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We are using Sli.do

Sli.do:
#StabilityM

O slido

We want to incorporate your opinion and expertise:
v’ Post your questions
v" Answer polls throughout the webinar
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Welcome & Introduction
TIME: 10 mins

 Welcome & Objectives of the webinar Hékon BO RG EN
RDIC Chair
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Green shift is now!

— NEEDS <700MW

Reaching carbon neutrality even faster s of =t -
» 10x wind & solar faster [ ]
Zero target gives radical changes of the power 40 e

system in Europe

P U\ ol

» 10 x more flex o SN S

Increased integration & cooperation between . ) ) ‘ 7\ - -
countries and sectors ] . n

New infrastructure
Electricity and other Rl
networks e

Accelerated innovation is

key: Al p
y‘ : /I\ e

: : : &0 Source:
Fast deployment gf mgFure mnovatwg solutlpns ~ —— YNDP 2020
Long term : sustainability drives the innovation i entso@ s



Much more flex & Grid needed ..

Increased integration & cooperation

External & Internal partnerships

Industry (H, transport, Wind,
Solar, heating +)

Manufactures

DSOs
TSOs

Authorities

Within TSOs

Innovative solutions >>
business utilization

Cooperation with manufacturers (RDI roadmap)

)ﬁ% Offshore /onshore grids:
Interoperabilty - HVYDC /HVAC Grids

@ Power Electronic dominated
Systems

SF¢-free alternatives in high-
voltage equipment

0 0 Smart asset management to
°5 monitor and reduce CO, footprint

Eco-design and lifecycle management:
lead free HV (AC/DC) cables

entso@
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Accelerated innovation is key on priority actions

In spotlight: Stability management

Need for flexibility & its value at
all timeframes

FOCUS TOPICS

Data driven for I Improved modelling & management
services ACCELERATION \ of extended datasets

Multi-vendor, multi-terminal
offshore solutions

New system stability

management approach

Fully automated decision
support system

ENTSO-E RDI Implementation Report2021-2025: link

Tackling the impact on grids

Stabilizing technologies must be
deployed to counterbalance the
increase of factors destabilizing
the power system.

ENTSO-E Position Paper

Stability Management in Power
Electronics dominated Systems:
AP quisite to the S

of the Energy Transition



https://www.entsoe.eu/news/2022/06/21/entso-e-publishes-a-position-paper-on-stability-management-in-power-electronics-dominated-systems/
https://eepublicdownloads.azureedge.net/clean-documents/RDC%20documents/l_entso-e_rdi_implementation_report_update_2112_05.pdf

Tackling System Stability:

A Prerequisite to the Success of the Energy Transition

Questlons 1-3

#StabilityM

TIME: 30 mins

* The Challenge
Our contribution
e Timeline

Knut HORNNES

Convenor of the Stability
Management Workstream

entso@
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Grids with high penetration of power electronic based

generation and transmission

Question 4

Ratio of PE on total installed capacity by 2030

0.7
0.6
0.5
0.4
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0
Continental Baltics Nordics Ireland Great Cyprus
Europe Britain
DE mGA mNT

3
0

New HVDC transmission capacity by 2030

70 Sli.do:

&0
50

40

o -a-New HVDC links

=—New DC connected wind
20

10

Q
2018 2020 2022 2024 2026 2028 2030

year

« The RES increase leads to an increase of power electronics interfaced generation

connection

« Significant uptake of high-voltage direct current (HVDC) transmission driven

mainly by offshore development

entso@

#StabilityM



Units inherent properties are different

From heavy fast generator rotors to power electronics connected infeed

entso@

10



Flagship 5: Enable secure operation of widespread hybrid AC/DC grid

2020 > 2025 > 2030 Enable secure
operation of

Deployment of widespread hybrid
Assessment/validation meshed DC grids P .y
of meshed DC grids AC/DC grld

Intrinsic grid parameter estimation

Power quality

monitoring and o
maintenance for hybrid Reliability assessment

AC/DC systems

New optimisation techniques
considering AC/DC system
AC and DC pa e Upgrade of power Restoration plan of the
- flow control tools Pan-European system
to include DC grids

Stability Management Workstream

HYBRID AC/DC POWER FLOW
AND SYSTEM MODELING

:—_ﬂ D d propagatio
grid forming converters
< o ode and guide B
ndate squireme Ancillary services from grid
0 e DC side of grid forming converters
O P D > c

HYBRID AC/DC SYSTEMS: ANCILLARY SERVICES

CONTROL AND PROTECTION
OF HYBRID AC/DC GRIDS



Question 5

Stability Management in Power Electronics Dominated Systems

Research directions needed to solve technical,
regulatory and market-related challenges e

Stability Management in Power
Electronics Dominated Systems:

A Prerequisite to the Success

¢ WP1: Long term power system planning and development j’f “:;fnergy Ty
une

Sli.do:
#StabilityM

WP2: Short term operational planning

 WP3: Sources for system services

 WP4: Real time power system operation

entso@



https://www.entsoe.eu/news/2022/06/21/entso-e-publishes-a-position-paper-on-stability-management-in-power-electronics-dominated-systems/

Power system stability phenomena and timeframes

Power System Stability Phenomena

Old phenomena increase in rate and severity

* Rotor angle stability Converter Rotor

EEl (]

El Voltage
* Voltage stability el

stability

Frequency

driven angle

stability f| stability stability

* Frequency stability

[ [
New phenomena Growing and changing phenomena
Timeframe of milliseconds Timeframe of seconds

New power electronics related stability phenomena L Pser Pmser s

’ N
* Resonance stabilit
v RVAAVANVA
e Converter driven stability /\ /\

0 180° 2700 360°

05 - <

-1.0

L |, 1 ] entso@ ©



RoCoF and frequency nadir

50 |

498 }
496 r
N
T 494}
492+
49 } 100 GWs | -
200 GWs
488” 3OOGWS ]
0 10 20 30 40 50 60

time (s)
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Frequency containment timeframes

Power [MW]

pri CR Secondary reserves, Tertiary reserve,

(Imary reserves, automatic FRR manual FRR
(Regulating power)
1 MW 10 MW (5 MW)
5-30s and 2-3 min 15 min
- >
Rotational energy, inertia Time of activation
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Question 6

Stabilizing technologies must be deployed

Advanced Monitoring & Control of
Stability

Simulation Techniques & Models Sll'fj_oz
Controllable Resources & Flexibility #3tabilityM
Grid Forming Capabilities &
Destabilizing Interoperability
Factors Synchronous Generation
Variable, Renewable Energy Resources
Conventional Power Electronics Stabilizing
Interfaced Resources & Devices Factors
Long Distance Transmission & Weak
Connections
HVAC cables
entso@ 7
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Question 7

Urgent need for TSOs to develop, test and implement a
‘ new wide area system stability management approach

Sli.do:

@GR #stabilityM
:‘ ‘: l’_,rl’ "lh.‘h..‘
Tmmnessmsssasees — — ; T Synchronous gencrator
Wind farm AC-IN DC-AC d “u -
/
' *\
— :
| EZ;
!
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[ [
)
' ; Multi-machine system
! Modern AC/DC grid -
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The Challenge
The success of the energy transition

European Green Deal

The importance of reaching the goals stated in the European Green
Deal has increased.

The European

The transition to sustainable electricity production from renewable hes . Green Deal
resources is a key to obtain climate neutrality. 2 5

Supported by investments in green technologies, sustainable
solutions and new businesses, the Green Deal can be a new EU
growth strategy.

Involvement and commitment of the public and of all stakeholders is
crucial to its success.

entso@



The Urgency

The pace of the energy transition

The goals for carbon dioxide emission
reduction has increased

The need for energy supply from non-fossil
sources has increased

Mature sources for electricity production are
based on power electronics

The required fast transition and amount of
electricity from new sources deteriorate the
power system stability

Stability phenomena are becoming
increasingly concerning and diverse

Mobilising research
and fostering innovation
J
Transforming the
Increasing the EU’s Climate EU's economy fora A zero pollution ambition
ambition for 2030 and 2050 sustainable future for a toxic-free environment

A \
Supplying clean, affordable Preserving and restoring
and secure energy ecosystems and biodiversity
|
From 'Farm to Fork’: a fair,

1
healthy and environmentally
friendly food system

/

Accelerating the shift to
sustainable and smart mobility

Mobilising industry
for a clean and circular economy

Building and renovating in an
energy and resource efficient way

Leave no one behind
(Just Transition)

Financing the transition

A European

TheEUasa
I Climate Pact

global leader

entso@



‘ Key Recommendations

The assessment and control of grid stability require
consistent and pan-European methods

To maintain the pace of the energy transition, network
codes shall be updated in a fast and harmonized process

New technical capabilities and system services are making it
necessary to define new resilience requirements

Significant RD&lI efforts and stakeholder collaborations are
required to accelerate the uptake of new technologies for
stability management




‘Thank you for your attention!

ENTSO-E Position Paper
Stability Management in Power

Electronics Dominated Systems:

A Prerequisite to the Success
of the Energy Transition

June 2022

Question 8

Sli.do:
#StabilityM


https://www.entsoe.eu/news/2022/06/21/entso-e-publishes-a-position-paper-on-stability-management-in-power-electronics-dominated-systems/

Project Inertia — Long term frequency
stability scenarios IVIE: 20 mins

Learnings and next steps joaO MORE'RA

Project Manager, Project Inertia

entso@ =



Frequency stability in long term scenarios — framework (1/2)

Cross—committee project set up by System Development Committee and System Operation Committee.

It involves:
- TF Planning Standards; StG Connection Network Codes; WG System Protection and Dynamics
WHAT
The project aim is to assess the decreasing level of inertia and its impact on the future Continental
Europe synchronous area
* The system trends show a decrease in the level of Inertia
* Following an ordinary generation loss, large RoCoF and frequency excursions are not expected in
Continental Europe. However, these can be observed in case of a system split
o System splits are realistic and serious disturbances
WHY o System split events are not a new issue, but the trends show that the underlying assumptions

are shifting to a situation more challenging to withstand

* |tisimportant to assess the expected RoCoF values in a system split and discuss the possible
mitigation measures

o A high RoCoF reduces the available time for deploying the necessary fast balancing actions for

preventing high frequency excursions leading to unstable behavior in the subsystems or even
blackout 2

24



Frequency stability in long term scenarios — framework (2/2)

Starting from the market data of TYNDP2018, the study defined a methodology to enable a
comprehensive perspective of the possible Continental Europe synchronous area split cases and the
essential causes at the base of the RoCoF values

e Calculation of all possible system split combinations considering a subset of the TYNDP 18 market
nodes (In total 23 million situations: scenarios x system split x hours)

HOW

* For each split combination, the initial subsystems RoCoF is calculated based on the imbalance and
inertia for every hour and every TYNDP scenario

* The study does NOT assess the probability of occurrence of a system split!

The study considered initial RoCoF values higher than 1 Hz/s as not manageable, as per to

System Operation Committee WG SPD “Inertia and Rate of Change of Frequency (RoCoF)*”

*https://eepublicdownloads.azureedge.net/clean-documents/SOC%20documents/Inertia%20and%20RoCoF v17 clean.pdf entso@


https://eepublicdownloads.azureedge.net/clean-documents/SOC%20documents/Inertia%20and%20RoCoF_v17_clean.pdf

Subsystem RoCoF wrt load ratio: potentially unmanageable cases

BE 2025 - |RoCoF|[>1Hz/s ST 2030 - |RoCoF|>1Hz/s DG 2030 - RoCoF|>1Hz/s
10 i ] i i i i 10 10 . . : . . .
W w5 w5
)
B B B
=] = = i
L Em Em L 0 [ a
S S 3 :
= (] (o]
e -5 r -5 r .5
-10 .10 -10
oo 01 02 03 04 05 068 07 08 08 10 00 01 02 03 04 05 08 07 08 08 10 01 02 03 04 05 06 07 08 08 10
Load ratio: subsystermn on continental Europe Load ratio: subsystem on continental Europe Load ratio: subsystern on continental Europe
DG 2040 - |RoCoF|>1Hz/s ST 2040 - |RoCoF|>1Hz/s GCA 2040 - |RoCoF[>1Hz/s
%] 5 %] 5 %] 5
Iz
= p= — £ =
w 0 w 0 w 0
o & = o
o o o
o & o
o -5 r -5 x -5
-10 -10 L -10
00 01 02 03 04 05 0B 0OF 08 08 10 o0 01 02 03 04 05 06 0OF 08 08 10 o1 02 03 04 05 06 OF 08 09 10
Load ratio; subsystem on continental Europe Load ratio; subsystem on continental Europe Load ratio: subsystern on continental Europe

The highest RoCoFs are related to smaller subsystems

From 2025 to 2040 there is a RoCoF increase for all sizes of subsystems, an increasing size of the subsystems
exposed to |RoCoF|> 1 Hz/s and more cases exceeding |RoCoF |> 1

In 2040, 3 times more cases (case= one hour and one split) create RoCoFs higher than 1Hz/s

entso@
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Subsystem RoCoF wrt load ratio : potentially unmanageable cases

120%

100%

80%

60%

40%

20%

0%

%age of splitlines, hours and cases which may be
unmanageable

R

BE 2025 ST 2030 DG 2030 ST 2040 DG 2040 GCA 2040

—@=— %age of split lines which are unmanageable at least one hour in the year
—@— %age of hours of the year with at least one unmanageable split case

- %age of unmanageable cases (hours x splits)

The red line at 100% shows that at
any hour of the year at least one split
can be unmanageable (RoCoF
higher than 1Hz/s)

The blue line between 80% and
100% indicates that almost all splits
can be unmanageable at least one
hour of the year

means that on all of
the 3 800 000 cases (hours x
splitlines) from 13% to 41% can be
unmanageable depending on the
scenario and time horizon

entso@ v



Digging further: The global severe splits approach allows a focus on the
split cases that affect everyone in the Continental Europe system

/ All considered splits
’ Severe splits which are not global Global severe splits

\

\_

System splits that could lead to a RoCoF > 1 HZ/s Global severe splits could lead to a
in one subsystem (red) RoCoF > 1 HZ/s in both subsystems
» A partial blackout could occur in the CE system » A blackout could occur in the entire CE system

* Global severe splits represent only a subset of the total challenge, but provide visibility to the global
scale of the issue

« Severe splits which are not global are also relevant so@d =




RoCoF WRT load ratio : global severe splits

Global severe splits: both island with a |RoCoF|
higher that 1 Hz/s. Potential risk for CE blackout

e The number of cases is much lower than
unmanageable cases but the consequences
are much more serious (Continental Europe
blackout) and the numbers are still significant

* In GCA2040, all the splits isolating more than
a third of the CE are globally severe, meaning
they would affect the whole CE

Each global severe case corresponds to two dots: each of the
two dots relates to one of the two split subsystems, showing
its load ratio and RoCoF for one specific hour and one system
split. Obviously, the two load ratios are complementary to 1
and the RoCoF are of opposite sign.

ROCOF

Tf

-5

-10 ¢

BE 2025 - global severe cases

00 01 02 03 04 05 06 07 08 09 1C
Load ratio: subsystem on continental Europe

ROCOF

S1 2040 - giopal severe cases
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Load ratio: subsystem on continental Europe
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DG 2040 - giobal severe cases
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RoCoF WRT load ratio : global severe splits

The red line shows that from 2% to
62% of the hours of the year at least
one split can be global severe

depending on the scenario and time

70% horizon
60% / )
50% | The blue line indicates that from 7%

%age of splitlines, hours and cases which may be which
may be global severe

a0% to 66% of splitlines can be global
0% - severe at least one hour of the year
0% . depending on the scenario and time
10% h :
orizon
0% = t
BE 2025 ST 2030 DG 2030 ST 2040 DG 2040 GCA 2040
means that on all of

—@— %age of split lines which are severe at least one hour in the year the 3 800 000 cases (hOUFS X

—@-—%age of hours of the year with at least one severe split case SpIitIineS) from 0% to 4% can be

—&— %age of global severe cases (hours x splits) globa| severe depending on the

scenario and time horizon
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Question 9

Trends confirmation from the long-term scenarios

TYNDP 2018 Scenarios >  TYNDP 2022 Scenarios Sli.do:
#StabilityM

CE Region - Climate Year 2009
: DE2030
Synchronous Area Inertia (H(s)) — CE 6 — DE2040

5 . GA2030
45 L5 — GA2040
4 | _ Increase in 1000 hours NT2030
35 . ' - below H= 3s — NT2040
3 -2 N X.8600 hours below H= 3s
25 5 5
2 7500 hours . \ Q-
below H= 3s R | p
1.5 ~ £
1 2000 hours o 2
O

0.5 below H= 1,55 \
0 1

0% 10% 20% 30% 40% 50% 60% 70% B80% 90% 100% 4800 hours

Percentage of hours in a year Increase in 2800 hours below H=1,5s
below H= 3s 0 1000 2000 3000 4000 5000 6000 7000 8000
Ordered Hour in Year

—ST2030 ==—=DG2030 EUCO2030 S5T204( === CA2040 ====DG2040

TYNDP 2022 scenarios display a situation that tends to be even more challenging than TYNDP 2018
scenarios, with a larger number of hours experiencing reduced levels of inertia

entso@ 3



How to address the challenge?

4 Provide additional inertia by renewable energies and battery storages (the precondition are grid forming and energy\
storage)
Provide additional inertia through STATCOM (the precondition are grid forming and energy storage), synchronous
N condenser or market-based procurement y
/ A

Increase withstand capability of power generation units and establish faster-reacting system protection schemes
(further develop the system so that |RoCoF| higher than 1 Hz/s can be handled).

~
J

Measures to avoid a system split (e.g. grid reinforcement, increased use of DC technology)

[ Countermeasures to mitigate the effects of the system splits (e.g. Special Protection Schemes, ...). ]

As a last resort: Market restrictions as reduction of the power exchange or must run

eniso@ =



How to address the challenge?

ﬁ?fG 2.0 amendment proposals introduce important requirements \

— the inherent code amendment process and implementation timeline, means that the system
availability of such requirements will not happen immediately (possibly by 2027)

Research and Innovation supporting activities

— create the conditions for the integration of Grid Forming Capabilities as soon as possible
K — improve modelling capabilities and availability of models /

entso@



Main conclusions

a . )
The assessment demonstrates that the challenge posed by the decreasing level of
inertia exists and, in the case of global severe splits, might involve the entire CE

__synchronous area.

)

-

J

To cope with this challenge, different solutions should be assessed for the future system.
L The installation of additional inertia is only one of the solutions.

The decision on what is the ‘acceptable’ risk is not for the TSOs only, but involves all
L the stakeholders, industrial and institutional.

entso@



Question 10

Follow up of the study

Sli.do:
#StabilityM

/ \ / Project team set up to: \

— Assess the risks of a system split with updated input data from TYNDP
What'’s 2022 and applying analytical and time-domain analysis
Ongoing? — Provide more quantification of the challenge and solutions
— Further evaluate the most appropriate set of solutions and their extent
k / k to cope with a system split and its consequences /

entso@



New Demand Units and Advanced Capabilities e 15

* Demand Unit Cases Mario NDREKO

e Future Research Topics StG CNC Convenor

entso@ 3



How to explore the potential of converter based demand?

p

PEM
Electrolyser

DC

DC

Demand Unit Case: Electrolysis

Cell/Stack

DC

AC

Connection
Point

_|

/

-

&

Expected large demand capacity even in \

transmission level (GW scale at one
connection point)

Mostly are interfaced to the grid by AC-DC

converters

Voltage Source Converters based units
prevail in order to comply with similar

requirement of power park modules (PPM)

Electrolyser demand units can offer not only
flexibility in grid operation and market but

also system supportive functionality
(frequency and voltage)

must

/

/Future research topic: N
« Demonstrate high TRL level of VSC-Interfaced Electrolysers that comply with CNC requirements (Q and
U control, FSM, LFSM-U/O, FRT and grid forming)
« Effective simulation models for such systems to be used in grid planning but also compliance studies
\_ (RMS and EMT models for transmission connected demand facilities) )

entso@
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How to explore the potential of converter based demand?

A

DC
Data

Center DC

DC

AC

Demand Unit Case: Data Centers

Connection
Point

_‘

/- Large increase in demand capacity is
expected in the next years

« Voltage Source Converter interfaced to
the grid
« Big potential to provide LFSM, FSM,

reactive power capability and voltage
control

\

N

/

\l

fFuture research topic:

Demonstrate highest TRL level of Data Center Demand Facility that comply with CNC requirements (Q
and U control, FSM, LFSM-U/O, FRT and grid forming)

Develop effective simulation models for Transmission connected Data center facilities (RMT, EMT and

frequency domain)

~

)

entso@
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How to explore the potential of heat pumps?

p

A

Temperature Controlled Units

Demand Unit Case:

(Heat Pumps)

N

K Large increase in demand capacity is \
expected in the coming years

» Mainly DSO connected but plans also for
transmission connected demand facilities
for industrial scale projects

» Voltage Source Converter interfaced to
the grid

» Big potential (large demand capacity) to

provide LFSM-U, FSM

Future research topic:
Demonstrate highest TRL level of Temperature Controlled Units that complies with CNC requirements

(FSM, LFSM-U)

entso@
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How to explore the potential of EVs?

p

A

Demand Unit Case:

EV’S battery

Large increase in demand capacity is
expected in the next years

Mainly DSO connected
Voltage Source Converter interfaced

Big potential (large demand capacity) to

provide LFSM-U, FSM

o

/

Future research topic:

Demonstrate highest TRL level for charging units offering (FSM, LFSM-U/O and potentially grid forming

capability)

entso@
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Thank you very much for your attention

Our values define who we are, what we stand for and how we behave.
We all play a part in bringing them to life.

[N

<7y W oS ) (L

FUTURE

EXCELLENCE THINKING

TRUST INTEGRITY TEAM

We care about
people. We work
transversal and we
support each other.
We celebrate
success.

We act in the
interest of
ENTSO-E

We trust each
other, we are
transparent and we
empower people.
We respect
diversity.

We deliver to the
highest standards.
We provide an
environment in
which people can
develop to their full
potential.

We are a learning
organisation.
We explore new
paths and solutions.

We are ENTSO-E

entso@



6x5 National Examples

of stability related challenges and events

TIME: 35 mins

CUCA N U !

Statnett (Nordic examples)

SSE Networks Transmission Operator
REN, Iberian System Split
Energinet.dk

Amprion

Eirgrid

Knut Hornnes
Benjamin Marshall
Rui Pestana

Jun Bum Kwon
Bartosz Rusek
Mostafa Bakhtvar

Moderator:

Iris BALDURSDOTTIR

entso@

42



National Example 1: Statnett/Nordic

Incident in Norway November 2.

Oscillations from converter connected wind farm

Oscillations in reactive power from wind farm

Oscillations in voltage

Reduced power production in wind farm, oscillations stopped
Oscillations started again when trying to increase production
Total reduction from 95-100 MW down to 40 MW

entso@ 4
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Impact 300 kV transmission grid

Voltage oscillations [V] Power flow [MW]
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National Example 2: SSE Networks Transmission Operator

Addressing HVDC and Large-Scale Power Electronics

Network Stability in GB

Ben Marshall, Technology Manager, National HVDC Centre, GB

" EMTand
FAT
simulation

Harmonic
emissions

! ma .

RMS &
balanced
validation

Spatial and
national
demand

Spatial
generation by
type

Energy Forecast Data

Quantities Generation data

Forecast network RMS simulation
models

Standard Planning and operational analysis suite

Steady state Dynamic Dynamic national
Thermal, Voltage and frequency

Voltage RMS Angle stability containment
analysis analysis analysis

Activity

Operational network models

The National
HVDC Centre

O

Settlement

(averaged),

operational
(1s)

NPS
20min
avg

Event
logs

Harmonics PMU
20min avg !

Power
Quality
monitoring

Transient
monitoring

Real-time
telemetry

Local project-
specific EMT
modelling

Specialist
dynamic
modelling

Non- Standard analysis suite

Plant specification
related (TOV,
earthing, switching/
energising)

Compliance/ Acceptance
analysis suite

RMS model dynamic
Plant verification
against required and
expected performance

..........

Operability risk &
post event
investigation

Network development, inputs to
Operational processes & tools

Qutputs

Risk management
and/or dynamic Plant/
network re-design

Plant control / connection design /
operation

---------

RTDS-HiL- informed activities

- EMT- informed activities

Current Analysis Environment %

entso@



National Example 2: SSE Networks Transmission Operator
. . . # \) The National
2) What is Changing in GB? \_J HVDC Centre

Current loop Wider stability impact
control from events,
Short ciruit approach,

strength regional

Defining new
stability
support

protection challenges,

voltage recovery &
inertia regulation, power
deficits ualit

PLL tracking, increased _
limited Q heed for EMI increased need for EMT

support. study study

1-15%
16-50%

Classical
instability

51-75%
76-100% 78-100%

Convertor Frequency regulation &

ot based Defining containment+inter-
HELHE frequency area effectsin

technology
SheelEreT control needs

Impact of declining Short circuit level (A System Operability Framework

dlStrlbUtan Document), National Grid ESO, download (nationalgrideso.com

Electricity generation mix by quarter and fuel source (G®

@ coal | oil
150 Gas W Nuclear Inertia for Scenario LW
@ Hydro (natural flow) @ Wind and Solar 350
inertia in year:
0 Bioenergy B Pumped storage (net supply) 300 « 2021
@ Other fuels B Net imports (Interconnectors) * 2026
2021 2030 KEY

@ Not Generation / Supply
® Net Demand
Each dot represents 2 TWh

Not flows from areas of
high generation to areas
or high demand

Net flows from areas of
high generation o areas
or high demand

Terawatt-hours (TWh)/quarter

Scotland Scotland
35Twh 124 TWn
-50 N: 0
R T TS T R VR R L S SN S WY L - -
B M A P A N 00 02 04 06 0.8 10
FFF T TF T TS O  Percentage of the Year Below Value '
Wales
2Twn
e South E: South E: i i
- s Electricity Networks
South West South West


https://www.nationalgrideso.com/document/135561/download

National Example 2: SSE Networks Transmission Operator

‘ 3) GB System — Some Key Challenges

Solutions by Technology Type

1) Declining Inertia

— from “typical” levels of 250GVAs to c. 100GVAs without
intervention

— Minimums from 140GVAs to c. 50GVAs without intervention.
« Stability Pathfinder- future Stability Markets GB-GFC
* LoM & RoCoF relay replacement

® Synchronous machines  ® Grid forming converters Hybrid*
Stability Market

Strategy
Current phase (Sep “21 — Mar ‘22)
Development
Stability Market
Phase 2 starting Q1 FY22/23

2) Frequency Regulation & containment Bisne. e e ihises ——
NE_England :5:‘,'6“*‘;“" :EWE-;":‘*{M SE_England

Short Circuit Level for Scenario ST in Different Area

I Fault Location 0% Volts
. 0-15% Voits

- faster frequency response to address larger loss
(1800MW),df/dt (up to 0.5Hz/s- 1Hz/s)

10 12 14 186 18 20

Short Circurt Level (GVA)

|

\
|
)

3) Declining fault level

4 6

22021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Year

- Increasingly areas of SCR <1.5

- Greater area of impact from faults opertonat Fu “
oo

- Protection, connection stability/ performance risks -Operaton s Reduced

- Additional local grid forming needs operation st “
i g Scottish & Southern

Lcc

VsC

ot el o grid Electricity Networks

forming control modes

Chort Cire it Datis (S0DL



‘ 4) GB System — Some Key Challenges

4)

5) Converter instability

PLL tracking/ responses to classical instabilities
- Control hunting/ interaction risk

Limited transient support

Interoperability of devices

4)

Voltage stability

Increasing periods of high voltage (lower
damping, TOV sensitivity, higher voltage angle

jumps)

Converter related voltage stability

considerations

Resonance instability

Converter related control interactions- small
signal phenomena. More and new modes of

oscillation.

SSO, SSTI, SSR & Torque amplification

considerations

POD and other damping solutions

_E._.
Reactive Import (MVAr)  Reactive Export (MVAY

National Example 2: SSE Networks Transmission Operator

Daily maximum and minimum reactive transfer between
transmission and distribution networks

25000

20000
15
m Reactive Demand ]
(a) LCC
doly———— =
HHH"!"",“
é \u“'mb\« A JATA
g WM. MM,’. hhbh
o M
s ] ARLRAN! Prrrrryed
10 1
(b) VsC Figure 7: Voltage RMS profile in case 1 to case 5
600
1 U‘h 500 |
S —— e
a ;400 o
g 0. ir,aoo - %d % Y} %\Ef\)\/
s | ? 200 -
e f\/\ 100
o -
40 45 60 !
Time (s)

1 15 2
Frequency(Hz)

t(s)
~— Case1 —— Case2 —— Case3 —— Case4d Case 5

f \ The National

v HVDC Centre

T
Solid lines: MIIF=0.81
- Dashed lines: MIIF=0.26

Scottish & Southern
Electricity Networks



National Example 2: SSE Networks Transmission Operator

Conclusions © rhepatona

Our GB networks is changing, which marks a fundamental shift in analysis needs-

1. A Power system Converter (programmable logic) dominated system. We need to identify and specify converter control and
withstand needs, rather than inherently expecting capability to be present.to deliver new and more efficient solutions/ services
for stable Net Zero networks and avoid “cliff-edge performance risk”.

New Power system modelling required- focussing on how converters measure and respond to the system, and their
vulnerabilities when doing so. More offline and realtime EMT simulation integrating hardware affected to maintain security and
efficiency of solutions & services.

Updating and verifying models and planning assumptions. More detailed telemetry from the system (PMUs, new Alert systems)-

these checked against models of the system and models/ hardware of devices to support secure operation and planning of the
future network.

NPS
Spatial and Spatial RMS & Harmonic EMT and Settlement, 20min Harmonics

5 S E T
national generation by EMT emissions FAT operational Avg & 20min avg & iy e

Ld
demand type validation spectra SIOEE & PMU instant instant. - logs QueStlons 1 1+12

results

Energy Forecast Data ) Real-time Pow?r Transient E E
Generation data ] Quality

Quantities telemetnr N monitorin ' J-I-' "
Y g
*by requirement m0n|t0r|ng l am LI

: : Specialist Local project- F 1 "
Forecast network EMT simulation . P X p )
Operational network models dynamic specific EMT F
models ) )
modelling modelling . w
el

Compliance/ Acceptance . . . Sll.dO:

analysis suite

Standard Planning and operational analysis suite

Thermal, Dynamic ' Dynamic national : ; B RMS model dynamic Flant specification rmaral ey o ] #Sta b I I Ity M
Voltage RMS Voltage and frequency ! Plant verification related (TOV,
& EMT Angle stability containment ! against required and earthing, switching/

analysis analysis { analysis | expected performance energising)
]
|

post event
investigation

N k devel i | | ion desi Risk management
etwork development, inputs to , ant control / connection design / and/or dynamic Plant/

Operational processes & tools operation network re-design ScottiSh & Southerl‘l
| f Electricity Networks

RTDS-HilL- informed activities - EMT- informed activities Future A na’ys,s Env‘lronmen t



National Example 3: REN, Iberian system split

Event of 24t July 2021

What happened?

¥ COLAYRAC
() CANTEGRIT
DONZAC

Iberian system Split -

MOLGUERRE

GOURIADE

JALIS

Iberian Peninsula, together with a part of French Pyrenees Orientale's, was
separated from the rest of European grid. N
France was exporting 2500 MW at the time of the separation, resulting into two

areas.

SANTA LLOGATA

13:00 : Fire starts in Moux area, near Gaudiere (RTE not notified)

16:33.12 : Trip Baixas Gaudiere 2 (400 kV)

16:35.24 : Trip Baixas Gaudiere 1 (lost of the 400 kV Mediterranean path)
Overloads on lines Argia Cantegrit, Argia Hernani, Biescas Pragneres

16:36.37 : Trip Argia Cantegrit (400 kV split, 220 kV interconnected)
Voltage collapse + Power oscillation on the 220 kV border region
Frequency split

16:36:38 : Trip Biescas Pragneres (220 kV)

16:36:39 : Separation from Morocco (400 kV)

16:36:40 : Trip Argia Arkale (220 kV)

16:36:41 : Trip Argia Hernani (400 kV)




National Example 3: REN, Iberian system split

th .
Event of 24'" July 2021 T T”"”;ftww 2
Physical interpretation of phenomena 0

Complex combination of different phenomena

Active power (MW)

»n

| FREQUENCY LOAD SHEDDING » OVERVOLTAGE
DISTURBANCE
Frequency path
Trip of Baixas- . . . ANGLE LOSS OF
circun
Overload path T T |
2,(109 5 PotenclagArgla-Heman;H \\\H
S GENERATION
) | UNDERVOLTAGE [—
o TRIP «
il \{i Voltage path After separation
o | I Before separation
i entso@ =

i
20 40 60 80 100 120
Time



Event of 24t July 2021

What saved the system?

Iberian system Split

Frequency split after the lost of the 400 kV path in
France activated the system defence plan:

« Trip of hydro pumps in Portugal and Spain

* Interruptible industrial load

« Load scheduling of domestic customers (2" Step)
Before the physical separation of all interconnection in
the French - Spanish border

sarw2407.2071 18 N » d
e 20210724_1635-1710 swissgri
50.4
50.2
AN I M\
he P4 Y AN
Ml TRy S ') S LL
50 ad. e e A
T T 5
r | f
49.8 J W
49.6
=
&
49.4 ‘J
|
492 :
49
48.8
48.6
16:35:00 16:40:00 16:45:00 16:50:00 16:55:00 17:00:00 17:05:00 17:10:00
——Freq. Mettlen ——Freq. Bassecourt ——Freq. Brindisi ——Freq.Robbia ——Freq. Soazza
——Freq. Lavorgo ——Freq. Divaca Freq. Recarei —— Freq. Kassoe ——Freq. Ataturk
Freq. Hamitabat Freq. Temelli Freq. Thessaloniki

-ns 400KV Argia-Cantegrit tripping

Y

/

185 MW hydro pumps shedding (PT)

+ 617 MWhydro pumps shedding (ES) g
. 799 MW hydro pumps shedding (ES)

122.5 MW hydro pumps shedding (P‘I’)l/

387 MW hydro pumps shedding (ES) 7

192 MW hydro pumps shedding (ES) /

1573.5 MW load shedding (ES)
424 MW load shedding (PT)
65.4 MW load shedding (FR)

256 MW load shedding (PT) //

s = 4:36 PM

1987 MW load shedding (ES)

3000 + Tres = 4:36 PM

220 kV Argia-Arkale tripping

National Example 3: REN, Iberian system split

220 kV Biescas-Pragneres tripping

400 kV Puerto de la Cruz-Beni Harchen tripping
400 kV Puerto de la Cruz-Mellousa tripping

400 kV Argia- ani tripping
Z

W 1:ES La Cereal
W 2:FR_Saucats_f

50 s

B 1:Spain_France

B 1:Spain_Portugal

Nadir was 48.67 Hz in 4.6 seconds

entso@ 53



National Example 4: Energinet.dk

/ ENTSO-E Webinar

Stability management

National example of stability related events and challenges — Energinet, Denmark

Jun Bum Kwon



Datagrundlag
ELvis 2020

400 &Y luftledning
400 &Y kabal

220 KV luftledning
220 kY kabel

132 &V luftledning
132 &V kabel
Produklions=
enhed

AC-DC
konvartaring

System level simulation for stability
analysis

A00 &Y station
220 kW station
132 K\ station

Transformering

M
F——- Kabelovergangs-
+——- gtationar

FY

Incident occurred at DK2 synchronized to Nordic country

Comparison — Measurement vs RMS vs EMT

Active power in KO1-HVDC

~
—— KO1_P(Meas)
—— KO1_P(EMT)
800 1 ko1 P(RMS)
600 -

National Example 4: Eperginet.dk
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National Example 4: Energinet.dk

System level simulation for stability analysis

Incident occurred at DK2 synchronized to Nordic country

Key take away

System level simulation is strongly required to analyze system level dynamics precisely.

Correct representation of dynamics, protections, trips based on real code ( e.g. EMT models,
real time simulation, etc) is highly crucial to analyze sequential events, where classical SCR
based evaluation of simulation models and studies do not provide deep insight of system
level dynamics.

In order to enable precise system level simulation, concrete grid connection process and
model requirement are highly important for TSOs.

To investigate further high frequency dynamics, osccilatory behaviour and system interaction
in simulation, RMS based phasor domain model might not be enough to capture all dynamics,
where new system level enviroment (e.g. EMT and RTDS, etc) is highly required.

However, this doesnt mean that TSOs’ always need to run heavy simulations, where correct
evaluation of system needs and configuration of inverter based resources might be
prerequisite prior to decisions to spend more resources.

entso@ s



National Examplé 5: Amprion

STABILITY CONSIDERATIONS FOR
ALEGRO HVDC-PROJECT

EXPERTS:

DR. TOBIAS HENNIG
KLAUS VENNEMANN

PRESENTER:
DR. BARTOSZ RUSEK

18.11.2022

amprion

verbindet



National Example 5: Amprion

Stability Considerations for a 320 kV HVDC l‘

amprion
Power system stability

v v v v

OBERZIER | Reson.a}nce | 'Converte'r'
stability driven stability

alegrof¥

Niederlande WORSELEN . ‘
> electrical Fast_ —» Transient . Large
e teractio disturbance
ESCHWEILER Y|
DUREN r ot ‘ T
LIXHE SACHEN " Torsional Slow Small Small
% STOLBERG \ J interaction disturbance disturbance
.
JUPEYE e Belgien \
Deutschland
HERVE LONTZEN o
L]
e LUTTICH
P Analysis in different project phases necessary
(geschlossene Bauweise)
GEPLANTE TRASSENFUHRUNG NI - ALEGrO-Trasse . .
VN AlEGRO (feneSouwrise) » Development (basic design, concepts of
= ALEGrO-Trasse Belgien (Elia)
Rund 90 Kilometer lang ist die deutsch-belgische m a n Ufactu re rS)
Strombriicke, die zwischen Oberzier und Lixhe verlduft

« Commissioning (specification, tender process, network
and system studies, type test, commissioning tests)

» Service (set points, updates, model verification)

1 GW, 320 kV, 90 km cable

entso@ s

Amprion | Stability consideration for ALEGrO-Project



Stability Considerations Need to be More Extensive

for Power Electronic Components

i
v
[}
0
L]
—m

0.z

Positive: ALEGrO improves
damping of torrosial
oscillations

e
g

~ Af =|0,025 Hz

AQ =300 Mvar

el Y / AV =[4.5 kY

Challenge: Power Oscillation Damping acts
in low frequency range already at low
frequency change with high Q-injection

Solution: additional filter of transfer
function necessary

Amprion | Stability consideration for ALEGrO-Project

National Example 5: Amprion

N
amprion

Converter driven stability

Current /A

Rl

; % B \

l G4

U ER B .;‘

¥ U "Ih

= AJE_HJ - \ -V‘ - =
200
100

Wl
W\ i M i LT
I 1‘& fih
9% 20 0 , 2'? 20 50 80
et/ ys

Event: Disconnector sw1tchmg in nearby

substation caused high frequency wave. The
converter blocs.

Solution: new low pass filter necessary
entso@



National Example 6: Eirgrid

Low Carbon Inertia Solutions Procurement

Technical Assessments - o +/- 500 MW
Peak Demand: 6.9 GW o HVDC (LCC)

Dr Mostafa Bakhtvar Installed Wind: 5.6 GW y I"- 8 GB

Senior Lead Engineer Peak Wind: 4.5 GW T A to

mostafa.bakhtvar@eirgrid.com

AC Interconnection:
North-South

+/- 500 MW
HVDC (VSC)
to GB

m Transmission = Distribution

ERGRD SONI entso@




‘ 2026 Assumptions vs. Today

SNSP = 50% 75%

8000

7000

6000

5000

4000

Load + Exports (MW)

3000

2000

1 1 1 1 1 1 1 ]
1000 2000 3000 4000 5000 6000 7000 8000

Wind + Imports (MW)

Wind + Solar + Imports
Demand + Exports

SNSP =

o Less conventional units — from eight to five
e Significant BESS volumes

9 Two new interconnectors

o Second N-S interconnector E|RER|D SD NI

National Example 6: Eirgrid

Study Design ]
% e Scsr:ezylmg < e Sysem |
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| b
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ao
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|
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National Example 6: Eirgrid

Frequency — Dynamic Studies

New risks and factors to consider

* There is a risk for Inverter Based Resources (IBRs) operating in areas with low system
strength to trip through their protection when exposed to frequency and voltage excursions.

* RoCoF might become rather a local phenomenon by 2026 - our studies demonstrate that
there might be significant differences in terms of RoCoF across the system. We still calculate
RoCoF as per our Grid Code (500ms rolling window).

* Looking into future entails considering uncertain factors. This requires imposing higher
security/stability margins. We also considered sensitivity around disconnection of IBRs.

EIRERID SONI entso@ @



Frequency and ROCOF Observations

There is no frequency security concerns (f<49 Hz or f>51 Hz)
o however there are ROCOF concerns (ROCOF>0.8 Hz/s or
ROCOF<-0.8 Hz/s *)

e Oscillations are likely through frequency recovery period.

e Elapsed time between incident (fault and/or loss) and

frequency nadir/zenith is expected to be significantly shorter.

0 Low inertial response with a significant FFR and POR
provided by IBRs (>90% by batteries and interconnectors).

* Grid code threshold is 0.5 Hz/s, we are currently
trialing 1 Hz/s

EIRGRID, SONI
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Frequency Nadir
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Reaction from EC DG Energy IVIE: & i

George PAUNESCU

Policy Officer, European Commission
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Closing remarks
TIME: 5 mins

Norela CONSTANTINESCU

Head of Innovation Section, ENTSO-E

entso@ ¢



Stability Management in Power Electronic Dominated Systems, High-
Level communication paper

Main messages

ENTSO-E Position Paper

Stability Management in Power
Electronics dominated Systems:

To keep up with the pace of the energy ot it ol

transition we need:

new and consistent methods for analysis,
especially for new stability phenomena and
processes for data exchange

a fast and harmonised process for further
development of network codes.

new technical capabilities and system
services, as well as the definition of new
resilience requirements.

Significant RD&I efforts and stakeholder collaborations are needed to

accelerate the uptake of new solutions for stability management.

entso@
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~ Cooperation & Innovation & Sustainability




‘ Thank you for your participation!




Sli.do Poll results and other
statistics from the webinar

Oslido

entso@ o



Webinar attendees and activities

Total number of attendants:

Registered:
Attending:

412
300-350

Thereof active Sli.do users:

. Active users
- 207

Engagement score

Engagement per user

1291

6.2

entso@

70



This is the number of

‘ PO " rESU |tS people answering the

question:

1. Whom do you represent/work for? 2. My role is: \
Transmission System Operator
() 5] Y% .

Technical
Distribution System Operator 86 %
@ 3%
Policy maker Legal
® 1% @ 0%

RD&I Institution, University

Project management
G 10 %

@ 3%
Generator
- 3% Leadership, management
Manufacturer, technology provider/vendor @ 1%

G (O %
Sales and market

Electricity User ® 0%
® 0%

Electricity Market Operator/Ancillary Service Market Operator Other
® 1% Gl 7 %

Consulting
@ 3%

Other

- 3%
entso@ 7



Poll results

3. Challenges that | or my organization needs to solve in terms of stability
management in the PE dominated grid:

~lack of harmonized requirement
ensure system stability

_ Rate of Change of Frequency _
phase shift Understanding value

e Grid Forming Control
"Interaction  secyrity of supply

_ Grid forming
reclosing

User Model Knowledge

- ° Modeling
Validation Lack of inertia n e rt I a stability for IBR
voltage stability I\/Iodelllng ressources
grid forming HVDC support |V|0de|S interoperability HVDC

Grid-Forming Converters Technical standards

Frequency Gl’ld ConneCt|0n system strength

stable power control multiterminal

huge demand facilities unintentional islanding entso§ »
stability aware opf



Poll results 2024

G 15 %

2025
G S
4. In relation to the pace of the energy

2026
transition, when in time do you o 2 ¥
0
expect to reach the 65% momentary
share of PE connected infeed where 2027
stability is no longer guaranteed? G 7 %
2028

Answer for the part of the electric :

HF D
power system that you are familiar 8 %
with. 5029

@G 5%

2030
G 17 %

after 2030
G -0 %

entso@ 73



Poll results

6. What technical capabilities and solutions are you planning to further
deploy/investigate/develop/study in your organization to manage stability?

Voltage control by wind genera

RoCoF Withstand Capabilty large scale simulation

system control coordination

Synchronous Condenser  \jonitoring

PID controllers grid forming control ot
Simulation Model Simulation ~ WAMS

Grid Forming Inverter virtual inertiapss  mertia mpedance

Rotoranglestability

- grid forming-

Synch comps

Testing for GFC

s V9 GridFo rm]ng Inertia by Ucaps

WAMS automatic
synchronous condensers !

synchronous compensation BESS VISMA

converter stability
rid-forming inverter
Synchronising power transmissi

include stability more in plan entso@ 7

Grid indicators



‘ Poll results

5. Which research directions do you think are
the most important to tackle system stabil
challenges?

7. Who needs to collaborate to achieve a
successful green transition?

TSO-TSO
Create new technical solutions
G /%
G 31 %
Create regulations on a pan-European level TSO-DSO
G 12 % @ 3%
Create pan-European market solutions for system services TSO-DSO-Consumer
G 7 %
G 10 %
All of the above
G S0 % The whole ecosystem
S <1 %0

entso@ 7



Poll results

8. What risks does your organization face with regards to stability management challenges?

Power quality issues Unexpected effects

Rotoranglestability lack of system strength Minimum stable generation
mismatch planing x operation
blackout

converter interactions

Validation

1 lack of inerti
Unreadiness of Tools IaCk Of tlme e Resources

lack of tools

lack of reserves bad regulation
ressources . .
islanding

local grid strength et
stability managment n e rt I a :
Reactive Power

common grid codes
Economicspeed of the transition

knowhow B | ackbox

modelling and verification ~System Split

Root cause of instability Lack of accurate models value

changing system conditions Oszillation

interarea oscillations

Uncertain policy scenarios entso@ 7



Poll results

Very high
) 36 %

9. According to your perception, what High

is the risk of the system due to a O 50 %
system split event in the context of a

decreasing level of inertia? Neutral
G 12 %

Low
@ 2%

Very low
@ 0%

entso@ 7



Poll results

10. Which solutions do you consider the most necessary/urgent to deploy?

Incentives for inertia support
Market for Fast frequency resp

modelling Grid reinforcements

précise GFM definition grid forming and storage reserves

=5 SYNChronous condensers

Battery Testing Ultracapacitors
solar and wind power

, , Solutions with more Inertia
Grid formers with H=5s
) Energy Storage
new scheme of protection
simulation Hydrogen
GridForming pgp Fast control New lines

Grid forming GFM sdequate modelling

fast frequency response

Accept risk

. trol
energy efficency Market and regulation™""

fast response of RES with GFM Updated requirements in NC

Large-Scaled Detailed EMTmodel
entso@ 7



Poll results

11. Which of the topics discussed as emergent in GB do you believe are most important to address
across ENTSO-E areas in the next 5-10 years?

EMT simulation

. Converter-Driven Stability
Under-frequency Load Shedding

Frequency Stability Gr|d Form|ng

Real-Time Simulation

reactive power

Low SCR
real time data exchange Red uced In € rtla al d SVR Fa;ilgdf;fl
W .
RealTime
EMT models
Stability PMU
Human resources RTDS  Inertia

Interactions Storage

resoance i Resonance StabilityRDCDF

PMU measurements

v Grid-Forming Control
Accurate modelling entso@ 7



