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The energy sector is the bedrock of stability and security of the country. It has a
decisive influence on the development of society in many ways, plays a leading
role in the creation of the material-technical base and the acceleration of material-
technical progress.

The hydropower potential of all regions of western Georgia and its
utilization are studied in the thesis. Development possibilities and opportunities
are identified. To that end, the experience of advanced foreign countries is
discussed. A 10-year forecast of the development of the sector has been
established, which is based on the practical realization of the sectoral and regional
peculiarities of the energy sector. A ten-year development plan has been
developed. In the final part of the paper, the correlation and regression analysis of
the field is conducted, on the basis of which the forecast of hydropower
production in western Georgia in 2032-2035 is made.

The mentioned research was conducted in responding to the current
challenges.

Topicality of research
It is widely known that Georgia is one of the richest countries in the world
measured in terms of hydropower resources.

Hydropower has a leading role in ensuring the electrification of Georgia, and
the main one is played by hydropower p[lants in western Georgia. According to
available information, the distribution of hydropower resources in western
Georgia by seasons is much better than in eastern Georgia. In particular, this
indicator is more pronounced in the west than in the east in autumn, winter and
spring, that is, when these resources are especially valuable. At the same time, it
should be taken into account that in terms of the area of the territory, western
Georgia is 26% less than its eastern part, and besides, the territory of the
Autonomous Republic of Abkhazia is currently occupied. At the same time, in
general, the hydropower potential of Georgia and the state of its utilization have
been studied quite well. There are many scientific studies about this, which
cannot be said of the evaluation and comparative analysis of the utilization of
hydropower capacities in seven regions of western Georgia.

The relevance of the problem discussed in the dissertation is associated with the
regional arrangement and use of hydropower resources of western Georgia, the
determination and forecasting of future prospective indicators.

However, it is also known that these resources are used inappropriately. In
addition, practical use of these resources in Georgia as a whole is also
unsatisfactory. Western Georgia with its hydropower potential and its use at the
scientific level, especially for managerial purposes, is little studied, we believe
that the relevance of the presented thesis becomes clear from this point of view.
The goal of the work
The main goal of the work is

e To review the energy complex of Georgia as a whole, including the
potential of hydropower resources of western Georgia,
e To study the key problems in the development of hydropower in western
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Georgia, reveal the potential opportunities of the sector and on that basis, to
provide their scientific justification, and accordingly, to determine strategic
area of its development.

To evaluate the hydro potential of western Georgia, its state of its
harnessing and to make proposals for its improvement in modern
conditions.

Main objectives
To achieve the above-mentioned goal, the following objectives were set:

a new and deepened imagination of the role and importance of the industry
in the conditions of the market economy;

Investigation of the hydropower potential of the regions of western Georgia
and its utilization;

study of state policy in the country and its regions;

establishment of sectoral and regional features and strategic tasks of
hydropower;

study of environmental requirements in the development of the industry;
examining the state of public education in energy development;

modeling of hydropower development in western Georgia.

The object and subject of research
The object of research is the hydropower potential of all regions of western
Georgia and its harnessing, development possibilities and opportunities. To that
end, the experience of advanced foreign countries is discussed. A 10-year forecast
of the development of the sector has been formulated, which is based on the
practical realization of the sectoral and regional peculiarities of the energy sector.

The subject of the research involves all the factors that affect the
identification of the potential opportunities of the energy complex of western
Georgia and the determination of strategic area of its development, and
consequently, the sustainable development of the economy.
Novelty of research

» Dissertation work, from managerial standpoint, is the first research that

deals with the strategic problems and principles of utilization of
hydropower resources in western Georgia.

» Based on the believe data collected within the framework of annual reports

of the National Energy and Water Supply Regulatory Commission of
Georgia (NEWSRC), the report of the Electric Energy Market Operator
(EEMO), and the "Energy Capacity Initiative” project funded by the US
International Development Agency (USID), a contemporary systematic
approach to the complex development of energy potential and strategies
was developed.

» The potential, utilization level and dynamics of the existing hydropower

resources in all seven units of the regional-administrative organization of
western Georgia have been studied and determined; the existing reserves
and opportunities in this regard have been identified; a forecast map of the
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construction of HPPs by regions has been drawn up.

» The research novelty in the work is that, the special nature of hydropower
in modern conditions is substantiated, it will keep its place among
renewable energies for a long time, contrary to some experts who predict
solar and wind energy to take the leading position in a short time.

» A comparative analysis of the utilization of hydro resources in the studied
region has been carried out according to the sharing of hydropower
production experience of 10 leading countries of the world, and based on
the peculiarities of energy sector, the principle of continuous construction
of hydropower plants in sector is proposed.

» The need to increase public education in energy development is
substantiated. Taking into account the experience of hydropower
construction in Georgia in recent years, it was decided to introduce special
education on energy issues in schools. Society should understand the role
and importance of energy in the development of the country. This should
be done with the maximum consideration of environmental requirements,
and minimal damage to nature.

» The research novelty of the paper is that based on the country's ten-year
plan (2021-2031), a correlation and regression analysis of the development
of hydropower in western Georgia is made, and a long-term forecast of the
development of the sector is made, and the relevant document and map are
prepared. Development areas are shown in terms of administrative units of
all regions of western Georgia except for Abkhazia.

The research showed that among the regions of western Georgia, Abkhazia is
the richest in the potential of rivers of category A and B of hydropower resources
(31.3 million kWh), in this respect Svaneti is in second place (26.4 million kWh)
and Imereti is third (20 .6 million kWh) and as for the utilization of these
resources, Samegrelo is in first place (2.7 million kWh in 2020), Imereti is the
second (679.8), and Abkhazia (591.1) is the third according to the existing
potential and the possibilities expressed in the paper In the next 10 years (2021-
2031), electricity generation in western Georgia will increase by 11,483.1 million
kWh.

In the final part of the paper, the correlation and regression analysis of the
sector is conducted, on the basis of which the forecast of hydropower production
in western Georgia in 2032-2035 is made. The results of the conducted research
are given in authoritative proposals and recommendations for better development
of the sector.

The methodological basis of the research is a systematic approach to problems,
the theoretical foundations, features and principles of the development of the
sector are used, as well as research methods such as statistical comparisons,
probability theory, mathematical modeling and so on. Scientific works of various
Georgian and foreign researchers, articles, data of the National Statistical Service
of Georgia, annual reports of the National Regulatory Commission of Energy and
Water Supply of Georgia (SEMEC), reports of the Electric Energy Market
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Operator (ESCO), USID of the US Agency for International Development are
widely used in the thesis. Data collected within the Energy Sector Capacity
Building (FCI) project funded by the authors of the important scientific work on
the development of electric energy in Georgia are: R. Arveladze, O. Zivzivadze,
L. Zivzivadze, O. Kikvidze, Sh. Motsonelidze, D., Mirtskhulava, A. Prangishvili,
D. Chomakhidze, K. Tskhakaia A. Chitanava, and others. In the works of the
mentioned authors, separate issues of utilization of energy and hydropower
resources are studied by different stages, but in most of them, there is no
contemporary systematic approach to the complex development of the energy
potential of western Georgia, and strategies of use are studied to a lesser extent.
Practical value of the paper

In the paper, a comparative analysis of the modern potential of HPPs and its
utilization between Western Georgia and Georgia as a whole is carried out. From
this perspective, in 2019-2020, 75.3% and 73.9% of all electricity generated in
the country came from HPPs, respectively. In 2019, 93 HPPs operated in our
country, and in 2020, the number of HPPs was 98. In 2020, it increased with the
increase of small stations, and as for regulatory and seasonal HPPs, their number
was 7 and 19 units, respectively. Although HPPs provide cheaper electricity
compared to thermal plants, HPP production decreased by 7.3%, which was
caused by the decrease in both regulating stations and small HPPs. In the
mentioned period, electricity production increased by almost 7.0% only in
seasonal HPPs. All of the above led to the reduction of the share of HPPs in the
total production of electricity from 75.3 to 73.9 percent. This should be
considered a negative event.

We believe that it is original and creates some novelty for its improvement.
Georgia's hydropower resources are not currently utilized, which delays the full
use of energy. We need to expand the use of hydro resources, which will
contribute to raising the economic level of our country. The present work
provides an opportunity to outline the prospects of the energy potential of western
Georgia and to evaluate the state of its consumption in modern conditions.

The paper evaluates the place and role of hydropower in the energy system
of Georgia, in particular, in the production of electricity and local energy
resources in general. It also mentions about the growing importance of
hydropower, proposals are formulated for the development of the se tor and better
use of the existing potential, attention is focused on the need to take into account
environmental requirements, including in terms of the expansion of the use of
renewable energy resources.

The dissertation work has multifaceted practical significance:

e It is a good guide for all the regional-administrative units of Western
Georgia in terms of the presence of hydropower resources in their territory,
the state of use, reserves and prospective opportunities; for their inclusion
in the economic turnover and employment of human resources;

e The work will provide a good service to the leadership of the region for the
objective evaluation of the importance of the development of energy, first
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of all, hydropower, in better fulfillment of ecological requirements and
continuous implementation of hydropower constructions.

e The results of the research can be used in the development of the energy
strategy and policy of the country and the region, as well as in the
preparation of the energy security program. It will be useful for any person
interested in this problem, scientific workers and engineering-technical
personnel employed in the field.

e The main provisions of the work can be used in the process of technical-
economic study of the corresponding problem.

Approbation of dissertation work and publications.

Research findings, main provisions, novelties and recommendations have been
published in peer-reviewed foreign-language and Georgian journal publishing
houses and presented at scientific-practical conferences.

The paper was heard, discussed and approved at the meeting of the Faculty of
Technical Engineering of Akaki Tsereteli State University (February 2, 2022
Minutes N 1; April 13, 2022 Minutes N;2 July 23, 2022 Minutes N3 )

The structure and volume of dissertation work. The dissertation is made
up of computer-printed A-format 162 pages. The dissertation consists of an
introduction, 5 chapters and sub-chapters, conclusions and recommendations. .List
of 67 reference,4 .drawings, 3 photos, ,9 maps, 43 tables, 15 diagrams, 5 graphs,
2 9 matrices and 11 annexes.

I would like to thank my supervisor Demur Chomakhidze, teaching staff of the
Faculty of Technical Engineering of Akaki Tsereteli State University, and all the
people who contributed, for their support and help.

Brief description of work

The first chapter of the thesis discusses renewable energy and its importance
in the power grid. Aspects of hydroelectric energy and the importance of non-
traditional energy in the power grid are discussed.
Georgia is rich in hydro resources, only 22% of which are exploited, which is
qualitatively a very small indicator. Accordingly, it is necessary to utilize water
and hydro resources at an accelerated pace, which implies the use of water energy
for the purpose of obtaining electrical energy. If we take into account the data of
2021, it is clear how big a role hydropower plays in supplying the energy system
of the country.

Electricity balance in 2021,
mln KWh

‘ m Regulatory HPPs




Diagraml.

The Diagram 1 illustrates the percentage distribution of electric energy generated
by different energy sources, electricity generated by the regulatory hydropower
plants with reservoirs. The energy is 36%, the energy generated by hydroelectric
power plants with seasonal regulation reservoirs is 27%, the electric energy
generated by small power plants, which work mainly on flow, is 6%, the electric
energy generated by thermal power plants is equal to 16%, and the electric energy
generated by wind power plants is equal to 1 %. As for the percentage share of
imported energy, it is very large and is equal to 14% that is indicated by the
percentage of utilization of water resources of Georgia.

In order to create a complete picture for my dissertation research, I studied how
important are the regulatory hydropower plants with reservoirs are and the
rational use of hydro resources.

Worldwide electricity consumption is increasing, but traditional forms of
energy production, such as burning fossil fuels, are polluting the environment and
accelerating climate change. It is therefore important to switch to clean,
renewable sources of energy (water, wind, sun). Compared to other renewable
sources, priority is given to the sun. Solar energy devices have less impact on the
environment. Compared to the wind plant, the solar power plant is not noisy and
it can be installed in an urban settlement. The solar photoconverter is considered
to be a unique technology, since the consumers themselves can produce and
consume the electricity they produce.

Asia (50% of the world), North America (20%) and Europe (10%) are the leaders
in the use of solar power plants.

It is worth noting that since 2016, a net metering system has been launched
in Georgia, which allows owners of solar, wind and water micropower plants to
connect their plants to the grid.

There are two types of solar power plant: 1) solar thermal power plant,
which first receives thermal energy from solar energy and then transforms it into
electricity. 2) Photoelectric plant (PV) - which converts solar energy directly into
electricity. A 1-kilowatt station of solar panels produces an average of 100 kW
per month. at It generates energy. Therefore, it produces 1200 kW on average
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during the year.

For example, the annual output of the Gumati I hydroelectric power plant is
256 mln kWh. Calculation shows that to equal the annual output of the Gumati I
plant to the annual output of the solar panel station, 426,667 solar panels with an
average capacity of 500 watts would be required.

The second chapter of the paper deals with the distribution of hydropower
resources according to the basins of the main rivers of western Georgia and their
role and importance in the conditions of the market economy is presented.

Foremost among the natural riches of Georgia are water and water-related
resources. There are 26,060 rivers in our territory, the total length of which is
about 60 thousand km. The total fresh water supply of Georgia, which consists of
water supplies of glaciers + lakes and reservoirs, amounts to 96.5 km3. From the
total number of rivers, 319 rivers stand out in terms of their energy value, the
annual total potential capacity of which is 15 thousand megawatts, and the
average annual energy is equivalent to 50 billion kWh.

Western Georgia is particularly distinguished by its hydropower resources.
The overall picture of the regional distribution of hydropower resources in
Western and Eastern Georgia is clearly shown in the table below. The data also
confirm the superiority of the rivers of Western Georgia compared to the rivers of
Eastern Georgia. For example, if the theoretical resources of the entire surface
runoff of the western rivers exceed 164.8 billion kWh, then the theoretical
resources of the entire surface runoff of the rivers in Eastern Georgia exceed 63.7
billion kWh. Among them, the advantage of the theoretical resources of the entire
surface runoff of the rivers of Western Georgia is 101.1 billion kWh. As for the
% advantage, 65.4% in the west and 28.9% in the east.

Table 1. Regional location of hydropower resources of Georgia

Name Unit of | Energy | %
measure

Theoretical resources of all surface runoff (319 | Bln KWh 228.5 100,0
rivers) including

In western Georgia Bln KWh

In eastern Georgia BIn KWh 164,8 72,1

per square kilometer of the country's territory: | Mln KWh 63,7 27,9
(average in Georgia, including)

In western Georgia MIn KWh 5.0 100,0
In eastern Georgia Min KWh 3.27 71,1
Theoretical resources of all surface runoff (319 | Bln KWh 1,73 28.9

rivers) including

Theoretical resources of total surface runoff,
billion kWh

i 0N




Diagram 2.

Theoretical resources of total surface runoff,
%

= Western Georgia Eastern Georgia

Diagram 3

Table 2. Main rivers of western Georgia by basins

River < = o3 =%g & - S
basin = é i é é % 2 E
© B G % & X © & el = 8 =
g 2| sgg |8 T |2
Q Wy «n o
= 2| a8 98 » |25 |&%
S S 4| 2EQLS S 2 & D 2 5 .2
£ | 2828|2588 2% |¢8s55|83 | &=
CZ|<8S|w8&2e |<&SZ|as |&HE
Rioni 13418 | 2985 19,1 26148 3,1 1,95
Enguri 4058 | 2063 13,2 18071 6,82 4,45
Kodori 2036 | 1329 8,5 11636 7,78 5,72
Bzipi 1502 | 797 5,1 6982 5,23 4,65
Total 7174 45,5 62837 - -

Schematic map. distribution of hydropower resources (according to the
basins of the main rivers of western Georgia)
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Schematic map of the distribution of hydropower resources
by the main river basins of western Georgia
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O 10-30
O a1
Os] 120
Om-;wo

HPPs status
;» acting

prospective

Rivers basin
o Enguri
Rioni and Khobi
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The rivers of western Georgia are particularly distinguished by their energy
importance: Enguri and Rion, in whose basins most of the currently operating
HPPs are located, and an important part of prospective HPPs is also considered.

All seven regions of western Georgia: Abkhazia, Svaneti, Samegrelo, Imereti,
Racha-Lechkhumi, Guria and Adjara are rich in hydropower resources. In this
regard, Abkhazia is in the first place, followed by the hydropower resources of

Svaneti

, Imereti, Samegrelo.

Table 3. Regional location of hydropower resources of western Georgia

Region The number of | The number of | Total capacity | Energy
A category | B category | of rivers, generation,
rivers rivers KW Min KWh
Abkhazia 40 15 3644,7 31344
Svaneti 19 13 3216,0 26416
Samegrelo 11 2 1736,8 15531
Imereti 23 12 2577.,8 20580
Racha- 13 6 22354 18220
Lechkhumi
Guria 7 - 508,8 4290
Adjara 14 2 795.,4 6490
Total 127 50 157149 122871

The data in the table shows that Rioni (19.1%) has a larger share of the country's
potential hydropower resources than Enguri (13.2%). The participation of Kodori
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(8.6:) and Bzipi (5.1%) in the country's potential hydropower resources is
relatively small. Western Georgia is especially rich in relatively small rivers. In
particular, according to the data of the Scientific-Research Institute of Energy and
Hydropower Facilities, small hydropower plants can be built in Western Georgia,
the total capacity of which will be 1.4 million kW and the electricity generation
will be 8.4 million kWh. Enguri and Rion are the largest energy rivers in Western
Georgia, which are distinguished by high falls, fast currents and high energy
potential. That is why maximum utilization of hydro resources is one of the
priority directions of the state. river In the Enguri basin, glaciers occupy an area
of 288 km®, in which 22.5 km’ of water is accumulated, followed by the Rion
River with 63 km® (12%) and 2.2 km’ of water, i.e. (7%), the Kodori River with
60 km® (11%) and 1.6 km3 (5 %); Glaciers are also spread along the rivers Bzipi
(7.83 km2 0.19 km3), Kelasuri (1.5 km® and 0.3 km’), Khobi (1.5 km® and 0.4
km’).

The paper describes the place and role of hydropower in the energy system of
Georgia, in particular, the growing importance of hydropower in the production
of electricity and local energy resources, suggestions are made for the
development of the field and better use of existing potential, attention is focused
on the need to take into account ecological requirements, including the expansion
of the use of renewable energy resources.

The analysis conducted in the second chapter shows that western Georgia has
a colossal potential of hydropower resources. There are 127 A category and 50 B
category rivers, totaling 177 rivers, in a relatively small area. Their total capacity
is 14,714.9 thousand kW, and output is 122,871 million kWh.

Table 4. Regional location of hydropower resources of western Georgia

Region The number | The number | Total capacity | Energy
of A category | of B category | of rivers, generation,
rivers rivers KW Min KWh
Abkhazia 40 15 3644,7 31344
Svaneti 19 13 3216,0 26416
Samegrelo 11 2 1736,8 15531
Imereti 23 12 2577,8 20580
Racha- 13 6 22354 18220
Lechkhumi
Guria 7 - 508,8 4290
Adjara 14 2 795,4 6490
Total 127 50 147149 122 871

The administrative regions of Abkhazia and Svaneti stand out in this
respect. The resources of Imereti, Racha-Lechkhumi and Samegrelo are
important. The hydropower potential of Guria and Adjara is relatively modest.
Currently (2020), 14 relatively large hydroelectric power stations are operating in
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Western Georgia. Among them, Enguri HPP located in Samegrelo and Vardnili
HPP located in Abkhazia (on Eritskali river) stand out. Vartsikhe HPP (Imereti)
and Lajanuri HPP (Racha-Lechkhumi) are important. The total installed capacity
of the mentioned 14 HPPs is 2374.2 MW, and the output is 8858.84 million. kW.
It can be seen from the table that in 2015-2020, the electricity generation of these
hydroelectric plants decreased. The decisive role in the mentioned decrease was
played by the electricity generation at Enguri HPP by 16.8%, which is related to
the rehabilitation works of this station. The output also decreased in Mestia-
Chalahesa, Vartsikhe, Rioni, Gumati, Lajanuri, Dzevrula, Shaori HPPs, and to a
lesser extent, the output increased in Vardnili, Kirnati and Atsi HPPs. In addition,
in 2020, a new Shuakhevi HPP was in operation.

Table 5. Main hydropower plants of western Georgia

N | Name of HPP Electricity  (mln Installed Design
KWh) capacity of capacity
HPPs (MW) | generation,
2015 2020 Min KWh

1 | Enguri HPP 3287,41 | 2735,7| 1300 4330

2 | Vardnili HPP 557,53 591,1 | 220 1140

3 | Khelvachauri HPP 1 | - 103,4 47,5 229,8

4 | Shuakhevi HPP 341,57 258,4 | 178,7 429,0

5 | Mestia HPP 1 405,81 80,8 20,0 69,15

6 | Vartsgikhe HPP | 763,19 670,6 | 184 1000
cascade

7 | Rioni HPP 307,07 259,4 |48 314

8 | Gumati HPP 282,33 273,7 | 68,8 289

9 | Lajanuri HPP 377,73 343,3 | 1125 517

10 | Dzevrula HPP 117,15 80,8 80 130

11 | Shaori HPP 106,19 65,9 |384 149

12 | Mestia HPP 2 185,13 91,8 30,0 106,7
Kirnati HPP 78,795 80,9 |51,3 52,19

13

14 | Atsi HPP 58,25 77,5 16 103
Total 6 773,705 | 5618,9 | 2374,2 8858,84
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The main hydropower plants of western Georgia and electricity
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Generated electricity in western Georgia by HPPs,
million kWh

2020

2015

Circular diagram 3

Electricity generated by HPPs in western Georgia,
mln KWh

[installed capacity]]2374,2
Mln KWh

[designed capacity]8858,
mln KWh

Circular diagram 4.

If we compare the existing hydropower potential (A+B category) in the regions,
we will see a huge difference in the electricity actually generated in 2019-2020.
In particular, in 2020, Abkhazia - %, Svaneti - %, Racha-Lechkhumi - %, Guria -
%, Adjara - %, Samegrelo - % in 2020.

From Table 3.1.3, it is clear that exploitation of category B rivers is a more
distant perspective, but increasing the exploitation of category A rivers will give
us a solid reserve of energy production reserves. In our opinion, it will be more
realistic if we analyze the utilization of the design output in operating
hydroelectric power stations. The mentioned data are presented in Table 3.1.3.
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Table 6. The level and dynamics of the utilization of hydropower potential
in the regions of western Georgia 2019-2021 [33] [27]

N | Regions Potential Actual generation | Utilization level %
A+B Min KWh
categories, |2019 |2020 |2021.|2019.]2020 |2021
min KWh
1 | Imereti 20580 743,8 1679,8 [805,187,6 |80,0 |94,8
2 | Abkhazia 31344 686,3 |591,1 |795,9|60,2 |51,8 69,8
3 | Adjara 6490 324,8 |520,2 |600,7|39,9 (63,9 |73,7
4 | Samegrelo | 15531 3341, |2735,7 | 3518, |77,2 | 63,3 81,2
3 7
5 | Svaneti 26416 55,8 172,6 1103,6 | 31,7 | 98,1 0,58
6 | Racha- 18220 83,8 1659 82,0 |56,2 |44,2 55,0
Lechkhumi
7 | Guria 4290 83,9 |80,9 78,1 |160,7 | 155,01 | 149,
6
6 | Racha- 18220 83,8 1659 82,0 |56,2 |44,2 55,0
Lechkhumi
7 | Guria 4290 83,9 |80,9 78,1 |160,7 | 155,01 | 149,
6
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The calculation shows that in 2020, in the mentioned hydroelectric power plants
of Georgia as a whole, if the use of capacities had increased by only 556.4%, we
would have obtained an additional 4845.4 million kWh of electricity.

Along with new constructions, it is important to better use the capacities of
existing hydropower plants in the utilization of the existing hydropower potential
in the region. It can accommodate additional energy without increasing existing
capacities or spending new investments.

The analysis shows that a number of HPPs in the region use their capacities
relatively better and achieve better results, but there are those where the level of
capacity utilization is unsatisfactory and we do not get the required electricity.
The study of the facts showed us that such a situation is caused by both objective
and largely subjective factors. Still in operation are morally and physically worn-
out machines, high, production areas, losses of working time. Non-rhythmic
work, material and technical supply, qualification level of personnel,
technological and production discipline, etc. are unsatisfactory. As it is known,
the production capacity is determined by the maximum production capacity
during the year. In electric power, including hydropower, where energy
production and consumption practically cover each other in time, production
capacity is characterized by its maximum possible load. The indicator of capacity
utilization in the field is the extensive (drone) and intensive (taking into account
the load) use of equipment.

The coefficient of extensive use of devices /Ke / is the ratio of their actual
working time /hp/ to the calendar time /Tk/:

K.= i—i (formula 1)

57



And it represents the ratio of intensive use of devices /Ku/ actually produced
energy /9¢/ and maximum possible energy consumption /9wm/:

K,= % (formula 2)

To characterize production capacity in power plants, the indicator of the number
of hours of use of the installed capacity /hy/ is widely used. It is determined by
the ratio of the energy actually produced during the year to the installed capacity
/Nu/.

hy = Z—ﬁ (formula 3)
In this regard, the situation in Mestiachala HPP, Gumati HPP and Kirnati HPP,
where the capacity utilization is more than 100%, causes doubt. The data are
official and taken from the commercial operator ("ESCO"). In our opinion, this is
explained by subjective reasons, in particular due to improper performance of
duties by the management of relevant services.
Overall, it can be seen from the table that the 14 HPPs in Western Georgia
absorbed an average of 70.7% in 2019, and in 2020 this figure further decreased
to 64.7%. It turns out that in 2020, if capacity utilization had not worsened and
remained at 70.7%, 6239.8 million kWh could have been produced, i.e. 526.5
million kWh more than what was produced in 2020. This is approximately the
same amount that such large hydroelectric power plants as Vardnili HPP
generated this year for the whole year. Obviously, this is an important reserve for
our region.

The proper utilization of existing capacities is an important factor for
increasing electricity generation in Western Georgia. Table 4.3.1 shows the
current situation in the analysis of 14 hydroelectric power stations of the region.
The data tells us that in 2020, the available capacity at Enguri HPP was utilized
by only 63.3%, at Vardnili HPP - by 53.8%, at Khelvachauri HPP - by 44.9%, at
Shaori HPP - by 44.2%, etc. Relatively better situation is Kirnati HPP-155%,
Gumati HPP-106.9%, Mestiachala HPP 2-86.03%, Rioni HPP-82.6%, etc.

The calculation shows that in 2020, in the mentioned hydroelectric power
stations of western Georgia, the capacity would be increased by only 1082.59%.
In addition, we would receive 5713.3 million kWh of electricity.

To that end, we can also use the actual energy production ratio of the designers.
The projected output of the main 14 hydroelectric power stations of western
Georgia by 2020 was 8825.8 million. kW h., and the installed capacity is 5713.3
kW.h. The mentioned data clearly shows that the proper utilization of the existing
capacities is an important factor for increasing electricity generation everywhere,
including in western Georgia. Table 4.3.1 shows the current situation of all 14
analyzed hydroelectric power stations in the region. The data show that in 2020,
the available capacity in Enguri HPP was utilized by only 63.3%, in Vardnhli
HPP by 51.8%, in Khelvachauri HPP by 44.9%, in Shaori HPP by 44.2%, etc.
Relatively better situation is in Rioni HPP, Mestiachala 2, Ats HPP (2020).

The third chapter is about the characterization and comparative analysis of the
hydropower potential in western Georgia and in all its seven regions.
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Hydropower is one of the oldest forms of energy that has been used by
mankind since time immemorial. It is used to a greater or lesser extent in all
countries of the world. The world's ten largest users of hydropower (2015)
include: China, Canada, Brazil, USA, Russia, Norway, India, Japan, Sweden and
Venezuela. From this point of view, in the largest country - China, 1130 terawatt
hours of electricity is produced annually, or 28.4% of the energy produced in the
world, and in the smallest country - Venezuela - 75 terawatt hours, or 1.9%.
China produces 3.0 times more hydroelectricity than Canada annually; 3.1 times
more than Brazil; 4.2 times more than the USA; 6.6 times more than Russia, etc.
China was on the first place in terms of hydropower production even ten years
ago. In 2005, this country produced 397 terawatt hours of hydroelectric power,
which is 2.8 times less than the figure of 2015.

The construction of hydroelectric power plants with the regulatory
reservoirs allows to increase the quality of use of the river runoff and gives the
object a complex character; Although hydropower construction is characterized
by high capital capacity, the annual operating costs of the HPP are 5-6 times
lower than in the case of thermal or nuclear power plants; HPPs use the cleanest
and most renewable energy source - water. In addition, HPPs are harmless to the
atmosphere, which is of particular importance from the point of view of
environmental protection. At the same time, HPPs have certain negative sides:
energy production is characterized by seasonality; Solid runoff is retained in the
reservoirs, therefore, due to the lack of sediment in the areas where the rivers
flow into the sea, the sea shores are gradually washed away; The construction of
hydroelectric power plants in mountainous areas can lead to the activation of
seismic and geodynamic processes and dangerous wave events in the reservoir;
The creation of large reservoirs of hydropower plants is associated with the
flooding of populated areas, forests and agricultural fields. On the basis of
modern scientific forecasting, it is possible to minimize the damage caused by
hydroelectric power plants by taking nature protection measures.

In the fourth chapter, strategic areas of hydropower development in western
Georgia, sectoral and regional tasks are formulated. An important place is also
given to issues of raising public education in energy development.

Among the hydropower strategic areas of western Georgia, we can single out
scientific-technological and managerial progress in the sector, optimization of the
use of local natural resources, maximum utilization of operating capacities, etc.
But, at the modern stage, the main strategic direction among them, in our opinion,
should be the harmonization of the development of the sector with the official
energy directions of the country and the need to raise the conscious attitude of
society in general energy development. The necessity of the latter was
particularly evident in western Georgia, where the suspended constructions of
Khudoni, Namokhvani, Nenskra and other HPPs are in mind.

An in-depth study of the current state of energy in the regional perspective and
the development and implementation of the industry development program based
on it will give us the opportunity to develop entrepreneurial initiative, increase
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economic activity, and fully activate the production, natural and labor potential of
the region through the coordination of state and market regulation in the relevant
regions. In the end, let's accelerate the restructuring of the region's economy,
rehabilitation and growth of production, coordinate the development goals,
directions and parameters of the territorial units in accordance with the general
economic policy, strategic goals, directions and parameters of the country.

The mentioned requirements are provided to a greater or lesser extent in the
main direction of energy development, which is periodically approved by the
Parliament, as well as in the so-called "10-year plan", which the State Electricity
System of Georgia develops every year and the government approves. One of the
last revisions of this document will concern the years 2021-2031. According to
this plan, the development of enterprises in the direction of HPPs is expected.

The structure of electricity capacities in Georgia by 2031 and the dynamics of
their growth in 2021-
2031 are schematically shown below

Regulatory HPPs

Seasonal HPPs

Combined and coal

Combined and coal thermal plants

thermal plants .
P Gas turbines

Gas turbines
‘Wind power plant

‘Wind 1
ind power plant m  Solar power plant

Diagram 5.

Table 7. Development indicators of hydropower in Georgia 2021- 2031

Indicators Unit of | 2021 2031% 10-year
measure growth
Total generation, including MW 4533 10396 2,29-times
Hydropower sector MW 3323 7188 2,16-times
Regulatory HPPs MW 2381 4288 1,8- times
Runoff-powered HPPs MW 942 2900 3,1- times
Share of HPPs in total capacity % 73,3 69,1 -4,2
Including regulatory HPPs % 52,5 41,3 -11,2
Runoff-powered HPPs % 20,8 27,9 7,1
Total electricity consumption min KWh | 13,2 21,9 1,66-
times

The data in Table 7 show that during the next ten years (2021-2031), the
hydropower capacities in Georgia will increase almost 2.2 times, including 1.8
times for regulating hydropower plants and 3.1 times for run-of-river hydropower
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plants. It is true that during this period, the share of electricity generation in HPPs
in the total output is from 73.3 to 69.1%, including regulatory HPPs - from 52.5
to 41.3%. The reduction of the total share of HPPs is due to the fact that in this
period power plants working on renewable energy (wind, sun) are put into
operation.

Based on the above, the development of hydropower in western Georgia will be
presented at a faster pace than in eastern Georgia. This fact requires special
attention to the regional aspects of the development of the field. In our opinion,
after 10 years, the reduction of the share of HPP capacities cannot be considered a
positive event. In this case, the utilization rate of the rich hydropower potential of
the country, including western Georgia, will remain at a low level. However, the
positive side of the 10-year plan should be considered the fact that the country's
need for electricity will be fully met and a significant part of it will be exported.
One of the main tasks of Georgia's long-term policy in the electric energy sector
is the effective management of the country's energy complex in the import-export
and transit operations of energy-saving products.

The implementation of current and prospective projects will create a solid
foundation for the further development of electrification in Georgia.

The development of energy in the country should be aimed at creating
conditions for the harmonious coexistence of every citizen, his natural and social
environment, which should ensure the development in accordance with the
modern demands and aspirations of the nation, the realization of the sustainable
goals of the country's culture and natural environment for future generations.
Harmonization of energy and community development requires that the social
interests and ecological requirements of the community are fully protected. Based
on this problem, hydropower resources should be effectively utilized and
produced, so that the state can provide electricity to the country's population,
socially and strategically important facilities at affordable prices.

It is important that the standard of living in this or that country is judged by the
level of energy. Therefore, it is extremely important how many e-mails The
country produces energy per capita. From this point of view, for example, we can
mention that the list of the most successful countries is topped by Norway, where
at the end of the last century and the beginning of the current century, per capita

per year, about 25,000 kW. They produced more than electricity per hour. Next
come: Canada - 20,000 kwh, Sweden - 18000 kWh, USA - 12000 kwh, Finland -
11000 kWh, Germany - 7500 kWh, France - 7000 kWh, Austria - 6800 kWh,
Japan - 5700 kWh, England - 5300 kWh and so on. The fact that the figure in
Nigeria is only 90 kWh clearly indicates the close relationship between the
amount of electricity per capita production and the standard of living, and in Chad
— this indicator is 14 kWh. During the Soviet Union, about 4,000 kilowatts were
produced per capita in Georgia. /hour of electrical energy, due to events known
today, this figure is 2000 kW. does not exceed /h. Without electricity, the
operation of transport, industrial enterprises, elevators, water supply and other
facilities necessary for life support is unthinkable. Therefore, the population
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should better understand how strongly electrical energy is connected to people's
daily life.

The positive aspects caused by hydropower plants should not forget the dangers
associated with them. According to experts, unfortunately, the construction of
hydroelectric power plants leads to flooding of large areas, floods a large amount
of agricultural lands and forests, negatively affects the microclimate, increases
humidity, changes the landscape, hinders the movement of river sediments and
much more. The danger of activation of landslide processes is also increasing.
The mentioned background further aggravates the negative attitude and alienation
of the population towards HPPs. Here we can consider a painful problem that
arose from the construction of the Enguri HPP and is related to hydrological and
geomorphological changes in the Black Sea coastal zone.

Solid sediment brought by the mountain rivers of western Georgia fills the

Black Sea coastal zone with sandstone. River settles in Enguri HPP reservoir. The
sedimentation of the natural stream of Enguri, which results in a complete
cessation of solid sediment input into the sea, which creates a sediment deficit,
and this in itself creates a dire situation, causing the beach to collapse, as the
stormy sea carries the sand stones away from the beach. Thus, in the case of the
construction of hydroelectric power stations on different rivers, including Enguri
and Rion, it is necessary to quantitatively assess the washing of the coast and its
intensity. However, long-term researches show that this problem is solvable: it is
possible to completely avoid beach washing by building embankment structures,
or it is also possible to reduce the deficit of sediment in the Black Sea by
artificially introducing and depositing sand.
According to experts, neither small HPPs nor solar and wind power plants can
replace the volume of energy obtained from large hydroelectric plants. Moreover,
their potential in Georgia, compared to hydro potential, is quite small.
Nevertheless, we do not rule out the use of solar and wind potential in the
country. It is important to bring substantiated information to the population and to
make available documents of interest related to HPPs. As we know, provision of
public participation in environmental decisions and their informing are
determined by the legislation of Georgia and also by international agreements. It
is important that this obligation is not only formal and that we increase the degree
of public participation in the decision on the construction of HPPs.

Unlike other sectors, energy has a high socio-economic responsibility, therefore
it needs to attract additional investments. It is extremely important for society to
realize the importance of energy efficiency. We must admit that this issue is one
of the most urgent problems of modern times. It is especially acute for Georgia.
First of all, the decision to build HPPs should be based on an in-depth conclusion
of the environmental impact assessment and scientific conclusions should not be
ignored. All foreseeable risks should be taken into account so that they can be
minimized. The environmental impact assessment report should include
information on seismic risks and geological risks related to the reservoir, and the
opinion of qualified professionals should be carefully considered in order to
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actually be able to make a reasonable and justified exploitation and production of
the country's hydro resources. A comprehensive analysis of costs and benefits to
the state should be developed in depth. Due to the specific construction processes
of HPPs, the state should entrust their construction to a qualified, experienced and
reliable construction company and ensure that the current processes are
supervised by a team of highly qualified professionals. When discussing whether
to build or not to build hydroelectric power stations, it is important to know the
terms of the contract between the investor and the state regarding its construction
and, therefore, to analyze and justify how beneficial or harmful the construction
of the hydroelectric power plant will be to the country under the terms of the
given contract, in order to find an answer to the main question, whether or not the
benefits from the construction of the hydroelectric power plant are higher than
losses it caused.

Obviously, increasing energy efficiency requires certain costs. Therefore, the
public naturally asks the question: instead of saving energy resources, isn't it
better to take care of increasing the production of petroleum resources? It is a
necessary condition for the population to understand and support the project of
construction of hydroelectric power plants.

Taking into account the above, it will be appropriate to develop an educational
program for public schools in the short term, where it will be considered to teach
students about the role of energy for the society and the need to increase energy
efficiency. And in the medium term, a manual should be prepared for special
education in this field in the graduating classes of the school. Informing the
public about the important programs in the field of energy should be radically
improved, a training program should be developed and implemented for the
specialists in the field who will cover the current processes in the sector.

In order to collect data on the hydropower sector and the environment of western
Georgia, we selected questionnaires using a cluster approach. The purpose of the
questionnaires is to identify and evaluate the effects of hydropower on the
environment and social factors. All of the above will give us the opportunity to
see the prospects of hydropower development on a large scale.

Below are the results of our sociological survey.

There were interviewed people living in Imereti and Samegrelo with different
professions

As the survey showed us, a large part of the interviewees is positive towards
the development of energy in the region, but there are also progressives, this is
indicated by the example of Namokhvani HPP, although other social problems
were also identified in relation to the Enka company. It is necessary to increase
the credibility of the project executors among the population in order to have
more support for the construction of HPPs.

We connected the main directions of the questionnaires to three main clusters:
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I. Assessment of physical impact on the environment.

Areas of assessment: air and water temperature, morphological changes of terrain,
landslide events, flood frequency, suspended solids, etc.

I1. Biological impact

Areas of assessment: Fauna (aquatic and terrestrial - birds, insects, mammals),
fish communities, fish migration, fisheries (fish stocking), flora (aquatic and
terrestrial), mercury (in fish) and red-listed species (both aquatic and terrestrial)).

III. Socio-economic impact

Areas of assessment: Access roads, agriculture, fisheries (fish stocking), forestry,
indigenous people, landscape appreciation, recreational areas, accommodation,
cliff tops, schools, social inclusion, tourism employment, transport and water
supply.

The respondents of the survey with the structure of clusters were the teachers of
different subjects of the school, students of the basic level, parents, students,
residents living near the hydroelectric power plants, random members of the
society and others.

We connected the main directions of the questionnaires to three main clusters:
I. Assessment of physical impact on the environment.
Areas of assessment (response in %)

Areas of physical impact on the environment (%)
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II. Biological impact
Areas of biological impact exposure (responses, %)

Areas of biological impact exposure (%)

80 76

70 65
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20 38
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0 ]

Yes No No idea

m The construction of hydroelectric power plants requires the reduction of some species of flora and fauna;
Therefore, do you think it is necessary to increase the construction of HPPs in accordance with the solution
of environmental issues?

The abundance of dams will make it practically impossible to reach the fish breeding grounds. If a parallel
flow of the river with some filtration is planned. Do you agree to the implementation of the HPP project?

Column diagram 6.
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III. Areas of socio-economic impact exposure:

Areas of socio-economic impact exposure (%)
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Yes No

No idea

m  The construction of HPPs contributes to the employment of the local population and the improvement of
socio-economic conditions. Do you agree with this opinion?

Do you know what legal documents exist regarding the construction of hydroelectric power stations and
what privileges have been granted to the companies based on these documents?;

Will reducing the probability of an emergency situation, systematic monitoring and strict observance of
labor safety rules make it possible to overcome the fear of the population about the construction of HPPs?

Are cultural monuments in danger?

® Wouldn't it be better to strengthen the construction of new HPPs than to upgrade the old HPPs?

Column diagram 7.

As the survey showed us, a large part of the respondents is positive towards the
development of energy in the region, but there are also progressives, this is
indicated by the example of Namokhvani HPP, although other social problems
were also identified in relation to the Enka company. It is necessary to increase
the credibility of the project executors among the population in order to have
more support for the construction of HPPs.

In order to collect information about hydropower and the environment of Western
Georgia, we selected questionnaires with a cluster approach. The purpose of the
questionnaires is to identify and evaluate the effects of hydropower on the
environment and social factors. All of the above will give us the opportunity to
see the prospects of hydropower development on a large scale.

We believe that hydroelectric power plants must be built in Georgia. Our rivers
are a great national wealth and its non-use is completely unjustifiable. All
civilized and developed countries of the world successfully use this energy for a
competent solution of the issue, taking into account energy-ecological and socio-
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economic requirements. Optimal parameters should be determined for each newly
built object. Here we have to take into account the peculiarities of local
conditions, our historical past and national traditions. In short, it should be done
in such a way that the society gets the maximum effect with minimal damage.

So far, hydro resources are the main energy assets of Georgia, and in this
direction, it is necessary to take full-scale consideration of ecological
requirements. In particular, it is necessary to:

- to continue ecologically and economically effective utilization of local
hydropower resources;

- Construction of complex hydroelectric dams, which will make it possible to
regulate river flow and use water resources for irrigation, water supply and
energy purposes;

- Development and implementation of such measures, through which it will be
possible to restore and protect the coastline of the Black Sea, due to the reduction
of solid sediment from the rivers.

The fifth chapter presents a 10-year plan for the development of hydropower in
Western Georgia in 2021-2031, as well as a correlation and regression analysis,
and a long-term forecast for the development of the field is made. In the
conclusions, the results of the conducted research are summarized and the
author's suggestions for the better development of the field are given.

In modern management, mathematical, in particular, correlation and regression
methods are widely used, both in our country and in foreign countries.

The analysis method includes the following main stages:
1. Setting the task, economic analysis of the research object and mathematical
formulation of the task;
2. Selection of the most important operating factors;
3. Collection, analysis and initial processing of source information;
4. Construction and solution of the economic-mathematical model,
5. Analysis of the obtained results.
6. Setting the task is one of the main stages, where the essence of the problem is
formed and the ways of its solution are determined. After the economic analysis,
it is necessary to formulate the problem mathematically, in particular, it is
necessary to find the following formula

v=1f(x1, X, ... X,) (formula 4.)

The task is to reveal the nature and degree of influence of the arguments on the
function.

Factors affecting electricity production can be selected for the correlation and
regression analysis mentioned above. For example, the spread of operating
hydroelectric power plants in the region, first of all, category A, the amount of the
tariff, the level of electricity consumption and the dynamics, utilization of
renewable energies (wind, sun), improvement of the use of operating capacities,
various technological and managerial progress, etc. The ten-year (2021-2031)
energy development plan of Georgia was analyzed above. The main parameters
of the development of the sector defined in it, including the production of
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electricity, both in regulatory and flow-through hydroelectric power stations, the
document has been approved by the Government of Georgia and is obviously
subject to its implementation. It is also clear that the development of hydropower
in the region should be in accordance with similar parameters of the country. This
provision is particularly evident in the example of Western Georgia, where the
main part of the country's hydropower resources is concentrated. In accordance
with the above-mentioned three-year energy development plan of Georgia, we
have selected specific HPPs.

Table 11 shows the expected indicators based on the planning data of prospective
hydropower plants of Western Georgia for 2021-2031 according to individual
years and regional-administrative regions.

Table 8. Implementation of new capacities and their generation in the
western Georgia regions in 2021-2031

Regions Number of | Capacity, MW Generated
HPPs capacity, mln
KWh.

Abkhazia - - -
Svaneti 15 1518,3 4 896,2
Samegrelo 6 528,0 24455
Imereti 8 36,5 192,0
Racha- 16 809,7 3042,7
Lechkhumi
Guria 14 168,1 789,7
Adjara 4 453 181,0
Total 63 3 055,1 11483,1
Table 9. Commissioning of all HPPs in 2020-2031
Estimated commissioning | Installed capacity (MW) Generated capacity,
date min KWh.
2021 22,9 98,7
2022 111.0 630.0
2023 224.2 865,4
2024 522,0 1870,0
2025 660,0 3006,0
2026 10.0 70,0
2027 6.0 40,0
2028 912,0 2300.0
2029 - -
2030 357 1683
2031 230 920

3055,1 11483,1
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Table 12 shows that a total of 63 HPPs will be built in western Georgia during the
specified period. Their total capacity will be 3055.1 MW, generating 11483.1
million kWh.
Finally, the regression equation is

Y =-76.6013 + 0.03527X, + 1.0393X, (formula 5)
The obtained equation allows us to make a forecast of electric energy circuits in
West Georgia's HPPs in the period after 2031. in particular

Y203= -76,610,036 ¢ 3,0+1,04 « 86,0 = 12,9 bln KWh. (formula 6)
Y2033=-76,610,036 ¢ 3,5+1,04 « 86,5 = 13,5 bln KWh. (formula 7)
Yo034= -76,61+0,036 « 3,7+1,04 » 87,0 = 14,0 bln KWh. (formula 8)
Y2035= -76,610,036 ¢ 4,0+1,04 « 87,5 = 14,5 bln KWh. (formula 10)

Whwre, the magnitudes of x; in these years are 3,0; 3,5; 3,7; 4,0, respectively.
and x, - 86,0; 86,5; 87,0; 87,5.

The conducted research allows us to make the following conclusions and

suggestions:

e The conducted research showed us that the world still pays special attention to
the development of hydropower. In this regard, China has been the leading
country in recent years, which is about 2 times ahead of the country in second
place. Both medium and large hydroelectric power stations are being built and
operated here. The USA pays great attention to the construction of
hydroelectric power stations. The development of hydropower in this country
is based on the utilization of the existing potential, continuous financing of the
heavy industry and consideration of environmental requirements.

e The regional characterization of the hydropower resources of Western
Georgia showed us that Abkhazia, Imereti and Svaneti have the greatest
potential in this respect, Guria has relatively less potential, and it should be
emphasized that Western Georgia as a whole is a region rich in hydropower
resources. In this regard, it is outstanding not only in Georgia as a whole, but
it is ahead of neighboring and other countries by a number of indicators.

e Statistical comparative analysis of electricity generation in 14 main
hydroelectric power plants operating in Western Georgia in recent years
shows that the potential in Imereti region is better used, compared to less in
Guria. According to our estimation, if the average utilization of West
Georgia's HPPs in 2020 had not decreased and remained at the level of 2019,
526.5 million kWh could have been generated additionally. electricity, i.e. as
much as Vardnilh HPP generated this year. This clearly indicates the need to
continue working in this direction.

e The analysis shows that the utilization of energy, including hydropower
resources in Georgia is hindered by the unhealthy attitude of a certain part of
the society towards energy development. This is especially evident in the
conditions of Western Georgia. In this regard, it is enough to recall first
Khudoni Hesis, then Namokhvan Hesis, Nenskra Hesis and other examples. A
certain part of society is against the construction of not only medium and large
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hydropower plants, but also small hydropower plants.

We believe that full compliance with ecological requirements should be a
necessary condition in the construction of HPPs. However, it is also necessary
to realistically assess the situation. No project can be implemented without
energy development. In our opinion, the conscious participation of society in
energy development should be one of the strategic directions.

For sustainable provision of energy production with the necessary raw
material base, it is necessary to take into account the fact that this creates great
difficulties not only from a technical and technological point of view, but also
with the need to invest a large amount of capital investments. Therefore,
during the analysis of opportunities for the development of the energy
resources base, it is necessary to take into account both the reserves of
deposits under development and identified, as well as the predictable
resources. The latter is the basis for the development of the industry
development forecast. In order to correctly determine the development of the
food base, it is necessary to evaluate it not only quantitatively, but also
qualitatively and economically. This will allow us to understand the costs and
potential economic effects needed to absorb the energy supply base, as well as
the differentiation of energy resources according to economic advantage, and
in the final report to select the optimal options and appropriate terms and
order of commissioning. In order to make such a decision, it is also necessary
to have information about local resources and to know the current situation in
different countries of the world in order to justify the appropriateness of local
resources.

Hydroelectric power plants, like any other economic facility, have their
advantages and disadvantages. Certain natural and anthropogenic factors
cause changes in the parameters of the rivers of Western Georgia, and
therefore the changes are characterized by periodicity in time.

The construction of HPPs with regulatory reservoirs allows to increase the
quality of use of the river runoff and gives the object a complex character;
Hydropower construction, although it is characterized by high capital
capacity, but the annual operating costs of the HPP are 5-6 times lower than in
the case of thermal or nuclear power plants;

The main source for the development of the energy complex is the scale base
of energy resources, which determines the rate of development of the country.
At the same time, it is important to determine the appropriate use of energy
resources in relation to the socio-economic development requirements of the
region and the country as a whole.

During the analysis of the possibilities of development of the base of energy
resources, it 1S necessary to take into account both the reserves of deposits
under development and identified, as well as the predictable resources.

It is necessary to have information about local resources and to know the
current situation in different countries of the world in order to justify the
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feasibility of local resources.

The regional characterization of the hydropower resources of Western
Georgia showed us that Abkhazia, Imereti and Svaneti have the greatest
potential in this respect, Guria has relatively less potential, and it should be
emphasized that Western Georgia as a whole is a region rich in hydropower
resources. In this regard, it is outstanding not only in Georgia as a whole, but
it is ahead of neighboring and other countries by a number of indicators.

The strategic development of hydropower in Western Georgia, as well as in
Georgia as a whole, requires taking into account the sectoral and regional
peculiarities, namely: first of all, the goals that can be achieved in a
qualitatively new and progressive state should be defined in the existing
conditions, and based on the determination of priorities in the forecast results
of the essential energy potential, it should be established in the regional
market for its own energy products (electricity ) search for ways to increase
the number and competitiveness;

Both of the points mentioned above should fully comply with the state energy
policy existing in the country;

New hydropower facilities should provide the country's economy and
population with electricity at affordable prices;

Measures should be taken to improve the structure of hydropower production
in order to minimize the technological impact of hydropower construction on
the environment; regional hydropower development strategy and policy, in
addition to reflecting the overall energy development strategy and policy of
the country, should take into account the interests of the region's development,
the peculiarities of the utilization of local energy resources in the production
and consumption of energy, with the aim of ensuring energy security,
sustainable development and stability of the country and its regions.
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