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The system changes create challenges

Most of the electricity production is becoming

converter connected and will vary according to the

weather (wind and solar):

Technical characteristics of the electricity
system will change

It will be harder to control the frequency and
the voltage of the grid

It will be harder to match the production with
the consumption (adequacy and flexibility)

The fluctuation of market prices will increase

The transmission capacity of the grid will be
challenged.
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Rapid wind power expansion in the Nordic system

 Nordic wind to increase from 27
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The generation mix will vary by the hour

Nordic generation mix in year 2027 on hour 366 Nordic generation mix in year 2027 on hour 237
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Transition to a converter dominated system

From synchronous generators to converter-
based resources

Reduced inertia, short circuit power
and access to reserves

!

Increased vulnerability
against disturbances

Source: www.offshorewind.biz
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How to control grid frequency and voltage?

The Finnish challenge: small power system
with large synchronous units and a lot of
converter based production

. Fast Frequency Frequency Frequency Automatic Manual Frequency
We need new market places and technical Retave . Conanment  Conament = Frequency  Restoration Reserve
I " SOl (Est) Disturbances, Operation,
SOI Ut| O nS . 220-265 MW 138 MW _I?oe:;;l\'lve,
In Nordics, total 1 200 In Nordics, total 600 MW In Nordics, total 300
f h b -I: MW
¢ N eW types Of rese rve51 aSter t an e O re Activated In large frequency In large frequency  All the time During certain If necessary

deviations, only when deviations hours
the level of inertia is low

* New technologies: synchronous

Condensers’ battenes, ivati In a second A couple of minutes A couple ofmint.xtes Fifteen minutes
* New connection requirements for converters _; —_@ ‘“\&l/xf Qﬂ
and their controls

* New planning principles for grid, it's
protection and control
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Finland will turn into an exporter of electricity

But at the same time — more dependent on interconnections

2021 2024 2027
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Fluctuation of production is very large — all
solutions are needed for balancing

Hourly electricity production and consumption in two winter weeks in a 2035 scenario:

2  Inlow-wind hours,
consumption is

Consumption is reduced, other
concentrated on windy - production is adjusted
hours, other production upwards and electricity
is adjusted downward, is imported

and electricity is also
exported

Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun

B Nuclearpower ® Hydropower B Other thermal Wind power Solar power

8 B Batteries Net imports — Consumption = = Consumption excl. P2X and
demand-side response

Wind power production at peak

27 GW, at its lowest less than 1

GW!

The rest of the system needs to

adjust according to wind power

production:

« Export and import of
electricity

« Flexible generation (hydro,
CHP, ..))

« Demand response and
storages
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Growth In Finnish electricity demand coming from
various sources —which ones can manage volatility?

140 . . .-
5 ™ T B Technologies capable of managing volatility:

120 20—

 Demand side response
100 IS
87 - v" Industrial process/heating flexibility and electric boilers
80
v Smart EV charging

TWh

60
v' Residential load shifting

40
v Data center UPS

- * Energy storage

v’ Batteries
v' Heat storage in district heating networks
ch v' Hydrogen storage

* Not one solution - all flexibility needed!

Source: Fingrid Best Estimate scenario H2/2022
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However, electricity price will fluctuate

400 | | | | | | | In the scenarios 10-35% of
h . . , . S hours, the value of electricity
350 Duration of Finland’s regional electricity price : :
(simulated marginal cost) in four 2035 s low — the p.roportlon
500 scenarios (median, real price) depends heavily on the

amount of storage
(hydrogen, heat, electricity)

Extreme price spikes are
much rarer than low prices

Price fluctuation will create
iIncentives for energy
e storage and flexibility

0% 10% 20% 30% 40% 50% 60% 70% 80% Q0% 100%
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Finland to be kept as one price area

New production

Cross section
Mid-Finland

11

New consumption

MWh/h

Transmission needs over cross-section central Finland in
four 2035 scenarios (all energy transmitted as electricity*)
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* hydrogen pipelines will help and also form
a storage themselves
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Lots of new transmission grid needed

]
New 400 kV lines
Existing 400 kV

lines

R

A s

Cross-section
North-Finland

Cross-section
Mid-Finland

Jussi Jyrinsalo

2022 — 2031:

« 3200 km of 400 kV
transmission lines

e 2000 km km of 110 kV
transmission lines

50 km of HVDC cable

» about 200 substation
projects (includes new
substation projects,
expansion projects and
maintenance projects)
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European- W|de "
market places
and strong ’
interconnections, "
also for hydrogen

"‘

k\

Market places
correspondmg
to the physics

All market
players,
including

consumers,

All flexibility
- old and new
solutions -
utilised for
balancing and
reserves




Any questions?

Fingrid Oyj
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