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(pEEES
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mELAR

R~
>ES. KEBAXBENOENZESH & LMUBERFEAD LRESE (FE#R. SEE&)
>R R E
> BN KEGHDH N EE) & R HbiE e X
>R AE DI RS
>R NER DN, BAOKEGHKDTFHERRZE & REDOHFERE GCC
> HspotmiiZ D EAG R LFEHE. FHEE DEH
>EMIGEG | B R 0ERE (EREL. RBMEDILK) . AN DOEK
> - PVDEZRICH D B ESNEHME ICEET 53R 8
>H NI BE T B 15

mHK
>E IR EGRE
> RARHLER AR TE O K E B
>R RER &
PERRICB T EEERES. RBEEERELATE

}

B NMNEKEEXZEME LI-AKBAAEEROEE, BT
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€& Downward flow: Load > (Tech. Required Min + Renewables)

<=— Reverse povver flow: Load < (Tech. required min + Renewables) Neighboring
TSO (380kV)

380kV Ex-HV —>
O XX
International TSO ¢ % @ /‘\
Brovvn tHohore

Nuclear
A 110kV HV Coal
Bi-directional - &
Jorern s N ©
grid operation ~ @ " 50Hertz
20kV MV Wind Gas CC + .
\ 4 ‘
i % Ampr:ion
@ u @ vAy¢
v Wind ) ka*> ' TenneT
,I)
LV 0.4kV Tech. Required Min Tra“S"j‘BW
= Technically required minimum supply from " 5 .
s, @ conventional generators for system reliability Source) German TSOs
Household "‘ PV Source: Takehama, based on the interviews with Fraunhofer IWES, MITNETZ,
: 50Hertz, Amprion, Main-Donau netz, Hansewerk, Avacon, Bayernwerk.
German grld SyStem and power ﬂOW Takehama_Asami Ritsumeikan Univ. 2017-0802 3



[MW] Vertical Load in the 50Hertz zone (from Jan 2011 to 4.0ct 2014) [MW]  Verticale load in the Tennet zone, from Jan. 2011 to Sep. 2014
12,000
Max Vertical Load 18,000
10,000 TN
8,000 14,000 ‘I I | W i ' H"I I'” I ’l‘ '”
6,000 | . .
10,000 ‘ .l “ ] “v |‘U“ |
4,000
6,000
2,000
0 2,000
-2’000 - | I ' | I 1 ” | Il | | _2’000 \
-4,000 6.000 >Time (15minute)
-6.000 Y2011 | v2012 Y2013 Y2014 o F |
Y2011 Y2012 Y2013 Y2014

N YIZEB T B3R (110kV > >380kV)
The scales of Negative Vertical Load increased. Annual maximum vertical load decreased in both zones.
50Hertz zone: Wind capacity 14.1GW and PV capacity 8GW is integrated. (Oct 2014)

TenneT zone: Wind capacity 14.3GW and PV capacity 14.1GW is integrated. (end of 2013)
50Hertz& M: A 1114,100MW, PV 8,000MWE% (2014F108) .
TenneTE M: A1 14,300MW, PV 14,100MWEZ (2013FK)
Takehama_Asami Ritsumeikan Univ. 2017-0802 4



PV, Wind, Vertical Load and Load , TenneT Zone, (5th May- 12th May 2014)
15,000

[MW]
10,000

5,000

4 Time e
5 000 4 97 193 289 385 481 577 673
F

PV TenneT TIWind TenneT —\Vertical Load-TenneT

—Net Export (-) TenneT —Load TenneT

Vertical load, wind/PV feed-in, (TenneT zone, 5th-12th May 2014)
In a period of high wind/PV feed-in, vertical load becomes negative.

TenneTEX : AJS (BB &PV (B36) <, @#ik (2014F585H-12H)

Takehama_Asami Ritsumeikan Univ. 2017-0802




14,000
[MW]
10,000
8,000
6,000
4,000
2,000
0
2,000
4,000
6,000

PV, Wind, Vertical LTd, Load in 50Hertz, (19th Dec. - 26th Dec. 2014)

PV

EWind

Time(15min)

—Vertical Load —Lload _50Herz ==Net Export(—)

@ Vertical load, wind/PV feed-in (50Hertz, 19-26th Dec.2014)

Cross-border exchange is shown in negative values.
Source) Data by 50Hertz: Vertical grid load, Actual control area load, Actual wind feed-in, Actual PV feed-in, Cross-border load flows.

Takehama_Asami Ritsumeikan Univ. 2017-0802

Negative vertical load
(PEBEET)

110kV =380kV~
WER (ERESE)

50Hertz B[X.

B - PV & EEAT,
FHFREE(-), BAOHAD
|—_|L\H1', E ﬁ’fﬁb%;\}ﬁ/)\,
12H19-26H, 2014.
110kV > > 380kV 18R
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[MW)] Taking from 380kV to 110kV grid, Load at 110kV grid

3.000 in E.DIS area, at 110kV grid in 2014 110k VEREM DEE T 4.
ZECE EWT@EIz#b@ﬁ
2,000 HEHIL, EADRBRFTICEE
1.000 ST HERN. HEHERIC
’ Min: 261 MW
0 L g R

-1,000 Taking from 380kV to 110kV: (+)
Reverse flow from 380kV to 110kV: ( - )

-2,000 _
Min: -2,627 MW
E’: : : mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
NNNNNNNNNNNNNNNNNNNNNNNNN
Time (15 minutes) Load, measured at 110kV grid

—Taking from 380kV to 110kV

Reverse power flow from 110kV to 380kV (E.DIS, at 380kV,110kV transformers, 2014)

KA VEIERD110kVREE.DISH (50Hertz2BEN) M 110 k VA 5 380kV IR~ DB 7.
B DEH 380KV R D ERTR,

E.DISECEMIZ. BAHOY AT L4LAGW, PV 2GWAEZR, BANEZEMD62%H110kVERKICESR (2013FkK) .
110kVEERERE O FERREEFTH262MWIZXT L, 110kVA 5 380kV DR D B AFRE(£2,627MW,
EFEﬁIB 931H”fﬁ5ﬁ:€)@ /Eﬂ/}lbb %E (2014&) R . . 7
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BRAYVICHITERLEHREBEDEIEDOIT (EEG2016)

c RAYDRXRSE - BLBEHENKEDOEIHARAZERET 2DIL, EEGED [ EROEXBEESH] (I
t, BIxBR%Z [WEMIELEXE] §2LH2FHEDIT 3.

| RIEAEIE, BIXBERIMINAROBRNDEEZ, BHICELWIC, MIEBWIC, B
A, X8, BELATNEASA W] (§ 11(1) EEG. #EEE : [EMIC] ORTE L
2014 (CEINT) |

BB 2XBd 2R FEAENEESATRWGS, BIABI2EBENIC, BA
*xE, BEIT2EHIL, EROoXBESHICHS] (§11(5)-1 EEG, BELDOHAKERHE) .

EROEXEBESMICH T 2BHBIABDEISLERN - BIRIEXBEDERIZ2004FEHEN
[IBERIC ] BEA - XE - BEET D EORTFIF20M4FEXRELHEA I N,
L-*L J: U, Eu-l_J:@J%ZLJ\ b’é_ #@EEE'I]/JIL*L& LT:E) EIZ‘ _L%J:/}IL :1 %ﬁ%?%
an-l_é ﬂf L\
. 2004$ IZ ERDOEXBEHICELEEARBDITONTLUR, AV OREMIE, WEIRIC
T}%ifﬂﬂﬁﬁ%m@ﬁnx/X?A75_'5%7\L RETI, BE - FEOZEERTICESRES
TOEBMANFAHARDIREY R T L2 HLTWS,

> EEG2017TH. ZORBEKRWICE L

Takehama_Asami Ritsumeikan Univ. 2017-0802



& N MY DRRGHBEEE., BTARABHDOLIBXE
¢50HertzZEADEAS - PVHAOEE & sk ERIRDIEA

e b0HertzZBERNOEE |F/NZ W=, A - PVOSHE O, b0HertzBENDIE E D EEBFRH
WEBABMAICEL, EFXELTenneTAITEEZ1TH.

« EEREIR ¢ S0HertzZEX M oi\ERE T OEEREROTEL, BHEETEILETE (4R
) T#92,000MW,

e b0Hertz-TenneTOEMWEXRLE : B - PVEHE OB, TenneT@E .
« No0.413, No.414, 2No.449, No.450, 3)No.491, No.492 (BEERE. KI5GW)

c FAYTIE, EAMIBLERRDERICEWVNT, BARD KT HRIAEE EIRIEE.
EEFEEVSIEENETE,

v
c RE BT RIEDEERDED T, EEGEICIYBIAHEBLETIRE. EENSD

Takehama_Asami Ritsumeikan Univ. 2017-0802 9



Load flow of tie-lines of 50Hertz— (8) l[z\ﬂ)%] Grid load of inter-zone transmission lines No.449 and No.450, (1.Dec_31.Dec.2012) Location: Middle

Tenet. Hourly data, Dec 2012, %%88 T DN
S50Hertz. Capacity usage of tie- 200 -

lines of 50Herzt-TenneT is at 50%- 600 4

70% in a time of feed-in ;’88 ]

management 0 - ] 2 2 & b 2 2 S 5 g 3 23 u 5 3 8 3 3 5 & 3 2 ] N g 2 2 g 5 S
Calculated by Takehama Time (hour) H—ﬁNo.H449_HVies:3Iba::‘h_ TNenn;t(MmeckI;r) T Lo.4go_gisen;cthentaet (Twecilar)w o

()T RILF—FFEKIZE

== No0.449_70% level of capacity (round)

——No0.449 50% level of capacity (round)

(§ 13(1), § 13(2)—EnWG)C: HS (b) l[MW] Grid load of inter-zone transmission lines No.413 and No.414, (1.Dec_31.Dec.2012) Location: South
CRBRMIC L 2 BEBE 000 |
(Redispatchin EFREBRTZ F ¥ H 1,200 == === Y i Y L YA ) EME‘EE‘B EEEEEEEEEEEEEEEEEEEE
&) RS - PV 800 TNV V WW; VT
*Ekjjb“f%_ﬁjjﬁ%ﬂl NBEE N 400 - | \!V

KEREFDEARIC, BAOH o
jj éj] FI:\L’C \—ETIG_‘_WOD ij;(hoilr)N S —LPN;D4132 Reipte:ndoff Tznn:t(Regdmi) R aN0.8414_31Ren':gpter?fdori_T-\-:.-annef(ReZwitf) )
/&\éjj mEE‘ < @%%ﬁ D ﬁ%%ﬁ%\'fij 7& == No.414_70% level of capacity (round) ——No0.414_50% level of capacity (round)
et ’C L\%)o ZENEE IR (C) [MW] Intervention for System Reliability, ( 1 Dec- 31 Dec.2012)

(BH) 125 L7 ER G E5H 12,000 - 13(1)EnWG= Redispatch and Counter Trade. 13(2)EnWG & 11EEG= Curtailment of
% 5@;{913@ %?v‘-\' S, Zo0 10,000 - Conventional and RES
DRERRICE VBT B0, | 6000 | i
Fig.11 D 50%, 70%7}<2?"EL;t, EN 4,000
ﬁﬁ%AﬁW%,m%utt 2,000 A
75 > =B O R B R MW] D T sz zEcetc:Lfi®iEEARBECCCEZEEgEGg
FIEﬁ:Ei/J\T [MW]%/—J—\ Time(lSﬁmiﬁ“ute"%)v w20 o0 g 2 d 2 I g ¥ 2 g a8 8 da 38 8§88 &

mm Solar Feed-in T Wind-Feed-in El13(2)EnWG and 11EEG —13(1)EnWG +13(2)EnWG & 11EEG

Grid load of inter-zone transmission lines between 50Hertz-TenneT, Dec.2012 by line in hourly value 10

(a) Line No0.449, No0.450, (b) Line No.413, No.414, (c) Wind /PV feed-in and TSO adjustment for system reliability (re-dispatch and curtailments under §13(1),
§13(2)-EnWG: Energy Industry Act) in 15minutes-value. Takehama_Asami Ritsumeikan Univ. 2017-0802



R BRS0HZ-Tenne TO BIFRAR E:OfE 3 Grid use at inter-zone lines (50Hertz—TenneT, 2014)

Grid use level: U = Grid load /Transmission capacity. [hour]

Hours of capacity

0%<U S0%SUST0%  U<50% Egﬁi gf)e/hl[g/hel;tt}f;
hours]
Line 413 % 158 7150] 8759 18.4%
Line 414 76 1775 6908 8759 21.1%
Line 449 10 B4 BIs| 8759 5.1%
Line 450 4 160 93| 8759 5.3%
Line 491 0 a0 65| 6575 0.3%
Line 492 0 n s 6575 0.3%

EHR B EDT0%KAE :
RMAREICHT R GEaEES
(capacity use) A\ 70% %z % &,
HERARIERRICEELNRE L 7255
I, KERENHR I N BHKE
=L N

KAy Tl E R E RS 0E

RICEWT. BRADE T 5K

ElEEREx., EERBIEND

FANIEEL,

e mERIEDEEFRDED T,

Note) Data in No.491 and No.492 1s from April to Dec in 2014.

50HertzFEa P D #I I E R IR O ERRT (2014) -
No.414, No.413TlZ. BB EDS50% LU DO ER TEE L 7-ERAFE R R D2E,

ZWFIZRERARED70% TKE,

EEGEICKYBIRZERLTIE
B EXEIND

Takehama_Asami Ritsumeikan Univ. 2017-0802

BRFEEEARERAL T, TenneTIZEXE L TWLW 5. #lgiEhXxE % H AR ER,
B . KEBHOHEAZEEIES) L /- g @ R E R LTI IC AT 8E
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MEEGICH TS RBIBEDHIR - IHBDOFRBFE O

N==
OF

e AT XEBID EMREBNERIANDIERIX, EEGENEXE  BESHIC, RREREX IE)
W KHLER - R T ARBZEL TWEIHLHTH S,

[110kVE COXRMERAET, BIXZEEICERL TOWAWERORGERZE] |
B, R - LR - Rl oRBAEL WS (§12(1)-EEG) .

DI IR D RIS 1L ERS

B IBBHEENRKEBORE2RN5 DX, EERERAD [BEFNICIEESENLS
&1 IZBEsN3,

D, [REILERER’PBIFAEROFTHRERERAD2%ZBAHEW] RY, [BES
BEYEOEERNICHD ]| L OBRIRA, EEGEDEREE,

25% EHZE L2004 FREEGEEXETH 5D, FMVmazHIFrd, 25%EFEICHMLL 7=
FliRzHH L TW3

| RigmE AN ﬁIZ\E@,ﬁ@*ﬁﬁ@ RERO% AR THNIL, BRESEELH S ]
& DIEFRIZEEGEDEREAE (A > T W5 (BundesnetzagenturiB¥E) .

o

Takehama_Asami Ritsumeikan Univ. 2017-0802 12



WER

FAVIiZE LB ARTEBOERICHr IS EEGEH:
aEROEALstEIrEoEEME (FEREMSHET HBES)

ERBOMEIBELE S
(ERBEERFDEZRELIOHT,
ﬁ%ﬁﬁﬁﬂ%ﬁfﬁﬂi’é]

f

4

_

ZERT

RANOEEFENN
RIBT LA

Waal

E=EFr

BENRUrI—2

Grid connection and the range which renewable generators must
bear in Germany

® FAYVITHEITSIBIRERE
RIERE DR MIBEERT

> FAY 1 TR - BERIXRGE
AEMNEHET L] (§17-EEG2016)

> BHiR (DIKR) hoEEMETO
BFEREOEE (ARRS) - Rt
ERENEE

> EBAEER, LUEBEERFOER
IXE - BRESHNKET D
(§12(2), §17, EEG).

> BIRZERRER) OBHRAET
DBEE 2 A% EIA(§ 16(1)-EEG).

> BE  #ERAMoRYOEEMET
AERR. ERREIBIRNEHAE,
L REOIBREA LB REE,

Takehama_Asami Ritsumeikan Univ. 2017-0802 13



Japan: Renewable energy operators must pay the main costs of grid reinforcement®

Reinforcement costs of the existing grids (from PCC to the first transformer) including

upstream grids**

(A) by Renewable Energy Operators

\

QD

(B) by Renewable
operators

\ 4
| oad

o —
Responsibility for the Costs of Grid Reinforcement [kV]

Renewable energy operators must pay the
substantial costs of reinforcement for the 3
and lower voltage grids.® *See note [11]

Vol
oltage Hokkaido [Tohoku |Kyushu
level
1st 275 500 500
Utility companeies
2nd 187 275 220
3rd 110 154 110
Distributed power 66 66 66
operators 33, 22 33 292
6.6 6.6 6

14
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mEHARICE T B ZRGIERDOFEE]
> BIXERBROEBRISHZA T [1FZFEHOZEEMXIIHER] FTHEERRE SN,

> BIXHREEIL, BIXARSEHIORIUOEENME COBRBOBERER-2EIET 5,
> MZATHATIE, BFEZEMORXREOIEE, FUSERFEOEBICHANZIERIE, RREE

B (FEaf) zRAEL, BIxAraEd 5,
FERERDOIERER T, BEER 1AL 24 (RPETERLEH) 3. —&K&a8 (8B

> LAIE
SEIEZERIR)

> 3MUTOEBEER (BIxATIER) OFRE, FEEE (BIxA&18) HRAL

Responsibility for the Costs of Grid Reinforcement [kV]

Voltage

level Hokkaido |Tohoku |Kyushu [Hokuriku [Tokyo |Chubu |Kansai |Shikoku [Chugoku
1st 275 500 500 500 500 500 500 500 500

Utility companeies
2nd 187 275 220 275 275 275 275 187 220
3rd 110 154 110 154 154 154 154 66 110
Distributed power 66 66 66| 77, 66 66 77 77 22 66
operators 33, 22 33 22 22 22|33, 22| 22, 33 22
6.6 6.6 6 6.6 6.6 6.6 6.6 6 6.6




BA : LuBERBORKEEEAOGEL—L

500KV H5 % #: 500KV H & ik
e
+ 2555
275kV _ | 275kV
BTl e
154kV Rk 154kV X4k
> EIZTE% TM’* TR ERA
o REAETEERDIGE T
N T e RES S
JIER S .
YT L VI i REZTD

x%éﬁ%ﬁ

1DEHOZEER —— T
F T, BRAR :/ R _©_ LEHRE

R i T i%‘%ﬁé%‘é‘é%ﬁﬁ%ﬁ_‘ FRERTS
Takehama_Asami Ritsumeﬁan%h 201?6/52 %;ﬁﬁ%ﬁ@— EI*%JE\



& k1Y HAIH & IFRASR

§13(1) EnWG, ¥ SN T-E 1 &

2,051 [GWHh]

& 50Hertz &
AP OV 2.

N T OBLIR.

HE NI MW]DIE

> LTV AT, B H I 34 & B8,

IMW] Intervention for system security under s.13(1) and 13(2) EnWG (FAAERKFEIR Dredispatch)
14.000 (Sorted "_1 order of value of 13(2) EnWG), 50Hertz zone in 2013 fﬁ V‘J%\é‘ EE| :;d‘j*éil 1.9 [% of GWh]
12’000 15(1) EnWG — WWind +PVActual | | (B /) +PV) AEHIEERICHTHEIS 8.3 [% of GWh]
’ Wind +PV 13(1) EnNWG 50hz | |fREL7-H %L 177 [day]
10,000 ' W 13(2)EnWG FHAL 7~ RS H 1938 [hour]
8,000 I | q
| 1 §13(2) EnWG and §11EEG, iH#EE &
jzzz (BN IR H /1 80) 138 [GWh]
' BN BT A 0.13  [% of GWHh]
2,000 (A +PV) B RERITST 584 | 056 [%of GWh]
02 : z o 5 ” : : ; : LR 142 [day]
[ N AR TINFR 2R 984  [hour]
13(2)EnWG &11EEG - Time (15minutes unit time ) E A 1 (MW)D10% L2 5] 139 [hou]
J& 7 - PVH ) (MW)D10% 24243 139  [hour]

TSO adjustment for system reliability (50Hertz

> TRAFEFEELIFO 2) ITL % (FITHZXOD
D) ik B KRBT, <,
Adjustment by 50Hertz TSO for system reliability, according to § 13(1)
and § 13(2) EnWG (2013, 50Hertz zone)

zone, 2013)

RIERTEMED =D DFHEE (50Hertz, 2013)

Takehama_Asami Ritsumeikan Univ. 2017-0802
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A i S| E (B (KT (YA SOHertzth- {5
(ZERT) BLE3EE ([MW] R |Refd |8
UW Perleberg |#37 471 |E.ON edis, 1200 o0l 1030/ M7 % UW Perleberg
Reduzierung |l WEMAG 240 ' |7 B |Trafo No.411/412
o A ' AT — [220kVIEFEHR Vierraden-
UW Ragow |} MITNETZ 100] 10:00] 17:00], .oy Krainik 507/508
, o A , . R vhU— [220kVIETE#R Vierraden-
UW Vierraden by E.ON edis, 80( 945| 17:00 2 Wl |Krajnik No. 507/508
- kT 380k VL AR
UW Eula ’%\Tj% MITNETZ 160 10:45| 17:00 ) ek Remptendorf -Redwitz,
T [No.413/414
P Sk 380KV AR
UW Pulgar ’%TJEE' MITNETZ 160 10:45| 17:00 Wk Remptendorf -Redwitz,
" |No.413/414
uw R Sk 380KV R
Klostermans [ﬂ\%ﬂlj% MITNETZ 100{ 12:00{ 17:00 ek Remptendorf -Redwitz,
feld T |No.413/414
. 380kV R
UW W T '
Leuchstids %jj G \virNETZ 100[ 12:00| 17:00 j/ﬁ;é Remptendorf -Redwitz,
" |No.413/414
R Sk 380KV R
UW Marke A MITNETZ 100| 12:00{ 17:00(, ~.. Remptendorf -Redwitz,
#i U Wadk P
No.413/414
. EEEE , | RV — [220kVIETEMR Vierraden-
UW Bertikow o Enertrag 80 945| 1730 7 Wk |Krajnik 507/508

> FA AP & FREER
50Herts X B FE D H ) # il 52 it 37 5 (2013
3 H 25 H FEhi4)

>iEmEattT TEHIORER, 11814 O T,
Mk Re ], PdERm OB | 2RI 5%
B 5 (8 14(3)-EEG).

>INM N A LTEED, BEaDRS, X
EAROE S, ML, BRI N,

EDOEERT « EEAR CHRE (Netzengpass)

DEE LT hvRT,

> U AN (R NU—TREK] LFER
SNTWAHEHDIE, §14-EEGIZHD Z#25F
B L2 L Z2pRT.

> 50Hertz & TenneT& N O H J180#| D% < 13 )H
M 72 CTH D DT, HHifE,

> O M OFHRBIIRIE, 2 4 FFF N
S CRIREN TV D,

An example of the report for the implementation of § 13(2)-EnWG in combination with § 14 EEG,

(50Hertz)

§ 13(2)-EnWG+ § 14-EEG:EL% 7 0 S fii i 5 5]

Takehama_Asami Ritsumeikan Univ. 2017-0802
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B
(A
450,000

400,000
350,000
300,000
250,000
200,000
150,000
100,000
50,000
0

SchleswigHolstein netz (110kV)X i, BT R EROH AMNHI D > P’f P4 Hjjjjﬂ]ﬁ%u k ‘%ﬁﬁﬁﬂ_{.
DA FEEF$ (20145118 ~2015528) > 110 k VEB%%%O)%%

Hours of output reduction of EEG generators in
Schleswig Holstein Netz area

(110kV %t Schleswig Holsten Netz(Z 3517 2 H 7181l
IRFfA], 20144F11A-20154°21)

Schleswig-Holstein Netz AG: Einsétze des Einspeise-
management in der Mittelspannung, Hoch- und
Hochstspannung, TenneT (Nov., Dec. 2014, Jan., Feb.
2015)k v B H.

TenneTEEE X DO fALEFD110kV Z# DODSO:
20145118 20144128 2015818  201542R Schleswig-Holstein Nez[X ik,

B 2[R R (Engpass) ZIEHET HHNH [hour]

> DA oD ZE~FE AL IR ] 2 JR HL— 15 “<‘: H

OFDDEHIZELSHNE [hour] FIEXBER] (0%, 30%, 60%Hi77) ([ZHEH L
B EEGA Ik UB BRI L% [hour] 7= (20145117 2015421 .

‘ ) > 40 A OB Ao T, MEAFf &
BTenneTEBER A MNERUIHNF [hour] L, & COH A s,

Takehama_Asami Ritsumeikan Univ. 2017-0802 19



O BEIXTHEBHEY R T LOES. BER®SZE( 2017EEG
BXEROBSIRNESIET, HEELEZ (re-dispatch) @%Fﬁéﬁﬁm@*é#&)f& 3ODREKEENE

« HAOMF(FEXRBR. LY BIR)DEZHIREYT 56, UIUBLAIBEGEREL T, ROFIZHTLE
JEMATD

« (FMMYTIE. BIRBNDEXMEIZLY, N—FO—ILAKEEBIE. BERILY, B E0 B RERR
Einz Xl TS, RA T, HRESBLEAFRIZE, EFF LS vy T2 HY)

« REMOBELOMIETO, B LR DDHRERELEL.

« BRI yNT—4F (Bundesnetzagentur) ARIEEMDH DML, RiFILARM IR (RIFILET NEHhis)
ELTHRET S,

o RMILERSEMITIE, FE LR DOFIREFIE, 2013~2015FDOFMEFZDFEIHBEDLH8%IZHE

. ﬁl;?\@,ﬁl X9 BH HHH| (FAEEIR: feed-in management) OFRANTEEAL(2014FFTERFR,
= RMOARML R VIR =R FEMICKY, BIREAIC *ﬁ’éﬁjﬂmﬁﬁlfé’_’)i%éli BEAFTEE
DIONERR FMIET D, SEBINABENERBNADI %EBZD55E1E. 100%KEFME)

 ELRANOEEEDTE GEERILRIEFTEEETORFE), 2021 @%ﬁﬁﬁ]\%li\ SNl
500MW, 20221=(&. e/ LB A AT, S00MWDEHEA,

« 2023~2025%(CI&, M. TO0MWDFIRE A, 2026FLUIEIL, BF, LBELV/NILNEBT, 55T,
B4AOMWZHTHZE A,



B EHBITEH (grid code) DEAYE., ZMMT7 /LR DAFEMH

> HANDORME: RMANCREIEERBE RO H AT, BIEAHERIE. B2l R E0EHA
HEL T, HREIZRD0F 0,

> BB, 1B RiRHE. RT 7RO R ELTS

mHHE 7]{, tigChh SIEE
> IEFEHAIF 23T D R R &R D O E SIS (steady-state reactive power exchange) D F AR A
> BT, KR REE R T D &, SRl K OWEF OEEITE 4R (N/&)
TOEEELEH) (B4 TOEE LR, BAERT 5 EMRE R COEE L5
E) IR Z T 5 U A7 BEEICRS.

> B NIRRT T D T2 OICHE, R u?'-é}—n"%i‘ff@t o rEmR G, ERhE eI
HIlRT 2 Z ENERSN TV D, (;EEZIKEI’J (X, L J'Jij@*”fﬂ% IR (FEEREE) 2> 6 BhS)

> KA Y TIEBAAETI ES S A (grid code)lz LV, 2 COH T REFRIZK L T,

N EE NG TS D BRI SN TW D (FEe H T o S i k)
>ﬁizw o TEHMBEETIIH A, FRICHEAS S 2T 0UE, EICREEE.
> BN EFITIERNC, SRR BHBRICHTE SN TV 3B,
>EEHAECHARE SN TV RVWEIEY, I oEMERIND Z LidE ! !

(BHRT 7 A2ADNEME. BEHM) Takehama_Asami Ritsumeikan Univ. 2017-0802
v (BHADXH: BATIE, BAEBIZHL. SVCESE HHEEBORBIERENAZLHESN)
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O B ETRLEN & SR T 7 ' A DN

O RDFIHENLETHD.

> RA Y TIERMEERE ORI, SRR - ILROBERH D720, FRAEDORE
IC Lo T, R OEFEOEENTARGHEEZ RN T 2V 27 0355546, Rt
1T O DITRFEHE TH 5.

> S RANC R S DRGEHYEZ T, RFERAEIF- RERIC, B2 ES)
BAMIEZERT L Z Lid O THISNE] T, [ELRBIEZFEHTEX 56 ]
RO D (BayernwerkEe il 2 F#) .
B lid, EPNTORVWEHRZERIND Z L8N (FRIAY)

> ZOBEH Y, EnWGH EDORFHEFIHEIC O LELR AP AK S 2 525 Z & 271
ETA-DTHA.

> PR B IZEnWGIZIEY, TFHROBHMEZHERT D Z & (TR EEIER O
™), SREAF TG HEANICENTEARZ ST RIER B, EOFANZE SN
T, " LWSEHEZHRE T HHEAICH D.

> (B CORMFIAZIZHTHERTHFEL S, A EICHRBHEE T & =
AL S A T 2R W R TR B B B R = BB RIF AN HR D oy By 9 5 2 07 MR
SNTWD) =X —F1EE RO RN TR DR R
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B RO EFEDH :

u
>

Q-(U) characteristic linelZ & % /) %?bﬁji i%.
T, BEKEOREE LT, WA {E %
FePEEAR C, (ER Ok R Z & u?ﬁﬁﬁ"éﬁ

=,

JE S % KBRS 5 110kVECE S AR OB Bt
gﬁif IZ, Q-(U) characteristic line % {5 DHz
T = aﬂ“ﬁ‘éjﬁﬁﬁl 2\ ()
Westnetz GmbH (Z 33 1T % 110kV i & T @ Q(U)
characteristic line® 15 ]

Q(U) characteristic linel3,, EEAL LY LA N SN
LT, NEROBEMELYEZIIERT DL,
R ETLEDOFENRE N RKE V., fFEI LT
BB, FER SNT-RFRINICEBIZE T 5 2
ERHD ( 2 OFLIWN. /7 7 TH~) VDN:
EEG Erzeugunganlagen am Hoch-und
Hochstspannungnetz, 2004. pp.40-42.

=
FE,

Under excited

unteremregt

[ ] ;

o £0

o

libererreqt

Over Excited

AD

oS g =095

WP, [

cosp=1
3

20

k]

b

20

1%

10

cosp =095

Q{U)-Kennlinie

AUTKY]

Referenzspannung Uy, = 110KV |

Reference voltage Uap= 110kV

Q: Reactive power

Pav: Contracted real power to feed-in at ¢

Q(U) characteristic line adjustmen

onnection peint

L

An example of Q(U) characteristic line for static voltage support

(Translation from Westnetz GmbH)
Note) under excited =

inductive. The direction from the grid to load
is shown in positive value Westnetz GmbH: Ergidnzung zu
“Technische Anschlussbedingungen Hochspannung,” 2013, p.4.
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QP EERIZIIT 5 ERE 4
Pt A COFRELELETL, AU<S2% ThH 5.
VAE = Cos<p(P) characteristic linelZ X ¥, ARVEIKHE (GESIPIE T SIPn) 1S Clo 15 E 5% (Fig.l) .
LKIFEIE (Uc) 1T HELEKEDHEIA (0.9Uc~1.1Uc) & JIREPH A F5E T 5 J7EFig2) .
HFERHE O ERREE > B oyl U CTEIRZ #7256, Fng@.EF'@O 95 Uc~1.05 Uc O#IFHTIL, HRhE &2 HIN L
T 620y CRFEERE O HIMHI O RR H 556 2R <)
pue Voltage level relative to

Cos tp‘ & contracted valtage (Uc)
1.10

0,95 -1

1.05

1.00
0.95 0.95

Ubererreqgt
Over excited

* cos phi

~ 0.95
P/P;

0,7
UnTed el et b e et

Under excited (Inductive) Over excited (Capacitive)

untererreqt
Under excited

_________________________ keine mabkstabliche Dastallu
0,95 N Ta ¥ e

Fig.2 Requirement of reactive power provision from

Fig.1 Ap §Xample of specific Cos‘(p (P) generators. (Translated from BDEW guideline, Bild 1)
characteristic line, (from BDEW, Bild 2.5.4-1) . . . . 24
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SRV DRERB MR D= D 11 Regelleistung : Control Reserve

D 1xkFEAH (Primary Control Reserve, PCR): BEIMIZIGZL. 30 LLIARIZEH
KHADIZES B, #HiEHAE: 0 <t < 15 9, REEICEHHIEE.

@ 2:iAEH (Secondary Control Reserve, SCR): EEEXDERHM D=
O, EBEETSOIZKY, BEBICBEITIOE T 5, b LLRIZHERKH AIZEZET S,
BEririnhrE. 30#~15%, (EEImFlah I2HHZ)  TSOMLEA

Q 3RFAEAN (Minute reserve, F7=l%. Tertiary Control Reserve, TCR): 1543LL
NIZHEAKHEDITET B, #iERE:10 2l E~1RE~ZFn Ll £, TSOMBEA

> LIFRABHN (RBAUNTVRITHIE) TFIFRABACGREIANTURIZHIE)

incident time ’

(I) 301 : i r:1|n 1,h Source) Consentec; Description of load-

| | | | frequency control concept and market for
control reserves, 2014

Source) Amprion, TenneT, 50Hertz,
TrnsnetBW: “General information on control

TCR reserve - technical aspects.”
https://www.regelleistung.net/ext/static/technical

Fig. 3.2:  Three-step control concept in the Continental European interconnected system Takehama_Asami Ritsumeikan Univ. 2017-0862



O i BRI & BT 7 B R DA

QRDSICHENVETH D.

> NA Y TIIRFERE ORI, RHEER - EEOEELHH7-20, FMBEORE
2L o T, B Ao EOELENTFR#MHEGENT DY A7 030 5545, RHHEHR
1T O DX RMEHETH 5.

> B HEANR EN HEGHEZEX T, RHEERAEIBRERIZ, BN ES)
BAMEEAZERTAZ LT O THIANA] T, NMEYMBRBIEZFEHATE 5585
IZBR 55 (BayernwerkBr i 4 FE) .
B x ik, ELPNLTORVWEHEZERINS Z L3y (HBIH)

> ZOBEH Y, EnWGH EDORFHEFIHEIC O LELR AP AK S 2 525 Z & 271
ETA-DTHA.

> PR B IZEnWGIZIEY, TFHROBHMEZHERT D Z & (TR EEIER O
™), SREAF TG HEANICENTEARZ ST RIER B, EOFANZE SN
T, " LWSEHEZHRE T HHEAICH D.

> (B CORMFIAZIZHTHERTHFEL S, A EICHRBHEE T & =
AL S A T 2R W R TR B B B R = BB RIF AN HR D oy By 9 5 2 07 MR
SNTWD) =X —F1EE RO RN TR DR R
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Wind error and secondary control reserve, 50Hertz
oNN

o 2615
AENCH: LTHEES y = -0.0186x + 11.507
2 3 600 R2 = 0.0244
o = )
m ed
8 ]
S X
)
S &5
QO o
> .2
o=
w
X
| ]
<B]
(Vs
ME(D BT RE 200

Wind forecasterror,
oversupply (+) [MW]

Wind forecast errors and Secondary control reserve
activations, 50Hertz zone, 2015

FRRE() TR, ABN(H): LIFHAEN
B ANFRERE & 2 RABADIGERRZEIZIE55 0V EE

PV error andosgt;endaw control reserve, 50Hertz 2015
L= A"A"]

5
°3 y = -0.0175x + 8.2063
3 =, 600 R = 0.0034
L

e
=it
5 O
S 2
o=

W T T

RS ) o)

o § o o 8
] o o D
% qla" :Ir' < W

PV forecast error, oversupply (+)

[MW]

PV forecast errors and Secondary control reserve
activations, 50Hertz zone, 2015

PVFREREL2RBEANICE

(_ﬁ‘-ﬁ E L'FFJ”IT 9 H%%;EIJ 7’3\ !5 @E,Et%) Takehama_Asami Ritsumeikan Univ. 2017-0802 27



B PVR AL EPEX Spot (&1
Y R P e

. Eﬂﬁiiﬁxx‘kul\(EPEX Spot) DRTEMHL LU AHIHD
PG Rftiakszin30381 (20154781561
T, 459781, HXEEXIESDA,

- L BHH(EPEX Spot) DEABKEE TIZEE

TEEH AN -PVFRRER, BEHTH
ThEhd

> TEEORBEICESEDH HEEE (1 TS
Dramp) EFEE ADISSIREIZIE, 18R
> YU BTISOERABRICHBBALEFRIERER, H
BHSEREREEEZD
>Eﬁizﬁ>*ljd)ﬁ_ﬁ(Lead time D5EHE) > >HE
A HOE MR E (EHHSE.,

T“B&b')?)b’)‘l*f LZYSYETEHIZ T HDHDY

R

1h ramps of wind feed-in, Zone balance, 50Hertz 2015
3,000

[MW]

Yy <{-0.4178x +8.292p
R?=0.1365

N
o
o
o

1,000

-1,000

Zone balance, positive CR (+)

-2,000

-3,000

3,000
-2,000
1,000
1,000
2,000
3,000

1h ramps of wind feed-in, [MW /h]

Total control reserve activations and 1h-ramps
of wind feed-in in 50Hertz, 2015
B AT ILEA LIRS ramp S HUEHR/NT R)IZ

[E. —EDHEENDH D

50HertzB[X. 2015%F
28
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Duration Curve of Control Reserve Zone Balance, 2012 -
2015, 50Hertz

3000
] Y2012 Max

] Y2015 Max
2000 A

Y2014 Max

=
o
o
o

Shortage

Zone Balance [MW]

Positive CR{+)

-1000

-2000

j Y2012 Min
1Y2015 Min

-3000
=-==Y2012 sort
—Y2014 sort
e=Y2(015 sort

+ ED/PYEREROEAISAL, FEAISE
2

DEKBRIFTER (TR, 2R, 3RE
« SOFBNDEELLER

u
Takehama_Asami Ritsumeikan Univ. 2017-0802

GRL-Bedarf heute
Control reserve demand Today

GW

Expected total amount of control
5 reserve demand

erwarteter GRL-Bedarf -7\ Increase ratio

P Steigung:

4 >
3 55MW/GW
T} ST e N -'--------:;: ------------------
) Stelgu 2 Increase zazlo,
4AMW/GW _ -~
1 i
0 #2°
0 20 40 60 GW 100

installierte Leistung dargebotsabhan ger erneuerbarer Energien
Supply increase in renewable energy installed capacity

Bild 1: Zusammenhang zwischen GRL-Bedarf und EE-Ausbau

O YTSOICLD TR, BIRRBEDERBTENDEK
=R, R NORERIRELILR T D F I8

Source) Amprion, ‘Anlage zur Freiwilligen Srlbstver-pflichtung FSV nach ss.11, Abs.2,
AregV der deutschen Ubertragungsnetzbetrelber fiir ein verbindliches Anrelzsystem far

Regelleistung und den Umgang mit den daraus resultierenden Kosten’ AregV: EEFHRA

YT 4 7HRANCEIT S AmprionE R E. &R, 29



Scale and total amout of Control Reserve, 50Hertz, 2012-2015

3,000 3,000
£ é - (FEENDRK
S 2,000 2,000 = B [MW]

N g
= \ 3
O N _- g
S 1,000 1000 £ @ FFREHAORK
g = s [Mw]
g &)
< 0 0 3
— Q
£ s =0 LIFHEHOKE
= 2 H&E [GWh]

-1,000 -1,000

o FHARNORE

-2,000 2,000 e [GWh]

-3,000 -3,000

Y2012 Y2013 Y2014 Y2015

OAEHN (1R 2R, SRAF) OISEREAEENE  (50Hetz, 2012~2015)
+ ABRNOISEFRRORZAKEETEARLI=AY
- MEHEIMWh]IE, EFREH, THREREHELAFSNTNS
+ GCCIz&Y, HHEEIFX. AENDORBELT I

Takehama_Asami Ritsumeikan Univ. 2017-0802
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& R4 YTSODFFREH D iz EEE, IGCC
* BENOHEILRE C &ce K
« Grid Control Cooperation: GCC Emmcwcr/ou e, @™TENNET

« BRA/PVOEZREDIHEK, [CHMhDLDY. 7
BHDOKEHE[MWh ]I

« 20085FEMD K4 VADDREBERE 1D DR 42ienneT
L LT, FiEHOBREENE £ 6,

« 1RO 2R, SRFIRAODWT 1 B EE

« International Grid Control Cooperation : IGCC, ‘
AR, ATUE A—ZFY— R)L¥—, “%lia

Ampnon TRONSNET BW

-
ra

5 5 & B DR "
. WEAFEE TS B anE”
F“ii%%}ﬁlﬂ’(oounter activation% [a] L (& CFFX swissgrid

AR DERDS, ETRBEHETTHENZ
/”JIJ/?I WET S t’élﬁlﬂ)\ nﬂ%‘jj’éﬂ—ﬁﬂ:

Map of Grid Control Cooperation and
International Grid Control Cooperation

Source) 50Hertz GmbH
Takehama_Asami Ritsumeikan Univ. 2017-0802 http://www.50hertz. com/en/Markets/BaIancmg 31
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1.
2.

3.

Z3

B NZHMND/NE. BERANDRIE

A -PVFHERELAR DORERIEDOREIZIEX, —EDHEELH D,

B PVOEZRBEMNEKRT DL, FRIEREXKFECLS, IREFENMLKL, FHAES

DHEANBREI LK T D

SAEIL DN, B BSOS EE (EHREDI0DED ETITEIE TEEN o= F 8
REF FABRNORBZEICRHEES5Z25%,

BA~NDRE: HENATHhEORAGRXEEMRET H(EYTYETHEITSH)CET AESH
D AEEE{LTES,

. BOHertzZ& X TlE. B A -PVOERBEIZEMLI-ICENNDST . AR HOERKE

HEIMWhIIE, EIFFRE D, TTFRBHELIZ, HEIEE. HFlcsn TS,

RV THRE DO BRI REEZERK(GCC. IGCC) W HIMFIICEBL TS,

FHEE HDCounter activationZHIEL. A HDOEAZNRILL TS

BENOHEBMBBLTREL BENORENEOBNEER - DA TE DA B

&,
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c FHHARICOWT, AR/ BIXKEEAICET 25EH/THDOE
HEHR TV A DORET

o (BFIC, M. mE. FEEXIZDOWT)

» K2 TIND 2 5~ 31EER, KBt DBFEN % HK ThH» L
T 5EM. PYOBRBREBENZHEMEEET 2B, £ — bR TS
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Base 1 Scenario: generation capacity in 2016 in Kyusyu.
Nuclear 1.8 GW, Coal 7 GW, PV 6.9 GW, 0% of PV power is Pumped-Up.
Coal plants get partially reduced operation because of Nuclear operation.

£1

NINBEHEXOEHFTHHENT (BROXREHRFER=E. BRERDOSE
e Realti‘me Supply a:nd Load, inclluding LFC lControI, Merlit Order, Ky:.lsyu hr505:§72h W4, Au,|g2016 i
-NetShortage
16000 - | IlNetZone
“Leriy
B ] -Nucl
12000 - I‘ ||| IIH I“ ‘I \||"|l . M coal
10000 | I : | o |I IIl"'“' |I | . Gas
Tl.l' I"I ||l ' l|| ||I"||I . l'||| ' LNG
= o nt 1 | Indep
= ’ oil
6000 = Rsvr
‘ Pump
4000 o -y
2000 ‘ B -BioGeoth
‘ B PVEVGene
0 e vie
~9000 | ! ! ! ! ! | ! D-Wdre
0 20 40 60 80 100 120 140 160 180
time: hour

HAT) &k,

TNZFIZ L B HERFR
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1

High Scenario, PV Capacity 2 times from 2016.

Nuclear Zero GW, Interzone Control Reserve Activated.

Pumped-Storage: 35% PV Power is Pump-Up in daytime (PV Pump-Up). Generation mode in the evening.

JUNE

B)EXOE

et CREE 2 F5.

K DEK A T, HUsk 25 E D

20000

Realtime Supply and Load, including LFC Control, Merit Order, Kyusyu hr505:672h W4, Aug2016
| I \ \ \ I | |

15000

MW

|
5000

o IWIEEET R

| mh.
10000 v, lI||I - I " |l|

Generation mode of Pumped Storage
Evening Generat on)

- NetShortage
- NetZone
- PVUpPump re
| I Nucl
-Coal

- Gas
7 LNG
Indep
Oil
- Rsvr

Pump

I Hy
- BioGeoth
- PVEvGene
RS
| | -Wdre

-5000 :
0

Takehama_Asami Ritsumeikan Univ. 2017-0802
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LFC Control Reserve, Merit Order, Kyusyu Aug2016, 505h : 672h, W4
\ \

400 | | I .CR NetShortage
0o | .CR NetZone
2001 | .CR Nucler
1oor | CR Coal
% _102 | |'I | | CR Gas
CR LNG
2007 i CR Indep
~sor | CR Qil
oor | .CR Reservor
50 | Base 2 ]
00 ‘ ‘ ‘ ‘ ‘ | ‘ U.CR PumpStrage |
8H228 8H23H 8H248 8H 258 8H26H 8H27H 8H28H 8H29H 8H30H
time: hour 20164F
- LFC Co‘ntrol Reserve‘, Merit Order,‘Kyusyu Aug2916, 505h : 67‘2h, W4
.CR NetShortage
400 I 7 .CR NetZone
2001 | .CR Nucler
CR Coal
: 0 I ||| [ "" ) d | || |I|—|||l I CR Gas
00k | || | | CR LNG
| | || CR Indep
~4001 | | ] .CR oil
—-600 - . . _ .CR Reservor
High ( PV 2 times) | A
_%%225 8H 2‘3El 8H 2‘4El 8A ‘25EI 8A ‘26El 8H ‘27El Ta&Eéﬁlﬁa_Asa&ﬁ é@ﬁumeik&ﬁ 80H. 2017-0802

time: hour

20164

B High Scenario (PV 2 times,
35% PV Pumped Up)

* Due to large amount of PV
feed in, availability of
Negative Control Reserve
becomes tight.

* Control reserve activation
through Interzone Exchange
becomes necessary.

HAT) MESE. WIIFIZ KD EEBIR
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Results of Base 1, Base 2 (Zero Nuclear), High scenarios.
Due to PV capacity 2 times, Oil and LNG generation (MWh)have decreased.

[MW]
40,000

35,000
30,000
25,000
20,000
15,000
10,000

5,000

Generation Capacity in Kyusyu Zone

Base 1 Base2 (Zero High
Nucl)

Coal

m Oil

NLNG

B Gas

m Independent

B Interzone

BNuclear

& PumpStr (Fossil)

m Hydro Reservoir
Hydro_River

mpPVv

m Wind

B BiomassGeoth

100%
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80%
70%
60%
50%
40%
30%

20%

Shares in Generation (% of MWh)

10%

0%

Generation Shares by Source in the Kyusyu zone

! S N\

;gg;j;gﬁﬁ
i : : 7
i

{2
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M Interzone
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# Hydro Reservoir
Hydro_River
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m Wind
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CO2 emission has decreased by 7% in High Scenario, CO2 share has decreased in High Scenario.
with compared to Base 2. Oil, LNG, Gas generation have deceased.

However, CO2 reduction from Coal has been stagnated. —
CO2 emission, [%]
< CO2 emission ( CO2-ton) m Coal Basel  Base2 (ZeroNucl)  High
- 6 mOil Coal 81% 76% 80%
g LNG Qil 5% % 4%
€5 - nGas LNG 5% 6% 5%
- N \ m Independent oo o te 0%
4 A Independent 1% 1% 1%
Winterzone Interzone 0% 0% 0%
3 @ Nuclear Nuclear 0% 0% 0%
B PumpStr (Fossil) PumpStr (Fossil) 0% 0% 0%
9 m Hydro Reservoir Hydro Reservoir 0% 0% 0%
mHydro_River Hydro_River 0% 0% 0%
1 2PV PV 0% 0% 0%
Wind 0% 0% 0%
. = Wind BiomassGeoth | 0% 0% 0%
B BiomassGeoth Total 100% 100% 100%

Basel Base2 (Zero Nucl) High
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