ISSN 2409-9066. Sci. innov. 2016, 12(4): 22—26

doi: http://dx.doi.org/10.15407 /scine12.04.022

Stogniy, B.S., Kyrylenko, 0.V., Paviovsky, V.V.,
Sopel, M.F., Steliuk, A.O., and Lukianenko, L.M.

Institute of Electrodynamics, the NAS of Ukraine,
56, Peremogy Av., Kyiv-57, 03680, Ukraine, tel. +38 (044) 366-24-55

DEVELOPMENT OF EMERGENCY SYSTEM OF POWER GRIDS
WITH A SIGNIFICANT RENEWABLE GENERATION

The need for the development of adaptive emergency system of the power grid with a significant renewable generation
has been substantiated. The main stages of the system development have been presented that enables to define settings
of the emergency systems considering the features of the renewables, as well as to develop the system, which has been

implemented for the power grids of Odesa Oblast.
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In recent years, the installed capacity of renew-
ables (RES), especially, the solar power plants
(SPP) and the wind farms (WF), have been incre-
asing worldwide and in the interconnected power
system (IPS) of Ukraine. Along with the advan-
tages of the renewables, such as reduction of the
environmental impact and conservation of fuel re-
sources, the growing share of the renewable energy
in the structure of generating capacities are asso-
ciated with some problems caused by features of
power system operation in the normal and, particu-
larly, in the emergency modes. This is due to cer-
tain restrictions on power system operation, espe-
cially, in terms of providing the voltage stability
during the emergency operation. Because of differ-
ences between the renewable energy generation
technologies and those used in the «traditional»
power generation, this necessitates the improve-
ment of emergency control for the grids by design-
ing adaptive emergency systems that consider the
features of renewable generation. It should be not-
ed that voltage drop in the operation of power sys-
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tem can lead to tripping of SPP invertors with
their further disconnection from the power grid,
which results in increasing power flows to the def-
icit energy areas and further voltage drop in the
grid. Considering the mentioned above, providing
a reliable emergency control of RES-based power
systems in order to prevent RES disconnection
from the grid is of paramount importance.

To solve this problem, it is necessary to improve
emergency control of RES-based power systems
by developing the structure of adaptive emergency
system and solving a set of research, engineering,
and practical tasks to improve the existing emer-
gency control methods and to develop the new
ones. Firstly, it requires developing methods for
adaptive control, which enable preventing voltage
drops below the critical value in the grid in order
to prevent the disconnection of SPP invertors
from the grid. Secondly, the probabilistic character
of renewables generation during a day (in particu-
lar, the SPP) leads to redirection of active power
flows, which requires adaptive setting adjustment
of the emergency control systems. Thirdly, consid-
ering a local character of voltage change, it is nec-
essary to develop a centralized system for monitor-
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Fig. 1. Calculation model of power grids of the south-western part of Odesa Oblast for 2020
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Fig. 2. Settings for continuous and
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ing and control of regional load in order to coordi-
nate the operation of emergency systems at the
levels of the system and the object.

It should be noted that in this research, an adap-
tive emergency system (AES) has been developed
for the grids of the south-western part of Odesa
Oblast, whose operation is characterized by a large
share of SPP in the generation structure of the re-
gion. In addition to the known functions of emer-
gency control, the developed AES enables imple-
menting a set of new tasks, including the formation
of control action groups to prevent critical voltage
drops; adaptive change in tripping settings and de-
fining control actions considering periods of the
day, seasons and other factors. In addition, the pro-
posed AES enables monitoring and visualizing the
current status of the power system.

At the first stage, the current and prospective
operation of power grids of the south-western part
of Odesa Oblast has been analyzed, which enables
developing respective computation models for the
current and prospective years (Fig. 1). The main
generating node in the south-western part of Ode-
sa Oblast is Moldavian state district power plant
(MDSPP). The analysis of its operation has been
made for various operating scenarios of the South-
ern power grid. Also, among the factors effecting
the voltage variation in the normal and emergency
modes of power grid operation there are the char-
acteristics defining the load structure in 110 kV
grid. Taking into consideration the mentioned

discrete automated unloading in case
of 330 kV OHL MDSPP — Artsyz
disconnection, three various cases

specific features of the operation of RES-based
stations, the criteria for assessment of permissibil-
ity of modes, namely, critical voltage and permis-
sible current loads of power transmission lines,
which define the scope of <action» of adaptive
AES have been developed in the project.

At the second stage, a load flow of 330-110 kV
power grids in the south-western part of Odesa
Oblast and the static stability for various condi-
tions of regional power grid operation have been
calculated. This enables to identify the voltage
weak zones, and to define the places for installa-
tion of AES devices.

Based on the settings of initial mode control
(IMC) and specified share of special automated
power outage (SAPO), the automated unloading
of disconnected line has been defined for 330 kV
overhead line MDSPP — Artsyz in the following
cases (Fig. 2):

a) operation of three power generating units of
the MDSPP;

b) operation of four power generating units of
this station;

¢) disconnection of 110 overhead line Staroka-
zache—Kanal.

It should be pointed out that the automated
equipment setting is performed in accordance
with the SPP operation: it considers the day time
during which the plants are operating and de-
crease in generation by SPP in nighttime, which
is typical for night minimum of daily load curve.
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The configuration of regional AES has been
designed on the basis of research data. It consists
of the central and the object devices of emergency
systems. The operation of such system in the
steady and dynamic modes have been studied.
This complex study has made it possible to verify
the effectiveness of the developed system for var-
ious power grid operating conditions in the south-
western part of Odesa Oblast (Fig. 3).

It should be noted that the developed AES has
passed the state examination and is being imple-
mented in the south-western part of Odesa Ob-
last. The automated equipment controls the sour-
ces of active and reactive power and disconnects
less important consumers in the region. The algo-
rithm of AES operation is based on calculations
using the developed digital model of AES in the
steady and transition modes.
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PO3POBKA CUCTEMU ITPOTUABAPIMHOT
ABTOMATUKU EHEPTOCUCTEMMU 31 3HAUHOIO
YACTKOIO BIJIHOBJIIOBAHOI TEHEPAILIT

O6rpyHTOBaHO HEOOXIAHICTH CTBOPEHHSI aalITHBHOI CHC-
TEMU MPOTHUABAPINTHOI ABTOMATUKN €HEPTOCUCTEMU 31 3HAY-
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HOTO YacTKOIO BiIHOBJIIOBaHOI TeHepaitii. [IpeacraBieni ocHOB-
Hi eTanu 3 po3poOKK TAKOI CHCTEMH, 110 A03BOJUIO BU3HA-
YUTH HAJANITYBaHHS MPOTHABApiliHOI aBTOMATHKN 3 ypa-
XyBaHHSAM 0COOJIMBOCTEl BiIHOBJIIOBAHOI TeHepallil, a TAKOK
PO3POOKTH CTPYKTYPY II€T CUCTEMH, SIKA BIIPOBAIKYETHCS B
mepeskax OmechKol 00macTi.

Kntouogi crnosa: eneprocucreMa, a/[laliTUBHA TIPOTHABA-
pilina aBTOMAaTHKa, BiZIHOBJIIOBAaHA TeHepaIllisl, CTIilKiCTh, Ha-
[IpyTa, MOJIETIOBAHHSI.
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PA3PABOTKA CUCTEMBI
ITPOTUBOABAPUMHOM
ABTOMATUKU SHEPTOCUCTEMBI
CO 3HAUUTEJILHOM JIOJIEN
BO30OBHOBJISEMOW TEHEPAIINU

O6ocHOBaHA HEOOXOAUMOCTD CO3/IAHUS AJIAIITUBHOIL CHC-
TeMbl IIPOTUBOABAPUIHON aBTOMATUKN DHEPIOCUCTEMBI CO
3HAYMTENbHON A0J1eli BO30OHOBAsAEMON Tenepaun. [Ipea-
CTaBJIEHbI OCHOBHBIE TAIIbl Pa3PabOTKU TAKOU CUCTEMBI, UTO
IIO3BOJIUJIO OIIPe/IeTUTh HAaCTPONKY TPOTUBOABAPUIHOM aB-
TOMATHKK C y4eTOM 0COOEHHOCTEN BO30GHOBIISIEMOIT TeHe-
paruu, a Takke pa3paboTarh CTPYKTYPY 9TOU CUCTEMBI, KO-
Topast BHezpsiercst B ceTsix Opecckoii obuactu.

Knioueswvie crosa: IHEProCHcCTEMA, HpOTHBO&BapHﬁHaH
aBTOMaTHKa, BO300HOBIIAEMAS reHepaliusi, ycTOI'/JI‘H/IBOCTI), Ha-
TNpAXKEeHne, MOJieJIMpOBaHuE.
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