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Performance of PV in Germany

100%

Daily Variation of PV Power
in Germany

05:45 21:15

12.5 GW

a"ls‘
0GW 1 25 GW

Current PV Power in Germany ™

15.1 GW

*projected current output of all PV plants
installed before 12{31/2011 with a total
24,83 GW nominal power according to the
German Federal Metwork Agency.

> Total net power consumption i
Germany is 50 to 90 GW

> |nstalled Capacity of Renewab
2012 [BMU]

> PV: 25GWp
> Wind: 30GW
> Total: 66GW

A 20% of German electrical ener
demand

http://www.sma.de/en/newisiformation/pelectricitproducedngermany.html
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Conventional power plant

Electricity transport

Grid structure in Germany Maximum voltage

> Decentralized generation units mainl Wind farn N over sion J "
connected to the distribution grid " D D D

Industry / Trade

Transport grid

Wind power plant Large PV plant

> 85% of PV power installed to the -
. Medium voltage
low voltage grid 6-30Y {-#

> Technological change in electrical

L
Distribution grid

Households /
small businesses

Low voltage mmE
230 / 400V (LI

power supply
A bidirectional and fluctuating power flows

A Distribution grids become acollection gr

A Generation unitsshall provide system serviceso increase the PV hostingapacity of
the distribution grid
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Systemservices

> Several guidelines define requirements for each voltage level

A Topdown requirements

A Considering individual properties of the grid

A Characteristics of the generation units

Transmiss

Network and |
German Trany

Feed-in Grid management Active power reduction
g P
. management” in case of overfrequency
e Remote, temporary power
01/01,/2009 Remote, lemporary limitafion to 60, 30, or 0 Automatic reduction of the aclive power cuiput upon the
T reaica power limitation percent of the raied power power frequency exceeding 50.2 Hz

Medium:| sz
*Art. & Renewable Energy
Sources Act (EEG) 2009

Gutdelme for|
aperatian wi

] I

Voltage support through the provision of reactive power

@ ongrataur ek au véssau da diriouion o bages (ricn —
Pt 1 3 cannexion 058 endemeurs & i e Rorrenart para
‘ réseax e dezrmigin 4 bazza

Hx?d smiﬁmﬁf‘n of Remote sefting of various Automatic regulation of the reactive power as
H_': p.:“r values by reactive power values a tunction of grid parameters measured on-site
04/01/2011 R
namic grid support Certification
9 PP
Feed-in of reacfive current during brief voltage drops Unit and/or plant certificates are mandatory
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Hosting Capacity
S A
> Definition: How much distributed generatio% Limit y
: : .. S

can be integrated in a specific network S x !

: : : : o T I
(penetration level) without violating power a £ ' Hostingapacity

|

1

guality or security issues (performance index)

N
7,

Penétratidevel
> Statistical analysis of a typical low voltage

feeder
Case #1

A Randonpositioningf generationunits

A Hostingcapacityis stronghyinfluencedby

N
(€]

100

distributiof connectiopoints

< 20 80 %

> Limiting factors in low voltage feedersz s 60 G
5 3

A Voltage rise g™ 05
a5 20 E

A Loading of cable and transformer . , Z
Penetration Level 3]

mmm \oltage rise mmm transformer loadin mmm cable loading

A Voltage rise is the first limiting factor for the hosting capacity of low voltage grids
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System services

> Voltage support through the provision of reactive power

Probability [%6]

A Goal: to keep the voltage withjg,+10%

Spannungsanhebung AU/U  in %

1,64

according to EN 50160

\ U ca. 20 % geringere Spannungsanhebung
. .. 0;4-\
Impacof reactivgpowerprovisioron \
thehostingapacityof lowvoltagegrids o~ o o e | e aw os e
kapazitiv Verschiebungsfaktor induktiv
12 oo
10 [~ g
s MMy %1y > Increas®f thehostingapacitydepend®n
* Iy HIH TR scasers  iNitialdistributionase
o NS (10117 ERE mcase #2
2 ______________________
0

0 30 60 90 120 150 180 210 240 270 300

Increase [%]

A Reactive power provision increases the hosting capacity significantly
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Systemservices

> DynamigridsupportFault Ride Through (FRT)
> General: P@lantanust natlisconneduringgridfailuregvoltagedip9

limits of a typical voltage dip
Limit 1 lower limit of

required behavior: Uy, \ ~ Limit2 voltage range -

> above aLimit 1p"% "
A continuousstable operation

> between aLimit|] 10
A may disconnech accordance

£ | belowthe blue line,
==4 no obligation to continue

. . 45% : 1 grid feedn
with grid operator o I
> bel ow aLi mit 2|0 5%
and below 30%, ., ' ' S
0150 700 1.500 3.000 Timeinms

A may disconnect 1

occurrence of grid failure event

[BDEW]
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Systemservices
> DynamigridsupportFault Ride Through (FRT)

Geforderter zusétzlicher Blindstrom

> provide reactive current during voltage dips e/l
> limits the influence of voltage faults (dips) in +10
transmission lines on the grid Totband
T~ 405

> prevention of

> simultaneous disconnection of large (untererregter Betrieb)

p) Psr\ "’/’;\ N\
' T T P SR VI B B B
generating facilities o5 0 A AR 0s
| 0 i Spannungseinbruch
> and subsequent blackouts! (Ubererregter Betrieb) 1 oo oo smonngqv,
> no influence on dimensioning of inverters
+ -10
[TransmissionCode2007]

A PVsystemscan even provide support in caseof grid failures and thereby

increasethe systemstability!
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Certificationof generating units

Technical Guidelines l

for P

> Additional technical guidelines define certification process (TF - recnica cuigeines

power |
e

A cCarried out by independent experts and accredited institutes T mecmcn cussines

i for Pasmsr Gessarating Units
D 1

A Determination of electrical characteristics (TR3)

A Modelling of the generating unit (TR4)

f
5 1 r_
D- PPy | S el
E ' Measurement | Ol CertIcNS. U
- 0 = Simulation ||
33 34 35 36 = L
. 0 A
= |
o
c 0.5
- 1 = Measurement ||
== Simulation
33 34 35 36 . .
1
3 ‘I [
205
o = Measurement
: 0 } == Simulation 1
: T
33 34 35 36 = -

Timeins
A Unit certificate proves conformance to grid code requirements
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Demonstration projects

> Demonstration of grid support in several national and international projects
A Collaboration with different stakeholders (utilities, universities, industry partners, ...)
A Integration of smart PV systems in smart grid applications

A Interaction with intelligent local substation Witadotap changer

20 kv 0,4 kv CP CP CP CP CP
¢ ' ] —rt
MV- Transformer l‘%‘E % },
Network with OLTC T 3
CP

CcP cP cP cp cP
| 1 | 1 | |
D1 Wb 1 D1
T B T
| CP

cp CP | cP
1 P | | |

Volt. Contr.

4

Control

[KDEE]

Substation

A Minimization of grid development costs by using intelligent measures
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Summary

>Distribution grids become

> System services increase the hosting capacity of distribut

> Grid system services can be provided by PV invertersto t
distribution grid

> Technical guidelines define the requirements for the

iInterconnection of generating plants

> Reduction in grid development costs thanks to new intellig
measures in the distribution grid:

> Reactive power supplied by inverter

> Intelligenbcalsubstatiowithelectricabrdoadtap changer
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> Thank you very much for your attention

Contactinformation:

Daniel Premm

SMA Solar Technology AG

Sonnenallee 1, D-34266 Niestetal, Germany
Tel.: +49 (0)561/9522-3219
Daniel.Premm@SMA.de

www.SMA.de
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Systemservices

> Generation management / féednanagement

A Remote, temporary power limitation

A Legal basi§6 Renewable Energy Sources Act (EEG)

Sunny Central

Grid Feeéh management acc.8§6 EEG 2009 (German FIT)

Power company Public Ripple-control  POWER REDUCER BOX
Grid Receiver

Ethernet

Sunny Boy

Internet Router

RS485

Sunny Mini Central
Feedback of actual fiedpower level acc. §6 EEG 2009 (German FIT)

SMA Solar Technology AG DaniePremm PV System Technology Review

14



