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] 4 Introduction

8 [ RN X S AR 0T 1 1 AT AR RE IR T AR

Germany and the EU aim to strongly increase their use of renewable energies

(R 20204, TTREREIR RS D 4 R RII030%, JFEILR(R
RHEIT K.

Germany: The share of renewable energy sources in electricity supply to at least 30 percent by the year 2020 and to
continuously increase that share thereafter.

A] FAE AR R RN =32 e Rl

Priority connection to the grid systems of installations generating electricity from renewable energy sources

S LR A R 0 PR A IR T UM, T A R P L 4
P Besh e ozt B e o0 BT S

Generating structure and generating performance different from conventional generating facilities; generation from renewables:
dispersed, volatile, far from consumers

> AT AR REYR R FE G e XU T X R AH A A

Regulations for grid integration of power generation from renewables, in particular from wind power
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%i */E\[ /@%accumu_lated capa;:ity (Mw )

A)
JXL 73 ﬁ EEI; Power generation from wind power

Prognose Windenergieentwicklung in Deutschland bis 2020
(kumulierte Leistung)

%1 20204F PLHT & B ST HT TN Forecast of development until 2020
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m Ei 9\3: I_XJ E](J %ﬁﬂj Basics of grid integration of wind power

WA Legal Basis
Al A REYRVE: 2009421 A A H A sz, HAt20044: 1H:

Renewable Energy Source Act: Entered into force on 1 January 2009, replaces the previous act of 2004

WEE % Regulatory Background

AMEMLHEZ: 2009457 H 17 H A6 52t .

Equalisation Scheme ordinance: Entered into force on 17 July 2009

IMEHLEISCHivEZ . 20104E2 A 27 H i S2iii .

Equalisation Scheme Execution Ordinance: Entered into force on 27 February 2010

FHM 5N Grid Code

farF-5 ) 2007 48 [E 4 L s S R (TSO) K HL I 5 R Gt iR ;

Transmission Code 2007: Network and System Rules of the German Transmission System Operators

vy s A 1y s L DX o ) ) P A R IR R T

Renewables-based generating facilities on the HV and EHV grid
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m Ei 9\3: I_XJ E](J %ﬁﬂj Basics of grid integration of wind power
AP A RERYE: 20094F1 H 1 H AT Sfti,  HUAK20044FE 1K 1HYX

Renewable Energy Source Act: Entered into force on 1 January 2009, replaces the previous act of 2004:

FM. EEWE. fHE. BCH

Connection, purchase, transmission and distribution

S M ENEE L AR

General provisions; Capacity expansion and feed-in management; Costs

Eﬁ’ﬁl\ Tariffs
ST FELAN 1) Jk DU RN T 5% K

General and special provisions regarding tariffs

?l‘%m?ﬁﬂ Equalisation scheme

fﬁ HE E Transparency

BEIFIAAT X Es . EZENAS. SRIFELRIEFNZE 1|2 244 &

Notification and publication obligations, differential costs, Guarantee of origin and prohibition of multiple sale

%ﬁﬁ%ﬂﬁiﬁ%? Legal protection and official procedure
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Fa.A

142 BEJHYZ: Renewable Energy Sources Act (1)

J‘T‘WL? Eﬁﬁqﬁﬁl@\ i—l‘ﬁﬁm EE, Connection and purchase, transmission & distribution

Iz E R X 55 ik (TR KB IFM GFMED .

Obligation of the grid system operators to connect the installation to their grid (grid connection point)

AR A BEIRUR L I ' e AT ORI 328 5 A ) 5 X

Installation operators entitled to choose another grid connection point

ORI TR 5 A 2 AT A BRI R FRE E T A

The grid connection costs generally to be paid by the installation operator (ENWG § ...)

FL [ 3 T A AU Dy R] AR R A R E AR A IR R R

Grid system operators entitled to assign the installation a different grid connection point

1 RARPCEMLAG . TR it A sese il i EWIW, BNz
ﬁﬁ%%%miﬁﬁ %ﬁ’l{ﬁ o Obligation also apply where the purchase of the electricity is only made possible by
optimising, boosting or expanding the grid system

FE X35 T T A S A Ei . AE AL % 7] FH B & (available quantity of
electricity) .

Obligation of the grid system operators to purchase, transmit and distribute the entire available quantity of electricity

ﬁamprion



]

A BEYRYE Renewable Energy Sources Act (2)

~

A _EMEHE Capacity expansion and feed-in management

FEL W ia S A S AT ARG TR, DA DR FLE ROl L AR S AT

li Obligation of grid system operators to optimise, boost and expand their grid systems to guarantee the purchase,
transmission and distribution of electricity

R A0t EAGEE, A R 5 i L 32 ' R IRAT

Grid system operator not be obliged if capacity expansion economically unreasonable

o 32 A AT 36 S 55 I 0 O AT I

Compensation for the damage by the grid system operator in case of violation of his obligations.

X TR LA 2 I T00KW K ) FEAE REJR X L, G BB W Th AR I e 42 Al 1 46

installations with a capacity of over 100 kilowatts to be provided with remote control of the infeed power

BT O AT AR BEYR R L Y IS AY0. 7TRK 70 R GRS AR 20111 H A H BB

ﬁ‘zﬁ o System services bonus for a period of five years by 0.7 cents for existing installations retrofitted till 01.01.2011

ARGt AT, RS E R A AL A B 100K W) AT AR BEYR A HL SRR

?ﬁ_i'ﬁ%” EFEI }j’@. o Grid system operator take technical control over installations over 100 kW in case of system
overloading;

FL Az T e 0 P A ARR K RIS TS TR AT BOAMEE s X B 0 Bl FH R M S L Bl
Compensation of the installation operators by the grid system operator; revolving of the charges o»grid charges
amprion



A A BEJHYE Renewable Energy Sources Act (3)

ﬁ‘%‘/ﬂg*\ HHESHM Payment claims, Direct selling & Tariffs
— LIS E A SR B A S< A sk IR n] AR BRI R FLAE S R SR L B

Obligation of grid system operators to pay installation operators tariffs according to the “special provisions regarding tariffs*

— AEAREKREER I UERZAE =TT, HFSHMNEERSITHE

Tj]‘lx o Direct selling by the installation operators may sell the electricity to third parties on a monthly agreement with the

grid system operator

— ANFSRELR AT AR REDR A FAT AR R, il

Various tariffs for the different kinds of renewable energy sources, i. e.

- 7k il Hydropower mﬁé, Isﬁﬂ'l}. Wind energy, onshore
o . )
— i#@@fi He Biogas mﬁ%, Yﬁ_l: Wind energy, offshore

— HHEE Geothermal energy KFHEE Solar radiation
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A F A4 A VY% Renewable Energy Sources Act (4)

*MENLH] Equalisation scheme
— 4 [EE B R AMEATL 1 Nationwide equalisation scheme
— AT IIZE T Delivery to transmission system operator
— R NIEE T SCAT AN Taritts paid by transmission system operator
— KFMENLHLE S B 12 'S B 2 [8] 5247 equalisation amongst transmission system operators
— AT L JTHE IR pelivery to suppliers

> 4 [ ML AOTAR S RE (- MBI VR S

Ordinance on the Further Development of the Nationwide Equalisation Scheme — Equalisation Scheme Ordinance

— X T A AR R R AMEE LA

Special equalisation scheme for electricity-intensive enterprises

Amprion
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AMEAL B FEAH

e

Ordinance on the Further Development of the Nationwide Equalisation Scheme

*M%mfﬁ[l?%% Equalisation Scheme Ordinance — AusglMechV

EZMEJQU Basic principles:

1. Igﬁxﬁﬂj%]%l_b: Fﬁfﬂ: ZXZ (Tw/?> ﬁi%é}ﬁjiﬁﬁ%o The transmission system

11

operators are not obliged to transmit the electricity to downstream utility companies.

A 1) (A8 R 2 e R ) P R T T D LA SCAST FL B o e wtiiey

companies are not obliged to purchase and pay tariffs for electricity from their regular transmission system operators

ﬁfﬁ% /ﬁji EE Eﬁ;iﬁﬂ]\u_‘\ E]/J Eﬁjjﬁﬁjli,w E2 o The electricity generated by renewable

energy is integrated in the electricity delivery in total

Eﬁ HJ\_ ﬁﬁxﬂlﬁf/ﬂt EE;E E/] I—'ﬁiﬁx 5‘7 o The transmission system operators are obliged

to market the electricity

HL T2 AT L SR R 2 ) i) L ST PRl Dy s e g 28 s P B AR
E/(J %ﬁﬁ 'ﬂﬁ‘éﬁ%/ﬁ lzﬁjjﬂ o The transmission system operators can claim reimbursement from the

utility companies for delivering electricity to final consumers - EEG surcharge
” amprion
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IX_XJ Iz —I_P—lij_‘ <TSO ) EI/J% ‘b_u; Role of the TSOs in Germany

A SR BT, FEEE T H S P rsos are obliged to

take off the energy, bring it to market and balance the infeed

TSOs
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%I\'T%)I:[Lﬁ%u ?20 1O£5}:ﬁﬁ :J:}':L ’/f]_; Equalisation Scheme started in 2010

JEEXM~ RESA 1
i et < m - account
Spot market | e 1 A/
— -
#h £2
A
\ equalisation — € —
T2 LA -
M RESA
HAl & HA account
HIEHE
RESA surcharge
direct i
marketing
PG ERAE]
utilities
RESA surcharge

DR FHABEYEYE (RESA)  Renewable

Energy Sources Act A~

2)) Ekbfé @7‘7&?@ (EEX) European customer ﬁ
Energy Exchange amprion
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;va%mfﬁu ggﬁ@%% Equalisation Scheme Execution Ordinance
(AusglMechAV)

2010£|52H 1 EI EIEI H?%iﬁ EEJ‘] |X_XJ é%%ifi)% ﬁﬁﬁiﬁfﬁ Entered into force by the Federal Network

Agency in Feb. 2010:

EI—HLﬁ (DA) l—_ﬁii]ﬂ] E[ Ijil (|D) l—'ﬁifj Day ahead (DA) and intra day (ID) marketing
i s % B BEAT ] FE A RedRi: (RESA)D BN

Transparency of marketing activities and Renewable Energy Sources Act (RESA) surcharge

»
%%ﬂx% Notification obligations

St ERAETT7 3 5 75 BB i e

Incentives for best possible marketing
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T 38 2 77 A\ B BURLIE T

pll
—~

X T8 XL FEL

_ HAB(ERREA)

intraday prognosis (actual costs)

AR H AT TR
— ITHIZ 5
. % EE* . I)_I@EE mﬁé&ﬁ%ﬁ at EEX marketing accord. day-
sell buy . ahead prognosis

WA RS A O N TR = FrE R
e S - U R AL

Optimisation of prognosis

If actual costs per year (-) < individual base value = bonus of 25 % of cost reduction

process
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m EEI; }ﬁ ilj_\lu i‘i%% El'(J /ﬁli/f Optimisation of wind power prognosis process (2)
KT, Amprion BB FERCR, HET, 8:00

Wind Power Predictions, Amprion Share, Day Ahead, 8:00
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o
o
o

R IIE [MW]

B, d-1, 8:00
~— C, d-1, 8:00
— D, d-1, 8:00
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m Eélx %Di?lj_\lu ijj:% EI,(J /fjt/f”t Optimisation of wind power prognosis process (1)
KU T AN &,  Amprionf T 728, #AH, 24:00

Wind Power Predictions and Measurement, AMprion Share, Actual Day, 24:00
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S
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— D, d, 8:00
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B (8] time
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& H 5 ) Transmission Code

§ 3\%:‘]:7/{ EE,HL?H% |X_XJ EI/‘J tl%ﬁﬂ%giﬁ Special requirements governing the connection of generating units:

18

%fXﬁﬂﬁﬁiﬁ%/ﬁji EE*[L@E‘ E[/‘]%i&;k Requirements upon generating units using renewable energy sources

“n] A AR IR R H LA IR ON e N e I FE Y 5 U] 2004-87 4 5 3K -

Further details in "Renewables-based generating units connected to the high and extra-high voltage network - Guidelines,
Aug 2004*

/% é}fﬁﬁﬁﬁ%ﬁﬂ“fﬁ?}ﬁ/} ﬁIjJ IEH j] Active power reduction in case of over-frequency
AR B T AR T AR =R T B A IOk ARV R s R T I, R L BILZH AN BE i 194

No disconnection of the generating facility in case of three-phase short circuits close to the connection point or symmetrical
voltage drops

% X4 ﬁﬁ IK% HﬂL El/‘J %IjJ iﬁﬂl %E%/ﬁﬁ I\ETJ El@ %EE% ( %IjJ ) IjJ 1 ; Reactive power supply and

short circuit power in case of hetwork faults

Jﬁ& [%E %IjJ ‘fﬁ %%7‘7@ El@ %? HUL R ﬁ%’J — 73\ EEJI‘J_L éﬂ?ﬂitﬂ I%% ; Temporary limitation of reactive

power consumption after a fault — disconnection of the generating facility

%:ﬂh%ﬁ E‘]ﬁ%i}ﬁ% o Special adjustment of the protection devices
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R = R 2hi

20,2 Hz

ﬁverwork - l

- > fretwork
AR =000 R DL
AP

AP

—

P

m B INIE

AP B DD ELE

ﬁ?ew.fnrk EEA |X_XJ iﬁ%

* 47.5Hz < freworks 50.2 Hz KM

fner,vorks 47.5 Hz and fner.vorkz 51.5 Hz 25

j] Active power reduction in case of over-frequency
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) Hs »
ﬁﬂbﬁléﬁ Y '%%Tﬁﬂ% Special adjustment of the protection devices

Ui, ‘ i‘i EE,}_‘TS’{%%F E[/‘] ij] ’ﬁf 7@ tripping level of rise-in-voltage protection

T ____ +r g pde v s e (T
1009y, BY =] @@3125 T EE}:TS maximum continuous service voltage

s0%| | FLRYEHE FRR
i lower level of the voltage range
. fEG L7 1)
“ SEYE H
. tripping level of
| undervoltage protection
15%. | oo

71
150 |1EI[}EI lED{]D |3DEID |4{]DEI |5[|||][}

0
T—E& I}%E_&C Hﬁ I‘ETJ moment of fault occurence

t/ms

2 LR AR 2125 DA _E IS AS Se ¥V RT3 2R BEYR % FRATLAH DAL

No tripping of renewable based generating facilities at voltages above the borderline r
amprion
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£ & Conclusions
. HURLA I S U R F 3 0 B .

The integration of wind is based on legal, regulatory, grid code background
VRAERLAN AT EAEREIENE T W A T IR, REIY . FlCHL . A B
PR SOAT. R EARNY, IFE T R AMENL] .

The legal basis “Renewable Energy Source Act“ governs the grid connection and purchase, transmission & distribution, capacity
expansion and feed-in management, payment claims, direct selling & tariffs and gives an equalization scheme in general

%I\’T%HL%IJ ﬁi%éﬁ Hj T %I\’T%L‘*ﬂ;ﬁ%u E](J éﬂﬂ—"ﬁ Ijil '»/E\: ’ HEI?JEJFLI,% The equalisation scheme in details is

presented in the “Equalisation Scheme Ordinance”. It governs that

% I_J & %FﬁﬁXﬁ‘f Fﬁj% EF'L_’/fjt EEE)LZJ s the TSOs are obliged to market the electricity
— Iz S T RS PABSR A 2 ] ) ST AR SR B A

the TSOs can claim reimbursement from the utility companies

KMEHLH SEEVA SR 20 T B T 3258 S ML O Uah 18 it s XA 7 2CRefie gk i iz s
ey X EL T R S kAT AL

An incentives for best possible marketing is given in the “Equalisation Scheme Execution Ordinance”; by this the TSOs are obliged to
optimise their forecast

B FEL S U R A TN T AR R IR R B RO K, BB AR R SRR A FEAL
AR R 50 TETD TR SCRE . ORI e B AP R R 55 55

The “Transmission Code" contains requirements upon generating units using renewable energy sources, e. g. no disconnection of
the generating facility in case of short circuits, reactive power supply, special adjustment of the protection device
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