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THE MAIN TRENDS IN RENEWABLE ENERGY DEVELOPMENT IN ARMENIA:
CHALLENGES FOR ENERGY TRANSITION1

The main trends in the development of renewable energy in Armenia are considered in the context of
the challenges of sustainable development and energy transition. It is established that the development of
renewable energy is one of the key directions of diversification of Armenia's energy security system. The main
direction of development of the industry is identified. In particular, opportunities for the development of solar,
wind, geothermal and bioenergy are analyzed. Special attention is paid to the potential of development of
small hydropower in Armenia. It is shown that the full and systematic development of the mentioned industries
is possible only in case of effective state-private partnership. External risks of solar and wind energy
development in Armenia are considered separately.
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One of the conditions for increasing the level of energy security and ensuring sustainable
energy development of the state is the diversification of the energy system, which, first of all,
involves the search and use of new sources of energy. Diversification of the energy system allows
the state not only to protect itself from possible accidents and failures, but also creates conditions
for reducing the sensitivity of the energy system towards external political issues. And although
today it is impossible to imagine an absolutely independent energy system operating in autarchic
conditions, and the concept of “energy independence” is rather of a journalistic nature,
nevertheless, taking into account the geopolitical significance of energy resources, we can state that
diversification allows increasing the level of energy sovereignty. This, in turn, leads to an increase in
its geopolitical status.

In the case of the Republic of Armenia (RA), diversification solves a basic problem: it creates
conditions for reducing the cost of produced electricity, which is one of the challenges to energy
security. Reducing the cost of electricity will allow for a more flexible tariff policy, thereby
stimulating economic development. Moreover, low cost may create additional conditions for the
integration into the international electricity corridors in order to export the electricity generated in
Armenia to foreign markets.

In order to reveal the diversification opportunities of the Armenian energy system, we will
comprehensively consider the renewable energy sector (RES) in Armenia, identifying both the
potential for its development and the risks that impede its formation.

Main directions of development of RES in Armenia

A necessary condition for the development of renewable energy is the presence of an
appropriate regulatory and legislative framework. In Armenia, the main legislative act regulating this

1The work was supported by the Science Committee of Republic of Armenia, in the frames of the research project
Ne 21T-2H107.
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industry is the "Law on Energy Efficiency and Renewable Energy", adopted in 2004. The Law defines

the principles of energy efficiency and state policy for the development of renewable energy, as well

as the mechanisms for their implementation. These mechanisms are aimed at:

> strengthening the economic and energy independence of Armenia,;

> increasing the degree of economic and energy security of Armenia, reliability of its energy
system;

> creation of new production facilities and organization of services that stimulate energy
efficiency and development of renewable energy;

> reducing the technogenic impact on the environment and human health [1].

Turning to RES in Armenia, the following sectors should be considered: solar, wind, bio-,
geothermal and small hydropower.

Solar energy. During Soviet period, activity in the field of renewable energy development
(without taking into account hydroenergy) began in the 1950s. Initially, that activity was of a purely
research nature and, above all, related to the use of solar energy, which is quite natural, taking into
account the sunshine duration in Armenia - about 2300-2500 hours per year.

The sun is the most widely used source of clean and endless energy. In the field of solar
energy, Armenia has significant advantages. due to its close location to the tropical zone, a
significant part of the country has favorable natural and climatic conditions that allow the
widespread use of solar energy. The average annual value of solar energy in Armenia is 1720
kWh/sg.m per 1sq.m of horizontal surface, while in Europe, it is about 1000 kWh/sq.m. During the
warm period, the duration of sunshine in Armenia is 85% of the annual one, but on average, the
duration of sunshine reaches 60%. These indicators allow us to confidently say that Armenia has all
the necessary prerequisites for the full development of the industry [2].

In Armenia, the first photovoltaic installation with a peak power of 7.5 kW was installed in
1990 by BP (UK) in the Byron school [3].

Today, the total installed capacity of solar power plants (SPP) in Armenia is about 500 MWt
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Fig. 1 Installed capacity of the Armenian energy system
In Armenia, it is planned to build the largest solar power plant in the region, "Masrik-T', with a
capacity of 55 MW (commission date - 2024), which is expected to significantly change the structure
of the domestic energy market. Together with the European Bank for Reconstruction and
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Development (EBRD), preparatory work has also begun for the construction of 5 solar power plants
in Armenia with a total capacity of 120 MW. The government approved the investment program of
"Masdar" company (UAE) for the construction of a solar power plant with a total capacity of 400 MW
in the Aragotsotn and Kotayk regions of Armenia. Investments in this project will exceed $300
million. Tariff policy aimed at developing the industry is also of big importance: in the field of
renewable energy, Armenia has a very competitive selling tariff for electricity - 4.19 cents per 1
kWh. This creates the necessary conditions for the implementation of new projects in the field of
solar energy. Thus, the Armenian Renewable Energy and Energy Saving Fund, together with the
French company "Trans Energy", received a grant from the French government for the construction
of the first floating solar power plant in Armenia with a capacity of 151 kW. In general, it is expected
that by 2030, the volume of planned investments in the field of solar energy in Armenia will reach
600 million US dollars, and in the field of wind energy - 500 million US dollars [4].

However, it is important to note that as a result of the war in Artsakh (Karabakh) in the fall of
2020, the prospects for the construction of some large solar power plants in Armenia became
doubtful. Thus, the project of the mentioned solar power plant “Masrik-1” is planned to be
implemented in the settlement of Mets Masrik in the Gegharkunik region, in close proximity to the
Karvachar region that was transferred to Azerbaijan as a result of the war. The village of Mets
Masrik is located 8 km from the interstate border and, as is known, was shelled by Azerbaijani
drones during the war. It is obvious that repeated violations of the state border by the Azerbaijani
armed forces in the same Gegharkunik region and shelling in the spring of 2021, as well as the
process of including the issue of delimitation and demarcation on the official agenda of Yerevan and
Baku creates quite tangible risks for business entities investing in solar energy in the region. The
same problem exists in the field of wind energy, which will be discussed below.

Wind energy. In Armenia, according to available estimates, the cost of one wind power plant
with a power of 1 kW is approximately 1000-1300 US dollars. To bring the total power to 100 MW.
100-130 million US dollars of investment are required. In general, the wind energy potential in
Armenia is 5000 MW. Particularly noteworthy are such places of Armenia as the Pushkin Pass,
Karakhachin, Semenov, Zod, Sisian, as well as the Charentsavan region.

Armenian power engineers already have some experience in the construction of wind plants.
In 2005, the first wind plant in Armenia with a total capacity of 2.6 MW was put into operation. The
wind power plant was built due to $3.5 million grant from the Iranian government. The plant is
located on the Pushkin Pass in the Lori region at an altitude of 2060 m above sea level and is
equipped with four wind turbines. The average annual electricity generation is estimated at 5 million
kWh, the service life is 20 years. It should be noted that the wind power plant installed at Pushkin
Pass is the first in the South Caucasus [5].

Another important project in the field of wind energy is "Zod-Wind" - a wind power plant
installed in Gegharkunik region in 2018. The station’s capacity is 20 MW. Taking into account the
inaccessibility of the most perspective points in terms of generation, the construction of wind power
plants often runs into problems of transporting large-sized blades and other components to the
station construction site [0].
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Today, a number of European companies are involved in the process of monitoring the terrain
and assessing the wind potential of Armenia in various regions and attracting investments for the
construction of wind power plants, including the ltalian company "Ar Energy", "Zod Wind", the
Spanish company "Acciona Energia Global S.L." etc.

As noted above, the war in Artsakh (Karabakh) in the fall of 2020 caused serious threats to the
development of RES, including the wind energy. At the end of May 2021, the "Zod-Wind" company
filed a lawsuit against the Government of the Republic of Armenia demanding compensation for
damages ($5 million) incurred in November 2020, when, after the signing of a trilateral ceasefire
agreement, the Azerbaijani Armed Forces invaded the territory village of Sotk, Gegharkunik region,
with a threat to open fire. As a result, the company lost the opportunity to carry out economic
activities on the territory transferred to it by the government until 2048 (200 hectares). The
company has already built two wind turbines on 75 hectares. According to the business plan, it was
planned to build 23 more [7]. Obviously, this situation creates some risks for the investment field in
renewable energy in Armenia.

Bioenergy. Currently, in Armenia, the process of obtaining energy from biogas is at the initial
stage of development. According to the USAID program (2007), in Armenia, the biogas potential for
2006-2020 estimated as follows: with 34.17 million US dollars of investment, 38.34 million cubic
meters of biogas can be provided annually, which will prevent methane emissions into the
atmosphere. In Armenia, one of the first installations for the production of biogas from farm animal
manure in combination with a solar 75 water heating system was created on a small cattle farm in
Aparan [3]. The largest biogas plant launched in Armenia is located at the Lusakert poultry farm
where gas is mainly used to meet the needs of the poultry farm.

It is also important to dwell on the program for obtaining energy from biogas at the
Nubarashen city landfill. In 2001, the Japanese company "Shamizu”, together with the Government
of the Republic of Armenia and the Yerevan City Hall, began developing a number of projects under
the CDM (Clean Development Mechanism) scheme. One of them is a project aimed at obtaining
methane from the Nubarashen landfill and its further use as an energy source. According to the
document developed by the UNDP and UNFCCC in 2007, a 16-year repayment period for the
targeted loan was established. Three Japanese companies were involved in the implementation of the
program: "Shimizu", "Hokaido Electric Power” and "Mitsui". Investments in the program amounted
to about 8 million US dollars [5]. Currently, the program is essentially frozen.

Geothermal energy. In 2009, the World Bank allocated 1.5 million US dollars to the
government of Armenia to study the potential for the development of geothermal energy in the
country. As a result of the research, it was revealed that in Armenia, there are perspective areas for
the construction of geothermal power plants. It was revealed that electricity generation of 150-200
MW was quite realistic. Geological surveys in the central volcanic zone made it possible to discover
promising geothermal and mineral deposits (Jermakhbyur, Sisian, etc.). The potential of the
Jermakhbyur source is estimated at 25-30 MW. Compared to all other renewable energy resources,
geothermal resources can be used for a long time, regardless of weather conditions [2].
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Small hydropower. In the energy balance of Armenia, the share of hydroelectric power
plants (HPPs) is more than 30%. In turn, the capacity of small hydroelectric power plants is 365
MW. At the same time, there is a noticeable decrease in the dynamics of the construction of new
small hydroelectric power plants, which is, firstly, due to the unfavorable investment climate and,
secondly, to the ineffective government policy in this area. Currently, the small hydropower complex
demonstrates some crisis tendecies. There is a trend: most of the problems in the field of water
resource management in Armenia are traditionally attributed to small hydropower plants. Obviously,
this cannot but affect investment activity in the industry. The result of this policy was the
government’s decision (2020) to fine small hydropower plants 64 million drams for using water
more than the permitted volume [8].

Obviously, preventing the withdrawal of additional water volumes is a necessary condition for
effective water resource management, but several factors must be considered in this case. Most
rivers in Armenia have so called high water, and in the spring, the water flow increases significantly,
which creates opportunity to produce additional volumes of electricity. This water flow to Azerbaijan
and Turkey, where it is used for irrigation purposes. Thus, it is necessary to avoid an average
approach, especially when monitoring small hydropower plants that are located near state borders.

As for any state, diversification is one of the main challenges to ensuring energy security in
Armenia. The development of renewable energy is a key condition for diversifying the energy
system. Armenia has great potential for the development of renewable energy. To use this potential
most effectively, it is necessary to establish a public-private partnership, since the problems in the
functioning of the industry are related not only to technical or financial issues, but also to issues of
market regulation and, in general, energy policy of the state.

The analysis showed that the most promising areas for the development of RES in Armenia are
solar, wind, bio-, geothermal and small hydropower. In turn, small hydropower and solar energy
(the energy sectors with a number of successfully implemented projects), should be particularly
highlighted. As for wind, geothermal and bioenergy, the assessed potential allows us to talk about
the prospects for their development in the case of a well-structured and effective state energy policy
and, in particular, improving the investment climate in the energy sector and in the economy as a

whole.
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B.C. laBTsH

OCHOBHBbIE TEHAEHLUWA PA3BUTUA BO3OBHOBAAEMOI SHEPTETUKU B
APMEHWN: BbI3OBbl SHEPTETUHECKOTI O NMEPEXOJA

Paccmomperb:  ocHo8Hble meHOeHUuUU pa3sumus  B80300HOS8nAemol 3Hepzemuku 8 ApmeHuu 8
KOHMeKCMe BbI30808 YCMOU4YUB020 PA3BUMUSA U IHEP2emMUYecKo20 nepexodda. YcmarosieHo, Ymo passumue
80306H08/1AEMOl 2HepeeMUKU ABMAEMCA OOHUM U3 HKIHOYesbix HanpasieHull Ousepcugbukayuu cucmembl
aHepzemuyecKoli 6esonacHocmu ApmeHuu. BbisgneHbl enasHble HanpasneHua pasgumua ompaciu. B
YyacmHocmu, NpoOaHAnU3uUpOBaHbl BO3MOMHOCMU pa3sumus ColHe4Hol, sempAHoOU, eeomepmansHol U
buoanepzemuku. Ocoboe sHUMAHue yOeneHoO nomeHYUany passumus Manoli eudposHepeemuKu 8 ApMeHuUU.
lMokasaHo, Ymo nonHoyeHHoe U cucmeMHoOe passumue yKa3aHHbIX ompacneli B03MOXHO UlWb NPU HAAUYUU
ahgpekmusHozo 20cydapcmseHHo-4acmHo20 napmaepcmsad. OmdenbHO paccMompeHbl SHeWHUE PUCKU
pa3sumMusA CoMHeYHoU U BempaHOU 3HepzemuKu 8 ApMeHuu.

Knroyesbie cnosa: Apmenus, B0300HOSNAeMble UCMOYHUKU 3Hepeuu, 3Hepzemuyeckull nepexoo,

besonacHocms, dusepcucpukayus.
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