S & Tl o HIT £ 7 chig g » 4ol = #77 o

© Reargid
13’%7]2~7k$‘r %ﬂ?%@m?%%ﬁ&
( Heterojunction with Intrinsic  Thin-layer,
HIT ) - Source: P ;5 * & Nakamura % #
WCPEC-6 38> % -

(z) *HBERELLINRARE

AXFHE A GE AL VDG GFAMFR LR peF
*Efﬁ’*i’ﬂ"ﬁf‘s?*%%%’i;#iﬁdﬁrii B chRA o A WY
BEMGA B IFRE DL P F A Lo o

ERS ) AT o p NG NI T S 2 A % (The Future
of PV based on Next-Generation Fabs)

ES I Eicke R. Weber, Fraunofer Institute for Solar Systems
(ISE)




Prof. Dr. Eicke R. Weber ¥_ =4 B % % F ¥ Z % I it
1 AT f ';1“ Ao 1At B rl’a’?’é_t“#ﬁlﬁ € B 4e T

(1)% B ii T HEFiess i > AR 4o Bl e #f7 - a-Siluc-Si
ONCR S B R-i R OB ,}J % ,E,F?,L ﬁi«-(CdTE)H;’J SR TIE R
Foprts M@ CIGS ErEg v Bl by kB e f &2 > B

L]
*op-type S Fl2 BT P S F 0 B ALE &N f §URE PR
BHATHpTE B-% o blde PERC B 0 ¥ n-type & Il 2 AT
ToA R G - R 2y o Fou AR E & (premium) i q g
HIT » & @ 5+ & 3 iz 4 Kyotaro Nakamura 5 2 - &

R

=
“-
7

I —
Accelerated Roadmap Forecast of PV Technologies

.mn-mm a-Sfuc-St l

100%
Thin-Alm CIGS

%% sThn-Ailm CdTe ~—»

wc-Si prtype Mult HE f
0 = C-Si petype Mult \

u ¢St p-type Mono HE f
2% | mCSip-type Mono

| mc-Sin-type Stindwd —¥

0% | mc-Sin-type Pumumf

2010 2012 2014 2016 2018

4

&

‘ NPO Solartuzz P Technology Roximan, Sestember 2014
Ble ~ eg w2 B @@ FFFErAN2LIHg
Bl - Source:fg, B ISE Weber % # WCPEC-6 #<82 % -

o

QB g FERRFFP I HPELET I o
o e Bl T AT T
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BT o~ 5B T PR B SR - Source:
# B ISE Weber # 3= WCPEC-6 48, & o

BV s 2o prizmp AABaL s B > ¢ ¢ & HEFD

# (Passivated Emitter Rear Cell, PERC) > £ B 7 7 ;' 2 44 * 5t 4&
# % # (Metal Wrap-Trough MWT-PERC) » % ~ F & & 2 F & o
(Heterojunction with Intrinsic Thin-layer, HIT)> % 4 ¥ & £ 1& ~ 5 it T

Pad ,-&r@]-}\ t“-'r-l-‘l-‘ °

B> e fgLeadpr AHBiLds 2H
Source:ft. ® ISE Weber # # WCPEC-6 38> % -
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http://www.ndl.narl.org.tw/web/publication/nano_communcation/docs/18_3/P18_3D1.pdf
http://www.ndl.narl.org.tw/web/publication/nano_communcation/docs/18_3/P18_3D1.pdf

(4)ISE » 4 & = ' & F & v B & B & 7B
(GalnP/GaAs//GalnAsP/GalnAs) » # F & 297 & 7 k ¢ #E»c 3 & 44.7%
Al sF Al 3 4 o d 2 2 ok Aol - 9T o LB kT A
FADREFEF S SHENTE O F ke AR P HFET
FH s # Weber 3Rl e ¢4 S L g o

I —
world Record 44.7 % Efficiency Solar Cell
wafer-Bonded, 4-Junction Tecl:srlctlfggl e
Fraunhofer ISE with SOITEC, C :

W e—e—via.,
.",9‘55'...—-'/‘.

gg? 120 1x17y04
ol SN

£5 /.,,_‘-ura.@c-:w\'
535. . X %

L4 7 ST

— 40
ZEG /./“""r fes
~ 2ok : 2 !

i 10 100 1000
Concentration [x. AM1 59, ASTM G173-03, 1000 Wim?]

ot -
« omee HZIB... Cooleti Za Fraunhofer
- - ot

Bl - ~ Bk 297 & T kT ki 44.7%4)
PR AR A R T 2w R je £ o Sourceifg
B ISEWeber # # WCPEC-6 %2 5 -

do3g > £ 4w ke A kB ¥ (Global Renewable
Energy Outlook)

g&dﬁ: Dr. Paolo Frankl, Head Renewable Energy Division,
International Energy Agency (IEA)

Dr. Paolo Frankl £ R % i k& % (IEA)E 2 & RN F
Ao HugdE g () ki £ & oo IEA SRR 2050 & £ 4
R TR BT L #d PR oh 20% 0 & £ 3| 65~79% > 4o B & A
T oo BAHETF LT T RELEEMENT EAS N TR
HT AL BAF TP RN R F R B E

wH A AT

=

21N
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« Generation 2DS 2050:
+ Renewables: 65-79% g =
Qe/a gy Apvy

« Fossil fuels: 68%
Ljenewebles: 20% « Fossil fuels: 7-20%

» Generation today:

-

Bl ~ ~ IEA 3§ B 2050 EL ARy
#-d B e 20% 0 = £ F| 65~79% - Source: IEA Dr.

Paolo Frankl WCPEC-6 .82 % o

. Integrating la
a challenge
Flexibility of other power
Expoctod evolution of the net load of a system components

rge shares of PV is

typical spring day In California
High share PV (and
eql mo xible
syste
i~ *2sBLTF T R EER
*k‘ﬂﬁﬂ%’f%*%ib\@m@ 1
5=

BB LR F J‘»#{,?K & JE B ﬁr} o Source:

o

IEA Dr. Paolo Frankl WCPEC-6 3% 2%
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(Z) * B @@ Hire « 2k

2014 # 5 B 23R S HB R T H Y XL PRP 0¥ > - §_Panasonic o HIT

SRS BT S iE 25.6% 0 FALEM AT R AT B p 1999 &
2 i&fﬁ%ﬁﬁﬂZS%-}i’ B4 o = HAT4CF (perovskite) = it &4 0 — 373
THERRA B R R T R o APMG Y A g B A
FEoUMRE WS EEER AT

1.5 & F & & «h3 ¥ 5 (Heterojunction with Intrinsic Thin-layer, HIT)
e B

B¢ CHIT ~ & 4 Yukinori Kuwano # L IIB%‘lB ~ SANYO
o F A 1990 EF P B FiEe B T4 - Kuwano # L p w =
Bp APVTEC S a* &4 & B3 e L HIT 5
g &2 55 kg g T aghrw #§ (The history of HIT and future prospects of
photovoltalc power generation ) » # f 3 e 7 + & Spear & 23t 1970 & X 4~
Hgmg 28 (amorphous SitH) #1345 » p 1973 # 7 v /& 8 PF T3 ~
AR AR IEATARY 2ZAFL T A10T0 E s WL B SE T
BORE 1980 FC B AR FEWIR I LANTIRERSY o EEF- &%
g _Kuwano £ L« . p 2% - 2 # B X7 58 Az BTE Aﬂz )
1992 #p & % - 2 B LT ng L% %A Kuwano £ L oo d #
3= ;%ﬁ“ég»: O Sl U
PR A > ¥ Hedl s BRT L £1 2014 & kR
© 4 & 36.87TMWho d % — 2t B < e & @ 0k T S R
o4 7 BB doKuwano £ L A MR 200 B KR Wl AR T
#-p-type o & FL S E 0 2 on-type ok L& i F
FARUCAE 0 V4 Aon-type H S o A o & 1990 £ & 7 14.53%
s F > L2 IBLTEFATAEABDER - &K SANYO #
HIT # ¥ ¢ % Panasonic » % 2014 # - ® 1 g # »x 5 & 3| 24.7% >
TA BB L T

%,‘*Qfé.;:ﬂ‘*fré{iJ A
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Standard Silicon Heterojunction

Solar cell structure
Grid electrode

panasonic’s HIT®

p-type a-Si: ~10 nm

¢-Si (CZ, n-type, textured) | » i-typea-Si:~10nm
n-type a-Si: ~10nm

: TCO
Gridelectrode  rraneparent Conductive Oxide)

*HIT is a registered trademark of
the f

Group

B+ ~ HIT & 2014 & o § » >0 ¥ %Jf# o Source:p ~ PVTEC
Kuwano # - WCPEC-6 3 8% % -

#Fd t(a)a-SitH A2 % Ehgh itk > n-type § L # 4 5 4F
ik w3 M 10 cem/s BF A 4 PN junctioneN 2] high low
junction f o T H il A 4 & 1%k o (b)F ik ok % ® 7 OHIT
TAEFEDERETR - (C)<#E=X 200 B o W A H & GR:- &
FhtBLPaBemir dFEHTUa/Lrls &< 1000
R) e

B d h s L0 k- HRFLAEREF LR A
AR E 247% e F 4 - X P BT A kp R EF LD
EHREG Nk F BT HREFE > M E REG a-Sifo TCO = Jz
Ao Btk g A s e Bl - TR oo F Y s it L o o F 4o
SunPower = & (h% T L 4 v + i}u{ﬂz—ﬁ o E e e ® e o 4o
foo KFEPFRAEG HTAE  TCO fr a-Siv & 2 4k - K SiN
FuFE K BBl Z s o Bl = 5l w frrn k(8 v 3n
ot g AL & <450nm Gk BB 4 3 R E PG R f”* a-Si
fe TCO chk s o » @ 2 S ehH s L & L5 5 3 %7 THREE
4o B T oT e

Loss analysis Optical loss factor

Reflection

Recombi-

nation

Absorption J
a-Si& TCO

Blt - ~ 8% 247%»%cF 3 » - X kg s kp gy

4

- Source: p &~ PVTEC Kuwano ¥ - WCPEC-6 3% 8> % -
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Lo % DR ALt e D B e - KT FRE R
m P L &~ TCO - a-Si> ¥ ¥ 4+ - & SiN 4 & & & - Source:p +

™ A =

PVTEC Kuwano # X+ WCPEC-6 <% % -

Bt = ~e g (BEA) freed 8 (FREA) hob g 3 oox
Foo Bt Ko<ABONM A £ 4 A & L F S P20 a-Sifr TCO ks
Joom 2k B 4 2 & § F) 5 2 F % & & j& - Source: P ~ PVTEC
Kuwano # 4+ WCPEC-6 # 3. % -
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MLe HEAfS TR HIT A BT # hD e Flot o i
GEREER - BEHE IR R S N S A I A S A

;% o Source: p ~ PVTEC Kuwano ¥# 2 WCPEC-6 # 8% % -
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Efficiency (%)

2. 4T4c# (perovskite) * B v T
T ST R T N T Y e L T e
2009 # 1 3.8% i % 2 I 2014 & 1 20.1% #cA G H 6 & fE S

# o 4 F ¢ Science f- Nature #p 7)3E 5 2013 & - < fLE R AL
”%%Ja%%%m Bz - 0 Fprm il 2 kB R R e
FEELE AN - R BT CERARRE LAY %

2014 & 11 " { #7eh & 48 % %ﬁ?%iﬁﬂﬁ&ﬁﬁﬁ$ﬁ% 7
PR TR R F B2 W M EAAT S i T4 22013 & 1 2014
#1107 B @ oocy g o

-

I~y
F_L

Best Research-Cell Efficiencies L:NREL

50
Multijunction Cells (2-terminal, monolithic)  Thin-Film Technologies
LM = lattice matched © CIGS (concentrator)
48— Mm=metamorphic ® CiGS
IMM = inverted, metamorphic O CdTe
V' Three-junction (concentrator) O Amorphous Si:H (stabilized)
44 'V Three-junction (non-concentrator) 4 Nano-, micro-, poly-Si
A Two-junction (concentrator) Emerging PV Boe
A Two-junction (non-concentrator)
B Four-junction or more (concentrator) Boeing-
40 [~ O Four-junction or more (non-concentrator) ty [~ Spectrolab (5-J)
Single-Junction GaAs : Jc?a”ﬂ tandem CC‘TS W'V Sharp (IMM)
3 A Single crystal o omg‘a”‘:g? QCLCSZ Se)
I~ A Concentrator SRR o
V' Thin-film crystal NRE St £
Crystalline Si Cells Japan  Sectrolab O T P ). .o
321~ @ Single crystal (concentrator) NREL Energ — I e N
i (117x) a LA
B Single crystal (non-concentrator) n NRE Devices
O Multicrystalline :
28 @ Thick Si film
@ Siicon heterostructures (HIT) _C &&  NREL A~
V Thinfimerystal © © O e mee——-
St NREL (14.7%)
Solexel

[ o= i R L1 PR L1 PR PR P

1975 1980 1985 1990 1995 2000 2005 2010 2015
M7 SRR E AR AR R IR EPEBAB LT s 2t Bk
Tk o 5w %

e 102 & AT R LARKB I F o LA Perovski st 7 o
# % ¢ perovskiter 1 & = & § 45pL4r (CaTiO;z)> T NFHA 5 5 ABXs»
He ARZG B3R BRAAPHEHREF X R [ AddiEags -
BH#Ffo XK#HF e B i A BRI P32 MH8 B L%
BB A E L T o AR PP - TR T A (R
ETHA T A4es (Ph) chz djitFE s Bl R0 ) Lhadaafihils
A ienit £4 0 @ 2 A% CaTiOgoh 7 Ml & e
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Bl = > A Th i 1 "E'i’f?—
Source: M Liu et al. Nature 000, 1-4 (2013) doi:10.1038/nature12509
p B e r fodiiend T 0 AT AT S i 74
L*#* A %‘“ﬁ TR KB G ORRA > E IR RS T 6
s ) R B - KR g U -

(b) e
PR el

CH,NH,Pbl,
5.1

B+ - ~(a)% 7 p-type CH3NHsPbls f= n-type TiO, 4T 4% o ~ I
% SFHE R (D)AE 7 /3% TiO, fo CHaNHsPblg B 2. 7 £ & it 1Y ] -
materialtoday doi:10.1016/j.mattod. 2014.07.007

LR Opn &
> Source:

(a) (b)
Au

t

Ti0, EfeV] SEu he CuSCN
FTO I Ti0,
Glass CH3NH3Pbl3

B+ &~ ~ A& CuUSCN HTM(hole transporting material) =77 CHzNH3Pbl3 4T 4% 7%

* B i T (2) 5% Wl (b) s 14 B - Source: materialtoday doi:10.1016/j.mattod.
2014.07.007
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QAR AT IR T AR LR A BT 02009 £ AR
7%~ & Miyasaka 2775 * R ™ — & & 4T 45 % (CH,;NHPbX; (X =Brorl) ) § iF
Bk R AR ABATA Y B ERBIBATA Y
PRI v L 3-4% o 2011 E o §i B S 304 5 Park 32T 7 B RAT 45 T
g E gt o 0 CHaNHgPblg B~ % » 25 4 = 3] 6.5% o 7k %% 48 4T 45
T rBa s FlARTAEGRIET AL DX LA oA THT ik
TREF AR 22012 & > g2 B Park BIFE v F AL ST MR B R gk R iR
Foradi232~10%28a &R » B4k x - ERBFAT BIFEESE
FRAM OISR T 2014 £ 67 £ RFE T T 5% FRE SR B kS

(RfEx) 53 R & F s 7 #7 (Korean Research Institute of Chemical
Technology, KRICT) 117.9% > 4cB -~ 4 #17F o

kN

20 -
1 Solid-Sate .

18 ] Perovskite Solar Cell [Kﬁfl’éRTI)CT) °17 9%
L {Oxford U) 512050/
14 4 (EPFL) 14.1%

S (KRICT) @12 3%

£ 123 (Oxford U) %9%

w 10 4 (SKKU) ) 9.7%

0. 8- Perovskite-Sensitized "

6-: SOlal’ Ce" .7.7‘;“'7740—.‘64:50/" (SKKU'
4
2 -
O
2009 2010 2011 2012 2013 2014 2015
Year

B -4 ~ p 2009 & A= 4F4xgh =~ B av T o0k T #3203 i - Source:
materialtoday doi:10.1016/j.mattod. 2014.07.007

0;5_;8% (Toin U)

il

Fd BPR AER LTS PRI EARTE TG F o H
ALE G kil B o T EIER Voo ihi it R o BT AT
SR R R o KA P RSB BR TS BF AHIBARE
AR ALY AR L EAS A FEART
el D ATANTH I A R TR IRk BT R S I S R 0 Tt
BB ATOIT RPN Z FURF e R F R T R O S s e H B
7~ F Bl 4e AT 7 3R AL - (Source: materialtoday doi:10.1016/j.mattod.
2014.07.007 )

g
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(2) *HBXTFLTHFRHEN

1.2 84 %

D3P AR & RigiEr 0 22011 g4 L1 24 B0 5B
XL RA A BERLANREE > T REHETA (EXTFE T T B TR
HHPR o T A E BB EHA R TS 2P 1 EAF R RS Shuichi
Ashidate 1 L & (7§47 380 E R A R LT 4 - AL RT3
( Renewable Energy Integration to Power Systems-National Projects in
Japan) e T A H ARG P G OB S B R T A& A Ao
25BRT P A R T RN

B2 2013 FEBD AIHERTEY FE L 1321GWpr H P 1w g -
272GWp ¢ > 16.6%% % o ~ £ X LT = T id = 11T R

(DT &L & (profile) /AL : T4 Wi p SHBRET I RT TR ERE
TRPERBETR  AeBl= L9757 o

Eleclrlc current

“With PV

Without PV

Distance from substation

Bl R4 p BRI ERETTREAZTRES -
Source: & ® & # = # Shuichi Ashidate ## 2. WCPEC-6 3£ 8> % -

@%4ﬁﬁﬁiﬁﬁ%i%%%?%ﬁﬂiiﬁ%@U£ﬁﬁiﬁﬁ4%%
Mo FRT A ABREF O E > ol AT o
il
ok m sunny
O cloudy
et L @ __rainy
b
dith
pt.
pii
10%
%
b iy 1z 180
B- L - H%Jo“’v&ﬁiﬂ T4 A X iE T gk #5535 0 Source: &
@ # 2 @ Shuichi Ashidate % 2. WCPEC-6 # 82 & o
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B)EFIT # kAL

ARSI RTE TR FRARITE EPFENRT I EH 0 L ERE
R EFET A ARG T Bl 2 e
Surplus
= demand
""" minimum output of f. P
thermal plant
Pumped storage - EV ______ 14
— —— - - -
:\S s Thermal
™ Wind
Hydro, Nuclear and etc.
) 68 128% 1854 PR
) [ N SHETEND R %ﬂ&#&*‘rLJFﬁﬁx»nIﬁﬁ*l@?‘J"‘*
JRRERET M &#f*" BB F T groSource: L » 7 4 2 & Shuichi Ashidate
# 1 WCPEC-6 3£ 2°

3P rEat B AT FTIRFEMLER
EAZFIE Y o L+ & Kazuhiko Ogimoto %t & fisf - 157 p
Aok Bk R B T AR Rz i B (Progress of PV Forecast Technology in
Japan) > B A3t € Hois Ap B TR LT € BLAE & 4o
WP AFCFFEA TR TP IR P A B ET LR 5 &P R0
2005 & 11 1.4GW #ftr‘g % 2020 # 1 28GW > el L = 77 o AR RSB

kT HERIPRTE S + A ghitF o - £ & 4 (The ministry of economy ,
trade and industry, METI) et R 0 2 AP ARATRORA R hPORE £ R

WH (The New Energy and Industrial Technology Development Organization,
Nﬂm)ﬁp*%%“§°ﬁ*ﬁﬁﬂﬁé2m1ﬁim33’iiﬁﬁaé
PorrE e R ehy < p SE/F T LR, B EFRFYARL 2010 #~2014
£ A RFRWARSEY > o FE- & NWP #3] cde i3 10 2 2473l R E
o Hu Rt o
dxsmﬁ»;}_*'a (METI) 7 §3*
)@-« FEANA(ARER A BEIHEET )" T ankin
B*y» # (METDH 827 2 x5 dh o 29 BB LT L RApM D
2 p 2009 & FA“&;iaﬁmﬂé— S ERTRREr TR A EEE NP

2011 # B4t Tt d e S B R T B TIPS AR o
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Bl= =2 P AR EA TR AN HERT AR FE P15 #58 2005 & e
14GW # % % 2020 # 1 28GW - Source: & x ~ & Kazuhiko Ogimoto ##%

WCPEC-6 % & -

Ph- AR RE N TT S RS AL PV300 ptE P oA

=3
10 3 &4 2 Xk 38 8FT AR IBRTFE A>T pRhhER

RO RTFE TSR PR AT K AL R

.
1T o 5 1

Tk P HEfE R Rl L E A

Blo S s R AR D A LR URRIE e SRR o P
WAL X E 32l B Y 116 e FRIE T S B RTH T E - Source: &
7 = & Kazuhiko Ogimoto ##: WCPEC-6 # 8- % -
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B WF%mﬁ?%ﬂWlO@?%ﬁ—f i1 e (1)) hp st
Bo AT TR v E TR 4 % >R 321 Auip 543+ (pyranometer)
B i wﬂﬂ'l{z&a‘: o 116 Buh s BT AL RERRES LE

THEREOERFF o R EEL XV IRRY TROCE

@“@
M-
N
¥
\?\ -L»L m“{» F&A‘mk- 3—- "ﬁ_

gAY uAFeE kTt o (2445 2009 #4= ik 321
JooP BPE S 0 L RB LGB ETHE R OUE G - T BET
FRAREHIALF AT 20 F PIRERTS F AR F AT iy

=
A-
ﬁ‘tm

ETHFTHRE LT R AL ZRIEEY A 5w F 4y hEdp
ﬁﬁjogﬁumﬁ¢¢@’¥% L f VIR S g 41(LFC) 5 & ik 8 4 e
AP 20 A B ehjd d 0 F TGN 4431 & 4] (economical load dispatching
control) » A 47eni % 22012 # 37 d p AT 5 F £ & ¢ (FEPC)E & -

FRATNEERN A EIABETR S A r TR 2 HFF NS B4

R

(1) 2R 8 - = F%v’o’*’qhﬁﬂ IR A EFIGELREC AR
%’J’mlﬁ"ﬂiﬁ?’#*i}}%"mﬁ,",f‘fum':;’ FOT R e ""f%JD%B‘"LLméf
BT 2 T 5 T ol (smoothing effects)™® M7 f 447

mmﬁﬁi%;’mﬁjﬁﬁﬁiﬁﬁﬁﬁfﬁﬁ\ ?*%%% %ﬁ
= L7 @ o

(2) &= F% x 7 “&’;‘ T E 4eiidz ket 2 (ramp up)¥E T %% (ramp down) 0 %t

T P o F]PL L FERIE R LB TR
S s il (o) RS i
4
#y

(3) #F g ¥ AP TR I
THETHE T AP R

oo U R AT e B 12
k-

|| The variation in the range | [[Peak Demand
siower than LFC range
sustains
_E‘ 0.8 Demand .
= From 10to 15% of the daily
506 peak load
3'—’: Demand after PV The forecast of the ramp
504 : -
£ 02 PV generation : e
=
--——
e 5 2 3 hours |
Time(hour) 6 ) 12 15 18 Temelhour)

Bt 2B 4 3 g trF Q- HFRXT PR Engd
Q%fr(b),«’r%%?,‘!«gg Bend AT 7 B 8 o Source: A R A4
JBs

# Shuichi Ashidate 2 2 WCPEC-6 # %

o
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FEr BRI FRLRRE RIS P AL0RT S 2T o7 1 &

EFIREER SR PR TR FREZ AL e ROPHERE

BAERIHEMORF - QBT F L E R EHMITDEF > Q)P HE AT o
METI = 5k 3 % T30 RIBAITT o3 F e Bl = - 2 9757 o

1) R&D Items
1) PV Power Real-Time Estimation Measurement Data lrom PV300
2) PV Power Forecasting \
2) Methodology ‘
Meteorological Data
- Satellite Imagery, AMeDAS", etc.
Meteorclogical Model
Irradiation Estimation/Forecast o—Yerification }SEVa00 Measurement Data
B « Irradiation Temperature
PV Power Estimation/Forecast Verification PV300 Measurement Data
Including Upscale Methods * PV Generation
AWeek Ahead N\ A Few Days Ahead :n‘:g; :::‘: s Short Term Real-Time Estimation
Due to Planning Due to Planning Dua §o Operstion Due to Operation Due to Operation
Numerical Weather NWP, Satellite Satellite Images, Satellite Images,
Prediction (NWP) Images, efc. Measuring Data, Measuring Data,

etc. Upscaling, etc.

E]: A SMETI = B £ g # RIPRIFEMT IR o *4p &t § 2 TR
% %L o Source: Japans Solar Power Program and Prospects for te New Power
System, K. Ogimoto et al. IEEE Power and Energy Magazine March/April 2013.

METI 3% B2 anB g2 (operation schedule) : METI 3+ 3 e & 354
fﬁ:{ﬂ A0SR PP E > I RE AT A L RFH T & P S
B/ T BER - R 2 @M & S XD A nmF TR UE AL
THETEFFRERE 4Bl L= 57 o
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Six Five  Four Thwee Two Day-
o Intra-Day

Days Days Days  Days days abed
pefive | Soforw | Deforw | befues | befoce

Woekly ahead planning A
ahoad planniog
Generation Dy S ——
Planning Intra-clay planmng & cperason !
Precictive operation]
Heol tme operation ¢
J
Protovaltele Weokly aead forecss! B
Geowration Doy ahead forocast
Forocast & intra-doy forecast
Estimator short-term kmxan'
Real time eshmntxon'

Bl-+- ~METI #F B2 @R ¢ 2§ 23> 2 nmF TR U2
THBETERTERRERE - Source: L i+ & Kazuhiko Ogimoto #t#
WCPEC-6 % % -

METI 3§ ¢h3g R4+ (specification of forecast) : A »% w0 if i % 18 &
2  METI 3+ 33727 SMFRIEE - 29 2/E%FIEn 3AE» ETE L
Foododow pon oo

R A FHEE | R | FREER | KE
A | IR 5 1 11:00 |24 ] pF |30 448 30 & 4 *
E=01)
3= 5 1500 [24pF [3044 30 & 45 F
E=01)
T | A4w-% |52 1100 [7= 30 ~ 4 30 ~ 48 *
E=01)
AR B B | & 1 PER | 6] pE 30 &~ 48 30 & 48 -F
&L b =i
s s | * 1044 (6044 1044 |30 44T
E =01

Zow ~ METI 3% #7357 %en 5 {557 Rl 31 &2 1t

EAFIE P P A § %5 € (Japan Weather Association, JWA) 12 o g i 3%
TR LT AP HERESIFERPLORF DT AR LG A
Kazuhiko Ogimoto x#& B& M v BFEAE > A A 57 p & G~ BT 8 7 35 R
Pz 2B o P ITOCHU 2 P fed 3 x84 X B ET > A8 40 5
BT # TR SE ; p AT A4 P L7 “7(Central Research
Institute of Electric Power Industry, CRIEPI) R §_r2 a3 4R B 77 = 388 & 1 A p 8¢

S sV LR LRl o
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p&E o B AR RIEMOR F

TE B AAHEATEE FRERE S LTS f RS S hiE > p A
FRREA K (MET) 2671 Rpalm g 47 - BUE B L2THT
RT3t E (GrE PR D 2011~2013) Vo Rttt H e fa 2 P
ALOFRA 2P U2 TRFTHEF - 5B H Y P 2§ %
F g (JWA) 1% METI ¥ — B4 % "PV3007 s+ % #72& § 0321 3 gl gkt
BRp SR FHEEFAY > RS E P £ d Naoto Yoshida £ 2 ff 47 =
RE A WP A HBRTFTIERE 2 p R (solar radiation) & ¥
BAER BB o LR R 4T

\\\Xr

Lopag g maas 2
(1) potE G E 2By

F)% L7 A ATOR > 22 p R B E S o TR § L2

B~ & % FAL 2 EPV300 B~ hp s R RITA -
(2) PSRRI 2 DB 5

bEhal B —%«% |22 FERLE TR L 10445 13 57 BIERLE

MR EEIERC e R G Lkmo ERISEREB P A o
2. e iEi EEER

" B (20kmX20km) E B0 s B Ao R TR AR w2 400 e
R34 (mesh) & (7T @ BB T AR B0 0t |8 ¢ and LRI EEE L
derd 3o e g * nFALE P A § b pERF 6:00~18:00 023 p G op 2 PERF o
WA 2 i RMSE (root mean square error ) o & F7 3 ¥ % Ik
( 20kmX20km ~ 40kmX40km ) ~ & + & ( 10kmX10km ~ 20kmX20km -~
40kmX40km ) 12 % # % (10kmX10km ) 4 &8 (7 7 b % B 2B B 3515 o

3. B'&Tﬂﬁﬂ'r—'—rr

BPMEGEY CHRET LEFEE ZREFGE > T 2 oG P
‘l' YLp A F %45 € R 4]0 Curvature Minimize Algorithm”ig 7 i - &
*; EYW R E A RMSE 5 10-15W/m? - 4 sﬁ*}ﬁ’& 1857

< 5 < BWIM? s 4ok T 7 o WRER ¢ AU B oG BBIFTARZ D

o
F_&
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RMSE (W/m?)
EA ¥ % |2010/11- | 2011/11- |2012/11- | 2010/11-
2011/10 2012/10 2013/10 2013/10
10kmX10km | # + & 15 16 13 15
BRL 13 12 12 13
20kmX20km | #+ B 13 14 12 13
<R 10 12 10 11
A0kmX40km | < B 15 15 13 14
<R 12 13 11 12

23 PR REFEAL- ENZ PTG E %R RMSE -

GATE? D MR R FRA R AT

DA i atmpe g3 #reed > RE 8- Hancd g g o
Q77 FFFEME > FL S8 0 ERIERPIPHE  Ra < F
é’f‘»'ﬁgf_%‘ﬁ,\;ﬂ\gﬁ‘% o

@B)r - G EhpFr g & 42pF 30-40 A 48 -

2014 # 10 " 7 pgFstehp A F %%k "o p # 85, (Himawari-8) 3+
F30 2015 & B4 T FEH FE BB EER M-/ B 0 FEZRIEITASL €
#HB o B ehRans ¥d Akm iR 4r A% B T 1km o @ BLRDIE S 4 L
Rk th30 A 4h- B F) 25 44— o ATHFEA BRI TR KR E p
*‘*’T °

BPEEDIER R ROETERFLET T F Aok 2 AT o

TR PR w0 PERR e 7 RIS

- X (L)#* #cie § % 35 R4 (Numerical Weather Forecast
Model ) » & ¢t 5 H& £] 9 ”’SYNFOS(based on WRF
model)” °

(2)# * #2465 01 23+ (Model Output Statistics ) = 7 17 :&
LBFERME §ﬁ’ RS R o 3 & R* R p S
4o R4 H{l% PV300 iRl L E @ MOS £
M % Tl o

=

1-6 -] P Rifpm BB s 2B G E P SE & 78 &35
#-4] (Movement Prediction model)” °
10-60 %~ 43 ¥ Opow hF B T 59407 (Autoregressive  Integrated

Moving Average, ARIMA) » jEiE 2 PR B 7| AL R B 2

X2 5 ep R

Lok BB EREET A 0 D SHEIREY S o
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FERIEFER AT - X 4 B 2 & T35 RMSE % 100-120 W/m? »
@ 40km T 2 % i chi gy R B 10km 2 R 0 3 VoA Al TR E T Rk
( Area Smoothing Effect) #tig = » dodk = #77F o %7 A5 FAL - FRA P >
AR L 0 AT ERPFAART > §F AR AERIRE B T R
& FIEE

RMSE (W/m?)

E ¥ % [2010/11- [2011/11- [2012/11- [ 2010/11-

2011/10 2012/10 2013/10 2013/10

10kmX10km | &< & 111 119 119 116

L 112 128 123 121

20kmX20km | %+ & 106 115 115 112

xR 110 122 117 116

40kmX40km | # <+ & 97 108 109 105

X IR 100 112 110 107
%:\WWE'E’, FHPEF- X L 6] »#THRMSE L 100-120 W/m? >

@ 40km T = F kD —gf}ir'g 2 10km L = F B o
GATE 5 M P SRR E R R AT AT

(DA% FplenErgi = e g 3] 100-120 W/im?» e 8 & - # ehee § 75
& R AT RBEET hF R

(2) oy BF 5 SRR T SRR BLPIE AR S o TR S R w R
@ o

(@)d AR REEEA A BB LD VPRT RRVBAR S FREH Y D
Tl AR B AR T RS 2 o

29




METI & e & @ L A enigipl i % 1215 = (day-ahead) 4-% % (intraday)
HRMSE 477 » #4Fp 2§ %126 (JWWA) i B B %ot b R &
FROFR R EFOFRERAITE - RMSE i3 B Fia g 4 &
(2010.11~2013.10) » A4g#» - % (day-ahead) fv— = p (intraday) = RMSE
A g ] 1420 120W/m 4o 100W/m? > o= -~ 957

Bl- -+~ F 4 #(2010.11~2013.10 ) /57 RMSE * & » 4p s — = (day-ahead )

r— % p (intraday) =7 RMSE & - 3% 4 &) #+> 120W/m? 4= 100W/m? - Source:
F

i # = & Kazuhiko Ogimoto ##: WCPEC-6 # 8 & -
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p 8¢+ E ¢h4 47 (CRIEPI)

BAA Y o p R4 P g “r(CRIEPI)#H Akira Usami % L r2 4 4f
BA 378471 ApsELIT3 Wy 2% 4P £240p 848 2 3703
F A% ~ %8 (A New Weather Classification Based on Solar Irradiation ) ” » ;% 3§
el 4 T 0 ERRE R AT

LFERIHELT AP B R BRI B ET hAFTEH
TARPATHELAER c ABRBR AR TP ngh i LR
FREBELT pAFTED % § A A HT R P

AETL AP AR S BB 35 BH(Gunma Prefecture) e 15
(Akagi)f--* # ®%(Chiba Prefecture)z#t 3%+ # (Abiko) > 2. p 5 BLip| B & {7
Adro 2011 & 4 % Aed 5K 2009 & 110 AxB degipl o TR S 3B
i p s(beam irradiation)f- > % % p st(global irradiation) » % B 5 & A 48 -
LoFTRRFRIFAALT A > B 5 7 45 d(clearness index)
Pk K7 0 d spe BHC sl £ dp(linear superposition) @ & fe BE T 2

TGRS R S A ) o
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Bl= -4 ~CRIEPI B -7 eni> p 38 2 370X § A AL =~ %33R o
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NEDO s# 5 % B4

d NEDO## e [k 3 2 mjiﬁtrzﬂ’“&gff_p A KB SRR E
TAAPFP T EBRE TR AR S FEP A R RDF BT T
( Meteorological Research Institute, MRI) ~ Z&'vi WP A5 25§ (JWA) ~
LN SR S SE Y PP A = i Y B E FHNREF YT ( The National
Institute of Advanced Industrial Science and Technology, AIST ) » ’ig g
RAcBl= + %757 o MRl fv JWA $ e p S8 FFR] > 12 A% 5 T4 ki dkix
F 9 AP M Hdcen- e d * e @ IR (NWP) o sk 4 % #45% & % e
#c %E;?Jﬁ—"‘“' o AIST #-p 34 FRFTHEHRSF T ERFRFTH 5 - 25
[N BRI 4 ez (Unit Commltment) frgg%‘ Hisw oFmy Pk

LB THE > MR ATR B DR R IRR D E 0 TR TE R D
TR IRES o S #Eﬁimﬁzgﬂ

N \4& =

®
}

TR

%,

= >
A
TRk AL th

Seamlessly Introduced a Large
Number of PV Systems into
the Power System PV Output Meteorotogical Parameters
Irradiation

L =S
Power System T ‘.

iv) Estimation Method of PV Output
v) Simulation of Power System AIST

and Evaluation of Impact of 0 iz;c:;l‘mg “:fx:fn::m
Forecasting Error, - Development of Estimation Method Meteorota‘al Resoarch Institute
University of Tokyo of PV Output from Meteorclogical
Parameter and Irradiation Development of New Physics Mode!
« Development of Simulation of Power System for Radiation
* Evaluation the Impact of Forecasting Error i) Iradiation Forecasting at Point Gifu University

in the Power Systems

=

iil) Irradiation Forecasting in Regional Area,
.:(‘ Japan Weather Association

) S e

moawaas

LORRAFERBAMRR 3K ek JWL esnans X. L AIST

Development of New Irradiation Model and
Work Toward Practical Use of Reglonal Forecasting

e ol bt et T baeny o S

Bl= -+ ~NEDO =« Kk 2 % % fpRF 7 %% B34 - Source: Japans Solar Power
Program and Prospects for te New Power System, K. Ogimoto et al. IEEE Power and
Energy Magazine March/April 2013 -
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B EEFFEENfRP S BB R TE TR

A=At E P S ITOCHU 2 @ frd 3~ B X B AR E T > 588 40
BT HFTIRREMNS ¢ AL 2% 0 310 B ¥ EHEFHRT o
32k ek Bk R 8 7 7Eip (Photovoltaic Power Generation Forecast using
Numerical Weather Model and Statistical Method ) > » /2 4R 4c @Bl = L — #75F o

Fl= - g G TR A e S i ek R T TR AR R A
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HFIRAB AT A AEE FERFAADIE > A B XD ki
e AL ERRM A B T AT TN S EY R K
Bldge Flprfre Xy PREFEEFELRDEHIIFNE FAEFE
MEP FER o - AT ABTA e TR AL R I 8
wt A e S B e b 20-30 AR H R E 2 B0 g T
P oea) 5t t%%ﬁ—‘ﬁ% e R G A Al g
b 1-2%z2 B o 235 - Jé;t?‘[]% P RV R h R IR F e

e

B
o
1. 26 P —"TF %0 AR} € &b M e ohld iy - it chgl sy 4
GRS B R R I SR A MR g A FE A 10% 00T - A B
R S IR O LA IO P L 1
ZE AL BRI Ul N S s R ) PR
2. frd P ETEE LT ORIV A DRF]E P
e T &A% %ok (Potential Induced Degradation, PID) » » %{g *

[ut8
N T

o

%ﬁﬁg£wﬁﬁ9?ﬁ— %mé*wi’wﬂ%mﬁﬁt“ﬁ
;F\AO"'B)-FI\AP‘PIDLLFE?-‘ %frlﬁl'&iiiﬁﬁ}.ﬁk%*;ﬂ%?g,
#4 o

. @&f“%ﬁﬁ%*m% *W%“i&%*

TP AP M, A mE LA A i
3. HEMHERI SlAehk XL I EBRH TR CERARF f1
FoAd N R RS R BRSNS h ’Pj\#ﬂ%’fm:}}%{{,
g4 RINHEF IR R o T RE X (0T E RN EBTE
4

TAEE BT L AT ?jn”:%—% NI RF AFEET R o B
RSP R R d mfﬁﬁ&&gﬁu’? d3 g MR FASFRORSE |
RAOVERWIERF S HBair
o TR Q{'@m@# Rl e @ 7 A8k ~kFEAT
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