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Abstract

Georgia is a small country, power grid of which goes to expand day-by-day.
Nowadays Georgia has the parallel synchronous connections with Russia and
Azerbaijan. In addition, Georgia will have parallel asynchronous connections
(through HVDC back-to-back station) with Armenia and Turkey. This means that in
near future, power transit from Russia, Azerbaijan or Armenia to Turkey through
Georgian system will be implemented.

Because of connection of Turkey with united European grid, Georgian system
in connected to Turkey through Back-to-Back (B2B) station, which is located in
Akhaltsikhe substation. In present time, two blocks are ready for operation,
installation of third one in near future is planned. Nominal active power of each B2B
block is 350 MW. In future, depending on scenario, there may be all three or two
blocks in operation. Hence, the summary power flow will be in range of 700-1000
MW.

First chapter of Diploma work consists from overview of power system analysis
and control. Basic overview of transient processes, concept and analysis of system
stability, methods of power system control are represented here.

Second and third chapter of this Diploma work include respectively small
signal and transient stability of Georgian system in case of regulation of back-to-back
station(s). As it was mentioned above, Power transit from Azerbaijan to Turkey is also
considered. In this case that part of exported capacity, which comes from Georgia will
be about 300-350 MW. The remained 400-650 MW goes from Azerbaijan to Georgia
as export and then, assumed with the capacity to be exported to Turkey (300-350
MW) goes to Turkey through Akhaltsikhe B2B station. Hence, it is necessary to avoid
system instability in case of arising an important amount of power unbalance. Such a
case may be the tripping of interconnection line between GE and AZ or blocking of
Akhaltsikhe B2B station due some reasons (short circuit, for example). Because of this
we have to use timely measures in order to maintain system stability. This measure
may be use of frequency relays, spinning reserve or system automatic. But all of them
are depended on some conditions. For example, until frequency level in Georgia
reduce/increase to/up to the relays setting, frequency relays or system automatic will
not work. Utilization of spinning reserve requires a specific time, because of existing
of time constants of speed regulators. In some case, after 2-3 second of serious
unbalance frequency value becomes unacceptable which causes tripping of important
part of Georgian load/generation and finally violation of transient stability. According
to this, we need fast response in case any serious unbalance. One of the best ways to
achieve transient stability is control active power of B2B station. In this case, if seteval
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MW for each block is 350 MW, regulator can immediately reduce it almost to zero.
B2B station does not have time constant. If we have three blocks of this B2B station,
then there is a possibility to reduce their power flow by 1000 MW - without time
delay. Using this approach, we will need to trip 100-200 MW load instead of 500-600
MW (without regulation of B2B station). In case of short circuit, regulator of B2B
station will immediately reduce active power almost to zero, which will be recovered
just after faulted branch is tripped. For this time, spinning reserve goes in action and
frequency is near to its nominal level (50 Hz).

The working algorithm of system automatic of Georgian system is processed in
fourth chapter of this Diploma work. In near future 1000-1400 MW power transit
trough Georgian system will be implemented. Such large power flows may cause some
kinds of problems in maintain transient stability for Georgian system. Any emergency
outage of back-to-back station will cause deficit or abundance of power in Georgian
system. To maintain transient stability in this cases there is need of existence of
system automatics in Georgian system, which will trip part of load or generation in
case of critical situations. The working logic of this automatic should be implemented
with the possibility of the regulation of power of the back-to-back stations.
Regulation of active power of B2B station is possible by frequency and frequency
deviation. The working logic of this automatic will take in consideration power flow
and its direction on back-to-back station. In order to determine amount of the power
to be tripped in case of emergency outage of back-to-back station the modeling of
Georgian power grid in PSS/E has been implemented. Various level of exported power
to Turkey and composition of generators in service (summary inertia T; of Georgian
system) had been considered. Corresponding to the modeling results appropriate
formula had been achieved, which describes the dependence of amount of generation
to be tripped to summary inertia of Georgian system and summary regulation reserve
of back-to-back stations. Generation amount tripped by above mentioned formula had
been compared to the amount of power tripped in PSS/E software. Similarities is about
93-94%. In addition, system automatic with above mentioned algorithm works
adequately and frequency level is below 51 HZ during transients. This logic was
implemented for the scenario when Georgian system operates as isolated. If Georgia
works as parallel with Russia or Azerbaijan, whole active power unbalance caused by
losing connection with back-to-back station is being liquidated by change of power
flow on OHL Kavkasioni (in case of parallel synchronous connection with Russia) or
OHL Mukhrani (in case of parallel synchronous connection with Azerbaijan).

Harmonic analysis in Georgian system is considered in the last, fifth chapter.
For normal operation of electrical system there is need of take in consideration
parameters of such kind of equipment, which may have significant influence on
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regime, for example, on voltage levels and their shape in system. These are harmonic
source. Such kind of equipment is back-to-back station in our system, which has
already been working in 500 kV s/s Akhaltsikhe. B2B station generates various orders
of harmonic, which distort voltages in system and give them shape different from
sinusoid. Specific order of harmonic is problematic for some object in Georgian grid.
Hence, it is recommended to analyze harmonic distortion in our electro system,
calculate harmonic orders, total harmonic distortion and if necessary develop
additional measures. Harmonic analysis in case of existing of Akhaltsihke and
Marneuli back-to-back stations in Georgian system has been carried out. Their
influences on levels of harmonic orders at specific points of Georgian grid are shown.
Respective conclusions are done at the end of the work.
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