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1 Introduction to the Georgian Power Sector

Located at the eastern shore of the Black Sea, Georgia has historically played an important
role in the Caucasus region. As part of the “Silk road” trading route, Georgia was an economic
and cultural centre between Asia and Europe. Shortly after the Republic of Georgia was formed
in 1918, the country became part of the Soviet Union in 1921. Independent since 1991, Georgia
shares a border with Russia to the north, Turkey and Armenia to the south and Azerbaijan to
the east [1]. As of 2018, the country stretches over a surface of 69,700 km? including the
occupied territories of Abkhazia and the region of South Ossetia, and has a population of 3.7
million. The majority of the population (1.2 million) lives in the capital, Thilisi [2][3]. In the last
years, Georgia’s economy has suffered from several shocks, especially during the world
financial crisis of 2008. The country has since recovered and has a steadily growing economy
with an annually GDP growth rate between 4% and 5%. This growth is supported by the
expansion of domestic consumption and export quotas. The main industrial sectors are
agriculture and mining, but other sectors exist as well [1].

Figure 1. Map of Georgia
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1.1 Electricity Sector Overview

In 2019, Georgia’s total installed electrical capacity was 4,097 MW. It is mainly composed of
thermal power plants (TPPs), hydropower plants (HPPs) and wind power plants (WPPS)
[4][12]. Figure 2 shows the major shares of different power generation technologies in Georgia
by source and the installed capacity of each type.

81% of the electricity in Georgia is generated by HPPs [6]. However, only about 60% of the
existing HPP capacity is able to reach its energy generation potential due to deteriorated
equipment [6]. Nine HPPs with an additional electricity production of 0.39 TWh/a were planned



to go operational in 2019 or earlier, but this has been postponed for months or even years due
to geological and legal issues as well as due to civil protests [7] [5].

The untapped potential of hydropower in the country is estimated to be up to 80 TWh/a, 75%
of which could be economically attractive to develop [16]. Developing this capacity could boost
Georgia’s economy and increase the country’s electricity exports generated by hydropower
during the summer. Taking into consideration the electricity consumption of an entire year,
however, Georgia is likely to stay a net importer. This is due to the growing electricity
consumption per capita and a gap between generation and demand of electricity in the
industry, which is to reach up to 3 TWh in 2025 [19]. Between 2016 and 2018 energy
consumption in Georgia grew by 6%, while domestic generation increased by only 5%. This
has forced the country to triple energy imports, putting increasing pressure on the Georgian
power sector, and has made the country increasingly dependent on its neighbouring countries
Russia, Azerbaijan, Turkey and Armenia [8] [7]. Commercial energy trading is conducted by a
state-owned commercial institution called ESCO, “Electricity System Commercial Operator”
[18]. It shall be noted that grid losses lead to a discrepancy of 1.92% between total grid
injections and withdrawn power (equal to 258.15 GWh), which is lower than in neighbouring
Russia where losses in grids reach up to 10% [10].

In early 2014, new modern high-voltage lines (500 kV) were installed throughout the country
to enable the synchronization of the Georgian power grids with Russian and Armenian ones
[18]. Therefore, Georgia is now able to export, import as well as transit electricity across
borders and could potentially become a hub for electricity trade in the Caucasus region [58].

Besides wind and hydropower, Georgia is known to have a significant potential for two other
renewable technologies: geothermal plants and solar energy. The potential for energy
production (heat and power) with geothermal plants is said to be 3 TWh/a, the potential of solar
energy is estimated to be 60-120 GWh/a [26].

Figure 2: Total installed power capacities in MW in Georgia by generation technology, 2019

TPPs 925
Mw

WPPs 20
Mw

Total of
S 4097 MW

Reservoir HPPs
1.992 MW

Seasonal
HPPs 982
Mw

Source: GSE 2019 [12]
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Figure 3: Total annual generation in TWh and in % in Georgia by generation technology, 2019

TPPs 2,1 TWh
17%

WPPs 0,1 TWh
1%

Small HPPs

0,7 TWh 6%
12,1 TWh

Reservoir
HPPs 5,8 TWh
48%

Seasonal
HPPs 3,4 TWh
28%

Source: TBC Capital, energy sector overview 2019 [34]

1.2 Grid Infrastructure

The Georgian transmission network has different voltage levels, varying from 6 to 500 kV, but
most distributors (DSOs) operate networks with a voltage of 110 kV or less. As previously
stated, Georgia, being a net importer of energy, is connected to the power systems of
neighbouring countries through 110-500 kV power lines. In 2015, the “First Edition of the Grid
Development Plan” was approved by the government, which ensures continuous improvement
of the grids and the integration of new generation capacities. During the last years, the quality
of the grids has indeed been significantly improved to manage growing domestic demand,
reduce power outages and facilitate export and energy traffic (transit). [18][19]

Import and export of electricity is facilitated by the 220 — 500 kV power lines which are operated
by the Transmission System Operator (TSO). Currently the maximum cross border
transmission capacity is at 700 MW via 500 kV lines. Construction of additional power lines is
already planned to increase energy trade between Georgia and its neighbours [18].

11



Figure 4: Georgia’s Power supply and main high voltage infrastructure for energy trade
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Source: JSC Georgian State Electrosystem (GSE-TSO), Power flow [11]

1.3 Off-Grid Energy Generation

Georgia has a well-developed power grid system and most settlements are connected to it.
However, there are some remote villages which depend on off-grid electricity. The
“USAID/Energy Program” supports the Regional Development and Infrastructure Ministry of
Georgia in its objective to supply 87 mountainous villages with off-grid PV solutions. The goal
is to equip 178 families with 1.5 kW PV-systems each until 2020 [37]. However, there is further
potential for off-grid generation, e.g. agricultural areas could benefit from a better electricity

supply.

1.4 Electricity Market Stakeholders

Georgian energy sector stakeholders include both private and state-owned companies that are
producing, transmitting and distributing energy. The commercial activities of these companies
are regulated by a state commission called GNERC (Georgian National Energy and Water
Supply Regulatory Commission, see chapter 1.4.2). Activities, functioning and the economic
relationship between all market participants are defined by the “Law of Georgia on Electric
Energy and Natural Gas” [29]. and by the “Electricity (Capacity) Market Rules” [32]. All market
participants are called “qualified enterprises” and their specific roles are described in detail in
separate legislative acts.

The stakeholders of the electricity market can be grouped into several categories which are
defined by the “Law of Georgia on Electricity and Natural Gas” [29]:

12



e Government (Ministry) and legislative bodies: Ministry of Energy and Natural
Resources of Georgia (MENR), responsible for policies and facilitating investment
projects

e Independent federal regulator: GNERC, issuing licenses and setting electricity rates
e Power generating companies/licensees: “Engurhesi”, JSE “Energo Pro-Georgia”
e QOperators of regulated and semi-regulated power plants (see 1.4.3 for more details)

® Deregulated operators of power plants (see 1.4.3 for more details)
o Small installed capacity (up to 13 MW)
o Power plants built after August 1%, 2008

e National transmission and technical service operator: (TSO)-JSC “Georgian State
Electro System”

e Regional distributers/licensees: JSC “Energo-Pro Georgia”, JSC “Telasi”
® Licensed dispatching companies

® Customers (retail or “direct” customers)

e Licensed importers and exporters /exporter licensees

e Federal Electricity System Commercial Operator (ESCO), a technical-commercial
commission that has an exclusive right to conduct trading with the providers of
guaranteed reserve sources (see 1.4.3) according to the “Electricity Market Rules”[32]

The roles and responsibilities of some of the key stakeholders are described in the following
sections.

1.4.1 Ministry of Energy and Natural Resources (MENR)

The Ministry of Energy and Natural Resources of Georgia determines the overall energy policy
and is responsible for the strategic planning and design of Georgia’s energy sector [38]. It is
mainly responsible for the legislative framework of the energy sector and is monitoring its
technical and economic conditions. Regarding the renewal of energy infrastructure, the MENR
coordinates a state program targeting the capacity increase in selected areas of the energy
sector (generation, transmission, etc.). Moreover, the ministry oversees the “deregulation”
process of the Georgian electricity market. The implementation of RES as well as attracting
foreign direct investments (FDI) in this sector is driven by the MENR as well.

1.4.2 GNERC

The Georgian National Energy and Water Supply Regulatory Commission (GNERC) is the
national body responsible for the regulation of electricity, natural gas and water supply
services. According to the “Law on Electricity and Natural Gas” [29], clauses 4 and 24, the
commission has the following responsibilities:

® |[ssuance of licenses for energy-related operations (energy generation, transmission,
dispatching, distribution as well as import and export-related operations)

e Establishment of rules and standards for energy-related operations

13



Stipulation, calculation and regulation of the wholesale and retail electricity tariffs for
energy-related operations

Regulation and establishment of energy tariffs for the end consumers as well as a
marginal tariffl. These tariffs are also defined by the Decree 33 “On the Tariffs of
Electricity” [30].

Control and monitoring of activities relating to mandatory certifications in the energy
sector

Protection of consumers from monopolistic prices, especially in areas without a
competitive market

The legislative foundation for all powers and obligations of the Commission is stipulated in the
“Law on Independent National Authorities”.

1.4.3 Electricity Producers

There are different types of electricity generating companies in Georgia. They can be
distinguished in terms of power generation sources, installed capacity and the type of
regulation that applies to them [22]. The true costs of electricity production vary by power plant
and details are not made public. However, the GNERC sets a ceiling tariff, which sets an upper
limit to the potential gross margins which producers can achieve by selling generated electricity
on the wholesale market:

Regulated power plants (s.a. “Enguri’, “Vardnilli”, “Krhhami-1”, “Krhami-2”) are
operating under a license and sell their energy for fixed rates, both regulated by the
GNERC.

Semi-deregulated seasonal power plants (s.a. “Jinvalhesi’, “Vartsikhehesi” and
“Rionhesi”) operate under licenses and tariffs determined by the GNERC.

Guaranteed Capacity Sources (GCs) represented by TPPs (such as “Mtkvari
Energetika”, “G Power”) operate under GNERC licences and sell energy based on
direct contracts. They are bound to ceiling tariffs set by the GNERC and therefore
secure the stability and reliability of the country’s energy system. Projections of monthly
generation and energy trading volumes are conducted by ESCO. As of January 2020,

there are five Georgian TPPs.

The “Law on Electricity and Natural Gas”, Art. 2, defines “deregulation” as a right to
engage in “tariff-free activity” and “transmit energy freely”. Deregulated plants are either
smaller than 13 MW or were built after August 1%, 2008 (except thermal power plants
categorized as company capacity sources). Such power plants have a generation
licence and can sell electricity for a freely negotiated price, either on the wholesale
market to ESCO, to the retail market, or to exporters (see 1.5).

Micro-generation: power plants with less than 100 kW installed capacity per unit are
defined as microgeneration. According to GNERC, the total installed power capacity of
micro-generators was 153 kW in 2016.

In 2019, the Georgian power plant park consisted of seven regulated HPPs with an overall
installed capacity of 2.049 MW. Moreover, there are 16 seasonal and 57 small hydropower

1 In Georgia, the upper marginal tariff is the ceiling tariff or upper price/tariff limit
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plants (total installed capacity 901 MW and 205 MW respectively), five TPPs of 901 MW and
one WPP (20 MW) [25] [34].

According to the Ministry of Energy and the “Electricity System Commercial Operator” (ESCO),
Georgia has 40 power generating companies, most of them private. The majority of these
companies operates HPPs, only five of them operate TPPs. Four of those five companies hold
a separate generation license for the provision of guaranteed capacity, namely the
“International Energy Cooperation”, “Georgian Power”, “Mtkvari Energetika” and “Gardabani
Power Plant” (which was formed by the “Georgian Oil and Gas Corporation”) [56].

The largest company operating regulated HPPs, with a total installed capacity of 1.3 GW, is
the state-owned “Enguri” (or “Engurhesi”). Enguri generates over a third of the electricity in
Georgia [6] [8] [34]. There are also two large HPPs, “Khrami HPP-1" and “Khrami HPP-2" with
a total installed power capacity of 227 MW, which belong to the Russian “Inter RAO”. These
HPPs operate on Georgian territory and are therefore included in the country’s power balance
[7]. The “Georgian Industrial Group” (GIG) owns different types of power plants with an overall
capacity of 663 MW (approx. 16% of the total installed capacity of the market). The third largest
share of capacity is held by the Czech “Energo-Pro Georgia”, which manages 592 MW (approx.
15%) of Georgia’s installed capacity. The abovementioned remaining energy producers hold
less than 10% of the market. The following

Table 1: Producers of electricity in Georgia

Qualified Installed Capacity
Power Plant Company Largest Power Plants v

"Vardnili Hydroplant Cascade" Ltd Vardnilhesi
2 "Mtkvari Energy" Ltd Gardabani Energy Unit #9 300
3 "Eastern Energy Corporation" Ltd Khadorhesi 24
4 "Georgian Water and Power" Ltd Zhinvalhesi 130
5 "Engurhesi" Ltd Engurhesi 1300
6 "G-Power" Ltd Airturbine 110
7 JSC "Khramhesi-1" (Inter RAO) Khrami-1 113
8 JSC "Khramhesi-2" (Inter RAO) Khrami-2 110
9 "Vartsikhe 2005" Ltd Vartsikhehesi 184
10 "International Energy Corporation Thilsresi 270
of Georgia" Ltd
11 JSC "Energo-pro Georgia Generation" Dzevruli 270
12 "Energy" Ltd Larsihesi 19
13 "Georgia-Urban Ener;ji" Ltd Paravanihesi 87
14 "Gardabani Thermal Power Plant " Ltd Gardabani Thermal 231
Power Plant
15 "Saknakhshiri" Ltd Tkibuli Thermal 13
Power Plant

gives an overview of all electricity producing companies and their most important power plants.
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Table 1: Producers of electricity in Georgia

Quallfled Installed Capacity
Power Plant Company Largest Power Plants MW

"Vardnili Hydroplant Cascade" Ltd Vardnilhesi
2 "Mtkvari Energy" Ltd Gardabani Energy Unit #9 300
3 "Eastern Energy Corporation" Ltd Khadorhesi 24
4 "Georgian Water and Power" Ltd Zhinvalhesi 130
5 "Engurhesi" Ltd Engurhesi 1300
6 "G-Power" Ltd Airturbine 110
7 JSC "Khramhesi-1" (Inter RAO) Khrami-1 113
8 JSC "Khramhesi-2" (Inter RAO) Khrami-2 110
9 "Vartsikhe 2005" Ltd Vartsikhehesi 184
10 "International Energy Corporation Thilsresi 270
of Georgia" Ltd
11 JSC "Energo-pro Georgia Generation" Dzevruli 270
12 "Energy" Ltd Larsihesi 19
13 "Georgia-Urban Enerji" Ltd Paravanihesi 87
14 "Gardabani Thermal Power Plant " Ltd Gardabani Thermal 231
Power Plant
15 "Saknakhshiri" Ltd Tkibuli Thermal 13
Power Plant
JSC “Dariali Energy” Dariali Hesi
17 “Qartli Wind Farm” Ltd Qartli Wind Farm 21
18 “Achar Energy-2007” Ltd Khelvachauri 1 HPP 47
Kirnati HESI 27
19 “Adjaristsqali Georgia” LTD Shuakhevi HESI 179
20 “Old Energy” JSC Old Energy HESI 21
Mestiachala 2 HPP 30
21 “Svaneti Hydro” JSC
MESTIACHALA 1 HPP 20

Total 32 PP with capacity (MW) 4026



Source: ESCO, generation licensees [45]

1.5 Energy Transmission and Distribution

1.5.1 Energy Transmission and Dispatching Companies

Two licensed TSO’s, "Georgian State Electro System” JSC (100% state-owned) and JSC
“Sakrusenergo” (50% state-owned), transmit locally produced or imported energy to
distribution companies, direct customers or neighbouring countries. These TSO’s are not
allowed to purchase or sell electricity. The licenses and rates these companies are bound to
are set by the GNERC.

e “GSE” (“Georgian State Electrosystem” JSC) and its subsidiary “Energotrans Ltd.” are
electricity transmission system operators owning 141 power lines of
500/400/220/110/35 kV with a total length of 4,300 km and about 100 transformer
substations [22]. “GSE” owns the major share (77.9%) of the transmission facilities in
Georgia. The company also manages cross-border grids and provides transmission
and exclusive dispatch services to about 50 companies [24]. As the major technical
operator in Georgia, “GSE” ensures reliable power supply and technical maintenance
of equipment and grids [22].

® “SakRusEnergo” JSC is a joint Russian-Georgian company. It owns the high-voltage
500 kV power lines.

The energy transmitted by the TSO'’s has the following destinations:

® 83% of the generated energy is transmitted to distribution companies
® 11% goes directly to customers

® 6% is exported.

Georgia’s “National Control (Dispatch) Centre” (NCC) is located at GSE headquarters in the
center of Thilisi. The NCC is equipped with modern technologies and metering systems,
controls the operation of the Georgian power system and is important to the overall reliability
of it. Due to access to real or near real time data from its substations, “NCC” is able to react
quickly in the case of system failures or other emergency situations [22].

1.5.2 Distribution System Operators (DSOs)

All licensed Distribution System Operators (DSOs) in Georgia are privately owned and are
players on the retail energy market. Distribution companies are buying energy on the wholesale
market from other qualified enterprises based on direct contracts or through ESCO. DSOs are
obliged to distribute electricity through their own grids from energy producers to consumers.
Since 2017, access to the DSO grids is granted to third parties by the “Law on Electricity and
Natural Gas” Art. 46. Therefore, energy producers are now also able to sell electricity directly
to retail or wholesale customers (direct customers or “eligible” customers) through the grids of
distributor licensees [39]. DSOs typically own grids ranging from 0.4 kV (low voltage), medium
(35-110 kV) to high voltage (110kV). The following 3 DSOs are the dominant players [22]:
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e JSC “Energo-Pro Georgia”: The largest DSO in Georgia owns grids ranging from 0.4
to 110 kV. The company is active in all regions except in Tbsilisi and the Kakheti
regions. Aside from distributing energy, Energo-Pro also produces electricity and

provides technical services to its 850,000 customers.

e JSC “Telasi” is the second largest DSO, owning grids which range from low to high
voltage (0.4 to 110 kV). The company delivers electricity to 416,500 customers. Other
activities include technical, transit, billing and payment services to other service

organizations.

e JSC “Kakheti Energy distribution” is an energy distributor servicing 117,058 customers.
It is the only DSO active in the Kakheti region with grids ranging from 0.4 to 110 kV.

Figure 5: Market share of the DSOs in the retail market

Telasi; 33%

Kakheti
Energy
Distribution;

5%

Energo-Pro
Georgia; 62%

Source: KPMG Power Sector Overview Georgia [22]
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1.6 Other Stakeholders

Direct Customers

Direct customers (also called “eligible” customers) are defined by Decree 144 “On the approval
of mandatory Criteria for the Direct Consumer of Electricity” and are mainly large institutional
electricity consumers. Certain requirements have to be fulfilled, e.g. regarding the point of
network connection (voltage level) or monthly consumption of electricity, to be considered a
direct customer. Direct customers receive electricity through 35-110 kV grids and consume on
average at least 5 million kwWh per month. They may purchase energy via direct contracts with
qualified energy producers such as the ESCO or generate their own electricity [33].

There are restrictions regarding energy trading capabilities of direct customers. They are only
eligible to trade electricity (capacity volumes) on the wholesale market if the capacity does not
exceed 1 MW (for 2017). Moreover, they cannot act as wholesale customers and retalil
customers at the same time. The number of direct customers has increased significantly during
the year 2019 because non-residential customers that had previously bought electricity from
the retail market were now granted the right to benefit from lower prices on the deregulated
wholesale market.

Tariff Customers/Retail Customers

Retail or tariff customers form the second customer category in Georgia. They are regionally
bound to DSOs and purchase electricity at a fixed rate set by GNERC. The Directives
2003/65/EC and 2009/72/EC, also known as the “3" Package” state that tariff/retail customers
are not allowed to switch energy suppliers (the only exception is that customers may purchase
electricity from power plants < 13 MW). Due to attempts to harmonize Georgian legislature
with EU directives, this directive is currently under revision. Since the “3'" Package” aims to
unbundle power distribution and generation, it will have a major structural impact on the
Georgian energy sector [49].

Electricity importers

According to the “Law on Electricity and Natural Gas” [29], an importer is “the one who [...]
receives energy from abroad and sells energy abroad, and/or consumes electricity
(capacity)”. These activities are not subject to licensing. For all activities like registering with
the dispatch licensee, selling the imported energy to qualified enterprises or own consumption,
a direct contract is necessary. GNERC determines the upper marginal tariff for energy sold by
electricity importers which is also based on direct contracts.

Electricity exporters

According to the “Law on Electricity and Natural Gas” [29], an exporter is “the one who sells
electricity/capacity abroad at the point of delivery”. Exporting energy is not subject to GNERC
licensing. Similar to importing, a direct contract is necessary for all activities like registering
with the dispatch licensee or reselling energy for export and electricity transmission. On the
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wholesale market the exporter purchases electricity from another qualified energy producer or
from ESCO.

1.6.1 Electricity System Commercial Operator (ESCO)

The “Electricity System Commercial Operator” (ESCO) plays a crucial role for the operation
and development of the Georgian electricity market. ESCO is fully owned by the “JSC
Partnership Fund”, a state-owned investment fund established in 2011.

ESCO is responsible for the uninterrupted and reliable power supply and plays hence a key
role for the stability of the Georgian Electricity Power Sector. Among its duties as the
commercial market operator are balancing electricity on the wholesale market (see 1.8.3),
balancing guaranteed capacity and identifying electricity import/export needs. The share of
balancing electricity trade on the wholesale market through ESCO is 20% to 30% and is based
on direct contracts. The remaining electricity consumption is contracted by the DSOs. For
direct customers, the energy producers sign bilateral contracts with large electricity consumers
or distribution companies assisted by ESCO. The tariff of every commercial transaction
depends on the status and the type of qualified energy stakeholder (regulated/deregulated,
transmission, distributer) and is based on Decree 33. Every qualified enterprise pays a fee of
0.019 Tetri (0.06€ct) per generated, consumed, imported and exported kWh. The service fee
finances ESCO and is also determined by Decree 33 (Art 5) [35].

ESCO operations are defined by the “Law on Electricity and Natural Gas” [29] and the “Order
on the Approval of Electricity (Capacity) Market Rules” [32]. In brief, the main functions of
ESCO are [22]:

e Purchase and sale of “balancing electricity (capacity)” and management of the
electricity trade between Georgia and neighbouring countries

e Trade with guaranteed capacity in accordance with the “Law of Georgia on Power
Industry and Natural Gas and Electric Power (Capacity)” and the “Market Rules”

e Inspection of meters used in wholesale trade

e Set up and operation of a unified data base on the volume of electricity traded on the
wholesale market

e Submission of information on the final settlement between the consumers and energy
sellers

e Support construction of new hydro power plants

1.6.2 Electricity Generation and Demand

During the last decade, there has been a steady increase in energy demand and consumption
in Georgia. In 2017 the consumption grew by 8% (compared to 2016) and reached 11,876
GWh in 2019 [44]. According to the information given by the Report “TBC Capital” [34], the
growth in energy consumption was mainly driven by the tourism industry.

While Georgia had been a net electricity exporter between 2007 and 2011 [22], the country
has for most years since 2012 become a net importer of electricity (see Figure 6). Major
volumes are exported to Turkey, imports are mainly from Russian and Azerbaijan. Energy
exports only occur during specific seasons and are expected to grow as soon as the new
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HPPs, currently under construction, enter the market. However, even with the new HPPs,
Georgia is unlikely to fully cover its demand with domestic generation. According to the
estimations of “TBC Capital”’ the per capita consumption in Georgia increased by 5.4% in the
past six years (CAGR) and has reached 2.87 MWh per capita in 2018. It is expected to grow
further, reaching 3.67 MWh per capita in 2023 [34]. Simultaneously, the “Invest in Georgia™
information platform expects the energy deficit to reach 3 TWh by 2025 [18]. According to
“Invest in Georgia”, only 25% of Georgia’s potential energy sources are being exploited,
leaving much of the country’s energy potential untapped. This potential includes mostly
hydropower but also wind, PV, geothermal and biomass energy [18].

Figure 6: Domestic energy generation and consumption in Georgia in 2014-2019 in TWh
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Source: eclareon 2020, based on ESCO 2020

Electricity generation remains a key challenge for the Georgian energy sector. Every year
between September and April domestic electricity generation cannot meet demand and
consumption. This deficit occurs due high electricity demand in the winter months, combined
with the seasonal fluctuation of hydro generation (79% of total supply in 2017). These seasonal
changes in generation are caused by Georgian climate and weather conditions: in winter
glaciers form which then melt in summer and feed the rivers/discharge water into the hydro
reservoirs, see Figure 7 [19]. During September and April, Georgia is therefore dependent on
energy imports, primarily from Azerbaijan and Russia. In 2017, the volume of imported
electricity from the two countries was 1,497 GWh [19]. In summer, when energy production
exceeds demand, the surplus is exported to Turkey, Armenia and Russia. In 2017, Georgia
exported 686 million kWh. In 2018, the electricity imports exceeded exports by a factor of 2.6
[48]. The installation of the new HPPs could help Georgia to cover more of the seasonal gap
between energy generation and consumption as well as decrease its energy dependence from
neighbouring countries.

2 Invest in Georgia is a website that is providing data, including energy data, with the aim of attracting FDI.
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Figure 7: Seasonal impact of electricity generation and demand in TWh (month) in Georgiain
2018.
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1.7 Electricity Markets

1.7.1 Wholesale Electricity Market

According to Art 22 of the “Law on Electricity and Natural Gas” [29], the Georgian wholesale
market is based on direct bilateral, short or long-term contracts balanced, supported,
registered and scheduled by or through ESCO (see 1.4). As a mediator between electricity
producers and consumers, ESCO plays an important role on Georgia’s wholesale energy
market (also see Figure 8).

Energy actors have to comply with the “Electricity Market Rules” [32], and are bound to tariffs
(Decree 33) set by GNERC.

Producers of electricity and importers may sell electricity on the wholesale power market to
any other of the following market players (or so-called qualified enterprises/customers):

® large direct electricity consumers (direct wholesale consumers, industrial customers)

e (distribution licensees (companies / distribution companies (DISCOs or DSOs)) which
are retailers purchasing electricity on the wholesale market

e ESCO (“Guaranteed Capacity” (GC)) or “Balancing Electricity” trading
e Grid operators (with the aim to compensate own grid losses)

e Direct customers (or so-called “eligible customers”)
Moreover, electricity producers may directly export electricity and / or sell it to exporters.

HPPs smaller than 13 MW as well as other power plants built after the 1%t of August 2008, fall
into the category of deregulated plants. The operators of such plants are eligible to sell energy
on both the wholesale and the deregulated retail markets. On the wholesale market, the energy
is sold to the abovementioned qualified enterprises at freely negotiated rates (defined by the
“Electricity Market Rules” Art. 36! and 362[32]). At the same time, providers are able to sell
electricity on the wholesale market to ESCO as “balancing electricity”, via power purchase
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agreements (PPA) (see 1.8.3). ESCO in this case sells the electricity to all other consumers
on the retail market, where it can be purchased by direct consumers at freely negotiated rates
(as defined by the “Electricity Market Rules”, Art. 36 and 362[32]).

Figure 8: Schematic functioning of the Georgian wholesale electricity market
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1.7.2 Retail Electricity Market

Georgia’s energy retail market needs further development as it is today still dominated to a
large extent by three distribution companies, namely “Telasi”, “Kakheti” and “Energo-Pro
Georgia”. Electricity distribution and supply activities have not yet been split. This constitutes
a substantial barrier to the development of a competitive retail electricity market. All retail
customers are supplied by abovementioned electricity distribution companies at regulated
rates (since unbundling rules set by Directive 2009/73/E are not applied yet) which are defined
by the Decree 33. Therefore, tariff/retail customers are bound to purchase electricity directly
from these DSOs and cannot — as direct customers — purchase energy directly on the
wholesale market at lower prices directly from energy producers. The currently ongoing
legislative unbundling process, stimulated by the implementation of the EU directives, could
change this situation and enable retail customers to change suppliers and therefore strengthen
their position [49]. However, ‘actual’ unbundling (according to rules of the EU directive) may
take several more years, approximately until 2025 [34].

Today, the only option of electricity trading without DSO patrticipation is a model where a retail
consumer purchases energy directly from a so-called ‘small’ power plant (under 13 MW
installed capacity) under the terms of non-regulated direct agreements. However, this scheme
is not yet widespread [29].
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Figure 9: Scheme of the Georgian retail electricity market
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1.8 Electricity Tariffs on the Wholesale Market

There are several groups of electricity-related tariffs in Georgia: tariffs for balancing electricity,
generation tariffs, import and export tariffs (regulated by GNERC) valid on the wholesale
energy market or retail tariffs. There are two major types of costs that determine the rates,
which all electricity-consumers (wholesale/direct or retail customers) have to pay indirectly, the
generation costs and the costs for guaranteed capacity. These two types of costs are described
in the following sections.

1.8.1 Guaranteed Capacity Trade (ESCO) and Costs

The guaranteed capacity is to serve the stability, security and reliability of the country’s united
electric energy system. It is provided exclusively by regulated thermal power plants on the
wholesale market. The minimum volume of each producer of guaranteed capacity if fixed by
the Georgian government in the “Law on Electricity and Natural Gas”. In detail, the Decree 193
[31] determines the source of guaranteed capacity, the minimum volume to be provided and
the periods of provision. Distribution licensees, direct customers and exporters are allowed to
purchase the guaranteed capacity electricity volumes and trade them on the wholesale market
via ESCO. The costs of guaranteed capacity are financed with this trade and a fee proportional
to the traded volume is paid, as set by GNERC and specified by Decree 33.
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1.8.2 Generation Costs

Electricity producers in Georgia are allowed to sell on the wholesale market and directly to
ESCO as “balancing electricity” (see 1.8.3). As previously outlined, there are 4 major groups
of electricity producers in Georgia: regulated power plants (PPs), semi-regulated PPs,
guaranteed reserve sources (5 TPPs) and deregulated small PPs (see 1.4.3 for more details).
Tariffs for electricity sold to ESCO are set by Decree 33 and the “Electricity Market Rules”.
Generation tariffs depend on the technology used, the installed capacity, the date of
commissioning and the producer’s license. Electricity producers are therefore allowed to sell
electricity on the regulated market at a tariff set by GNERC (Decree 33) or on a deregulated
market at freely negotiated tariffs.

The generation tariffs for regulated hydro power plants in Georgia vary between 1.3 Tetri/lkWh
and 4.1 Tetri/kWh for each plant. The long-term tariffs for HPPs (including large HPPSs) are set
at different ranges — from 2.3 Tetri/lkWh up to 12.3 Tetri/lkWh (all without VAT) [30]. Generation
tariffs for TPPs are usually slightly higher: in 2019 they ranged from 8 to 12 Tetri/lkW (without
VAT) [34].

1.8.3 Balancing Electricity and Tariffs

The balancing electricity trade is based on direct contracts with standard conditions applying
to all eligible enterprises. This is done so in order to meet the needs of customers and sellers
(the enterprises) as well as balancing contracted volumes. All standard conditions of the direct
contracts for the sale and purchase of electricity need to be approved by GNERC. Balancing
electricity trade is a non-profit activity for ESCO.

Table 2: Balancing volumes and prices in Georgia (ESCO), 2019

Year 2019 BALANCING ELECTRICITY BALANCING ELECTRICITY
VOLUME PRICE
MILLION KWh Tetri/KWh
JANUARY 277 13,53
FEBRUARY 222 13,66
MARCH 287 13,46
APRIL 236 13,01
MAY 127 7,36
JUNE 148 7,24
JULY 192 13,60
AUGUST 213 14,29
SEPTEMBER 287 14,84
OCTOBER 303 14,69
NOVEMBER 288 15,45
DECEMBER 299 14,73

Source: ESCO, Website [46]

According to the Decree 33 [30] and the “Electricity Market Rules” [32], all electricity sales
tariffs are determined as follows:

e For electricity generators the cost of balancing electricity sold to ESCO is set by
GNERC.
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e For semi-deregulated thermal power plants, the rates have an upper margin set by
GNERC.

e For semi-deregulated HPPs, the tariff is set by GNERC at the lowest price of generation
from May to August. From September to April it is set within an upper margin tariff.

e Small capacity power plants can sell their electricity on the wholesale market to ESCO
via PPAs:
o Between September and May at a regulated tariff within the upper marginal
tariff.
o Between May and September at the adjustable fixed tariffs which are kept low
and can be compared to the generation tariffs for TPPs established by GNERC
(stipulated by the “Electricity market rules”, Art. 36%).

The sales tariff of balancing electricity established by ESCO is calculated based on the
weighted average price of balancing electricity for all different purchased electricity volumes,
each bearing specific tariffs according to the type of power plant (as listed above). In 2019, the
weighted average tariff of balancing electricity in Georgia was 14.73 Tetri/kWh (ca. 5,6
€ct/kWh). The lowest tariff for balancing electricity in 2019 was in June — 7.23 Tetri/lkWh, while
the highest tariff per kWh was reached in November — 15.45 Tetri [41]. Figure 10 illustrates the
fluctuations of balancing electricity tariffs in Georgia in 2019.

Figure 10: Balancing volumes and prices in Georgia (ESCO), 2019
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1.8.4 Import and Export Tariffs

Import electricity tariffs are determined by Decree 33 and are lowest between May and August.

The import prices are based on short, medium, and long-term contracts. They are managed
and registered by ESCO, according the organisation’s objective to purchase balancing
electricity and thereby ensuring the stability of the Georgian power system. In 2017 electricity
import prices fluctuated between 3.5 USDct/kWh and 5.2 USDct/kWh (3.1 €ct/kWh and 4.4
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€ct/kwWh), while export prices fluctuated between 1.1 USDct/kWh and 4.5 USDct/kwh (1.0
€ct/kWh and 4.0 €ct/kWh) [19] [34].

Resolution N33 “On the Electricity Tariffs” determines the calculation of import tariffs using the
Georgian currency Lari (GEL). Exports are deregulated and are therefore determined by
electricity prices of the importing country. Turkey is the main importer of Georgian electricity
[34]. The net price to export electricity from Georgia to Turkey has been fluctuating around
3.10 USD cents/kWh between 2015 and 2018. In 2018 the price was at 3.12 USDct/kWh [34].
Electricity exports, especially to Turkey, are an opportunity for each deregulated power plant
in case electricity prices in the receiving country are relatively high. In 2018, Turkey was the
major exporter of Georgian electricity (66% of all exports, followed by Russia and Armenia).
For deregulated energy producers, the export activity is free of licensing and generation tariffs
and export activities are free from VAT [34] [50].

To guarantee energy stability, ESCO has the exclusive right to issue a ‘state of emergency’ for
import/export-contracts. Indicators for an imminent state of emergency are specified by the
“‘Law of Georgia on State of Emergency”. Indicators are, e.g. minimum voltages levels or
minimum frequencies [32][29]. Imports can also be conducted via direct contracts between
importers and DSOs, direct customers and exporters.

Figure 11: Imports and exports, 2016 - 2019
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1.9 Tariffs for Retaill Consumers

Retail consumers in Georgia include residential consumers as well as commercial and small
industrial consumers. Tariffs for these groups are established by GNERC for each of the three
major DSOs individually. The marginal tariffs are set by the Resolution N33 “On the Electricity
Tariffs” by the Georgian National Energy and Water Regulatory Commission [30].

1.9.1 Tariffs for Non-residential Consumers

The retail tariffs for non-residential consumers (commercial or small industrial) depend on the
voltage level and are set for the region of each DSO individually. Table 3 shows the current
tariffs for non-residential consumers on the retail market for two of the three main DSOs of
Georgia.

Table 3: Tariffs for non-residential electricity consumers in Georgia in 2020, including VAT

“Energo-Pro Georgia”

Voltage level “Telasi” tariff tariff
Tetri/kWh €ct/kWh Tetri/lkWh €ct/kWh
220/380 V 21.32 6.66 21.08 6.57
3.3-10 kV 16.88 5.28 16.25 5.08
35-110 kV 16.11 5.04 14.86 4.65

Source: “Telasi” JSC, 2020 [42]; “Energo-Pro Georgia” JSC, 2020 [43]

According to “TBC Capital”, the energy demand and consumption in Georgia is expected to
grow [9][19][34]. Due to the current lack of sufficient generating capacities, this will lead to an
electricity price increase for consumers.

1.9.2 Tariffs for Residential Consumers

The distribution of costs for residential consumers in Georgia is shown in the next graph:
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Figure 12: Composition of the residential electricity tariff in Georgia
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The residential electricity prices are determined by the amount of kWh consumed per month.
The more electricity is consumed, the higher the price per kWh becomes. Therefore, residential
tariffs for customers consuming less than 101 kWh/month can be even lower than the lowest
ones for non-residential consumers. Tariffs are higher for residential consumers with rleativly
high demand (more than 301 kWh). The marginal levels are determined by Decree 33, Art.
10.2 for each distributor. In comparison, residential tariffs are around 30% of the average prices
per kWh in the EU, however, they are slightly higher than in Russia [51].

Table 4 Tariffs for residential electricity consumers in Georgia in 2020, with VAT

“Energo-Pro Georgia”
tariff

Voltage level “Telasi” tariff

Tetri/lkWh €ct/kWh Tetri/lkWh €ct/kWh

Up to 101 kWh 14.54 4.66 14.24 4.45
101-301 kWh 18.56 5.95 18.21 5.69
More than 301

KWh 23.04 7.39 22.73 7.11

Source: “Telasi” JSC, 2020 [42]; “Energo-Pro Georgia” JSC, 2020 [43]
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2 Regulatory and Business Framework

The major piece of legislation in the Georgian electricity sector is the “Law on Electricity and
Natural Gas” [29]. It regulates the role and function of each market participant and is
continuously updated. Renewable energy sources are described in the law as “all non-fossil
and sustainable energy sources that are generated by, but not limited to: bio- and hydro
powers, geothermal, solar, wind, and marine (including tidal, wave and thermal) energies”.
With respect to the integration of renewable energy sources, the Law stipulates the following
points:

e Extension of the grid is promoted to facilitate the integration of RES

e Prioritised use of RES

e Art. 2 defines the deregulation along with the right to free-tariff activities and the
right for free transportation and distribution.

e Art. 2 z defines a small power plant as a power plant not exceeding 13 MW.

e Art. 23 authorizes small power producers to sell directly to the DSO.

e Art. 461 grants third-party access to electricity transmission and distribution in
networks.

e Art. 49 defines that all PP built after the 1t of August 2008 are deregulated.

The Law regulates activities and relations of individual entrepreneurs, physical and legal
persons in the areas of electricity system operation, wholesale electricity trading, electricity
generation, transmission, dispatch, distribution, import, export and consumption. Likewise, the
law sets rules for the supply of natural gas (import, export, transportation, distribution and
consumption). Therefore, it ensures the functioning and development of the electricity sector
(as well as the natural gas sector) in Georgia. Transit of electricity through Georgian territory
is regulated by the provisions of this Law as well. Article 3 outlines the legal framework of the
development of a ten-year network development plan. An updated version of the plan is
published by the GSE each year.?

2.1 Regulations on Micro Generation and RES

In March 2016, Article 23 on “Micro Power Plants” was added to the “Law on Electricity and
Natural Gas”. By this definition, Micro Power Plants (MPP) in Georgia are those that do not
exceed a capacity of 100 kW. They are owned by retail consumers and connected to
distribution networks. Article 23 enables self-consumption business models for MPPs (such as
PV), with the additional opportunity to deliver excess electricity to the distribution licensee, as
well as the deduction of delivered electricity (net-metering). Several obligatory fees for
electricity generators do not apply for the operation of an MPP, since its operation is not
declared an “electricity generation activity” (Article 23 82). Therefore, there is neither a market
operator’s service fee nor a dispatching service fee. Noteworthy is 87 of the Article, which gives
the distribution, transmission and dispatch operators the legal right to limit the total capacity of

3 http://mww.gse.com.ge/communication/Publications/Ten-Year-Network-Development-Plan-of-Georgia
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MPPs in Georgia. Further provisions regarding MPPs are determined by the “Electricity
(Capacity) Market Rules”, published by ESCO.

Beside the “Law on Electricity and Natural Gas”, the Georgian government is working on a
“Law of Georgia on Renewable Energy Sources” of which a draft from 2013 exists [57]. This
draft defines several support schemes holding guarantees for investors regarding land
ownership, feasibility studies and licenses. Article 4 of the draft is the national adaptation of
the EU’s directive to develop National Action Plan for Energy from Renewable Sources.
Despite the draft stage of the abovementioned Georgian law, this National Action Plan has
been carried out and was published in 2017 under the name of National Sustainable Energy
Action Plan of Georgia (NSEAP). The NSEAP outlines the potential for each RES (hydro, wind,
biomass and solar) and how the government aims to exploit this potential. The goal is to
integrate 130 MW of solar PV into the grid by the end of 2021. In 2017 GNERC introduced a
new regulatory framework for “Net Metering in Georgia” [34][5]. As the framework enables all
MPPs to benefit from net-metering schemes, it can be seen as a specific incentive for solar
PV. By the end of 2018 there were 67 PV systems with a combined capacity of nearly 750 kW
that operated under this net metering scheme. While this is still far from the 130 MW goal, the
capacity installed in 2018 due to the net-metering incentive has multiplied by a factor of 2.7,
allowing for a promising market outlook for residential PV.

It has to be noted, looking at the government’s solar PV activities, that there is no legal
framework or governmental committee concerning solar PV only. This is also reflected in the
NSEAP, where the support of solar PV is only listed as point 43 out of 48, with a small
investment volume of 5 million EUR until 2030. The desired adoption of EU rules and
regulations can be seen as a major driver for the development of the Georgian plan to promote
RES.

2.2 Additional Decrees and Resolutions

There are also other Georgian laws with a potential impact on RES based energy generation,
of which arguably the most relevant are the following:

o The Resolution No 10 “On Approving Network Rules”, based on the Article 5 (1) of the
Law of “Georgia on Electricity and Natural Gas”, by GNERC, April 17, 2014 [10] is a
standard Network Code, which applies to all market participants. Art. 87 defines a five-
year plan to develop the distribution network in Georgia has to be implemented. This
plan needs to take the implementation of renewable energies into account. Network
rules (hereinafter — the Rules) set procedures, terms, principles and standards for the
development, management, availability and secure utilization of transmission networks
by electricity system participants and applicants.

o The Resolution No33 “On the Electricity Tariffs”, 4th December 2008 by GNERC [30],
defines the generation tariffs for the each regulated tariff for production, transmission
distribution, e.g. all tariffs are set by the GNERC.

e The Decree No144 "On the Approval of Mandatory Criteria for the Direct Consumers
of Electricity" 25th March, 2019 [33], defines the classification of a “direct consumer”
with respect to the voltage level a customer receives energy from and the minimum
capacity a consumer receives from a licensee.
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Resolution No193 “Defining the Guaranteed Capacity and Guaranteed Capacity
Sources in Electric Energy System of Georgia”, 10th July, 2010 [31], determines the
guaranteed capacity sources by time, volume and minimum capacity (minimum
guaranteed capacity in MW). As stipulated in the “Law on Electricity and Natural Gas”
the sources are thermal power plants. (Art. 2, Paragraph 1).

The Decree No214 “About the Approval and expressing interest in technical and
economic study of the construction, ownership and operation of the power plants in
Georgia” supports the construction of new power plants and is related the Decree
No0107 with the exemption that it is not establishing a “power purchase agreement or
feed-in” but limits the size of financially supported power plants construction to 100
MW.

Decree No107 State Program: “Renewable Energy 2008” about Approval of the Rule
to Enable the Construction of Renewable Energy Sources in Georgia”. 18th April 2008,
Government of Georgia [10] enables new (renewable) power plants to sell their
generated electricity at a deregulated tariff or guaranteed purchase contract (PPA of
10 years), determined by the “Electricity System Commercial Operator’ (ESCO) during
the three-month winter period. In addition, it assures that RES construction will be
supported by a Bank Guarantee of 100.000USD per each MW of installed capacity.
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3 PV in Georgia

It can be assumed that there are no governmental plans to use solar PV as a backbone of
Georgian electricity generation, although the solar irradiation in Georgia is quite high. Almost
100% of Georgian households have access to electricity. Direct governmental support for solar
PV is only given to some parts of the population living in rural, mountainous and scarcely
populated areas, which have no access to distribution networks. Development projects like
“Light to Every Village” rely on solar PV to electrify these off-grid areas [49]. Nevertheless, two
potential PV business cases were calculated for this report: utility-scale systems (due to
decreasing PV LCOEs) and rural electrification with small off-grid PV. These two business
cases will be discussed in the business case calculation section (chapter 4).

Global Horizonal Irradiation (GHI) in Georgia ranges from 1250 kWh/mz2 in the north-western
region of the country, to 1400 -1450 kWh/mz in the central regions and can reach up to 1500
kWh/mz in the south?. With a median of local irradiation at 1370 kWh/m2 and nearly 40% of the
country’s territory above 1400 kWh/m2, GSE’s goal to add 130 MW of solar PV by the end of
2021 exceeds the targets set in the NSEAP for PV of 108 MW, which is based on an outdated
report from 2004. By 2030, the TSOs plan to increase the grid connected solar capacity to 520
MW.

The largest PV plant in operation is a 316 kW system on the Tiblisi International Airport, but
other utility-scale PV plants are planned as well. Due to the decreasing global PV LCOE and
the widespread availability of PV systems, the TSOs have taken interest in the technology. A
5 MW PV plant in Udabno is under construction after a Memorandum of Understanding (MoU)
was signed between JSC "Georgian Energy Development Fund" (GEDF) and the Government
of Georgia in 2016. The project is fully financed by the GEDF, “Georgian Solar Company” LLC
and “Solar Power Georgia” LLC but is still not operational. In addition, several feasibility studies
for solar PV are underway in the country. In 2017 the Government of Georgia signed a MoU
with the JSC “Caucasian Solar Company” to develop feasibility studies for ten different Solar
Power Plants (SPP) in Algeti, Gldani, Kaspi, Ksani, Marneuli, Saakadze as well as two
locations each in Akhaltsikhe and Gardabani. All ten projects shall be utility-scale grid-
connected SPPs with an average size of 50 MW per project. The responsible “Caucasian Solar
Company” is owned by the JSC “Georgian Renewable Power Company”, which itself is a part
of the Bank of Georgia Group PLC, a UK based holding. These studies were planned to be
conducted within 18 months; however, the results have not yet been published (March 2020).
Another factor points to the promising prospects of large utility-scale PV potential in Georgia:
The “European Bank for Reconstruction and Development” (EBRD) issued a tender in 2019 to
find consultants to advice the GDEF in four areas [59][34][49][60][61][62].

® Selecting a site for a 50 MW SPP project
e Design of a competitive auction or bidding process for SPP projects
e Providing technical, financial and legal assistance for solar auctions

e Preparing documents for national solar energy tenders.

4 https://globalsolaratlas.info; GHI country data Georgia
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Besides utility-scale systems, another use for PV systems is gaining momentum. The “Light to
Every Village” program started to supply mountainous areas with solar panels in 2014. This
project is to be picked up again after the Georgian Government’s announced the “Mountain
Development Strategy 2019-2023” in 2019. 178 households in 87 villages in the regions
Mtskheta-Mtianeti, Shida Kartli, Samtskhe-Javakheti, Racha-Lechkhum-Kvemo Svaneti,
Kakheti and Imereti will be supplied with small SPPs. The systems will have a size of 1,5 kWp
each. The project is fully funded by the government with a budget of nearly 22 million €. The
PV-related part of the project is managed by the Tiblisi based IT-company “United Global
Technology” UGT [63][64].

The Georgian industry has started to engage in PV in 2017 and the market seems to have
developed quickly. Solar companies like “Sun House” LLP report massive growth in the
number of PV systems installed each year since 2017. Since the market is very young,
regulatory mechanisms need to be created and implemented. The GDEF’s effort to implement
an auction system is a first step towards enabling PV in Georgia, but should be accompanied
by appropriate legislation and a regulatory framework (e.g. feed-in-tariffs, PV-hybrid systems)
[65].

3.1 Value Chain

Due to Georgia’s brief history of solar power, the country’s PV value chain is yet to be
developed. There are few sources regarding production of upstream PV components but the
opening of a 500 MW module manufacturing site by the German company AE Solar sticks out.
The factory was built after state support such as exemptions from a number of taxes and duties
were granted [65]: The manufacturing site was opened in May 2019 in the city of Kutaissi and
will mostly not serve the Georgian but international PV markets. AE Solar chose Georgia
because of the country’s strategic location, its free trade agreements with the EU, India and
China as well as duty preferences with the USA, post-Soviet nations, Turkey and other
countries. Moreover, as another reason for choosing Georgia it was stated that “Labor and
electricity costs in Georgia are low.”

In 2013, the company “Ergon Solair” LLP also planned to establish module production in
Kvemo Kartli, south of Tiblisi, but there is no confirmation on whether the plan was eventually
realised. The only active part of the value chain is the installation of PV systems — data on
operation and maintenance is not available. [67]

Companies active in the solar power industry are: “JSC Caucasus Sun Company”, “Solar
Energy Georgia Ltd.” and the self-proclaimed leading solar installer LLC “Sun House™. “Sun
House” offers PV solutions for off-grid and on-grid projects. On its website, the company states
it has installed 548 off-grid systems with a cumulated capacity of 240 kW and an on-grid
capacity of 347 kW (45 systems). Depending on the location, “Sun House” charges 1200 € to
1500 € per installation of 1 kW. [65][67]

5 https:/iwww.solar.ge/
8 http://sunhouse.ge/en/
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3.2 Incentives

There are no government subsidies exclusively for solar power in place. However, PV benefits
from MPP incentives (chapter 2), especially net metering, which is allowed since 2016.

According to the “Law on Electricity and Natural Gas” (Art. 49%) every new producer is
considered “deregulated” and will face a liberalized, deregulated market characterized by the
absence of a tariff-regulation and no costs for distribution.

Georgia currently has RES specific RES legislation comparable for example to the German
Renewable Energy Law (“Erneuerbare Energien Gesetz”, EEG) Since 2013 different sources
have stated that a law on RES is imminent, but so far no law has been introduced. Despite the
absence of a central legislative act on the promotion of solar power there are still some indirect
support mechanisms RES investors should be aware of - some of which are actually aimed at
micro generation. [50]

Incentives aimed at micro generation:

® Owners of micro power plants can sell electricity to distribution companies at the
weighted average price for purchased electricity.

e Self-consumption is exempt from taxes.

e Electricity generated above self-consumption levels can be supplied to the grid and
then re-supplied upon request for self-consumption.

e PPA for 20% of annually generated electricity for 10 years for domestic suppliers.

Other relevant incentives:

® Investors are free to choose clients on an open market and negotiate tariffs

® No fees for distribution and transmission (“Law on Electricity and Natural Gas”, Art. Art.
2)

e Exceptional right for PPs up to 13 MW to sell electricity to any retail customer (“Law on
Electricity and Natural Gas”, Art. 23%)

e All PPs <13 MW of installed capacity do not require a generation license (“Law on
Electricity and Natural Gas”, Art. 2 (z,f))

e Network access is legally granted and prioritised for RES and an application procedure
needs to be conducted online via the GNERC-website [40]. (“Law on Electricity and
Natural Gas”, Art. 461)

e No fee required for the connection to transmission grids [50].

® No license is required for electricity export and newly built PPs prioritized connection
to new grids and selling the energy to Turkey at freely negotiated prices (and not under
the tariffs set by GNERC or ESCO) (“Market Rules”, Art 14?)

e Generation and export activities are exempted from VAT [50]

® The government approved new rules on the expression of interest to install a power
plant, technical and economic feasibility studies, construction, ownership and the
operation of power plants in Georgia (Decree #214)

In addition, by Decree 214, the Government of Georgia offers two different bank guarantees
for investments in all kinds of power plants, including investments in large PV arrays: The
“Preconstruction Guarantee” at 5,000 USD/MW aims to help market participants in the phase
of interest expression, e.g. with conducting feasibility studies. The second guarantee is the

“Construction Guarantee” at 100,000 USD/MW for PPs up to 100 MW and 50,000 USD/MW
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for PPs larger than 100 MW. As the name suggests, this guarantee is given for the construction
phase of PP-projects.

3.2.1 Opportunities on the Wholesale Market

Investors planning to become an IPP have to negotiate with ESCO. They can freely negotiate
tariffs with ESCO for “balancing electricity’- trade. As of 2020, GNERC sets an upper marginal
tariff of approximately 16,5 Tetri/kWh (5,2€ct/kWh).

With regards to potential customers for an IPP operated PV systems, the following 2 groups
seem to be most promising:

o Direct customers: This group of customers consumes a high volume of electricity,
leading to higher electricity tariffs. Therefore, these customers might be interested in
independent SPPs.

e Export: Investments in new IPPs for export purposes is a highly promoted option for
foreign direct investment.

3.2.2 Opportunities on the Retail Market

Retail tariffs for residential customers increase with higher electricity consumption. Therefore,
the benefits of net-metering and/or self-consumption may prove as an incentive for customers
reach a lower tariff bracket. However, besides in rural areas, the majority of Georgians (nearly
100%, according to the Energy governance in Georgia Report [49]) is already connected to
the grids and the low electricity tariffs in Georgia (far below 0,1 €/kWh) reduce the utility of self-
consumption business models.
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4 Selected PV Business Cases

The southern region Samtskhe-Javakheti with its capital Akhaltsikhehas been chosen as the
location for both business cases. This region has a high PV power potential (PVOUT), as
shown in Figure 13. Using the “Global Solar Atlas” tool [69], the PVOUT in this area of the
region has been evaluated (see Annex 1 for the corresponding report). The area has a potential
of 1,325 kWh/kWp to 1500 kWh/kWp (the average is 1427 kWh/kWp), with a GHI of
1391 kWh/m?2 to 1526 kWh/mz

Figure 13: Photovoltaic Power Potential in Georgia
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Source: Solar Resource Map of Photovoltaic Power Potential in Georgia obtained from the “Global Solar
Atlas 2.0, the free, web-based application is developed and operated by the company Solargis s.r.o. on
behalf of the World Bank Group, utilising Solargis data, with funding provided by the Energy Sector
Management Assistance Program (ESMAP) [69]

4.1 Rural Electrification

A few mountainous areas in Georgia still do not have a connection to an electricity distribution
network. In the past six years, the Georgian government funded two separate programs that
aim to electrify these villages through solar PV. In the latest program (2019 — 2023) 178
households are going to be supplied with 1,5 kWp systems. This business case presumes,
that there still is a market for rural electrification via small-scale PV systems in the future: either
for households still not supplied, or supplied consumers that could use a system larger than
1,5 kW. In addition, many agricultural processes could benefit from a higher available capacity.
A 1,5 kWp system (in the specific area) is able to supply a household with around 2000 kWh/a.
The average electric power consumption per capita in Georgia, however, was around 2700
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kWh/a in 2014, and is likely to increase as the trend of previous years indicates [69]. Therefore,
it is likely, that there is a need (and a market) for the further supply off-grid communities with
small PV-systems. It has to be noted that the benefits of having electricity in contrast to no
electricity supply at all cannot easily be represented in terms of monetary figures. Therefore,
the business case calculates the savings in contrast to the most common electricity generation
in rural and ‘underdeveloped’ regions: a diesel genset. To further add value to the customer,
the rural business case is split in a calculation with, and one without storage.

The calculations of both cases (with and without storage) are based on an 1,5 kWp system in
the rural area of Samtskhe-Javakheti (part of the “Mountain-Development Strategy”). The
optimum tilt of panels in the examined area is 32-36° (also see globalsolaratlas data in the
Annex). The investment costs for a separate diesel genset are not integrated in the calculation.
This report aims to showcase the economic opportunity PV offers, even if a basic supply
system or a backup genset is in place.

4.1.1 Without Storage

The profitability analysis for an off-grid PV system for self-consumption with a diesel backup
unit is presented below.

Figure 14: Project overview - PV system for self-sufficiency without storage (eclareon; 2020)

Project Overview

PV Project PV Business Model

PV System Size 1,9 Direct PV Consumption b 80%
Specific System Cost SEL/KWp 5136 PV Consumption via Battery % -
PV Battery Size <Wh - Battery Losses % -
Specific Battery Costs SEL/kWWh - Effective fuel costs SEL/liter 2,6
Total System Cost SEL 7704 Diesel Generation Costs SEL/KWh 0,85
Fixed Operation Costs SEL p.a 154 Fuel cost escalation % p.a 4%

Variable Operation Costs SEL/KWWh -

Global Tilted Irradiation (GTI) a 1700 Net-Present Value EL 3.358

Performance Factor 84% Project IRR 20%

Specific Yield ANhKWpla 1.428 Equity IRR 24%

Degradation % p.a 0,70% Amortization - discounted payback period Years 8,61
Undiscounted payback period Years 495

[ vestment TR SELkWh 061

Project Duration Years 25 Min DSCR™ ¥ 211x

Equity SEL 3.980 Min LLCR*** X 2,39 x

Debt (Gearing) 50% SEL 3.852

Loan Tenor Years 10

Interest Rate % 10,50%

Discount Rate % 15,00%

Inflation Rate % 3%

* LCOE: Levelized Cost of Electricity
= DSCR: Debt Service Coverage Ratio
** | LCR: Loan Life Coverage Ratio

As mentioned in 4.1 the PV systems are self-consumption systems. Therefore 20% of the
generated electricity is considered a loss that occurs, e.g. when a PV system generates
electricity which cannot be used efficiently at times when there is no or less electricity needed.
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The 80% used lead to revenue based on the substitution of an existing backup system (diesel
genset). Since in the calculation the genset is already in place, only fuel costs are taken into
account. In the period from January 2020 to April 13" the average diesel fuel price in Georgia
has been 2,56 GEL/litre (~0,74 EUR/ litre) [9].

In case the PV systems are professionally planned and constructed (32-36° tilt angle) a Global
Tilted Irradiation (GTI) of 1700 kWh/m?/a leads to the above-mentioned range of PVOUT at
1427 kWh/kWpl/a. Due to the bank guarantee for PP projects (see chapter 3.2) the investment
is calculated with a debt gearing of 50%, a payback tenor of 10 years and a WACC of 12,8%.

Results

The results are shown in Figure 15 and Figure 16. In the first ten years the payback tenor of
the debt capital lowers the Equity Cash Flow, but the whole-time revenues are higher than
debt service and O&M costs. Therefore, the long-term economic viability of this investment is
shown in Figure 16. The amortization, using discounted cashflows, takes place within the first
nine years. This might be considered a fairly long period from the point of view of the investors.
However, due to the durability of the PV system the Project IRR and the Equity IRR are above
20%.

Figure 15: Equity capital cash flows — off-grid PV system for self-sufficiency without storage
(eclareon, 2020)

Investment and Cash Flow for Equity
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Figure 16: Project cash flows off-grid PV system for self-sufficiency without storage (eclareon;
2020)

Revenues, Debt Service and Operations Cost

mRevenues and Savings = Debt Service Q&M Cost
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Sensitivity Analysis

The sensitivity analysis shows how the two leading economic indicators for an investment, the
amortization period (amortization) and the internal rate of return on equity (Equity IRR) change
when certain parameters in the framework conditions are altered. It becomes clear which
individual assumptions have a particularly strong influence on the profitability of the investment
(high sensitivity). This has to be considered carefully during the planning phase.

Figure 17: Specific Yield — off-grid PV system for self-sufficiency (eclareon; 2020)
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Figure 18: System price — off-grid PV system for self-sufficiency (eclareon; 2020)

System Price [T GEL/kWp]

—=—Amortization [a] -¢—Equity IRR[%] O Base Case

41%\.\
34%\.\ 170/.
29% ‘
26%
mm%*m/ﬂ
el e
6,5
50_.—-.‘"
38_...--."""""
| et
3 4 4 5 5 6 6 7 7

Figure 19: Fuel cost escalation — off-grid PV system for self-sufficiency (eclareon; 2020)
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4.1.2 With Storage

A profitability analysis for an off-grid PV system for self-consumption with storage and a diesel
backup unit is presented below.

Figure 20: Project overview - PV system for self-sufficiency with storage (eclareon; 2020)

Project Overview

PV Project PV Business Model

PV System Size Direct PV Consumption b 75%
Specific System Cost E 51 36 PV Consumption via Batftery % 22%
PV Battery Size Wh 1,3 Battery Losses % 20%
Specific Battery Costs SE| 1.483 Effective fuel costs SE 26
Total System Cost SEL 9619 Diesel Generation Costs SE 0,9
Fixed Operation Costs SEL p.a 192 Fuel cost escalation % p.a 4%

Variable Operation Costs GEL/KWh

Global Tilted Irradiation (GTI) 1.700 Net-Present Value EL 2535

Performance Factor % 84% Project IRR % 17%

Specific Yield ANh/KWpfa 1.428 Equity IRR 20%

Degradation % p.a 0,70% Amortization - discounted payback period Years 11,72
Undiscounted payback period Years 5,67

T (Lo (1o subsiay) ELKY 0,82

Project Duration Years 25 Min DSCR™ ! 0,592 x

Equity SE 4.969 Min LLCR™* X 1.81x

Debt (Gearing) 50% SE 4809

Loan Tenor Years 10

Interest Rate % 10,50%

Discount Rate % 15,00%

Inflation Rate (Intial year) % 3%

* LCOE: Levelized Cost of Electricity
** DSCR: Debt Service Coverage Ratio
#* | LCR: Loan Life Coverage Ratio

The main difference between this business case and the one without storage outlined in the
previous chapter, is the opportunity storage offers to optimize the consumption pattern of the
customers. In the abovementioned case 20% of the generated electricity were considered a
loss due to inefficient generation and consumption schemes. In this case the loss is minimized
to 3% by storing unused electricity. Only power that is generated during a time of no
consumption and a fully charged battery will be lost (except efficiency losses). 75% of the
produced energy will be consumed on site and 22% will be stored. Therefore, in the model a
1,3 kWh battery is installed, which leads to higher investment costs. Again, the genset is
already in place, therefore only the fuel costs are taken into account to calculate revenues. It
is calculated with the diesel fuel prices in the period of January 2020 to April 13", which
averaged 2,56 GEL/litre (~0,74 EURY/ litre) [9].

In case the PV systems are professionally planned and constructed (32-36° tilt angle) a Global
Tilted Irradiation (GTI) of 1700 kWh/m?/a leads to the abovementioned range of PVOUT at
1427 kWh/kWpl/a, as in the previous model. Due to the bank guarantee for PP projects (see
chapter 3.2) the investment is calculated with debt gearing of 50%, a payback tenor of 10 years
and a WACC of 12,8%.
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Results

The results are shown in Figure 21 and Figure 22. In the business case it weas assumed that
the lead-acid battery needs to be replaced after eight and after 16 years. In the first ten years
the payback tenor of the debt lowers the Equity Cash Flow, but at all times the revenues are
higher than the debt service and the O&M costs of the system. Therefore, the long-term
economic viability of this investment is shown in Figure 21. The amortization, using discounted
cashflows, takes place within the first twelve years. The Project IRR is at 17% and the Equity
IRR is at 20%. This investment alternative is less economically viable than the business case
without storage, but it still leads to a reasonable amortization period - considering the lifetime
of a PV-system is up to 25 years. Again, it has to be noted that the opportunity costs between
access and no access to electricity are not easily presented in monetary values and that the
consumers undoubtedly benefit from installing a battery (97% of the generated energy is used
compared to80 % without storage).

Figure 21: Equity capital cash flows — off-grid PV system for self-sufficiency with storage
(eclareon, 2020)

Investment and Cash Flow for Equity
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Figure 22: Project cash flows off-grid PV system for self-sufficiency with storage (eclareon;
2020)

Revenues, Debt Service and Operations Cost

mRevenues and Savings = Debt Service Q&M Cost
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Sensitivity Analysis

The sensitivity analysis shows how the two leading economic indicators for an investment, the
amortization period (amortization) and the internal rate of return on equity (Equity IRR) change
when certain parameters in the framework conditions are altered. It becomes clear which
individual assumptions have a particularly strong influence on the profitability of the investment
(high sensitivity). This has to be considered carefully during the planning phase of an
investment.

Figure 23: Specific Yield — off-grid PV system for self-sufficiency with storage (eclareon; 2020)
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Figure 24: System price — off-grid PV system for self-sufficiency with storage (eclareon; 2020)

System Price [T GEL/kWp]
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Figure 25: Fuel cost escalation — off-grid PV system for self-sufficiency with storage (eclareon;

2020)
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4.2 Utility-Scale System

A profitability analysis for a 5 MW grid connected utility-scale PV system is presented in this
following chapter.

Figure 26: Project overview — grid-connected PV system, PPA utility scale (eclareon; 2020)

Project Overview
PV System Size Np 5.000 Beneficial tariff 100% GEL/KWh 0,42
Specific System Cost GEL/KWp 3.100 Targeted capacity factor % 14,00%
Investment Subsidy GEL - Avg. capacity factor achieved % 15,42%
Total System Cost GEL 15.500.000 Fees GEL/KWh -
Fixed Operation Costs GELp.a 310.000 Retail electricity market price GEL/kWh 0,14
Variable Operation Costs GEL/KWh - Undersupply Penalty GEL/KWh -
Inflation Adjustment % -
Calculatory average capacity premium  GEL//p/a 561
Yield Nhigmia 1.700
Performance Factor VBN Resuts
Specific Yield NhikWpla 1.428 Net-Present Value GEL 443.595
Degradation %p.a 0,70% Project IRR % 13,73%
Equity IRR % 15,90%
Amortization - discounted payback period Years 14,42
Project Duration Years 25 Undiscounted payback period Years 6,28
Beneficial tariff payments Years 15 |LCOE (no subsidy) | GEL/KWh 0,37
Equity GEL 7955113 Min DSCR** X 1,76 %
Debt (Gearing) 50% GEL 7.750.000 Min LLCR™* X 1.93x
Loan Tenor Years 10
Interest Rate % 9,50% “ LCOE: Levelized Cost of Electricity
Discount Rate 0% 15,00% ** DSCR: Debt Service Coverage Ratio
Inflation Rate %% 3% *** LLCR: Loan Life Coverage Ratio

This business case aims to evaluate the economic efficiency for a large utility-scale PV power
plant. The estimates are again based on the same southern region Samtskhe-Javakheti, just
as the two previous cases. The size of 5 MW was chosen since there are several feasibility
studies being processed in Georgia trying to find a suitable location for a SPP of this capacity.

The theoretical absence of PV specific PPAs inhibits national and international investments in
new power plants, because they cannot compete with the low cost of electricity generation of
old and amortized hydro power plants. Although the Georgian government abolished PPAs in
2018, ESCO published a list of PPAs on their website where new entries have been added to
the list up to October 2019. In this business case a PPA was used to show the importance of
these incentives for solar power plants.

Even with a fixed PPA for a period of 15 years and further 10 years of deregulated market
participation, the investment costs are too high. Therefore, a PPA of 0,42 GEL/kWh (~0,12
EUR/kWh), which is around twice the amount of regular PPAs in Georgia [68], is needed.
Similar to chapter 4.1 the calculation was based on a debt gearing of 50%, a payback tenor of
10 years and a WACC of 12,8%.
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Results

The results are shown in Figure 27 and Figure 28. Even with a PPA of 0,42 GEL/kWh, the
investment reaches amortization, based on discounted cashflows, after approx. 14 years. A
PPA of 40 GEL/kWh would lead to no amortization at all. Moreover, Figure 28 shows a drop in
revenues as soon as the PPA expires, as well as the payback tenor. It becomes evident that
under the current economic and legal conditions, a PV system in the utility sector, which has
to be competitive on the wholesale electricity market, is not economically feasible at the
moment. As soon as the parameters are adjusted to the actual market prices, the net present
value of the investment falls far below zero.

In order to make the PV utility-scale segment more attractive, the Georgian government would
need to create legal conditions that render such investments financially viable. A PPA in the
range of around 0.42 GEL/kWh could most likely allow to pay the investment but a discounted
payback period of more than 14 years may not be attractive for most investors.

Figure 27: Equity capital cash flows — grid-connected PV system, PPA utility scale (eclareon,
2020)

Investment and Cash Flow for Equity
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Figure 28: Project cash flows — grid-connected PV system, PPA utility scale (eclareon; 2020)

Revenues, Debt Service and Operations Cost
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Sensitivity Analysis

The sensitivity analysis shows how the two leading economic indicators for an investment, the
amortization period (amortization) and the internal rate of return on equity (Equity IRR) change
when certain parameters in the framework conditions are altered. It becomes clear which
individual assumptions have a particularly strong influence on the profitability of the investment
(high sensitivity). This has to be considered carefully during the planning phase of an
investment.

Figure 29: Specific Yield — grid-connected PV system, PPA utility scale (eclareon; 2020)
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Figure 30: System price — grid-connected PV system, PPA utility scale (eclareon; 2020)
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Figure 31: Fuel cost escalation — grid-connected PV system, PPA utility scale (eclareon; 2020)

PPA Price Escalation [% p.a.]

—=— Amortization —e—Equity IRR[%] O Base Case

-40% -30% -20% -10% 0% 10% 20% 30% 40%

49



References

[1]

(2]

[3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Invest in Georgia, official website: Quick Facts;
https://www.investingeorgia.org/en/georgia/georgia-at-a-glance, accessed March 3™
2020

The World Bank: Georgia — Overview;
https://www.worldbank.org/en/country/georgia/overview, accessed January 28" 2020

PWC — Worldwide Tax Summaries: Georgia Overview;
http://taxsummaries.pwc.com/ID/Georgia-Overview, accessed, 28th January 2020

JSC Georgian State Electrosystem (GSE), official website: “Data from the power
system”, 2019, online:_http://www.gse.com.ge/for-customers/data-from-the-power-
system, accessed December 2™ 2019

Georgian National Energy and Water Supply Regulatory Commission (2017): Net
Metering in Georgia — Regulation for development;
https://pubs.naruc.org/pub.cfim?id=253DA521-F60A-55B7-3E4F-6D3E627D25D5,
accessed March 31 2020

OECD, “Sustainable Infrastructure Development for a Low-Carbon Transition in Central
Asia and the Caucasus: Mapping of Potentially High-impact Infrastructure Projects and
Needs Assessment Strategic Infrastructure Planning for Sustainable Development in
Georgia”, September 2019, ENV/EPOC/EAP(2019)7, online:
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/EPOC/E
AP(2019)7&doclanguage=en accessed: December 2" 2019

Inter RAO, official website (2019): Generation;
https://www.interrao.ru/activity/generation/, accessed: December 2nd 2019

Echo of the Caucasus (13.05.2019): Head of the Ministry of Economy of Georgia Natia
Turnava toured Inguri HPP; https://www.ekhokavkaza.com/a/29937582.html,
accessed: December 2nd 2019

Global Petrol Prices, official website (2019): Georgia electricity prices;
https://www.globalpetrolprices.com/Georgia/electricity prices/, accessed March 61
2020

Georgian National Energy and Water Supply Regulatory Commission (2014):
Resolution N10 on Approving Network Rules; Tiblisi,
https://esco.qge/files/data/Legislation/Grid_Code.pdf, accessed March 6" 2020

JSC Georgian State Electrosystem (GSE), official web site: Power Flow;
http://www.gse.com.qge/for-customers/data-from-the-power-system/power-flow,
accessed March 6™ 2020

JSC Georgian State Electrosystem (GSE), official website: Data from the Power
System; http://www.gse.com.ge/for-customers/data-from-the-power-system, accessed
March 6" 2020

Climate Investment Funds: Participation in Program for Scaling up Renewable Energy;
https://www.climateinvestmentfunds.org/sites/cif _enc/files/meeting-
documents/georgia eoi 0.pdf, accessed March 6" 2020

European Bank for Reconstruction and Development, official website: Georgia —
Country Overview; https://www.ebrd.com/downloads/legal/irc/countries/georgia.pdf,
accessed March 6" 2020

USAID (2015): The Regulated Electricity Market in Georgia; Hydropower Investment
Promotion Project (HIPP); United States Agency — International Development;

50


https://www.investingeorgia.org/en/georgia/georgia-at-a-glance
https://www.worldbank.org/en/country/georgia/overview
http://taxsummaries.pwc.com/ID/Georgia-Overview
http://www.gse.com.ge/for-customers/data-from-the-power-system
http://www.gse.com.ge/for-customers/data-from-the-power-system
https://pubs.naruc.org/pub.cfm?id=253DA521-F60A-55B7-3E4F-6D3E627D25D5
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/EPOC/EAP(2019)7&doclanguage=en
http://www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=ENV/EPOC/EAP(2019)7&doclanguage=en
https://www.interrao.ru/activity/generation/
https://www.globalpetrolprices.com/Georgia/electricity_prices/
https://esco.ge/files/data/Legislation/Grid_Code.pdf
http://www.gse.com.ge/for-customers/data-from-the-power-system/power-flow
http://www.gse.com.ge/for-customers/data-from-the-power-system
https://www.climateinvestmentfunds.org/sites/cif_enc/files/meeting-documents/georgia_eoi_0.pdf
https://www.climateinvestmentfunds.org/sites/cif_enc/files/meeting-documents/georgia_eoi_0.pdf
https://www.ebrd.com/downloads/legal/irc/countries/georgia.pdf

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

http://hydropower.ge/user upload/GEMM2015 Chapter 9 Requlated El.Market Geor
gia.pdf, accessed March 6™ 2020

European Bank for Reconstruction and Development, official website: Support for the
Implementation of Renewable Energy Auctions in Georgia; https://www.ebrd.com/work-
with-us/projects/tcpsd/support-for-the-implementation-of-renewable-energy-auctions-in-
georgia.html, accessed March 6" 2020

Siemens, official website (2018): Energy export: Green energy for Europe from
Georgia; https://new.siemens.com/global/en/company/stories/energy/tranmission-
green-energy.html, accessed March 6" 2020

Invest in Georgia, official website: Energy;
http://www.investingeorgia.org/en/keysectors/energy, accessed March 6™ 2020

Pavlenishvili, Levan (2017): Outlook on Georgia 2017 — Georgia’s Energy Sector;
Emerging Europe, official website; https://emerging-europe.com/georgia-
2017/georgias-energy-sector/, accessed March 6™ 2020

Georgian Government Decree #107 (2008): State Program “Renewable Energy
2008”about Approval of the Rule to Enable the Construction of Renewable Energy
Sources in Georgia; Tiblisi; https://esco.geffiles/data/Legislation/decree 107 _final.pdf,
accessed March 6" 2020

Georgian Government Decree #214 (2014): Approval of the Rule of Expressing Interest
in Technical and Economical Study of the Construction, Ownership and Operation of
the Power Plants in Georgia; Tiblisi; https://policy.asiapacificenergy.org/node/2250,
accessed March 6" 2020

KPMG International (2016): Power Sector Overview Georgia,;
https://home.kpmg/content/dam/kpmag/ge/pdf/2017/Georgia%20-
%20Power%20Sector%200verview.pdf, accessed: December 2nd 2019

Arabidze, Margalita (2017): Energy Sector of Georgia; Ministry of Energy of Georgia,;
https://www.unece.org/fileadmin/DAM/env/water/meetings/Climate Change/2017/9thT
F Water and Climate/Presentations/2 _Energy Sector -

Ministry of Energy 2017 001 -Geneva 2017 final for presentation.pdf,
accessed March 6" 2020

JSC Georgian State Electrosystem (GSE), official web site: Who we are;
http://www.gse.com.ge/about-us/who-we-are, accessed: December 2nd 2019

JSC Georgian State Electrosystem (GSE), official web site: Power Balance 2019;
http://www.gse.com.qge/for-customers/data-from-the-power-system/power-balance,
accessed: December 2nd 2019

Sputnik-Georgia (2019): Is Georgia facing an energy shortage?;_https://sputnik-
georgia.ru/reviews/20190927/246604024/Grozit-li-Gruzii-energodefitsit.html, accessed:
December 2nd 2019

Forbes.ge (2019): 3-fold increase in imports - as Georgia responds to the "energy
winter"; https://forbes.ge/news/6776/%D0%92-3-raza-vyrosshij-import-kak-otvechaet-
%D0%93ruzija-na-jenergeticheskuju-zimu, accessed: December 2nd 2019

JSC Georgian State Electrosystem (GSE), official web site (2019): Grid losses;
http://www.gse.com.qge/for-customers/data-from-the-power-system/qgrid-losses,
accessed: December 2nd 2019

Government of Georgia (1999): Law of Georgia No 1934 on Electricity and Natural
Gas; Tiblisi; https://matsne.gov.ge/en/document/download/31744/32/en/pdf accessed:
March 9th 2019

Georgian National Energy and Water Supply Regulatory Commission (2014):
Resolution N33 on the Electricity Tariffs; Tiblisi;

51


http://hydropower.ge/user_upload/GEMM2015_Chapter_9_Regulated_El.Market_Georgia.pdf
http://hydropower.ge/user_upload/GEMM2015_Chapter_9_Regulated_El.Market_Georgia.pdf
https://www.ebrd.com/work-with-us/projects/tcpsd/support-for-the-implementation-of-renewable-energy-auctions-in-georgia.html
https://www.ebrd.com/work-with-us/projects/tcpsd/support-for-the-implementation-of-renewable-energy-auctions-in-georgia.html
https://www.ebrd.com/work-with-us/projects/tcpsd/support-for-the-implementation-of-renewable-energy-auctions-in-georgia.html
https://new.siemens.com/global/en/company/stories/energy/tranmission-green-energy.html
https://new.siemens.com/global/en/company/stories/energy/tranmission-green-energy.html
http://www.investingeorgia.org/en/keysectors/energy
https://emerging-europe.com/georgia-2017/georgias-energy-sector/
https://emerging-europe.com/georgia-2017/georgias-energy-sector/
https://esco.ge/files/data/Legislation/decree_107_final.pdf
https://policy.asiapacificenergy.org/node/2250
https://home.kpmg/content/dam/kpmg/ge/pdf/2017/Georgia%20-%20Power%20Sector%20Overview.pdf
https://home.kpmg/content/dam/kpmg/ge/pdf/2017/Georgia%20-%20Power%20Sector%20Overview.pdf
https://www.unece.org/fileadmin/DAM/env/water/meetings/Climate_Change/2017/9thTF_Water_and_Climate/Presentations/2_Energy_Sector_-_Ministry_of_Energy_2017__001_-Geneva__2017_final_for_presentation.pdf
https://www.unece.org/fileadmin/DAM/env/water/meetings/Climate_Change/2017/9thTF_Water_and_Climate/Presentations/2_Energy_Sector_-_Ministry_of_Energy_2017__001_-Geneva__2017_final_for_presentation.pdf
https://www.unece.org/fileadmin/DAM/env/water/meetings/Climate_Change/2017/9thTF_Water_and_Climate/Presentations/2_Energy_Sector_-_Ministry_of_Energy_2017__001_-Geneva__2017_final_for_presentation.pdf
http://www.gse.com.ge/about-us/who-we-are
http://www.gse.com.ge/for-customers/data-from-the-power-system/power-balance
https://sputnik-georgia.ru/reviews/20190927/246604024/Grozit-li-Gruzii-energodefitsit.html
https://sputnik-georgia.ru/reviews/20190927/246604024/Grozit-li-Gruzii-energodefitsit.html
https://forbes.ge/news/6776/%D0%92-3-raza-vyrosshij-import-kak-otvechaet-%D0%93ruzija-na-jenergeticheskuju-zimu
https://forbes.ge/news/6776/%D0%92-3-raza-vyrosshij-import-kak-otvechaet-%D0%93ruzija-na-jenergeticheskuju-zimu
http://www.gse.com.ge/for-customers/data-from-the-power-system/grid-losses
https://matsne.gov.ge/en/document/download/31744/32/en/pdf

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

https://esco.ge/files/data/Legislation/Tariffs_eng.pdf, accessed: January 16th 2020

Georgian Government (2010): Resolution N193 about Defining the Guaranteed
Capacity and Guaranteed Capacity Sources in Electric Energy System of Georgia,;
Tiblisi; https://esco.ge/files/data/Leqgislation/Guaranteed capacity engd.pdf, accessed:
January 16th 2020

Georgian Energy Minister’'s Order on the Approval of Electricity (Capacity) Market
Rules; https://esco.qge/files/data/Legislation/Market rules eng.pdf, assessed: March
19 2020

Georgian Government (2019): Decree N144 on Introducing Amendment to the Decree
#18 (dated January 28, 2019) Of the Government of Georgia "On the Approval of
Mandatory Criteria For the Direct Consumers of Electricity”; Tiblisi;
https://esco.qgeffiles/data/Legislation/Decree N144 eng.pdf, accessed March 6" 2020

TBC Capital (2019): Energy Sector Overview Georgia — Charging Forward; Deutsche
AulRenhandelskammer Georgien;

https://georgien.ahk.de/fileadmin/AHK Georgien/Publikationen/energy sector overvie
w_2019 0.pdf, accessed: January 16th 2020

Electricity Market Operator ESCO, official website (2020): Actual Balance;
https://esco.ge/en/energobalansi/by-year-1, accessed March 6" 2020

Morrison, Thea (2017): Georgia to See Increased Electricity Tariffs From 2018;
Georgia Today; http://georgiatoday.ge/news/8668/Georgia-to-See-Increased-
Electricity-Tariffs-From-2018, accessed March 6™ 2020

Agende.ge (2019): Solar power systems to be installed in 87 Georgian villages without
electricity; Tiblisi; https://agenda.ge/en/news/2019/2036, accessed March 6" 2020

Division of Powers: Georgie — Energy; European Committee of the Regions;
https://portal.cor.europa.eu/divisionpowers/Pages/Georgia-Energy.aspx, accessed
March 6" 2020

Energy Community: Electricity — State of Compliance; https://www.energy-
community.org/implementation/Georgia/EL.html, accessed March 6 2020

Georgian National Energy and Water Supply Regulatory Commission: Electricity —
Licensee Seeker; http://gnerc.org/ge/sector-participants/el-enerqy/litsenziis-
madzieblebi, accessed March 6™ 2020

Electricity Market Operator ESCO, official website (2020): Balancing Electricity Price;
https://esco.ge/en/electricity/balancing-electricity-price, accessed: January 16th 2020

Telasi JSC, official website (2019): Tariffs; http://www.telasi.ge/en/customers/tariffs ,
accessed: January 16th 2020

Energo-Pro Georgia JSC, official website (2020): Tariffs; http://www.energo-
pro.ge/en/service/electricity-tariff/23/ , accessed: January 16th 2020

Electricity Market Operator ESCO, official website (2020): Electricity Balance Of
Georgia 2019; https://esco.qgelfiles/data/Balance/energobalans 2019 eng.pdf,
accessed: January 17th 2020

Electricity Market Operator ESCO, official website (2020): Generation Licensees;
https://esco.ge/en/kvalifitsiuri-satsarmoebi/generation-licensees, accessed January 28"
2020

Electricity Market Operator ESCO, official website (2020): Balancing Electricity;
https://esco.ge/en/electricity/balancing-electricity, accessed January 29th 2020

Electricity Market Operator ESCO, official website (2020): Import / Export;
https://esco.ge/en/import-eksporti , accessed January 29th 2020

Georgian National Energy and Water Supply Regulatory Commission: Report on

52


https://esco.ge/files/data/Legislation/Tariffs_eng.pdf
https://esco.ge/files/data/Legislation/Guaranteed_capacity_eng.pdf
https://esco.ge/files/data/Legislation/Market_rules_eng.pdf
https://esco.ge/files/data/Legislation/Decree_N144_eng.pdf
https://georgien.ahk.de/fileadmin/AHK_Georgien/Publikationen/energy_sector_overview_2019_0.pdf
https://georgien.ahk.de/fileadmin/AHK_Georgien/Publikationen/energy_sector_overview_2019_0.pdf
https://esco.ge/en/energobalansi/by-year-1
http://georgiatoday.ge/news/8668/Georgia-to-See-Increased-Electricity-Tariffs-From-2018
http://georgiatoday.ge/news/8668/Georgia-to-See-Increased-Electricity-Tariffs-From-2018
https://agenda.ge/en/news/2019/2036
https://portal.cor.europa.eu/divisionpowers/Pages/Georgia-Energy.aspx
https://www.energy-community.org/implementation/Georgia/EL.html
https://www.energy-community.org/implementation/Georgia/EL.html
http://gnerc.org/ge/sector-participants/el-energy/litsenziis-madzieblebi
http://gnerc.org/ge/sector-participants/el-energy/litsenziis-madzieblebi
https://esco.ge/en/electricity/balancing-electricity-price
http://www.telasi.ge/en/customers/tariffs
http://www.energo-pro.ge/en/service/electricity-tariff/23/
http://www.energo-pro.ge/en/service/electricity-tariff/23/
https://esco.ge/files/data/Balance/energobalans_2019_eng.pdf
https://esco.ge/en/kvalifitsiuri-satsarmoebi/generation-licensees
https://esco.ge/en/electricity/balancing-electricity
https://esco.ge/en/import-eksporti

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Activities of 2018; http://gnerc.org/old/en/public-information/gazi/tsliuri-angarishi,
accessed February 12th 2020

Energy governance in Georgia — Report on Compliance with the Energy Community
Acquis; Energy Community Secretariat July 2017
https://www.euneighbours.eu//sites/default/files/publications/2017-
08/ECS_Georgia Report 082017.pdf, accessed March 9th 2020

Ministry of Energy of Georgia: Investment and Trading Opportunities in Energy Sector
of Georgia;

https://www.unescap.org/sites/default/files/F_Georgia Bangkok Investment 0.pdf;
accessed March 12" 2020

Wettengel, Julian (2019): EU household electricity prices increase in second half of
2018; Clean Energy Wire; https://www.cleanenergywire.org/news/eu-household-
electricity-prices-increase-second-half-2018-slight-decrease-germany; accessed March
12" 2020

Government of Georgia (2015): Main Directions of the State Policy in Energy Sector Of
Georgia;
http://enerqgy.gov.ge/projects/pdf/pages/MAIN%20DIRECTIONS%200F%20THE%20S
TATE%20POLICY%20IN%20ENERGY%20SECTOR%200F%201047%20enq.pdf,
accessed March 16" 2020

Georgian National Energy and Water Supply Regulatory Commission: News
14.03.2019; http://gnerc.org/en/media/presrelizebi-akhali-ambebi/14032019-
relizi/l21148, accessed March 16" 2020

Bankwatch Network, official website (2014): Hydropower development in Georgia,
https://bankwatch.org/project/hydropower-development-georgia, accessed March 19™
2020

Shengelia, George (2015): Electricity Sector Overview — A Growth & Opportunity Play;
TBC Capital, Georgia; http://www.tbccapital.ge/en/research/reports/georgian-electricity-
sector, accessed March 19" 2020

Article: Gardabani Combined Cycle Thermal Power Plant; https://www.power-
technology.com/projects/gardabani-combined-cycle-thermal-power-plant-kvemo-kartli/,
accessed March 19" 2020

Georgian Government: DRAFT — Law of Georgia on Renewable Energy Sources;
March 2013; Ministry of Energy of Georgia;

http://hydropower.ge/user upload/Initial Draft RE Law Apr 2013.pdf; accessed
March 30" 2020

Georgian National Energy and Water Supply Regulatory Commission (2019): Annual
Report on Activities of 2018; Tiblisi,
http://gnerc.org/old/files/wliuri%20angariSi/1%20Annual%20Report%20-
2018%20ENG.pdf, accessed March 315t 2020

Bank of Georgia Group PLC (2019): Annual Report 2019, London;
https://bankofgeorgiagroup.com/reports/annual, accessed April 015 2020

Galt &Taggert Research (2017): Electricity Market Watch — Georgia’s Energy Sector;
https://galtandtaggart.com/upload/reports/5345.pdf, accessed April 015t 2020

Opitz, Petra; Margvelashvili, Murman (2015): Sustainable Energy Pathways in the
South Caucasus: Opportunities for Development and Political Choices; South
Caucasus Regional Office of the Heinrich Boell Foundation;
https://ge.boell.org/sites/default/files/book 200x240mm.pdf, accessed April 015 2020

Bellini, Emiliano (2019): Georgia preps 50 MW solar auction; pv-magazine.com;
https://www.pv-magazine.com/2019/05/07/georgia-preps-50-mw-solar-auction/,
accessed April 01 2020

53


http://gnerc.org/old/en/public-information/gazi/tsliuri-angarishi
https://www.euneighbours.eu/sites/default/files/publications/2017-08/ECS_Georgia_Report_082017.pdf
https://www.euneighbours.eu/sites/default/files/publications/2017-08/ECS_Georgia_Report_082017.pdf
https://www.unescap.org/sites/default/files/F_Georgia_Bangkok_Investment_0.pdf
https://www.cleanenergywire.org/news/eu-household-electricity-prices-increase-second-half-2018-slight-decrease-germany
https://www.cleanenergywire.org/news/eu-household-electricity-prices-increase-second-half-2018-slight-decrease-germany
http://energy.gov.ge/projects/pdf/pages/MAIN%20DIRECTIONS%20OF%20THE%20STATE%20POLICY%20IN%20ENERGY%20SECTOR%20OF%201047%20eng.pdf
http://energy.gov.ge/projects/pdf/pages/MAIN%20DIRECTIONS%20OF%20THE%20STATE%20POLICY%20IN%20ENERGY%20SECTOR%20OF%201047%20eng.pdf
http://gnerc.org/en/media/presrelizebi-akhali-ambebi/14032019-relizi/21148
http://gnerc.org/en/media/presrelizebi-akhali-ambebi/14032019-relizi/21148
https://bankwatch.org/project/hydropower-development-georgia
http://www.tbccapital.ge/en/research/reports/georgian-electricity-sector
http://www.tbccapital.ge/en/research/reports/georgian-electricity-sector
https://www.power-technology.com/projects/gardabani-combined-cycle-thermal-power-plant-kvemo-kartli/
https://www.power-technology.com/projects/gardabani-combined-cycle-thermal-power-plant-kvemo-kartli/
http://hydropower.ge/user_upload/Initial_Draft_RE_Law_Apr_2013.pdf
http://gnerc.org/old/files/wliuri%20angariSi/1%20Annual%20Report%20-2018%20ENG.pdf
http://gnerc.org/old/files/wliuri%20angariSi/1%20Annual%20Report%20-2018%20ENG.pdf
https://bankofgeorgiagroup.com/reports/annual
https://galtandtaggart.com/upload/reports/5345.pdf
https://ge.boell.org/sites/default/files/book_200x240mm.pdf
https://www.pv-magazine.com/2019/05/07/georgia-preps-50-mw-solar-auction/

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Agenda.ge (2018): Georgia announces mountain development strategy for 2019-2023;
Tiblisi; https://agenda.ge/en/news/2018/2631, accessed April 015t 2020

Agenda.ge (2019): Solar power systems to be installed in 87 Georgian villages without
electricity; Tiblisi; https://agenda.ge/en/news/2019/2036, accessed April 01t 2020

AE Solar to open 500 MW European module factory in Georgia, 2019, https://www.pv-
magazine.com/2019/04/12/ae-solar-to-open-500-mw-eurasian-module-factory-in-
georgial/

Sun House, official website (2020): About us — Our Achievments;
http://sunhouse.ge/en, accessed April 06" 2020

Bundesministerium fur Wirtschaft und Energie (2015): Landerprofil Georgien —
Informationen zur Nutzung und Férderung erneuerbarer Energien; Berlin;
https://www.german-energy-solutions.de/GES/Redaktion/DE/Publikationen/
Marktanalysen/Laenderprofile/georgien.pdf? blob=publicationFile&v=4, accessed
April 06" 2020

Galt & Taggart Research (2020):Electricity Market Watch — Georgia’s Electricity Sector;
January 2020; https://galtandtaggart.com/upload/reports/20306.pdf; accessed April 06™
2020

The World Bank, Solargis: The Globalsolaratlas; https://globalsolaratlas.info/map,
accessed April 06™ 2020; Report on “User-defined area” obtained from the “Global
Solar Atlas 2.0, the free, web-based application is developed and operated by the
company Solargis s.r.0. on behalf of the World Bank Group, utilising Solargis data, with
funding provided by the Energy Sector Management Assistance Program (ESMAP).
For additional information: https://globalsolaratlas.info

The World Bank: DataBank — World Development Indicators — Preview — Georgia;
Electric power consumption (kWh per capita);
https://databank.worldbank.org/reports.aspx?source=2&country=GEQ; accessed April
06" 2020

54


https://agenda.ge/en/news/2018/2631
https://agenda.ge/en/news/2019/2036
https://www.pv-magazine.com/2019/04/12/ae-solar-to-open-500-mw-eurasian-module-factory-in-georgia/
https://www.pv-magazine.com/2019/04/12/ae-solar-to-open-500-mw-eurasian-module-factory-in-georgia/
https://www.pv-magazine.com/2019/04/12/ae-solar-to-open-500-mw-eurasian-module-factory-in-georgia/
http://sunhouse.ge/en
https://www.german-energy-solutions.de/GES/Redaktion/DE/Publikationen/%20Marktanalysen/Laenderprofile/georgien.pdf?__blob=publicationFile&v=4
https://www.german-energy-solutions.de/GES/Redaktion/DE/Publikationen/%20Marktanalysen/Laenderprofile/georgien.pdf?__blob=publicationFile&v=4
https://galtandtaggart.com/upload/reports/20306.pdf
https://globalsolaratlas.info/map
https://globalsolaratlas.info/
https://databank.worldbank.org/reports.aspx?source=2&country=GEO

Annex

Annex 1: Global Solar Atlas Report on Samtskhe-Javakheti (southern

and central) [69]
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Average 3.91 Average 3.85
Maximum 411 Maximum 4,18
Percentile 90 4.08 kw Percentile 90 4.09
Percentile 75 3.99 k Percentile 75 4.00
Percentile 50 (Median) 393 Percentile 50 (Median) 3.90
Percentile 25 3.85 kwi Percentile 25 372 k
Percentile 10 3.73 ki Percentile 10 3.48
Minimum 3.63 Minirnurm 3.33
Cumulative distribution function Cumulative distribution function
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Distribution Distribution
Specific photovoltaic power output Direct normal irradiation
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GHI - AREA ANALYSIS

Statistics

Global herizontal irradiation

Average 4.04 kwn/
Maximum 418 kw
Percentile 90 4.14 kw
Percentile 75 4.1
Percentile 50 (Median) 4.07
Percentile 25 4.00 kwn/
Percentile 10 3.89 kwh/m?
Minimum 3.81 kwn/
Cumulative distribution function

Global herizental irradiation
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Distribution

Global horizontal irradiation

less than 3.80 42 % P

DIF - AREA ANALYSIS

Statistics

Diffuse horizontal irradiation

m? Average 1.73 kwhy

n* Maximum 1.77
Percentile 90 1.76
Percentile 75 1.74 kWh/

Percentile 50 (Median) 1.73
m? Percentile 25 1.72 kwn/
Percentile 10 1.71
Minimum 1.70 k

m

Cumulative distribution function

Diffuse horizontal irradiation
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Distribution
Diffuse horizontal irradiation
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GTI - AREA ANALYSIS

Statistics

Global tilted irradiation

Average 4.66 kwn/m?
Maximum 487 3
Percentile 90 4.82 kw
Percentile 75 4.76

Percentile 50 (Median) 4.69
Percentile 25 4.60
Percentile 10 4.43

Minimum 4.32

Cumulative distribution function

Global tilted irradiation
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Distribution

Global tilted irradiation

less than 4.20 19% )
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OPTA - AREA ANALYSIS

Statistics

Optimum tilt of PV modules

Average 35
Maximum 36 -
Percentile 90 36 °
Percentile 75 35 -
Percentile 50 (Median) 34 -
Percentile 25 33 -
Percentile 10 33 -
Minimum 32 -
Cumulative distribution function
Optimum tift of PV modules
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Distribution

Optimum tilt of PV modules

lessthan 34 1.4 %
34—-35 326 %
35—36 27.8 %
36 —37 246 %
morethan 37 36 %

100.0 %
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TEMP - AREA ANALYSIS

Statistics

Air temperature

Average 48 T
Maximum 76 T
Percentile 90 6.9 T
Percentile 75 6.2 T
Percentile 50 (Median) 49 ©
Percentile 25 36 T
Percentile 10 1.8 ©
Minimum 09 T
Cumulative distribution function
Air temperature
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Distribution
Air temperature
less than 1.0 47 = 1D
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30-40 124 = D
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50-60 179 = D
60-70 19.8 = [
7.0—80 6.0 % | ]
80-90 61 % [P
morethan 9.0 36 = 1D
100.0 %
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ELE - AREA ANALYSIS

Statistics

Terrain elevation

Average 1915 m
Maximum 3188 m
Percentile 90 2421 m
Percentile 75 2147 m
Percentile 50 (Median) 1919 m
Percentile 25 1693 m
Percentile 10 1296 m
Minimum 936 m
Cumulative distribution function
Terrain elevation
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Distribution

Terrain elevation
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1600 — 1800 18.5 =
1800 — 2000 205 =
2000 — 2200 20.8 = [
2200 — 2400 10.4 = D

I

L

[ ]

2400 — 2600 7.5 %
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GLOSSARY

Acronym Full name Unit Type of use

DIF Diffuse horizontal irradiation kWh/m? MJ/m? Average yearly, monthly or daily sum of diffuse horizontal irradiation (&
2019 Solargis)

DNI Direct normal irradiation kWh/m? MJ/m? Average yearly, monthly or daily sum of direct normal iradiation (@ 2019
Solargis)

ELE Terrain elevation m, ft Elevation of temain surface above/below sea level, processed and
integrated from SRTM-3 data and related data products (® 2019 SRTM
team)

GHI Global horizontal irradiation kWh/m?, MJ/m? Average annual, menthly or daily sum of global horizontal irradiation (2
2019 Solargis)

GTI Global tilted irradiation kWh/m? MJ/m? Average annual, menthly or daily sum of global tilted imadiation (@ 2019
Solargis)

GTl_opta Global tilted irradiation at optimum angle kWh/m? MJ/m? Average annual, menthly or daily sum of global tilted irradiation for PV
madules fix-mounted at optimum angle (8 2019 Solargis)

OPTA Optimum tilt of PV modules ° Optimum tilt of fixmounted PV modules facing towards Equator set for
maximizing 6Tl input (8 2019 Solargis)

PYOUT_total Total photovoltaic power output kWh, MWh, GWh YYearly and monthly average values of photovoltaic electricity (AC)
delivered by the total installed capacity of a PV system (@ 2019 Solargis)

PVOUT_specific Specific photovoltaic power output kwh/kwp Yearly and monthly average values of photovoltaic electricity (AC)
delivered by a PV systemn and 1 I 101 kwp of Il
{® 2019 Solargis)

TEMP Air temperature °C,°F Average yearly, monthly and daily air temperature at 2 m above ground.
Calculated from outputs of ERAS model (@ 2019 NOAA and NASA)

ABOUT
This pdf report (the "Work") is automatically generated from the Global Solar Atlas online app (https://globalsolaratlas.info/), prepared by

Solargis under contract to The World Bank, based on a solar resource database that Solargis owns and maintains. It provides the estimated
solar resource, air temperature data and potential solar power output for the selected location and input parameters of a photovoltaic (PV)
power system.

Copyright @ 2019 The World Bank
1818 H Street NW, Washington DC 20433, USA

The World Bank, comprising the International Bank for Reconstruction and Development (IBRD) and the International Development
Association (IDA), is the commissioning agent and copyright holder for this Work, acting on behalf of The World Bank Group. The Work is
licensed by The World Bank under a Creative Commons Attribution license (CC BY 4.0 160) with a mandatory and binding addition (please
refer to the GSA website for full terms and conditions of use https://globalsolaratlas.info/support/terms-of-use).

The World Bank Group disclaims all warranties of any kind related to the provision of the Work.

The Work is made available solely for general information purposes. Neither the World Bank, Solargis nor any of its partners and affiliates
hold the responsibility for the accuracy and/or completeness of the data and shall not be liable for any errors, or omissions. It is strongly
advised that the Work be limited to use in informing policy discussions on the subject, and/or in creating services that better educate relevant
persons on the viability of solar development in areas of interest. As such, neither the World Bank nor any of its partners on the Global Solar
Atlas project will be liable for any damages relating to the use of the Work for financial commitments or any similar use cases. Solargis has
done its utmost to make an assessment of solar climate conditions based on the best available data, software, and knowledge.

Sources: Solar database and PV software @ 2019 Solargis
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