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espite the increase in the share of renewable
ources worldwide is relatively small, cross-bort
arbon regulation has become part of the Paris
greement aimed at achieving zero carbon emiss
sectors that account for more than 70% of global!
emissions by 2030. This is planned to be done thr
the energy transition — the process of replacing
coal economy with renewable enerqy source
(RES).
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Renewable energy in 2020

@ 2020target

In 2020, renewable energy ) 3 3 > Y,
represented 22.1 % of energy |
consumed in the European

Union (EU), around 2 3 R R R R 8B b
percentage points above the o o e N I
2020 target of 20 %.
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In the first half of 2020, about
40% of the total electricity of
the EU was produced from

renewable sources.
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Latvia’s National Long-Term
Strategy and National Energy and
Climate Plan were adopted in
January 2020. Energy security,
broader sources of renewable
energy, and energy efficiency
are the three important
dimensions of Latvia’s energy
policy.

Latvia plans to fully integrate into
EU energy markets and modernise
its energy infrastructure. This will
increase the use of RES
technologies in industry as well as
in electricity and heat supply. By
2027, 47.5% of total energy
consumption is expected to
come from RES.

Share of energy from rene

Renewable energy in 2020

@ 2020target
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use of RES in the
rgy sector Will Electricity produced from renewable energy resources
rease and they Will . (in gigawatt hours)
ly replace fossil energy

urces by 2050. 5

atvia for the Achievement

f Climate Neutrality by
Op0 s UsE OLRES N e ki Ml s

energy sector will have been B biomass CHP plants and electric power plants [l biogas CHP plants
promoted by supporting the
obtaining of wind and solar

energy.
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ow, the most significant types of RES in Latvia are
droenergy, wind energy, biogas, and biomass, ho
sible amount of energy is also expected to receiv
othermal/hydrothermal energy.
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e three Baltic countries have serious plans for the devel
hore wind energy for the nearest future. Lithuania, for
nds to commission at least 700 megawatts (MW) of offsho
030.

via and Estonia are also considering the possibility of jointly
00 MW joint wind farm in the Gulf of Riga.

addition, Estonia
ants to bU||d a 1’000 Share of energy from renewable sources

W offshore wind Yer 010 A2 AT 04 05 Nl 2007 218 20091
arm near the island Estonia 25515 25586 2535 26130 2897 29232 2958 29970 31730

of Saaremaa by 2028, [Txn B8 %0 700 B0 V5% 50% P06 000 098
in addition to many T

other projects that are
under consideration. EUintotal 14547 16,002 16660 17417 17821 17980 18412 19096 198 22

Installed offshore wind 2050 Low 2050 Central 2050 High
power capacity, MW (2019)

Estonia 1530 2880
1290 3470
1960 4950

2480 4780 11300

Latvia

Lithuania
In total
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e than, according to a recent study by Wind Europe, the
d be the next important factor for Europe's energy transiti
mated that by 2050 Lithuania may have up to 3,600 MW, L
2,900 MW, and Estonia - up to 1,500 MW of offshore wind fa

I this sounds tempting, but it is not only great news, bu
ow challenge for the network.

L
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Three main development trends are changi
ansmission and distribution systems of powe

ARBONIZATION DECENTRALIZATION

creasing the share of > Location of generating stations » Market di
eneration from RES; in places where there is a electricity ge
hutting down of primary energy source (wind, transmissic
lassic incinerated fuel solar radiation); distribution
power plants and » The emergence of producing > The emergencé
nuclear power plants; consumers; electricity mark
Transition from > Redistribution of power flows as "for the de
classical rotating with an increase in "intraday";
generators to consumption volumes; > Interregional a
generation based on > The need to expand the interstate interc
power electronics; network and build new power of networks a
Generation with a lines faces significant public trade in electri
significant degree of resistance
volatility and
unpredictability The power balance and network topology

are dynamically changing

Additional measures are needed to ensure static and
dynamic stability within the existing power system
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at does it mean to ensure the stability of the ene

ENERATION: ~ GENERATION (COMPENSATION):
High proportion of generation » Shutdown of large generators; > Sign

based on power electronics; > with an increase in consumption,
Reduction of inertia of the  priority is given to active power

system; with a limited supply of generator

Reduction of short circuit power;

power;

High volatility; CONSUMPTION: >

Distance from consumption  » | ong connections between the

centers; centers of generation and >

consumption, increased violatio

CONSUMPTION: inductance and network criteria;
> Increased consumption; capacities; > High cost o
> Concentration in large centersy» Dynamic power surges dispatchig

/cities '

Keeping the values of frequency, voltage and currents within acceptable

limits during static and dynamic processes
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theoretical background

of the main factors contributing to the stability of the freqt
er system, in addition to the magnitude of the imbalance of
er and available reserves, is the level of synchronously coup
rgy (inertia) accumulated by rotating parts of large generat
ustrial engines inside this system, which is released in the eve
ange in its frequency.

Factors determining the stability of
the power system frequency.

re g, = l| .w?> - Kinetic energy, MW:-s; | —a moment of inertia, J; w - angular frequency, radi

, which is provided by the rotation of large mass generators and turbines in conventional
smooth out frequency fluctuations
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reasing the power of the synchronous machine (SM) in the
conds of the transition mode (inertial response) APiis a f
nstant inertia, installed SM power, and system frequency. It i¢
scribed by the following dependence:

ol
AR =H,-R—2
ot

where H; —inertia constant of the j-th generator, sec; P.- installed pof
of the unit, MW; fss - system frequency, Hz.
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ditionally, inertia response has not been considered to b
vice but has instead been considered as a natural character
wer system. Inertia was provided by the rotation of generato
ass turbines at "traditional" power plants, and allows to smoo
equency fluctuations.

ith the evolution of power generation, inverter-based resources ¢
renewable power and battery storage are now connected to the gri

However, these systems do not provide any inert
both wind and solar energy are connected to t
grid without a direct rotating mass, which is
needed for the inertia.
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what happens when the inertia decreases? As a basic rule,
ertia is low, then the sudden changes th
xperienced by the signal frequency are m
ignificant, i.e. there may be larger differen
the change may be more rapid. This makes i
more challenging to maintain the variation o

the signal frequency in the normal range.
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n increasing share of electricity generation
unconventional RES is added to power syste
is type, one of the consequences is a signific
duction in the equivalent inertia of the sy.

s a result, the same level of imbalance of

especially acute in the event of an emergenc
ailure of large power plants, not allowing t
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t should be noted that especially acute the p
f inertia conservation focus on small isolat
systems, the inertia of which is much lower t
the inertia of large interconnected systems.

In addition, the ratio of the magnitude of the
possible shutdown of generation to the total
rotational power for such isolated systems is u
relatively large, and, as a result, they are mor
often subject to operational problems caus
by large voltage surges from generators
connected via frequency converters.
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Therefore, the issue of maintaining such network re
network operators remains extremely relevant. The
production of electricity from RES leads to a need of
both the flexibility of the remaining generation and t
power reserves in the enerqy system.

At the same time, the massive integration of variable
generation is related to the issue of reducing the total i
of the power system, which has a great negative impact
frequency management of the integrated renewable pow
system and its dynamic reliability at whole.

The consideration of the last highlighted concern is includ
ENTSO-E Ten-Year Network Development Plan 2020 as one®of
the main topics.

IT WILL BE STRONGLY REFLECTED IN THE BALTIC RE
COUNTRIES, WHERE THE UNIFIED ENERGY POWER
A LONG TERM WILL EXPERTISE MAJOR CHALLENG
CONSIDERING BOTH TECHNICAL AND ECONOMI

IN
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STATEMENT OF THE PROBLEM

s —
4000 MW V CoR
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liminary operation scheme for Baltic
ries system (BALTSO) in isolated model
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this regard it should be
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national safety has also
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will become a serious test of the Baltic States’ power
diness to independently provide the necessary inertia
maintain a sufficient level of network frequency, espe
ute of its operation in the island mode: a transitio
uring resynchronization as well as after the completion o
in case of planned or unplanned outages of the two-circui
ynchronous connection between the Baltic power systems
NTSO-E located on the Lithuania-Poland border.

Thus, to avoid a potential shortage of energy supply a
balance capacities after switching to synchronous

operation with the continental European power system,
operators of the Baltic transmission system should be
to independently provide both load and frequency
egulation by creating additional reserves for suc
nd to avoid disruption of the stable operation o
ower system.
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=
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y |

Development of
power transmission
networks in the
Baltic region up to

2025
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POWER SYSTEM OPERATION

Unstable

Stable

Frequency is regulated within The frequency of the system wil

75 the entire system
The problem of maintaining
the balance of power and ?,
7

frequency within normal operating
limits
must be investigated.
To decrease the risk of electricity

« To assess the imp ctg//
reduced synchronous inet
the dynamics of

system.
supply shortages in the near and . To determine its Critd
long-term future potential - To propose and

solutions must be proposed. increase the i
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Evaluation of Inertial Response and Frequency Regula
Long-term Based on the Development Strategy of the

Power System
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e main aim of the investigation was to study the proble
aintaining the balance of power and frequency with
perating limits based on the example of a simplified
he Latvian power system developed in the Siemens PSS/
nvironment.

The frequency response of the power system model has
investigated for both current and future development sce
considering a significant increase in the share of generati
from wind farms as well as the expected energy syste
synchronization of the Baltic States with the energy syste
continental Europe in 2025.
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ensure stable operation and managem
odern power system, it is necessary to a
ot only the impact of this reduced synchr
nertia on the dynamics of the power syste
Iso to determine the critical minimum, as

as propose and take measures to increase it.

In this study, as a solution, the combined use
synchronous capacitors and energy storage

devices is proposed in case of sudden power
changes in generation or load.



he analysis is based
on a long-term
development strategy
implying a significant
increase in the share
of wind generation
(construction of an
offshore wind farm
with a total capacity
of 800 MW, which
exceeds the current
volume by fifteen
times).
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CASE STUDY BASED ON THE LATVIAN P

ENERGY SYSTEM

Diagram of the modelled power system.

9
c 11 12

> 14 N
- 1 &

SC 747 £
~ Tripping negative ac
Equivalent 1 ~

Wind farm

@ Synchronous generator
v  Load

HVDC link

SC — Synchronous condenser




uivalents 1 and 2.

e equivalents contain
ynchronous generators,
ynchronous condensers, and
oads. Additionally, the HVDC link
representing HVDC
interconnections with Nordic and
Polish power systems is added at
node 1. The output or the HVDC
device is set to zero and only its
transient response to frequency
eviation is simulated. At node 1,
fictitious negative load of
egative 400 MW is modelled.
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nodes of the model are marked with numbers. The mode
es and 31 power lines of 330 kV, 5 conventional power pla
, 7, 8, and 19, three wind parks at nodes 9, 10, and 22, an
chronous condensers at nodes 9, 10 and 17. Neighbouring p
stems, Lithuanian and Estonian, are modelled by power syste

Diagram of the modelled power system.

SC
Equivalent1 \"~ )

Wind farm

@ Synchronous generator
v Load

HVDC link

SC — Synchronous condenser

Tripping ne,
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total load of the modelled power system is 2069 MW a
ng the Latvian power system (995 MW) and equival

)- The main parameters of
synchronous con

BUS Apparfent Output
Nl Technology c(?\ail/c:)y ?&v\\;s;
ynchronous generators of GI |Equivalent1| 1000 | 649
power plants and SC1 SC 600 6
synchronous condensers have G5 CHP 16 10
been modelled by standard gg ﬁ':;’ 19952 16213
dynamic models. = s == 7 A
GY WPP 310 197 -
The parameters used in the SC9 sC 200 -2 8
models are typical.The main G10 WPP 77 49 -
parameters of power plants 200 ¢ 200 -2 8
and synchronous condensers 851197 cs:p 230 ; 28
related to frequency response G22 WPP =27 19 '
characteristics are listed in G24  |Equivalent2| 864 700
the next Table: sc24 sC 600 6
T s |
;r;r:iLronous generartlicgl 464
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E MAIN PARAMETERS OF POWER PLANTS
AND SYNCHRONOUS CONDENSERS

Appar_ent Output (artis
Technology | capacity power W Droop, p.u.
(MVA) (MW) ’
Equivalent1 [ 1000 649 2Ai3) 0.05
SC 600 -6 8 -
CHP 16 10 23 0.05
CHP 95 61 25 0.05
HPP 192 123 4 0.05
HPP 385 246 4 0.05
WPP 310 197 - .
SC9 5C 200 -2 8 #
G10 WPP 174 49 7 5
SC10 SE 200 -2 8 5
oCl7 S€ 200 -2 8 7
G19 CHP 8 3 2.0 0.05
G22 WPP 77 49 % 2
G24 Equivalent 2 864 700 2.5 0.05
SC24 SC 600 -6 8 F
otal synchronous
oA 4360 1774
tal non- 1 464 295

chronous generation

SC

Equivalent 1 e
@ Wind farm

@ Synchronous generator
Y Load

HVDC link

SC — Synchronous condenser

The capacity of the HVDC link
1is 700 MW. It is assumed th:
droop of the HVDC link is 2%
maximum contribution to fre
response is 50 MW.

Additionally, contributi
containment of eneg
system (ESS) is si
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large-scale interconnected power systems, such as
ropean Synchronous Area, the Standard frequency ra
0 mHz, maximum instantaneous frequency deviation
Hz, and maximum steady-state frequency deviation is
Hz. This means that the frequency must not fall bel
Z during the transient caused by active power imb
nd must be at least 49.8 Hz after the activation of
requency containment reserve (FCR). However, such
requirements are difficult to meet for a relatively small powe
system operating in island mode.

Following the example of Ireland and Nordic power systems, it
assumed that the requirements of the Baltic power system
operating in island mode should be relaxed. Subsequent
analysis assume that the minimal instantaneous fr
an be as low as 49.0 Hz and the quasi-steady-st
an be as low as 49.5 Hz.
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ases corresponding to different penetration levels of non-synch

ation (WPP) have been analyzed. The detailed parameters of
ided in Table. The base case, or case A, represents a situation
entional power plants in Latvia generate 443 MW, wind farms gene
synchronous generators of neighbouring countries generate 1359 M
, the penetration of wind generation is 14%. Each other case (cases
present situations with higher wind penetration in steps from 61 to 2

Installed
Difference between cases Output power, MW synchronous
(synchr. LV - synchronous generation in capacity, MVA Synchronous
Latvia; synchr. equiv. - synchronous Synchronous inertia
generation in equivalanet power generation (MVA-s)
systems) of
equivalents

- 295 443 1349 696 1864 21665

Synchronous
Wind of LV generation
of LV

v Equivalents

A; +61 MW wind; -61 MW synchr. LV 356 382 1351 601 1864 21428
B; +61 MW wind; -61 MW synchr. LV 418 320 1354 505 1864 21044
C; +61 MW wind; -61 MW synchr. LV 479 259 1356 409 1864 20660
D; +61 MW wind; -61 MW synchr. LV 540 197 1359 313 1864 20276
E; +61 MW wind; -61 MW synchr. LV 601 136 1362 217 1864 19892
F; +100 MW wind; -100 MW synchr. equiv. 701 136 1268 217 1754 19617
F; +200 MW wind; -200 MW synchr. equiv. 901 136 1082 217 1534 19067
H; +200 MW wind; -200 MW synchr. equiv. 1098 136 903 217 1314 18517
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Assumptions and Nine Scenarios of the Model:

« B to F: installed capacity and output power are | in the Latvian power system tha
« Gtol: itis assumed that additional power plants replace synchronous generation
neighbouring power systems, and the installed capacity and generation are reduce

nodes of the model.

In all cases the frequency transient excitation by the same initial power imbalance of 40

examined.

This imbalance corresponds to the disconnection of the largest generating unit in the Bal

Installed synchronous

i  betwe OQutput , MW .
Difference between cases o utput power capacity, MVA Svnchronous
(svnchr. LV — synchronous generation in .
Case Latvia: svachr. equiv. — svachronous Synchronous | Synchronous inertia
t'! YRCAr- q ! ) t Do ot Wind of LV | generation of | generation of LV Equivalents | (MVA's)
generation in equivalent power systems) v equivalents
A (Base case) |- 295 443 1349 696 1864 21665
B A; +61 MW wind; -61 MW synchr. LV 356 382 1351 601 1864 21428
C B; +61 MW wind; -61 MW synchr. LV 418 320 /IS‘S‘T 505 1864 21044
D C; +61 MW wind; -61 MW synchr. LV 479 259 1356 409 1864 20660
E D; +61 MW wind; -61 MW synchr. LV 540 197 1359 313 1864 20276
F E; +61 MW wind; -61 MW synchr. LV 601 136 1362 217 1864 19892
G F; +100 MW windl -100 MW synchr. equiv. 701 136 1268 217 1754 19617
H F; +200 MW windl -200 MW synchr. equiv. 901 136 1082 217 1534 19067
. oS
I H: +200 MW wing; -200 MW slynchr. equiv. 1098 136 903 217 1314 18517
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quency transients were simulated for two scenarios:
ithout an energy storage system;

ith energy storage system contributing to frequency
ntainment reserve.

case A (with a minimum wind power penetration of 295 MW), a sudde
ower imbalance causes a frequency transient in which a temporary frequ
f about 49.1 Hz would occur. The frequency is contained in about 20 s, an
ransient process of 30 s, it would settle at a value higher than 49.5 Hz.

50.2

As the penetration of wind
farms increases, the capacity > Case A
of power plants that can =
participate in frequency
containment reserve (FCR)
decreases. As a result, a
arger temporary decrease in
equency and a lower quasi-
eady-state value are . . .
served. B e 10 15

49.6 |

Zp ‘

48.8 |

Frequency (Hz)

N
©0

48.6 |




(CENS

48.97
0 48.94
o 48.91
48.87
o 48.83
a7
4857

case 49.09 5.22

P 49.00 5.67

5.89
6.00
6.11
6.33
6.33
6.66
7.11

49.54
49.52
49.51
49.50
49.50
49.49
49.44
49.31
49.11

Power
system
response
(MW/Hz)

362.5
359.5
358.7
356.8
355.6
354.8
355.9
357.9
359.4
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uency transient curves for cases A-I are presented in Fi
acteristic values are given in Table. The simulation shows
porary minimum frequency value does not exceed the per
9 Hz only in cases A and B when wind-generated power ou
eed about 360 MW.

her wind penetration would result in an insufficient system in
d response to frequency deviation, which could lead to the ope
ad shedding poor frequency quality.

Frequency (Hz)

NUMERICAL VALUES OF FREQUENCY T
SIMULATION RESULTS (WITHOUT
CONTRIBUTION)

50.2

50 Frequency transient curves in different cases
(without ESS contribution)

49.8 |

49.6 |

9.4 |

48.8 |

48.6 |

48.4
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e response of conventional power plants and HVD
uency change in cases A and B are illustrated in Figu
that the fastest response belongs to HVDC and the po
onse is slower due to the inertia of servomotors, therm
hydrodynamic processes. In addition, an important indi
t the maximum contribution is in equivalents, i.e. neighb
untries where higher installed synchronous capacity is mod

ERICAL VALUES OF FREQUENCY TRANSIENT SIMULATION RESULTS (WITHOUT EES CON

: Power 450
JIme fiime=30 S system
Case mln at f . time=30 400 +
(Hz) s (Hz) response
(s) Mw/Hz)  EEEECEE
§ o0 + /0 -
Base :L: 250 | ) : - -— —————
case 49.09 5.22 49.54 362.5 Ci’ 200 | Ac_tlve_ power contrlbutlc_)n curves
D 49.00 5.67  49.52 359.5 2 0 L in different cases (solid lines
48.97 5.89 49.51 358.7 < correspond to case A, dashed lines
0 48.94 6.00  49.50 356.8 100 === - _ _ correspond to case B)
T 4891 611 49.50 355.6 50 Jf o=
48.87 6.33  49.49 354.8 o |, . .

© 48.83 6.33 49.44 355.9 0
5L 48.73  6.66 49.31 357.9 Time (s)
4

8.57 7.1 49.11 359.4 Synchr, LV Synchr., equiv.
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percentage contribution of different sources to freqg
own in Figure. The contribution of equivalent power
ut 70-80%, and with each scenario, as their synchron
acity decreases in Latvia, their contribution to frequen
nagement decreases. Cases G-I reduce the capacity o
uivalent power plants, resulting in a significant reduction
ntribution and a relatively higher response of HVDC for fr
duction.

NUMERICAL VALUES OF FREQUENCY TRANSIENT Percentage contribution of different
MULATION RESULTS (WITHOUT EES CONTRIBUTION) frequency control and frequenc res

. Power system MW/Hz (without EES contrl uti
Case fmin Time at ftime=30 S response 100% 900
(Hz) fimin (S) (Hz) (MW/Hz) 90% 800
:
case 49.09  5.22 49.54 362.5 S 600
i 49.00  5.67 49.52 359.5 g 500
48.97  5.89 49.51 358.7 . ) 400

X X X X R

x
Slope (MW/Hz)

Contribution (%)

0 48.94  6.00 49.50 356.8 0

30%
a0 48.91 6.11 49.50 355.6 Jo 500
48.87  6.33 49.49 354.8 o 100
48.83° 6.33 49.44 355.9 o .
48.73  6.66 49.31 357.9
48.57 7.1 49.11 359.4

[ LV, synchr.  mmmm Equiv., synchr  mmmm HVDCs Slope value
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a measure of improving the quality of the frequenc
sence of high wind penetration, the effect of ESS us
alyzed. The main criterion for selecting the necessary
the ESS is keeping the temporary frequency deviation
e allowable range, i.e. frequency should not fall below
uring the transient. In cases A and B, an ESS is not ne
ut from scenario C, the use of an ESS can improve the qu
he frequency transients.

NUMERICAL VALUES OF FREQUENCY TRANSIENT SIMULATION RESULTS (WITH(\UT

T CONTRIBUTION) 7
Case mln Tlme at f.time=30 S system 50.2
) | fon - W) 50— Frequency transient curves in different
M/ Hz —\ cases (with energy storage system (ESS)

contribution)

Base
case 49.09

49.6

49.54 362.5

Frequency (Hz)

49.00 _ 5.67 __ 49.52 359.5 asa |

48.97 5.89  49.51 358.7
6.00  49.50 356.8 a0z T \_/
6.11 49.50 355.6 as | ,

48.87 633  49.49 354.8
6.33  49.44 355.9 as8 " -
6.66  49.31 357.9

T 4857 7.1 49.11 359.4
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CONCLUSIONS

WHY DO WE NEED INERTIA IN THE POWER SYSTE

It is provided by the rotating mass of the rotors o
electric machines in the power system;

> Determines the system’'s response to a sudden
imbalance of active power;

> Slows down frequency fluctuations in the system, |
prevents generators from falling out of sync and theg4
development of fan outages.
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days, the renewable energy sector is experiencing pheno
eed to decarbonize the power energy system in support o
gy sources leads to their stability problems.

cing supply and demand in a situation where RES are integrated in
er systems in large volumes implies a significant grid restructuring.

se of renewable energy sources Supply and demand balan

Renewable sources generating electricity in the EU, 2019
(in % of total electricity from renewable sources)

i All other
renewables

Balancing

ec.europa eu/eurostatiml

The balance of electricity
consumption and frequency * Frequencysr
egulation is the main technical . Inertiaco
broblem in power systems with a

igh share of renewable energy The issue of maintaining su
purces leading to reducing the reliability by network oper,

etwork inertia. extremely relevant,
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Increasing levels of non-synchronous generation in p
systems lead to increased difficulties in regulating the
frequency. To overcome the high risks of power outage
by interruptions in the operation of RES, a combined ap
should be used. It should include the simultaneous use
additional energy storage devices with effective control
of kinetic energy of rotating masses of synchronous

compensators permanently connected to the grid, combin
the use of frequency control methods within integrated po
systems. THE PROPOSED APPROACH ALLOWS TO EXCLUDE
SHARPLY CHANGING NATURE OF GENERATION AND SIMPLI
THE MANAGEMENT OF ELECTRICITY FLOWS FROM RENEWA
SOURCES. THE STUDY FOCUSES ON THE POWER SYSTEM
BALTIC REGION OPERATING IN ISLAND MODE, WITH A
PROPORTION OF WIND GENERATION INTERACTING
BATTERY ENERGY STORAGE SYSTEMS.
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he obtained results of such a study could contribute
elopment of new methods of operation and managem
er power systems to ensure stable operation of the sy
ring periods of low inertia.

The model used for the analysis of frequency transients i
mplified but shows trends in the dynamic characteristics
ower system.

. The change in frequency does not depend on the installed
apacity of the wind farms, but on the composition of the

synchronous generators, their inertia, and their ability to

participate in the frequency containment reserve (FCR). The
nalysis shows that a significant contribution to the FCR co
rom neighbouring countries. In addition, the HVDC links a
SS in neighbouring countries (the latter are not analyze
vestigation) can make a significant contribution to fr
ntrol.
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aintaining the same saldo in Latvian power system,
elopment of WPP replacing existing synchronous gen
tvian PS has little effect on frequency change. Synchro
neration in Latvian PS cannot be switched off at all, as s
e power plants are hydroelectric and combined heat and
ants (CHP) operating according to heat demand.

. The development of wind farms needs to be considered in
ower systems of the synchronous block, and inertia and fre
control needs to be addressed regionally. The integration of t
RES affects the dynamic characteristics of the entire PS, there
measures to ensure frequency stability and inertia must be se
considering the development plans of the unified PS of the r
nd coordinated between the individual parts of the syste
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