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Fingrid is Finland’s transmission system operator (TSO)

Power system of Finland
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Wind and solar power vs. consumption
Production

~400 GW
Consumption

~65 GW

Amount of connection inquiries:

Energy 

storages: 

27 GW 

requested, 

realistically

several GW to 

be built in next

5 years
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Amount of converter-connected production is increasing

9.3.2025 at 10am

Production in Finland 7.5GW out of which

converters 22% (wind: 0.8GW)

9.3.2025 at 5am

Production in Finland 10GW out of which

converters 58% (wind: 5GW)

5 hours later…
dP/dt ~ 4000 MW / 5 h



…and the growth continues

Time series presentation: proportional amount of wind and solar of 

Finland’s total production vs. annual hours

No problem, 

right?



Case: converter-driven

instability



Power system stability phenomena

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

Main technical challenges within the Finnish part of the system

Inertia?



KristinestadKristinestad

Jylkkä

300 km ?!?



Case: converter-driven instability (regional controller instability)

Kristinestad

Jylkkä
Voltage measurement

Active and reactive power measurements

300 km
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”More is less”

W ~

HVMV

W

~
W

W

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!

19.9.2025Lasse Linnamaa



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

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

• Synchronous condensers and Grid Forming STATCOMs 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



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

2010 2018 2028 20XX

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 

phase of the current constant → acts as a current source.

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

constant → acts as a voltage source. 

Not

OK!
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https://doi.org/10.1016/j.solener.2020.05.053
https://doi.org/10.1016/j.solener.2020.05.053


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 is not (yet) available for wind and solar. Existing challenge is the inability to 

provide needed active power (inertial) response. To build more GFL wind power 

plants, one option is to equip new wind farms with GFM STATCOMs or GFM 

BESSs. 

• GFM performs well only if it has been tuned 

properly! 
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Case: Kulutuskohteiden 

häiriösietoisuus, 

säädettävyys ja 

vuorovaikutusilmiöt



Suurien sähkön kulutuskohteiden toiminta 

häiriöissä
• Fingrid päivittää kulutuskohteille asettavat 

järjestelmätekniset vaatimuksensa vuonna 2026

o Esim. datakeskukset, sähkökattilat, 

elektrolyyserit, prosessiteollisuus

• Taustaselvitysten mukaan suurten 

kuormakohteiden samanaikainen irtoaminen verkon 

jännitekuopissa voi vaarantaa koko 

sähköjärjestelmän käyttövarmuuden

• Tärkeää:

o Lähivikakestoisuus

o Tehon palautuminen vian jälkeen

o Joustokyky (ohjattavuus, tehonsäätökyky)

Suuret 

kulutuslaitokset 

ovat 

monimutkaisia 

säätöteknisiä 

kokonaisuuksia! 

Koordinoitu 

vaste?



Vuorovaikutusilmiöt?

• Kuorman muutokset

• Sähkön hinnan takia

• Ympäristöolosuhteiden muuttuessa

• Prosessista aiheutuva tehon syklinen 

vaihtelu

• Tasainen kuorma?

• Valtaosa tulevaisuuden kuormista on 

suuntaajakytkettyjä

• Epälineaarisia

• Ohjelmoitavaan tekniikkaan perustuvia

• Verkkoa seuraavia suuntaajia

…mutta kuka 

vastaa 

kokonaisuuden 

koordinoinnista 

verkkovaatimusten 

näkökulmasta?

Osajärjestelmiä 

ohjataan 

itsenäisesti…

Uusia haasteita 

laitosautomaation 

suunnitteluun!



Varoittavia esimerkkejä: datakeskukset

1500 MW lost due to UPS parametrization; approx. 60 

datacenters

VERTIV: 

evaluating-performance-large-ups-ai-white-paper-sl-71956.pdf

AI 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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Kiitos!
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