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Netzregelung 2.0

Nachfolgend ausgewahlte Ergebnisse aus dem Projekt ,,Netzregelung 2.0“
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1 Warum netzbildende
Wechselrichter?
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European strategy ,,Fit for 55, German ,,Easter Package® and Russian war
In Ukraine will lead to enormous extension of Renewables Energies (RE)
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PV und wind already reached nearly 100 % of the load in Germany
(e.g. 26/8/2020: 20 GW PV, 44 GW wind and 67 GW load)

Energy—Charts Leistung~ Energie~ Emissionenv Klimaw Preise~v Szenarienv Karte Infosw

Stromerzeugung in Deutschland in Woche 35 2020
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Systemsplit

« Der Systemsplit basiert auf der Gro3stérung des Jahrs 2006

« Jeder Systemsplit ist anders Typisches Exportgebiet
(Uberfrequenz)

+ HGU-Verbindungen zunachst nicht bertcksichtigt

Ausfallleistung im System-Split

T : heute lektrifizierung
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Netzregelung 2.0

In case of a system split the inertia is limiting the Rate of
Change of Frequency (ROCOF) M
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Netzregelung 2.0

Challenge: inertia of fossil power stations is replaced by
inverter-based PV und Wind N

Solar inverter
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1,8 GVA steam turbo-generating set (yellow) und generator (blue)
of the nuclear power plant Unterweser (Germany)
Source: Siemens
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Netzregelung 2.0

The TSI constant is unequally distributed within Europe M

Inertia contribution colouring code:

* Green Hz4s Very good contribution
. 3s<H<4s contribution

e Orange 2s<H<3s Marginal contribution
* Red H<2s Limited contribution

Figure 5. Indicating contribution of each TSO to the TSI constant (source: TYNDP 2016 reflecting 2030 scenario,
[7]).

Source: ENTSO-E, High Penetration of Power Electronic Interfaced Power Sources and the Potential
Contribution of Grid Forming Converters , Technical Report 2020
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Netzregelung 2.0

Since 2015 it is common sense in Germany M
that grid forming inverter can provide inertia

B In 2015 there was a scientific discussion in the R Ry e e T RALEN,  pirrre [

dena (German Energy Agency) Platform Ancillary ERZEUGUNGSANLAGEN
Services. In a study there was a major need for
synchronous condensers identified due to the
missing spinning reserve. The potential for
provision of spinning reserve by power electronics
was denied.

B [n an expert workshop on 10/12/2015 in Berlin
SMA and elenia could proof that grid forming
converter can provide instantanous inertia like
a synchronous generator

Institut fur Hochspannungstechnik
und Energiesysterne



Testing Results from the elenia Energy Lab a

* Reaction on a frequency hopping event from 50.6 Hzti 51.0 Hzat t=18.0s

Institut fir Hochspannungstechnik
und Elektrische Energieanlagen

51,5

— Grid following solar inverter (blue) reacts only slowly with Limited 51 1
Frequency Sensitiy Mode — Overfrequency (LFSM-O) according to RfG
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above 50.2 Hz s
— Grid Forming, Voltage Controlled battery Inverters (GFI, VCI - yellow) 49 -
reacts instantanous after frequency hopping. They start with power 48,5 = ' ' - -
. . . . 17,95 13 18,05 13,1 13,15 18,2 18,25 18,3 18,35
consumption (stationary 5 kW) — - like a synchronous generator being 400

accelerated from the grid 200

— The GFl reaction is much faster than the frequency measurement which
needs one period with three zero crossings (20 ms)

Spannung L1in V
o

200
Grid simulator _ B
3~ « | Instantanous reaction: power Consumption
\ i E o £
3 k= ' alaiidl 2500 =
E* LR LANRARAANA 0 S %
‘% & & & & & i & i i & & & & & 2000 Q ) 3
£ -10 - sooo 2 ko)
215 - ' : ! ! 7500 3 3
1 20 4 J . | . l 10000 2
- 17,95 18 18,05 18,1 18,15 18,2 18,25 18,3 18,35 5
= — 20 5000 2
3~ N\ —— <1 | S — w2
£ 12 % T T f T % . ' f 2000 3 o
2 1 T O T Ot 1000 2 c
DC source i fﬁ NS Nat & 2 3
E ! Slow reaction: power limitation due to LFSM-O
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> Grid Forming, Voltage Controlled Inverters react instantanous and need no freq 201195 18 18,05 18,1 18;15 18-,2 18;25 15;;3 18,355000

Zeit in Sekunden

10.12.2015 . Momentanreserve aus Speichersystemen und PV-Anlagen, T. Bilo 13



Netzregelung 2.0

Directive (EU) 2019/944 of the European Parliament and of the Council gives the M

regulatory framework for the procurement of inertia by the TSO

14.6.2019 Official Journal of the European Union L 158/125
Article 2
Definitions

For the purposes of this Directive, the following definitions apply:

(48) ‘ancillary service’ means a service necessary for the operation of a transmission or distribution system, including
balancing and non-trequency ancillary services, but not including congestion management;

{49}| non-frequency ancillary service’ |mcans a service used by a transmission system operator or distribution system
Operator 1or steady state voliage control, fast reactive current in injections, [nertia for local grid stability, short-circuit
current, black start capability and island operation capability;

Article 40

Tasks of transmission system operators

6. [ Transmission system operators, subject 10 approval by the regulatory authority] or the rﬁgulator}r authority itself,
shall, in a transparent and participatory process that includes all relevant System users and the distribution system
operamrs] estabhsh the specitications ior the nomn- frf:quenc? ancillary_services procured and, where appropriate,

2 - cl. The specifications shall ensure the effective and
IlGI'l—dlSCl‘]l’IllﬂatOI'}’ parﬁmpatmn of a]l market pammpants mcludmg market participants offering energy from
renewable sources, market participants engaged in demand response, operators of energy storage facilities and market
participants engagcd in aggregation. Transmission system operators shaﬁ exchange all necessary information and shall
coordinate with distribution system operators in order to ensure the optimal utilisation of resources, to ensure the
secure and efficient operation of the system and to facilitate market dt‘ﬁ'ﬁi}pmﬁnt. Transmission system operators shall
be adequately remunerated for the procurement of such services to allow them to recover at least the reasonable

corresponding costs, including the necessary information and communication technology expenses and infrastructure
costs.

Institut fur Hochspannungstechnik
und Energiesysterne



Netzregelung 2.0

In Germany EU Directive 2019/944 is implementent in the EnWG §12h M

In Germany EU Directive 2019/944 is implemented in German law in EnWG EnWG §12h proposing the
market based procurement of the ,non-frequency ancillary services” by the TSO

Steady State voltage control (= reactive power)
Black start capability

Inertia for local grid stability

Short-circuit current

Fast reactive current injection

Island operation capability

Consultants to the Ministery were proposing to start with market based procurement of reactive power and
black start capability starting in 2022

After the two system splits in Europe in 2021 (8/1/2021 and 24/7/2021) | assume that inertia will come as the
next non-frequency ancillary service to be procured (perhabs after 2025?)

Institut fur Hochspannungstechnik
und Energicsysterme
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Legal-regulatory framework of the instantaneous reserve

The legal basis for market-based procurement for instantaneous reserve already exists and only needs to be

implemented

EU-Electricity market guideline Developement in 2021 Early coal phase-out

= EU decision of the new Electricity
Market Directive

» |mplementation at national level (in
Germany) via § 12h EnWG "Market-
based procurement of non-
frequency-based system services"
(nf-SDL)

= Non-discriminatory market-based
procurement of instantaneous
reserve as inertia of local grid stability

= BNetzA 2020: Suspension according
to 8 12h No. 3 EnWG because there
IS no acute need for instantaneous
reserve (perspective on system split
2006)

» 2023: Periodic reassessment

1. system split
8.1.2021

2. system split
24.7.2021

¢ ———
i, '("3.3#',
w‘ ; - " Y

Two system splits

Subsequent early coal-phase out in
the coalition agreement

Designation of an acute need for
instantaneous reserve of 600 GWs in
the new network development plan

In the long term, transfer to national
or European connection rules TAR or
EU NC / RfG

In the short term, use of market
procurement as an incentive to cover
the acute supply gap

BNetzA can exclude individual
voltage levels from market
procurement via 8 12h No. 3 EnNWG

NEP: check whether all future RE
plants can also contribute to covering
the instantaneous reserve

Braunschweig 16.02.2022

Provision of instantaneous reserve from medium and low-voltage grid
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% Herausforderungen fur
netzbildende Wechselrichter
Im Verteilnetz
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Wir sind das Netz der

westenergie

PG Systemanforderungen \NeSt

11.11.2022

Netzbildende Wechselrichter im Verteilnetz:
Potentiale und zu l6sende Herausforderungen
— auch fiir die PG Systemanforderungen

Tilman Wippenbeck Westnetz GmbH

Thomas Degner Fraunhofer IEE
Bernd Engel elenia, TU Braunschweig



Die installierten Leistungen Erzeugung + (bidirekt.)
Speicher liegen erwartbar dominant im Verteilnetz

westneiz

Geschatzte
Installierte Leistungen [GW]

NEP 2035 genehmigter Szenariorahmen Angenommene Verteilung auf Erzeuger und SpEiChEF 2037
Maximalszenario 2037 [GW] Spannungsebenen 300
Elektromobilitat* B Erzeuger
Bat.-Grofspeicher IR R R T 250 _
o = Speicher
PV-Heimspeicher
PV N 200
Pumpspeicher s
Wind offshore 150
wind pnshore TR
Gas 100
0% 20% 40% 60% 80% 100%
mNS mMS mHSund HS/MS mHGS 50
0
NS MS HS und HOS
HS/MS
m Gas B Wind onshore B Wind offshore N d k ) B R d h K d
Pumpspeicher PV B PV-Heimspeicher otwen Ig et eltrage urc undgen
m Bat.-GroRspeicher ® Elektromobilitit* oder VNB-Assets zur SyStemSta bilitat

Westnetz GmbH - Wippenbeck - 11. November 2022
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westnelz
Praktische Herausforderungen der Potentiale im Verteilnetz

Millionen Aufwand
Anzahl x . .
Einheit

1. Netzintegration: Aufwande

2. Korrekturen: Zusatzkosten
. Projektgeschaft i Massengeschaft

10.000e ;
G

S 3. Dienliches Design: Normalbetrieb, Stérungsfall und Wiederaufbau
[=

< )

< 1.000e

N

Z I 100e

dienlich? . . . schadlich?
4. Netzbetrieb: wirtschatftlich, zuverlassig und sicher
NS MS HS H8S Etablierte Betriebskonzepte .‘.;

Schutzk t
und verstarkend? chutzronzepte
HS/MS

Erkenntnisse in mehreren Projekten

Wir sind das Netz der

Westnetz GmbH - Wippenbeck - 11. November 2022 west
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Themencluster

Auswirkungen auf das Verteilnetz beim Einsatz von GFls

Momentanreserve Netzschutz
(MomR) aus dem Verteilnetz

Hochspannung
MomR aus HS

AWE

Mittelspannung

Gleichwertigkeit

MomR MS / NS

Niederspannung Blinding
MomR aus NS

Netzschutz,

Betriebsflihrung

Inselnetz- Interaktion
erkennung Stufensteller

Wir sind das Netz der

westenergie

\
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Erbringung von Momentanreserve aus dem Verteillungsnetz

B Grid model

Extended transmission grid model with distribution
grid model (110kV)

Several grid forming inverter in the distribution grid,
in total 800 MW (same magnitude as distortion)

Current controlled inverter in the transmission grid
W Scenario

System split resulting in an over-frequency situation
(power surplus, 40% Export)

Power reduction due to overfrequency (LFSM-O)

Netzregelung 2.0

"

Aggregierte
Last

Umrichterpark 2,
S =1,4 GVA

Externes Netz,
Unom — 400 KV
S =40 GVA NAP 2

_ 1 50 km 50 km

50 km [

<

Umrichterpark 1,
S =1,4GVA
N

N \
Umspann-
stationen %}
400/110kV 4 L

8 Doppelleitungen
im Verteilnetz (VN)
je 20km Al-St 240/40

111 111 il Inal

ki ki
@v@v YARY v@v@

6 aggregierte Lasten VN 4 Umrichterparks im VN
je P = 66,67 MW je § = 200 MVA
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Netzregelung 2.0

Erbringung von Momentanreserve aus dem Verteilungsnetz M

B Simulation results of system split

Only grid forming inverters (VCI) in transmission
grid (UN)

Only grid forming inverters in distribution grid (VN)
In both cases: Current controlled inverter in

transmission grid (UN)

B Result

Provision of inertia from distribution grids works

Several voltage controlled inverter may interact

52

Frequenz in Hz

0.2

-0.2

-0.4

Wirkleistung in GW

Gemessene Frequenz im UN
—VClim UN |
—VCl im VN
1 2 3 4 5
Zeitins
A~ —_—

Ve

Summarische Wi

rkleistungsaufnahme jeweils aller VCI

1

2

3 4 5
Zeitins

ut fiir Hochspannungstechnik
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Netzregelung 2.0

Erbringung von Momentanreserve aus dem Verteilungsnetz M

B Simulation results of system split

Frequency and active power at GFI terminal of
GFls in the distribution grid

Frequenz in p.u.

Solid lines: GFI with smaller rated power, dotted
lines GFI with higher rated power

Red to blue: variation of damping constant

=
]
B Result A
E}
Power oscillations between GFI in the z |
distribution system = |
= 1
These oscillations should be avoided L L5 e 25 )

_———
cl=mIEM Z Fraunhofer
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Netzregelung 2.0

Momentanreserve aus MS und NS Netzen (Winkelsprung)) M

B There are fast positive reactions in the underlying MV and LV grids (faster than in the EHV in 100
km)
® There is still no robust parametrisation
market 0.0 -
..01 e
-0.2 1
3
Q
£ -0.3 4
2‘0 -0.4 1
g5 - GFI Land 1, bezogen auf 50 kVA
. - GF| Land 2, bezogen auf 50 kVA
- GFI Vorstadt 1, bezogen auf 50 kVA
-0.6 A - GFI Vorstadt 2, bezogen auf 50 kVA
-~ GFI Vorstadt 3, bezogen auf 50 kVA
P - MS-GFI, bezogen auf 10 MVA

0 20 40 60 80 100

Zeittin ms
Abbildung 3: Pendelschwingungen zwischen netzbildenden Wechselrichtern(GFl) in der Niederspannungs- und Mittelspannungs-Netzebene [Rauscher22]




: _ _ _ Netzregelung 2.0
Einfluss von Netzbildenden Stromrichtern auf passive Inselnetzerkennung M

5000 Non Detection Zone

Presence of Grid-Forming Inverters (GFl) degrades the effectiveness of Xk x  x X X ok x x x x x x  NDoeremng |
. . . . . . . . 4000‘xxxxxxxxxxxxxxxxxXNA:UbE,frg;S:::x
established passive islanding detection on grid supporting inverters (GSI) T SESESEEEEEEEE ST PRntas
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. . . . . . (o) X X X X X X X X X X X X X X X X X X X X X X X X
* GFl: Intrinsically provide instantaneous reserve in reactive S O X X X X X X X X X wemmmm— ¢ % % %% %k
. . . . 2 A L XX XXX x X xx
and active power, which highly dynamically compensate ; EEEEEEEEE -
. -1000% X X X X X X X X
for power imbalances. g SRR
O -2000x x x X X X X X X
* This reduces the rate of change in frequency and S O IEEEEE
. . . . . 4000% ¥ X X X x x X x
amplitude (RoCoF) occurring in the island, in direct | | | | |
-6000 -4000 -2000 0 2000 4000 6000

comparison to setups without GFl and identical conditions. ap

5000 Non Detection Zone

NA_Uberspannung

* Reduction of the RoCoF arising during the islanding ok XELEEES
process & Frrrxr: g s
= 2000; ; § § : i i \_Unterfrequenz
* Increasing the size of the Non-Detection zone (NDZ) when ER SRS S S ¥: g g
compared to the reference scenario. & iiizid
5 il
* Measures currently investigated: adapted passive islanding § EEEEEEE:
o . . B000% x x x x x O O
detection methods on GFl. If possible, cooperative PREEEE SRS X
detection with existing procedures gl
1

Waork currently in publication | Bjérn Oliver Winter, elenia pllm
» [ ]
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Einfluss von Netzbildenden Stromrichtern auf aktive Inselnetzerkennung

Presence of Grid-Forming Inverters (GFl) degrades the effectiveness of
established active islanding detection on grid supporting inverters (GSlI)

* Presence of grid-forming converters reduces
effectiveness of active frequency shifting

methods of existing plants

 Weakening of dependencies on which active
islanding detection in existing converters is based

 Complex coupling effects lead to stronger coupling
between grid support and islanding detection

* Inherently support voltage that would otherwise

be led out of tolerance

NA_Uberspannung
RoCoF
NA_Uberfrequenz
NDZ

OO X x x

NA_Unterfrequenz

NDZ of GSI with GFI

NA_Uberfrequenz_t+ |
NA_Uberspannung_t+|,

Waork currently in publication | Bjérn Oliver Winter, elenia

NDZ of GSI without GFI
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Netzregelung 2.0
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Netzregelung 2.0

Herausforderung fir den Netzschutz M

Zeitbereiche fur Systemfunktionen, System- , Netz- und Anlagenschutz

Zeitbereich Momentanreserve

Anforderung FRT VDE AR-N 4110
'Urest >= 0,85 Uc

|Urest < 0,85 Ud

Urest <=0,48 Uc

Urest <=0,15 Uc

Schutzeinstellung U< (0,8 Uc)
VDE AR-N 4110 fiir EZA

00
)

L S

Systemfunktionen

Schutzeinstellung U< (0,8 Uc)
und U<< (0,45 Uc)
VDE AR-N 4110 fiir EZE bei AWE

Zeitbereiche AWE (VDE AR-N 4110) A A

Zeitbereiche Fehlerklarung, KU

E:___!____________.___

0,1 1 10 100 1000 10000 100000
Zeit nach Fehlereintritt [ms]
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Kritikalitat und Priorisierung bei sehr hoher Durchdringung

Stufensteller,
Kritische
Spannungs-
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Negative Auswirkung

Stufensteller,
Wechselwirkung
Normalbetrieb

Netzbildende
Regelung, robuste
Parametrisierung,

Wir sind das Netz der

westenergie
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Zusammenfassung und Schlussfolgerungen

* Erbringung von Momentanreserve durch stromrichtergekoppelte Anlagen,
aus allen Verteilungsnetzebenen erscheint technisch moglich

* Netzintegrationsaufwande wg. hoher Anzahl Anlagen in Mittel- und Niederspannungsnetze
— Individualplanung unrealistisch, robuste Standardparametrisierung anstreben
— Inharent glinstiges Verhalten in allen Betriebssituationen mit zeitunkritischer Anbindung
an Systemfuhrung anstreben
* Kritischer Analyse- und Losungsbedarfe mit hoher technisch-wirtschaftlicher Implikation:
— Im Parallelbetreib vieler Anlagen im Verteilungsnetz ggf. unerwiinschte Schwingungen

— Inselnetzerkennung und Vermeidung ungewiinschter Inselnetzbildung in
Niederspannungsnetzen erfordert weitere grundlegende Untersuchungen

— Mogliche Kompromittierung weitere Netzbetriebskonzepte (z.B. Autom. Wiedereinsch.,
Sternpunktbeh., Netzschutzkonzepte)

Wir sind das Netz der pl __,-rf’ F h f
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Bezug zur PG Systemanforderungen - Eindruck aus VNB-Sicht

Aktueller MaRstab: Erfolgreicher Virtueller Inselnetztest Anlage/Einheit

1. Eignung zum Nachweis Dampfung im Verbundnetz

" ﬂ

2. Nachweis systemdienlicher Beitrag fir Verbundnetz

3. Stabilitat in Interaktion mit ,,anderen” Anlagen im Verbundn

4. Inharente Vermeidbarkeit ,lokaler” Inseln? R/X>0 2

Westnetz GmbH - Wippenbeck - 11. November 2022 west

Vorschlag:
Scope Diskussion
PG erweitern

Forderung:
Keine Empfehlung
Implementierung

an TAR-Gruppen
MS+NS vor
Beleuchtung




Qualitativer 3-Stufen-

Fahrplan

Umsetzung netzbildende WR im Verteilnetz

Geschéatzte

Installierte Leistungen [GW]
Erzeuger und Speicher 2037

300

250

W Erzeuger

% Speicher

westneiz

Westnetz GmbH - Wippenbeck - 11. November 2022

Klarung Systembedarfe
Klarung Stabilitatsbeitrage

Klarung technisch-wirtschaftliche Losungen
— ungewollte Inselnetzbildung

— Schutzkonzepte
— weitere Netzbetriebskonzepte

Wir sind das Netz der

west
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3 Austausch Uber die Technology
Readiness Level (TRL)
energietechnischer Anlagen
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Unterscheidung TRL/SRL Definition

System Readiness Level: Sowohl Technologie als auch die Integration muss erforscht werden um ein
funktionsfahiges System zu erhalten

TRL: Einzelanlage/netzbildende Technologie SRL: Integration der Technologie in das Gesamtsystem

- Beschreibung - Beschreibung

An interface between technologies has been identified with sufficient detail to allow

1 Basic principles observed
characterization of the relationship
2 Technology concept formulated 2 There is some level of specificity to characterize the interaction between technologies
. through their interface
3 Experimental proof of concept
3 There is compatibility between technologies to orderly and efficiently integrate and interact
4 Technology validated in laboratory i . o i i i
4 There is sufficient detail in the quality and assurance of the integration between
5  Technology validated in relevant environment (industrially technologies
relevant environment in the case of key enabling technologies) 5 There is sufficient control between technologies necessary to establish, manage, and
terminate the integration
6 Technology demonstrated in relevant environment (industrially ) ] ] ] ) )
relevant environment in the case of key enabling technologies) 6 The integrating technologies can accept, translate, and structure information for its
intended application
7 System prototype demonstration in operational environment 7 The integration of technologies has been verified and validated with sufficient detail to be
" actionable
8 System complete and qualified
8 Actual integration completed and mission qualified through test and demonstration in the
9 Actual system proven in operational environment (competitive system environment
manufacturing in the case of key enabling technologies or in i :
space) 9 Execute a support program that meets operational support performance requirements and

sustains the system in the most cost effective manner over its total life cycle
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Einschatzungen zum TRL und SRL energietechnischer Anlagen

Technologie TRL-Einschéatzung SRL-Einschatzung

Grol3speicher 9 9
Speicher
Kleinspeicher (NS) 8-9 2-3
PV 2 1
Onshore 5-7 2
Windkraft
Offshore 5-7 2
Elektrolyse 1 <1
Elektro-  (ochnell-)Ladesaule 1 <1
ety Wallbox 1 <1
5%1%%2 Ter:hnisslle
Eﬁ% LBJ:::\I:?\ZIPE\auteig 22.06.2023 elenia | Beschaffungsméglichkeiten 39
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http://www.tu-braunschweig.de/elenia
https://www.instagram.com/elenia.tubs/?hl=de
https://www.researchgate.net/institution/Technische_Universitaet_Braunschweig/department/Institut_fuer_Hochspannungstechnik_und_Elektrische_Energieanlagen
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