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Legal basis of Ten Year Network Development Plan

Ten Year Network Development Plan of Georgia is elaborated according of “Law Of Georgia On
Electricity And Water Supply”

Author of Ten Year Network Development Plan

Ten Year Network Development Plan of Georgia is elaborated by the TSO of Georgia JSC Georgian State
Electrosystem (GSE) by agreement with agreement of transmission licensees Energotrans LTD and JSC
Sakrusenergo.

The consultations regarding use of information, materials and analysis given in in Ten Year Network
Development Plan, also about the implementation of requirements of this plan may be provided by
TSO. Tel.: +(99532) 2 510 202.

Email: archil.kokhtashvili@gse.com.ge;

giorgi.vakhtangadze@gse.com.ge.

The responsible persons:

Head of Strategic planning and analysis
department;

Giorgi Vakhtangadze, Head of Transmission
system planning service

The discussion and approval of Ten Year Network Development Plan
The plan discussed and agreed by the Government on March 5 of 2020 session.

The plan approved by the Minister of Economy and Sustainable Development of Georgia on March 20,
2020 by #1-1/145 order.

Ministry of Economy and Sustainable Development of Georgia, Georgian National Energy and Water
Supply Regulatory Commission the transmission system operator, electricity transmission licensees,
other agencies and interested took part in discussions of Ten Year Network Development Plan.

Action of Ten Year Network Development Plan
Ten Year Network Development Plan is obligatory implemented act.
The plan is designed for the period 2020 to 2030 (inclusive).
Licensees/subjects responsible for implementation of the plan are shown in Annex D-4.

The implementation of Ten Year Network Development Plan is controlled by the Ministry of Economy
and Sustainable Development of Georgia.



Document content

The current document is a printable English version of the ten-year network development plan of
Georgia for 2020-2030, which, unlike the Georgian full document, only includes the following sections:

Main document
1. Executive Resume;
2. List of existing and perspective power plants;

3. Identified projects and investment needs for Infrastructure strengthening.

Annexes

1. Cost estimates of planned projects;
2. Map of transmission network of Georgia.

Full version of the document is only available in Georgian language. To get its electronic version, please
see the link below from GSE's official web site:

http://www.gse.com.ge/sw/static/file/TYNDP GE-2020-2030 GEO.pdf
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1 Executive Resume

Electric power sector composes an important part of the national economy having enormous influence
on the social status of Georgia’s population, and therefore development of the energy infrastructure
constitutes the countrywide strategic goal.

The emerged cross-border electricity trade opportunities, high electricity demand growth and need for
evacuation of the energy generated by the planned power plants, call for investments in the
transmission infrastructure for ensuring adequate development of the network. Such objective targets
availability of the transmission network capable ensuring of the consistent response to generation and
demand growth by reliable and safe transportation of electricity, without any interruptions caused by
outage of any single network element.

This Ten-Year Plan presents the time-tagged program designed for reinforcing infrastructure of the
national transmission system, addressing the existing problems, responding to the future challenges
and implementing the opportunities. It assumes adequate evolution of Georgian power system
considering realistic scenarios and projects relevant to 2020-2030 time span.

The Ten-Year Plan aims at presentation and analysis of the future environment and reduction of
uncertainties to obtain plausible projections and establish unified and well-structured vision about
transmission grid development.

In general, development of the transmission system is a long-term process targeting reinforcement,
expansion and upgrading of the network in line with generation and demand growth.

This document covers all components relevant to the development of Georgian power system.
However, other projects that are not included in this Ten-Year Plan may also be reviewed in current
and/or subsequent years. In addition, some projects described herein may be modified, implemented
in shorter timeframes or delayed. All such changes will be accounted for in 2020-2030 version of this
plan.

The goal of GSE is development of stable, reliable, cost-effective and efficient transmission system
ensuring at any development stage:

e Security of Supply, network reliability, Power quality;

o Sufficient transfer capacity for fulfilling increased consumption, integration of renewable energy
sources into the network and power exchange with neighboring countries;

e Preparedness for integration into ENTSO-E’s Ten-Year Network Development Plan.

The reason of long-term development planning is explained by the need for the future transmission
network satisfying all applicable design requirements, main from which is single contingency (N-1)
criterion.

In case additional reasonable projects will be identified, they will be considered in the next Ten-Year
Network Development Plan of Georgia.

The planning process shall consist of the following major stages:

e Data collection;
e Data processing;



e Modelling;

e removing or mitigating any deficiencies;

e Preparation of the unified transmission grid development plan.
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Fig. 1.1 Preparation stages of Unified Georgian Transmission Network Development Plan

1.1 Data Management

Inputs for Ten year Plan include: Information on installed capacities, outputs, geographical locations,

categories and their commissioning years of the planned hydropower plants as well as decommissioning

dates of aged power plants represent; forecasted characters of consumption growth in power system;

agreements with neighboring countries about construction of cross-border infrastructure; Assignments

from Ministry of Economy and Sustainable Development of Georgia and memorandums of Georgian

government, based on which changes in projects are implemented; Minimal technical requirements on
power plants and their units and specific requirements on back-to-back stations.

1.2 Planning Period
The planning period was divided into the following three time spans:

Short-Term Planning Period extended over 3 years after the base year (2019), i.e. the period of

2020-2022.

2. Mid-Term Planning Period, covering 4" and 5" years from the base year (2019), i.e. the period of

2023-2024.



3. Long-Term Planning Period, including 6™ to 10" years from the base year (2019), i.e. the period
from 2025 to 2030.

1.3 Operating strategy, security of supply and adequacy level of Power system
Operation strategy. For purposes of analyzing power system security and designing appropriate control
systems, it is helpful to conceptually classify the system-operating conditions into five states: normal,
alert, emergency, in extremis and restorative.

Normal

Restorative

Fig. 1.2 Power system operating states

In the normal state, all system variables are within the normal range and no equipment is being
overloaded. The system operates in a secure manner and is able to withstand a contingency without
violating any of the constraints. This means there are enough reserves of generation in power system
as well as enough reserves of transmission system capacity. System meets N-1, G-1 and N-G-1
conditions.

The system enters the alert state if the security level falls below a certain limit of adequacy, or
if the possibility of a disturbance increases because of adverse weather conditions such as the approach
of severe storms. In this state, all system variables are still within the acceptable range and all
constraints are met. However, the system has been weakened to a level where a contingency may cause
an overloading of equipment that places the system in an emergency state. If the disturbance is very
severe, the in extremis (or extreme emergency) state may result directly from the alert state.

Preventive action, such as generation shifting (security dispatch) or increased reserve, can be
taken to restore the system to the normal state. If the restorative steps do not succeed, the system
remains in the alert state.

The system enters the emergency state if a sufficiently severe disturbance occurs when the
system is in the alert state. In this state, voltages at many buses are low and/or equipment loadings
exceed short-term emergency ratings. The system is still intact and may be restored to the alert state
by the initiating of emergency control actions: fault clearing, excitation control, fast-valving, generation
tripping, generation run-back, HVYDC modulation, and load curtailment. If the above measures are not



applied or are ineffective, the system is in extremis; the result is cascading outages of possibly a shut-
down of a major portion of the system. Control actions, such as load shedding and controlled system
separation, are aimed at saving as much of the system as possible from a widespread blackout.

The restorative state represents a condition in which control action is being taken to reconnect
all the facilities and to restore system load. The system transits from this state to either the alert state
or the normal state, depending on the system conditions.

Whenever all elements are in normal state as well as all parameters are within their normal
range, operation of Georgian transmission network corresponds to the “alert state”. Therefore, the
most critical problem of Georgian transmission network is security of supply and leitmotif of
transmission network development within next ten years will be security of supply and its
improvement as well as upgrade of system reliability.

1.4 Bottlenecks and Development Drivers of Georgian Transmission Network

Main network bottlenecks. Georgian transmission network is predominantly oriented from west to
east. The most of the energy is generated in the west part of the country (total installed capacity of the
HPPs located at the west amounts to 2080 MW), with the main consumption in the east part (Tbilisi-
Rustavi node). Such imbalance is especially explicit during spring and summer, when due to the high
water flows available in Georgian rivers, the thermal power units located at the east (near Gardabani)
are not operated, and the power flows in the west-to-east direction.

The problem is faced in the west part of the system (500/220 kV mains along Enguri-Zestaponi route)
during tripping of 500 kV OHL Imereti, because 220 kV mains are unable to transfer full load flow.
Cross border lines of Georgian transmission network are not basically backed-up and their outages
create risk of emergency. Furthermore, there are several 220 kV dead-end lines trip of which is some
threat for system stability.

In the recent years, following the power consumption, the peak loading of substations has increased
sharply, especially in Thilisi and Batumi nodes. N-1 criteria is not fulfilled in some substations, which
means the restriction of the consumers will be necessary in case of outage of one of the transformers.

Below are listed weaknesses experienced along this route:

e Non backed-up Interconnetion lines:
Kavkasioni, 500 kV;
Gardabani, 330 kV;
Alaverdi, 220 kV;
Meskheti, 400 kV;
o Adjara, 220 kV;
e Radial/inadequately backed-up Network of West Georgia:
o Imereti, 500 kV;
Zekari, 500 kV;
Autotransformer at Enguri, 500/220 kV;
Egrisi 1,2, 220 KV;
Kolkhida 2a, 220 KV;
Kolkhida 2, 220 KV;
e Batumi supply grid:
o Paliastomi 1,2, 220 KV;

o O O O

O O O O O



e 220 kV grid of Shida Kartli, backed-up inadequately:

o Surami;
o Urbnisi;
o Liakhvi;
o Aragvi;

e Dead end transmission lines:

o Kolkhida 3, 220 KV;
Derchi, 220 KV;
Lomisi, 220 KV;
Manavi, 220 KV;
Paravani, 220 KV;

o Sno (Ksani— Dariali HPP), 500 KV;

Development Drivers. The Georgian Transmission Network were designed for parallel operation with

o O O O

the North Caucasus and Armenia/Azerbaijan power systems. Specifically, generation of the HPPs
located in the West Georgia was transmitted to Russia, while the power plants located in the East
Georgia were supplied with fuel from Azerbaijan.

After Georgia re-gained independence, prices for fuel supply for thermal units of Georgia grew much,
and currently eastern part of Georgia is supplied with power from the HPPs located at the west.
Meanwhile, Turkish energy markets becomes steadily attractive entailing construction of the HVDC
back-to-back station in Akhaltsikhe, as well as encouring the majority of the greenfield projects that are
under development in Georgia. Due to its geographical location, Georgian transmission network may
be used for energy transit between 1) Russia and Armenia/Iran, 2) Azerbaijan and Turkey, 3) Russia and
Turkey, and 4) Armenia/lran and Turkey.

Georgian power system endures acute shortage of operating reserves resulting in law power quality in
isolated regimes. In addition, when any large power unit fails, emergency control system initiates load
shedding. For dealing with such situation, sufficient operating reserves shall be provided by both
construction of regulated hydro power plants (with water storage) and Thermal power plants as well as
rehabilitation of the existing generation facilities.
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Fig. 1.3 Map illustrating development drivers of Georgian electric power network

Assuming above, the main development drivers of Georgian transmission network development
drivers will be targeted to:

« Transmission of the existing generation;

« Fulfillment of single contingency (N-1) criterion (improvement of reliability)

« Reclamation of the new energy resources / integration of new HPPs into the network;
« Increasing network potential with respect to power transit;

« Establishment of reliable power supply centers for promoting development of potential
production/tourist centers;

« Responding to the (naturally) increasing demand in the power system;

« Replacement of the aged thermal units with flexible and cost-effective combined cycle thermal
power plants;

« Provision of sufficient operating reserves;
« Improvement of the power quality.




1.5 Forecasted Energy and Capacity Balances
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At present, total installed capacity of electric power plants operated in Georgia amounts to 4246 MW.
From this, 2381 MW is generated by the so called “regulated” HPPs (with water storage), 919 MW by
“seasonal” (run-of-river) HPPs, 110 MW by Gas Turbines, 21 MW Wind farms and 815 MW by thermal
power plants and combined-cycle gas turbines (Fig. 1.4). Roughly 78% of the total in-country installed
capacity is provided by HPPs, including 56% generated by regulated hydro power plants.

For 2030, the total installed capacity available in Georgian power system will grow to 9740 MW (Fig.
1.5). From this, 4097 MW will be attributed to regulated HPPs, 2438 MW to seasonal HPPs, 1330 MW
to Wind Power Plants, 520 MW to Solar Power Plants, 110 MW to Gas turbines and 1245 MW to high
efficiency combined cycle as well as coal thermal power plants, which will replace the older Gardabani
TPP’s Units Nos. 3,4 and 9. For 2030, percentage share of hydropower in total national installed capacity
will grow to 67%, including 42% regulated hydro power plants. This will ensure use of the water stored
during flood season for low flow periods, thus reducing dependence on import of electricity and fossil
fuels necessary for operation of thermal power plants.

It is noteworthy that share of wind and solar power plants for 2030 will be approximately 18% and
furtherly will go to increase during next years.

Base of load and generation growth, the annual energy balance of Georgia for all the scenarios has been
drawn up. Below is given balance of energy for the scenario (fig 1.6) considering on time integration of
all prospective power plants into the grid and annual consumption growth of 5%.
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Fig. 1.6 Georgian generation, consumption and export graphs for L3G3

Summary. Based on forecasted balances presented above, it may be concluded that construction of the
new cross-border lines with neighboring states is necessary. The most critical period in terms of
intensity of the power export is flood season, including so called Summer Maximum and Summer
Minimum regimes.

1.6 Development Scenarios and Methodology

Planning scenarios are defined to represent the future environment. Scenario analysis is necessary to
obtain realistic picture of a future. Scenarios are means to approach the uncertainties and acknowledge
interaction between these uncertainties.

Each scenario encompasses several planning cases, i.e. particular situations that may occur within the
framework of the specific planning scenario.

At least the following three time horizons shall be considered:



=  Short-term horizon (typically 1-3 years);
=  Mid-term horizon (typically 4-5 years);
= Long-term horizon (typically 6-10 years).

Investments encompassed for transmission network reinforcement which correspond transmission
network development plan should include all the represented cases and should encompass

commissioning dates of new network elements.
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Fig. 1.7 Process of technical analysis of the scenarios

Analysis and network impact tests shall be performed for each design case to identify future problems
and adequate technical requirements for network reinforcements. The line of critical importance for
the country is selected based on requirement of fulfilling N-1 criterion without the need of shedding

the customer loads.

The following studies have been performed for checking the planned network reliability status:

o Power flow analysis
o Short circuit analysis
o Voltage analysis

» Stability analysis
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