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Installed capacity (MW)

Wind and solar power vs. consumption
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Amount of converter-connected production is increasing

9.3.2025 at 5am
Production in Finland 10GW out of which
converters 58% (wind: 5GW)

' 5 hours later...
9.3.2025 at 10am

Production in Finland 7.5GW out of which
converters 22% (wind: 0.8GW)
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Tuuli- ja aurinkovoimatuotannon osuus Suomen

...and the growth continues
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Time series presentation: proportional amount of wind and solar of
Finland’s total production vs. annual hours

No problem,
right?
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Case: converter-driven
instability
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Power system stability phenomena

Power System Stability

Frequency Rotor-Angle Voltage 4 Converter- I
Stability Stability Stability I/ Driven Stability ll

/ | /

/ | Vs
Smal Slow Fhst
Disturbance Interaction lnteraction
7/
7’
P d
-

t

Main technical challenges within the Finnish part of the system

N. Hatziargyriou et al., "Definition and Classification of Power System Stability — Revisited & Extended", in IEEE Transactions on Power Systems, July 2021
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Case:

converter-driven instability (regional controller instability)
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| Generator Reactive Power output |

| Generator Reactive Power output |
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“More is less”

CASE1: No parallel wind power plants

The wind power plant regulates reactive power acc. to grid code (VIV2018 requirements)

/
/
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Case 2: Parallel wind power plants present Voltage control becomes

unstable which

Overshoot and oscillations visible in reactive power | leads on undamped
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For converter dominated area SCR (Short-circuit ratio) of a ”’strong” grid appears as low from stability point of view!

High active
power level

makes it
worse!
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How to tackle the instability issues?

1) (re-)Tuning of controllers

« The "easy’ first step is to re-tune plant level voltage control (generally

slower response enhances stability)

 More advanced way is to enhance lower level stability by modifying e.g.
PLL operation = introducing "weak grid solutions” to power plants

2) Installation of stabilizing devices

* Synchronous condensers and Grid Forming STATCOMSs or Grid
forming BESS which can stabilize grid-following converters

» Fingrid is already doing this: Syncon to Siikajoki in 2025, GFM
STATCOMs to Kristiinankaupunki and Porvoo/Sipoo in 2027 and 2028

3) To build more power lines

* New lines bring the connection point electrically closer to the

existing synchronous machines

* This works only as long as the synchronous machines exist
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Converter-driven stability of the power system - grid forming vs. grid
following resources

At the moment, wind power and solar plants are Grid Following (GFL) — they are locked (via PLL)
to system frequency and supply current (power) to grid. Control objective is to keep magnitude and
g phase of the current constant - acts as a current source.
‘ _r Synchronous machines and grid forming inverters are Grid Forming as they can act as an
independent voltage source. Control objective is to keep magnitude and phase of the voltage
Grid Forming Grid Following  Power constant = acts as a voltage source.

2018 2028 20XX

Not
OK!

100% Grid Forming 75% Grid Forming 25% Grid Forming 0% Grid Forming
0% Grid Following 25% Grid Following 75% Grid Following 100% Grid Following

Source:
Kenyon et al, 2020. Grid-Following Inverters and Synchronous Condensers: A Grid-Forming Pair, 2020 Clemson University Power Systems Conference (PSC) F I N G R I D


https://doi.org/10.1016/j.solener.2020.05.053
https://doi.org/10.1016/j.solener.2020.05.053
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Future? Grid Forming inverters!

* Grid Forming (GFM) refers to control algorithms used in converters

* GFM technology is seen as an enabler of the converter-dominated power system,
as when implemented correctly, it has the potential to ensure stable operation of
converter-connected power plants even in a grid without synchronous machines.

* Fingrid has already set a requirement to implement GFM control for BESS (Battery
energy storages) over 10 MW

* GFM s not (yet) available for wind and solar. Existing challenge is the inability to  Pee ~ et
provide needed active power (inertial) response. To build more GFL wind power 1 i’ Iv’ e’ 4@ }-
plants, one option is to equip new wind farms with GFM STATCOMSs or GFM r— ‘
BESSs. «

- GFM performs well only if it has been tuned
properly!
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Case: Kulutuskohteiden
hairiosietoisuus,
saadettavyys ja
vuorovaikutusilmiot
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Suurien sahkon kulutuskohteiden toiminta

h

airioissa

Fingrid paivittaa kulutuskohteille asettavat
jarjestelmatekniset vaatimuksensa vuonna 2026

o Esim. datakeskukset, sahkokattilat,
elektrolyyserit, prosessiteollisuus

Taustaselvitysten mukaan suurten
kuormakohteiden samanaikainen irtoaminen verkon
jannitekuopissa voi vaarantaa koko
sahkojarjestelman kayttovarmuuden

Tarkeaa:
o Lahivikakestoisuus

o Tehon palautuminen vian jalkeen

o Joustokyky (ohjattavuus, tehonsaatokyky)

Suuret
kulutuslaitokset
ovat
monimutkaisia

saatoteknisia
kokonaisuuksia!
Koordinoitu
vaste?

Yot
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Voltage dip 200 ms and 2 different Active power recovery times (0,3 sand 3 s)
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Vuorovaikutusilmiot?

Kuorman muutokset

Sahkon hinnan takia

Ymparistoolosuhteiden muuttuessa

Prosessista aiheutuva tehon syklinen

vaihtelu

Tasainen kuorma?

Valtaosa tulevaisuuden kuormista on

suuntaajakytkettyja

- Epalineaarisia

« Ohjelmoitavaan tekniikkaan perustuvia

« Verkkoa seuraavia suuntaajia

Osajarjestelmia
ohjataan
itsenaisesti...

...mutta kuka
vastaa
kokonaisuuden
koordinoinnista
verkkovaatimusten
nakokulmasta?

Uusia haasteita
laitosautomaation
suunnitteluun!
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Varoittavia esimerkkeja: datakeskukset

datacenters

Incident Review

1500 MW lost due to UPS parametrization; approx. 60

Fauised Phase Voltage st Station

Specifically, when considering data centers and cryptocurrency mining facilities, entities should be awaré
of the potential for large amounts of voltage-sensitive load loss during normally cleared faults on the BES.
Voltage-sensitive data conter-type loads have incraased on the system and are predicted to continue
growing rapidly. The 2024 NERC Long-Term Reliability Assessment (LTRA] documents and discusses this

of a recent event in the Eastern Interconnection and offers some considerations for BES operators,
planners, and regulators concerning identifying and mitigating the potential reliability effects and risks
presented by these large voltage-sensitive load losses for future operations,

Summary of Incident

A 230 kV transmission line fault led d foss of 1,500 MW of >

voltage-sensitive load that was not anticipated by the BES oparators. The alectric grid has not historically

exparionced simultaneous load losses of this magnitude in response o a fault on the system, which has " The load did not
historically been planned for large generation losses but not for such significant simultaneous load losses.

Simultaneous large load losses have two affocts on tha eloctric system: First, fraquancy rises on the system come back

25 2 result of the imbalance between load and ganeration; second, voltaga rises rapidly because fess power immediately

is flowing through the system. In this incident, the frequency did not rise to 3 level high enough to cause
concern. The voltage siso did not rise to levels that posed a reliabilty risk, but operators did have to take
action to reduce th
load loss increas

Itage to within normal operating levels. However, as the potential for this type of
for frequency and voltage issues Operators and pl. hould
iy isk and ensure that these load losses do net reach intolerable levels.

be aware of this rel

Incident Details

At approximately 7.00 p.m. Eastern on luly 10, 2024, a lightning arrestor failed on a 230 KV transmission

line in the Eastern Interconnection, resulting in a permanent fault that eventually “locked out” the
The I onthe igured for three auto-reciose

Approx.
1,500 MW

Load Lost

Considering Simultaneous Voltage-Sensitive Load Reductions T ~

I MW of load reduction was exclusively data center-type load. The area where the disturbance occurred has //| | . /
Operators and planners of the Bulk Electric System (BES) should be aware of the risks and challenges A 2

e Al S i i iy o S Tl by ko e s S a high concentration of data center loads. 1 '

m:rith the data center owners also identified another protection/control scheme that impacts

the response of data center load to voltage disturbances on the grid. The scheme detects and counts voltage
disturbances on the grid. If a certain number of voltage disturbances are seen within a certain time, the
data center will transfer its load to the backup system, and it will remain there until it is manually
reconnected to the grid. The typical number of voltage disturbances that trigger this scheme is three, and
a typical time is one minute. As such, three voltage disturbances within one minute will result in data
centers using this protection/control scheme transferring their load off the grid and staying off until they
manually transfer back. This scheme can be deployed on both centralized and decentralized UPS designs. A
load characteristic for this type of data center control scheme can be seen in Figure 10.

attempts staggered at each end of the line. This configuration resulted in 6 successive system faults in an
82-second pericd. The protection system detected these fahts and cleared them properly. The shortest
fault duration was the initial fault at 42 milliseconds, and the longest fault duration was 66 milliseconds.
The voltage magnitudes during the fault ranged from .25 to 40 per unit in the load-loss area.

I October 25 Event

« ERCOT observed the load dropped ~300 MW within a single telemetry scan on Oct. 25

* Load had increased consumption to ~330 MW over the previous week

« ERCOT sent RFI to interconnecting TO and requested PMU data from TO of POIB

« PMU data showed no fault preceding drop in consumption; load reduced ~300 MW over 24 second period

« Oscillation magnitude preceding reduction was ~25 MW peak to peak and ~7.5 Hz (later determined true
oscillation mode was ~23 Hz from higher resolution data)

« Cause of reduction was reported to be an offsite telecommunication failure that triggered a load control
issue

ercot>
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VERTIV:
evaluating-performance-large-ups-ai-white-

Al training: in this example the load cycling is 0,25 Hz
when Interarea oscillations between Finland and
Sweden are

0,30-0,40 Hz!
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https://www.vertiv.com/48d7ef/globalassets/documents/white-papers/evaluating-performance-large-ups-ai-white-paper-sl-71956.pdf
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