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Send them in via the Q&A tab. (3 We aim to
answer as many as we can today!

You can also let us know of any tech problems
there.

We'll let you know by email where to find it
and the slide deck, so you can re-watch it at
your convenience. §§) @



pv magazine Webinar

Certified Feed-in Management for
decentralized power generation

Part 1
= Decentralized energy landscape and grid stability

= Network Code Requirements for Generators

= Control functionalities (according to VDE-AR-N
4110/4120)

Part 2
= Practical implementation and hardware requirements

= Potential additional benefits of the PCU

@ Reoniaa

INSPIRING INNOVATIONS




Decentralized energy landscape and grid stability

Transition of the electrical grid

2022

2021

= we are in the middle of a transformation from

central power supply to decentralized energy 2020

generation 2000 |
. . . . 2018
= the reasons for this have arrived in society and _ I
. ©
industry § 2ov7 I
_ 2016 - By the end of 2022,
= cost degression for renewable energy sources 2015 [ 2.6 million PV systems will
i i be installed in Germany.
= accelerated cost increase for fossil fuels 2014

= fast growing number of small power generation 2013
plants 2012

= the power grid must be adapted and protected 2011
2010

= technical solutions are available

o

100,000 200,000 300,000 400,000
Number PV Systems (DE)
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Decentralized energy landscape and grid stability

The future grid
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Apartment houses with PV systems
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Single family houses with PV systems

= no longer just top-down
= many more generators

= variable renewable
energy

= =» PCU needed to
balance supply and
demand
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Network Code Requirements for Generators

NC RfG Implementation

The European regulation is prepared by the
ENTSO-E and ACER and EU Commission

The rules and regulations were laid down in
2016 within the NC RfG

The NC RfG regulates cross-border electricity
trading and capabilities for frequency support
and the provision of reactive power. The Focus
is on the Power Plant Controller and on the
behavior of the power plants.

In general, the NC RfG only provides a
framework, that must be specified on country
level and the relevant system operators within
the defined limits.

In Europe, there are many different country-
specific guidelines.

European network codes

Transmission system operators
specific
Germany VDE-AR (FNN)

Distribution system operators
specific
Germany VDE-AR (FNN)

Technical connection conditions

EU Commission

ENTSO-E, the European
Network of Transmission
System Operators for Electricity

ACER, the European Union
Agency for the Cooperation of
Energy Regulators

Energy Supervisory
Authorities/
State Authorities

Regulators

Ministries

Contract

. chHCENIX
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Network Code Requirements for Generators

Four generator classes

PCU required

g}

o Requirement A Bl Cl D
Frequency ranges X X| X1 X
Limuted frequency sensifive mode X X X X
(overfrequency), LESM-O
Rate of change of frequency withstand X X X X
capability
110 Constant output at target active power X X X X
Maxinmmim power reduction at X X| X X
é‘ underﬁ‘equeucy _
= Automatic connection X X X[ X
& | Remote switch on/off X X
&'| Active power reduction X
g Active power confrollability and control X X
S| range
i | Disconnection of load due to X| X
underfrequen
0.0 1 25 75 MW Frequeng;le re:’?roratiun control X| X
Frequency sensitive mode X X
DE > 135 kWp B > 250 kWp (56 kWp)
PHCENIX

cec[@
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Network Code Requirements for Generators

Certification across different EU member states

= Germany, NC RfG defined by:

Certification according to VDE-AR-N 4110/-20 for since 2019

= Spain, NC RfG defined by:

Norma Técnica de Supervision de la Conformidad de los Mdodulos de
Generacion de Electricidad segun el P.O. 12.2 SENP. revision 1.1 del 9 de
julio de 2021, Spain special: Mainland / Islands

= Poland, NC RfG defined by:

Warunki i procedury wykorzystania certyfikatow w procesie przytgczenia
modutéw wytwarzania energii do sieci elektroenergetycznych, 2021

= / / iy
Ll
I B ‘ —T wIY >
Ry T
e e e
orpms 2 = W Pt e et g,

o T

= All other member states do not have an
obligation for a PPC Certificate, and the Power
Plant Systems have to be certified individually.

A better way to solve the confusing requirements, would be to develop
international standards for testing, model validation, simulation and
certification.

This standardization of the certification obligation is under discussion and is
being pursued by ENTSO-E.

@O Reoniaa
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Control functionalities (according to VDE-AR-N 4110/4120)
View of a power generation plant

Inverter PV field
A s hy |,I|,Ir= ”I l i b
Transformer
Grid fconr!ecllnn Paint
Inverter PV field
—y, Ethemet (Modbus TCP) Inverter

= converts active power (P) from DC to AC
Ethernet (IEC 60870-5-104, Modbus TCP) = can provide or absorb reactive power (Q)

RS-232/RS-485 serial interface (IEC 60870-5-101, Modbus RTU)
Digital setpoint definition
Analog setpoint definition

>

Grid operator /
third parties

Power Control Unit

Ethemet (Modbus TCF) Power Control Unit

= controls active and reactive power at the grid
connection point

O 0 RIeoniac
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Control functionalities (according to VDE-AR-N 4110/4120)
Active power control

Function VDE-AR-N VDE-AR-N
4110:2018 4120:2018

Active power gradients, setpoints from the grid operator for network security management and
third parties (energy off-takers, self-consumption optimization, etc.)

. Prioritization of external setpoint specifications by the grid operator and third parties -

* Restriction to EZE's type 2 (PV inverters, etc.)
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Control functionalities (according to VDE-AR-N 4110/4120)

active power change in the generator counter arrow system

Active power control o |

P

AP (498Hz-fyo)
P 50 Hz
= P(f) characteristic . »
R f>502Hz

= Additional functions

critical grid state
overproduction
underconsumption

« Active power limitation/control

47,0 475 48,0 48,5 49,0 50,5 51,0 515 52,0 52,5 53,0
I LI I I | I L I I LI L | LI B | I LI I I | LI B I T | LI I I | I LI LI | L L I L L | LI I -
permitted grid grid frequency
f<498H disconnection of [Hz]
1 1 <498 hz generation
= Fallback options in case of a crticalgrd sate "
. underproduction > - 4
malfunction overconsumpion ol
- -
. . . 1 S
* The last valid setpoint is
. . Legend: BP_ (02 Hz- frrg
m al ntal n ed 1 Pref cor‘responds to Pb inst or corresponds tp Pcur Eef_ 50 Hz
for type 2 generation systems (excluding storage)
1 H at the time of exceeding 50,2 Hz
¢ leed SetpOInt (Can be - AP active power change
i -f gridf
parameterized) I grid frequency

-2

P(f) characteristic curve
49,8 Hz <f< 50,2 Hz
non critical grid state
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Control functionalities (according to VDE-AR-N 4110/4120)
Active power control

[MW] 20 [ [ [ I [
, Setpoint of active
power
' Grid operator (blue)
= Prioritization of different set values ) Thirdparty ()
« Grid operator :
« Third parties :
« Ramp function for both set values W]
" \ Control values PCU
\ | Ramp for Grid operator : 0,66%/s (g reen)
' A Actual values of the
: \\\ M actilve p(lnwer (black)
10 x’h [ Ramp for Third parl;|.r : 0,33‘35'..'5 |
"\\{ I
a \“‘L
. AN
Ramp for Grid operator : 0,66%s | \
; N

o 20 a0 60 20 100 120 140 160 120 200 220 240 2680 280 300 320

[s]
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Control functionalities (according to VDE-AR-N 4110/4120)
Reactive power control

I e =
4110:2018 4120:2018

Direct Q setpoint specification with voltage limiting function

Q(V) characteristic curve

Q(P) characteristic curve

Cos(o)

Switching between the individual reactive power processes

Reactive power-prioritizing driving style (reduction of the active power in favor of reactive power) -

*not subject to certification

u OO letRmAd @ ¢
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Control functionalities (according to VDE-AR-N 4110/4120)
Reactive power control

¢ 1 Medium Voltage: VDE-AR-N 4110:2018

050 —
040 —
Pl max, reactive power overexcited
030 —
shifting of the characteristic curve by the default UQ,J e
020 — H -
™ Q(V) Characteristic 3 ‘9&%’ —_—_—-ms- r e ) ngh VOItage. VDE-AR-N 4120-2018
010 8 “a | YooerVc: oso
g refarence voltage for reactivi "
power exchange = 0 P1 max. reactive power overexcited
. Py
* Hysteresis about the I 7 PP St W Nt S B, S S U O W W S o
093 094 095 09 097 098 099 1004101 102 103 104 105 106 107 108 109 110 U,
- P2y,
2 e,
reference voltage 1 " N
-4
g H
3
hifting of the characteristi by the default U, /U,
020 om0 | shifting of the characteristic curve by the default Ugg/U,
H 3
* Adjustable reference
030 — 010 - H Ugg, reg/Un
----- L H reference voltage for reactive
It max. reactive power underexcited P2 power exchange = 0
voiltage o -
g T T T T I T T T T T T T I T T T T
093 (094 095 096 097 098 099 100 101 102 103 104N]05 106 107 108 109 110 uu,
g
050 — 010 — §
Q(V) characteristic curve
H
020 —
030 —
m power underexcited P2
040 —|
050 —

Q(V) characteristic curve
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Control functionalities (according to VDE-AR-N 4110/4120)
Additional functions

Function VDE-AR-N VDE-AR-N
4110:2018 4120:2018
. Signal "Release reconnection from Grid Connection Point (voltage criterion) -

* not subject to certification

. OO letRmAd @ ¢
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Control functionalities (according to VDE-AR-N 4110/4120)
Reconnection of the grid connection point

I. 1 |‘| 1 '.

Inverter PV field
Transformer —_—
Substation /
Grid Connection Point A
Invarter PV field
v
o000 .
—— ‘.:I“'—:Is‘: | Uire > >95% U, > -Enable reconnection of grid connection point*
z o o 0: No enable signal
Delay 1: Enable signal
95 %
" Un > & (parameterizable)
> g = After protection and disconnection of the power plant

3
‘00 0000 o ]
Energy meter

Since all functions of the PCU can be flexibly

= The voltage is monitored at the Grid Connection Point

= PCU sends a release Signal to the PGU, when voltage
exceeds the adjustable Limits

parameterized, we were able to meet the certification

requirements for Germany, Spain and Poland.

14
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pv magazine Webinar

Certified Feed-in Management for
decentralized power generation

Part 1
= Decentralized energy landscape and grid stability

= Network Code Requirements for Generators

= Control functionalities (according to VDE-AR-N
4110/4120)

Part 2
= Practical implementation and hardware requirements

= Potential additional benefits of the PCU
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Power Control references

Europe:
1.1GW implemented in 2021 by Phoenix Contact
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Amareleja | Portugal

Phoenix Contact Scope:

208 MWp

6 PV parks

2158 x SCB’s

from 9,5 to 60 MW
80 x Datalogger

Investor: Wirtgen Invest 25 x Weather stations

EPC: Conecon GmbH
Web portal: QOS-Energie
Inverters : SMA

6 X Power Control Units

OO @ [leonaa @D
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1. Arlon | Belgium | 250 kVA

S ) R

S 2 iy
¥ _
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2. Jambes | Belgium | 440 kW
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Belorta | Belgium | 1100 kVA

g 1
: PHCENIX PHCENIX | —0/p0o— \ B
£ ONTACT mconm . ® ‘
: Switch FO/CU hoofd '
Y 2
am- Al M, TR : HUAWE!
' ] i o
'ﬁ f oijoo— | I
I | E]H . ®
i 7 : { ' ( Back-up |
an PLCnext PCU ( J
outer -
Telecontrole-kast s Conniuot Bt g :
e E TH - Modbus-TCF M
Fluvius i ; 1;
’ O R -7
1 . - ’I!o -
S 1§ 2
1 P
. &/ i |
-@Qw\l wWA) = - MMU New PV Park,
gack] l 352 kVA
Switch
d Fo/cU
XGX100 DI/DO ;
/ 4 \ N
. ®
X104 IEC 60870-5-104 - ETH Switch FO/CU - i
/- | (o k
5, DI/D0— \ = LTi
X103 FE 1 . ®
': Tt Back-up
.L[}/ e P ) cONtrol {6 x AQ)
y 5, e
n‘ ﬂ .!‘ ' :
i o
| - %
¢ 5 S n ] l/‘ ' 58
it i |F P
PS24V  PS48V =y &
- MMU
24V 48y

Existing PV park, 750 kVA

OO letRmAd @ ¢

INSPIRING INNOVATIONS



Utility scale gound mount | 40 MVA Site

ETH
Medbus TCP

cofe B AVPSl
Managed : : 3
[

Master PCU cabinet

Antenne
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PLCnext PCU

ELIA RTU

( ) Switch

Power Control Unit

4G Router £
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Power Analyzer @ Grid connection

UPS + Battery

UPS + Battery

I
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’ ; i { i - -

Phoenix Contact cabinet

Station 2
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Phoenix Contact cabinet,

Station 3
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Phoenix Contact cabinet,

Station 9

2 x DI

Transformer statuses

Modbus RS485

Meteo Sensors
(Pyranometer on 4 stations)
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Commissioning of PV site - measured values

P-control test results
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f PV site - measured values
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Antenne

RTU ORES

ORES @

5. Co-Gen project | Belgium | 33,5 MVA + 2.2 MVA

Coffret livré par Phoenix Contact

PLCnext PCU

Q

Power Control Unit

4G Router
(Sefvice)

(

[DeB

Ecran tactile 10"

e

RS-485

Co-Gen 1+ 25MVA

RS-485 FO par client:

Consigne Co-Gen
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Consigne, mesure

en Modbus RS-485
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pv magazine Webinar

Certified Feed-in Management for
decentralized power generation

Part 1
= Decentralized energy landscape and grid stability

= Network Code Requirements for Generators

= Control functionalities (according to VDE-AR-N
4110/4120)

Part 2
= Practical implementation and hardware requirements

= Potential additional benefits of the PCU
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Q fromgrid ¢
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P from grid
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21 €/MVarh PV gengatior

Q fromgrid ¢

P from grid
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Q fromgrid ¢

cos(¢)control

P from grid
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Q from grid ¢

o
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P from grid
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E|eCtriCity mar ktes For Elia, Energy traders are BRPs.

Elia.be EliaGroup EGI 50Hertz Elia Jobs EN ¥ Jobs News Publications

,_é'l-i—a——, Company ~ Investors « Sustainability « Safety « Innovation Q

| Elia Group

Electricity Market and System

The role of the BRP

To help maintain the balance on the grid between generation and consumption, Elia has Balance

Responsible Parties (BRP) at every access point.

OO letRmAd @ ¢
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Electricity marktes

Types of electricity markets Moment of delivery D

Forward market
Years/month ahead of delivery

5 minutes
before D |

14u D1

OO letRmAd @ ¢

INSPIRING INNOVATIONS



Imbalance prices

2022: daily negative pricemoments
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Imbalance prices on 24/06/2022
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Potential advantage for BRP if VRE can be controlled
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Contact Detalls

Certified Feed-in Management for
decentralized power generation

Birgit Beier
Mail: bbeier@phoenixcontact.com
Mobil: +49 151 6880 7490

Dirk Eeraerts
Mail: deeraerts@phoenixcontact.be
Mobile: +32 472 18 50 65
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The latest news

1012022 78538

pV ma2a2me

N iovorgle MURE New solar tiles from Germany
by Sandra Enkhardt

Pairing batteries with rooftop solar

by Ryan Kennedy




Coming up

Wednesday, 19 October 2022 Thursday, 20 October 2022
2:00 pm —3:00 pm EDT, New York City 4:00 pm —5:00 pm AEST, Sydney
8:00 pm —9:00 pm CEST, Berlin 8:00 am —9:00 am CEST, Berlin

How to diversify Tailoring
and grow lead mounting

generation systems for

without .
additional ad the.A:s|a-
Pacific

spend

pv magazine

Many more to come!

In the next weeks, we will continuously
add further webinars with innovative
partners and the latest topics.

Check out our pv magazine Webinar
program at:

WWW.pv-magazine.com/webinars

Registration, downloads
& recordings are also be
found there.
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joining today!
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