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RESUME

Relevance of the topic.Functioning and development of any field of the
country is unimaginable without the electricity. In order to satisfy the
growing demand of consumers on electricity, the new energy facilities (power
stations, substations and power transmission lines) should be continuously
built. Electric power Industryis a capital capacious field and, therefore, the
construction of the new electric power object requires large capital
expenditures further reflected on the electricity tariffs supplied to the
consumer.

One of the most effective means of satisfying the country's growing demand on

electricity is the usage of its natural energy resources. Georgia is rich with the
cheap hydropower resources, representing an ecologically clean and
constantly renewable energy source for getting the electricity. Based on the
position of providing an ecological balance, the rational use of those resources
is becoming increasingly important. Besides, the self-cost of electricity
generated by the hydropower plants is considerably cheaper. Therefore,
taking into account the criterion of economics, the task and solution of the
optimization of determination the new hydropower stations and their
installed capacity on the territory of the country will have significant
economic effects.
The purpose of the work is to comprise the mathematical model of optimal
development of hydropower system based on the system approach principle
and the easy-to-obtain informationbased on strict mathematical analysis of
equations of optimization tasks.

Researchobject and the methods. The research object is the Georgian
Power System, which uses about 10-12% of its hydropower resources, while
in the developed countries of the rest of the world their own hydropower
resources are practically fully utilized. The method of research is the process
of searching of the minimum value of the function of Langragegained by the
linear combination of the goal function with thelimiting equation using the
indefinite magnitude of the Lagrange.

Scientific innovation and major results of the work. The linear
mathematical model for determining the optimal movement of new HPPs and
their optimal installed capacity in the power system, in terms of satisfying the

consumers' growing demand on electricity
m+y

2 —C. —
ZPJ- R; ~Us  Co=Ci ~ A , i=n+1-m
= 2 C,+C

0.transmission

Where:

P — i-station loading at a exact time of the day/night;

=0+ m+y - the number of the network nodes, between them:
1+ m -Active and Prospective Power plant Number;

m+1 = m+y- the number of the loading (consumers) nodes;
Rj-own and co-resistance of the j and i nodes;
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Co— The weighted average electricity tariff of the system, GEL / MWh;

Ci— Electricity tariff generated at i-Station, GEL / MWh;
Coansmission-Electricity Transfer Tariff, Basic Year of thecalculating Period, Gel /
MWh;

Aitine-Annual Operating Costs of the newly constructed i-power transmission
line for the purpose of delivering the 7 power from the i- power plant to the
power system determined for one hour and one MW of the delivered
power,GEL / MWh.

By using the mentioned model and accordingly the configuration of the
500/220 kV transmission network,it has been discussed construction of the
prospective hydropower plants due to the power regions and also revealed
that in order to fill an expected 717 MW deficitof the power in 2019, it shall
be optimal to construct the new power plants in the following regions of 220
kV nodes: AkhaltsikheP15=179,84; Didube P3=162,33; Batumi P30=94,06;
Namokhvani; P»=85,85; GoriP2=74,54; MarneuliP14=42,6; VardniliP1s=37,29;
SadmeliP26=32,19; GurjaaniP=26,07; OzurgetiP+=20,73; TvishiP2=3,9 MW;
Based on the configurations of the 500/220 kV voltage network at this stage
(2019) construction of HPPs is considered as non-optimal in Svaneti, partly
in Racha and Mtskheta-Tianeti regions.

While working over the targeted task, by taking into consideration
limitations of the hydropower resourcesin the certain regions of the country
and also the 110 kV transmission network, where construction of the new
power plants is to be foreseen, the optimization task regardingconstruction of
the perspective hydropower plants across the country in a certainplace and
with the certaininstalled capacity has been more specified , that led us to the
point that it is optimal to constructthe HPPs with 153 MW total capacity in
East part of Georgia (Abuli - 22, Arakali - 11, Digomi - 24.17, Stori - 4,77,
Kareli - 17.68, Kvishkheti— 13, 45, Ponichala - 39.04, Barisakho - 1.86 and
Rustavi 18,87), while in West part of Georgia constriction of HPPs with 564
MW total capacity of power plants: Nenskra - 266, Namokhvani - 118.65,
Sadmeli - 93.6, Shuakhvei - 53.51, Koromkheti - 8,33, Kirnati - 5,85, Natanebi
- 12.97 and Magana - 4,25 MW. From these hydropower plants only Nenskra,
Namokhvani, Sadmeli, Shuakhveiand Koromkheti are directly connected to
220 kV network nodes, but the rest-to the 110 kV network nodes.

Practical value. An analysis of the results of the solutions of various types of
examples examined according to the obtained mathematical model clearly
demonstrates the model's adequacy. According to this model, it is possible to
define the complete picture of the gradual optimal development of the power
system of the countryand also the optimal distribution of the load between the
power plants while maintenance of the power system.

All reporting images, based on the different types of initial information, are
recorded in practice in easy-to-use manner. Mathematical model linearity
makes it easier to simulate programming procedure.
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Usage sphere of the Results is presented by the Power system, where
hydropowerresources are considered as the priority sources of the cheap
electricity.

The structure and the volume of the thesis. The dissertation consists of the
introduction, the four chapters, the conclusion and the list of used literature.
The thesis is presented on 131 pages.

Work approbation. The various number of the issues from the thesis were
mentioned on the following conferences: AkakiTsereteli State University, an
international scientific conference on "Sustainable Energy: challenges and
prospects for the development", June 18, 2015; Georgian

Technical University, the 84th Open International Scientific Conference, June
2016; ontheThesis Council's Board meetingsof the Energy and
Telecommunications Faculty during 2015-2017.

32



