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Grid connection of PV plants - operator perspective
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8.2 Engineering group

A History: Founded in 1995
A 8.2 Engineering partnership Obst & Ziehmann founded in 2003
A 8.2 Consulting AG founded in 2006
A 8.2 Academy founded in 2009

A Today: Teamwork within the 8.2 Group
A More than 140 employees

A 22 independent 8.2 offices worldwide !l —
A Over 5,000 customers in 39 countries worldwide

A Competence & Experience in Wind (On- & Offshore), Photovoltaics & Bioenergy plants

A Over 18,000 wind turbines assessed worldwide
A Due Diligence for more than 2 GW wind capacity worldwide
A More than 2.3 GWp PV capacity assessed

8.2
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Installed power of PV plants in Germany

~ 36 GWp
at present (3/2014)

Source:
Federal Grid Agency
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about 50% of the required electric energy in Germany (load of ~ 70 GW)
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Installed base of PV plants in Germany

Approx 1.400.000 PV plants grid connected in Germany in 4/2014

source: Federal Grid Agency

Source: Statistics of the Federal
Network Agency, BSW-Solar
Estimates

Shares according to installed
capacity.

A More than 95% are
distributed plants

BIPV

<1 MWp

A Less than 5% are
utility scale while
they represent
more than 50% of
the installed
capacity

Rooftop

>1 MWp

Ground-
mounted

Size of system
images: Schico, Grammes, Sharp, Solarwatt, 5P, Gaosol
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Future German electricity production T Scenario HTW

HTW scenario: climate protection and sustainable development
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How to secure security of supply and grid stability?

Like conventional plants PV plants must be operated in a
way that they support grid stability and have no negative

Impact on other grid-connected systems and devices

Renewable Energy Act (EEG

Guidelines & standards including the requirement to
rovide system services (Systemdienstleistungen SDL
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The German grid structure

Conventional Plants

Extra High voltage 220 / 380 KV @w

Large wind & PV Plants

High voltage 60 / 110 kV

Wind & PV Plants

Medium voltage 6 - 30 kV

1=

Small PV Plants (e.g. roof) [8J

Low voltage 230/ 400 V

WT
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‘ L_,

-

Long distance transport

Large industries

Industial enterprises

Households, small companies &
offices

The vast majority of PV Plants > 100 kWp is connected to the medium voltage

level of the grid
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Laws and Guidelines related to the grid connection of PV plants

A Renenewable Energy Act (EEG)
A Mandatory registration at BNA (Federal Grid Agency)
A Mandatory remote controlled power management for PV plants > 30 kWp

A Major national guidelines
A BDEW TransmissionCode (2007)

http://www.bdew.de/internet.nsf/id/A2A0475F2FAE8F44C12578300047C92F/$file/TransmissionCode2007.pdf

A BDEW medium voltage guidline (2008)

http://mwww.bdew.de/internet.nsf/id/A2A0475F2FAE8F44C12578300047C92F/$file/BDEW_RL _EA-am-MS-Netz_Juni_2008 end.pdf

A VDE low voltage application rules VDE-AR-N 4105 (2011)

http://www.vde.com/en/fnn/pages/n4105.aspx

A Grid operator guidelines 1| Decisive for grid connection
A TeChr“Cal ConneCt|On COﬂdItIOﬂS (TAB'i technische Anschlussbedingungen)
A Typically refering to the national guidelines, deviations possible
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Without registration no
reimbursement of Fed-In energy

https://app.bundesnetzagentur.de/pv-meldeportal/
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EEG: Mandatory remote controlled power management

—

Power management
according to 8 6 EEG  Netzbetreiber  &feniches Rund - boWER REDUCER BOX h
Ethernet

Sunny Central

—

Stromnetz empfi:'nger

Sunny WebBox

Upgrade of ~ 50.000
plants required, cost
born by operator Natsbatraiber

Router

Internet

Sunny Mini Central

Yield lost due to power management is compensated

Source: SMA

Die Sachverstindigen fir
Emcucrbare Energien
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Grid congestion endangering the grid
stability (n-1 criteria) and requiring
corrective actions

A Short term redispatch
of plant capacity

A Feed-In power
management of PV
and other RE plants
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Necessity of power managementi Example TENNET (2)

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Development of n-1

events on high voltage
level endangering
stability of the
transmission grid

SEELEEEE 5 15 51 172 387 228 312 290 998 970 888**
2 14 51 105 185 144 156 161 308 344 353*

1200

Events

1000
800
600
400
200

2003 2004 2005 2006 2007 2008 20092010201120122013

+ Ereignisse, in deren Folge Malinahmen nach § 13 EnWG und § 11 EEG ergriffen wurden chne Spannungsprobleme
** Extrapoliert aus Daten 2013, Quartal 1-3
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Necessity of power management 1

.’amjgen EWE

Ems-Weser-Elbe

=
P S

® “Waaren
Oldenburg &% Brandenburg

A 70% of annually transported energy is produced by PV and mainly wind plants (RE plants)

A Installed RE power in the EWE distribution grid area is 125% the needed power (EWE
considers themselves no longer fsuppliern  brather rdisposeriof energy)

source: EWE Netz
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Necessity of power management i Example EWE Netz (2)

2010 2012 2013*
Number of RE plants 32.000 51.500 55.500
RE portion of distributed energy 46% 63% 70%

RE Invest versus total invest 16%

Payment for feed-in of RE (Mio. () 885

Additional headcount due to RE 160

RE power versus needed power 49%
Development n-1 events 100 370 > 450
e el
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A Power Generating Units (PGU) such as inverters of PV
plants need a PGU certificate issued by an accredited

body* confirming that the unit complies with

A BDEW medium Voltage guideline (2008)
A FGW guideline TR 8 nhttp://mmw.wind-faw.de/tr_engl.html

A Power Generating Systems (PGS,e.g. PV plants)

A larger than 1 MVA apparent power or
A more than 2 km distance to the grid connection point

consisting of one or more PGU need a PGS (planninq)
certificate issued by an accredited body* confirming that

the system design complies with BDEW medium voltage
guideline (2008) and FGW guideline TR 8

«

Technische Richtlinie
Erzeugungsanlagen am

Mittelspannungsnetz

Richtlinie fiir Anschluss und Parallelbetrieb von
am

Ausgabe Juni 2008 bdew

Energie. Wasser. Leben.

* Accredited at the DAKKS (National accreditation body for the Federal Republic of Germany) - http://www.dakks.de/en

The Experts in
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http://www.wind-fgw.de/tr_engl.html
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Power Generating Systems (PGS, i.e. PV plants) need
after construction and grid connection a PGS conformity

assessment by a technical expert checking whether the

realisation of the PGS is complying with
A the requirements of the grid operator .
A the requirements of the PGS certificate
A FGW guideline TR 8 Chapter 6 http://www.wind-fw.de/tr_engl.html

Power Generating Systems (PGS, i.e. PV plants) will g
obtain a PGS conformity declaration by the technical Erzeugungsaniagen am
expert |n case Mittelspannungsnetz

Richtlinie fiir Anschluss und Parallelbetrieb von
am

A no deviation was found during the on-site conformity assessment ——
" bdew

A all required documents (mainly data sheets, protocols of type and s v
safety tests) are available
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Example of a PGU certificate

PGU certificate for SMA Sunny
Central SC xxx CP Series

Die Sachverstindigen fiir
Emeuerbare

The Experts in
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Einheitenzertifikat gemaf3
BDEW Mittelspannungsrichtlinie

GL Renewables StatementNo.  SDL-A-013-2010, Revision 3

Hersteller SMA Solar Technology AG

Sonnenallee 1

D-34266 Niestetal
Typ Erzeugungseinheit SMA Sunny Central SC xxx CP
Technische Daten Maximale Wirkleistung S50 kW ... 880 kW

Bemessungsspannung (LV)  270V... 360V
Bemessungsspannung (MV)  variabel

Nennfrequenz 50Hz
Bewertungsgrundlage BDEW Mittelspannungsrichtlinie

FGW TR3, TR4 und TR8 gemaR Anhang 1
Wir bestatigen, dass die Er inheiten der oben b und im Anhang 2 beschriebenen
Baureihe durch den G ischen Lioyd beziglich der Anforderungen der BDEW

Mittelspannungsrichtlinie an Photovoltaik-Erzeugungseinheiten gepriift wurden und die Anforderungen der
BDEW Mittelspannungsrichtiinie mit der Ergénzung vom Februar 2011 erfiillen.

Der Hersteller hat die Zertifizierung seines Qualitatsmanagementsystems nach ISC 9001:2008
nachgewiesen.

Dieses Zertifikat beinhaltet folgende Anhange:

Anhang 1 Auflagen, Bewertungsgrundlage und Prufberichte auf denen das Zertifikat basiert
Anhang 2 Schematischer Aufbau und Angabe der Technischen Daten der Erzeugungseinheit
Anhang 3 Angaben mit Bezug auf die Modellvalidierung und Erauterungen zum EZE-Modell
Anhang 4 Auszige aus den Ergebnissen der Typprifungen nach FGW TR3

Dieses Zertifikat ist guitig bis zum 2. Dezember 2015 fur Photovoltaik-Wechselrichter der oben genannten
Baureihe, vorausgesetzt der Hersteller unterhalt ein Qualitatsmanagementsystem nach 1SO 9001:2008.

Hamburg, 21. September 2011
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M
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N\ “I | A
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Example of a PGS certificate

Anlagenzertifikat (P,

D2EL:

Die NG < <cheinigt hiermit der

fur die Erzeugungsanlage

PV-Park

dass die geltenden Anforderungen geman

= BDEW 2008 Technische Richtlinie
Erzeugungsanlagen am Mittelspannungsnetz

Cover page of a PGS cetrtificate for a
PV-plant of one of our customers

= FGW Technische Richtlinie 8 Revision 5

wollumfanglich edillt werden kénnen.

Guiltigkeit ab: 2012-04-19

Zertifikatsnummer: Il Z-FVi162-2012

Revision: 0

Anzahl Seiten: 32

I 0042012

Ort/ Datum P

Letter der Zertfizisrungsstells
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Key system service: Dynamic grid stabilisation
Low Voltage Ride Through of PGS (1)

A Support grid stability in case of short term voltage drops or black outs
A Relevant for all type of short circuits (1, 2, 3 phases)

A Basic requirements of LVRT (low voltage ride through)
A No disconnection in case of grid failure

A In case of grid failure feed-in of reactive power in order to stabilize the
voltage

A Following clearance of the grid failure no withdrawal of more reactive
power than before the incident

2014-06-18 Grid connection i operator perspective / MEW / Page 22



Key system service: Dynamic grid stabilisation
Low Voltage Ride Through of PGS (2

Line 1 Line 2

U above red line 1:

Below blue line no
requirement to stay grid
connected

Time of disruption
Source: Medium voltage guideline 2007 page 24

No disconnection of PGS

U between red lines 1 and 2:

Feed-in reactive power in
order to stabilize the voltage
based on the requirements of

the grid operator (k-factor)
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