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Perspectives for Electricity Generation from Renewable Energy Sources in 
the South Caucasus Region
By Maximilian Kühne, Philipp Ahlhaus and Thomas Hamacher, Munich

Abstract
Renewable energy sources are sustainable, domestic and allow for diversification of resources. Given their 
availability and economic feasibility, they could contribute toward a reliable electricity supply for the South 
Caucasus region. Based on annual generation time series derived from weather data for the period 2000–
2012, we analyse the availability and economic feasibility of wind power and solar photovoltaics in Armenia, 
Azerbaijan and Georgia. Our analysis demonstrates that electricity generation from wind and solar power is 
currently not economically feasible in any of the three countries. However, we demonstrate that the attrac-
tiveness of renewable energy sources improves significantly in the future if investment costs and the cost of 
capital can be reduced. We conclude by discussing possible benefits of an early introduction of renewable 
energy sources in the electricity supply of the South Caucasus region.

Introduction
The South Caucasus region is an integral part of the 
European energy strategy (Altmann 2007, Meister 2014), 
due to its substantial reserves of natural gas and oil and 
its geographical location along the energy transit cor-
ridor between Central Asia and Europe. Exporting gas 
and oil to Europe will potentially drive the economic 
development of the region in the near future. However, 
a long-term strategy for supplying the region’s domes-
tic energy demand is required to achieve sustainable 
economic development. Such considerations are par-
ticularly important regarding electricity: The correla-
tion coefficient between electricity consumption and 
the gross domestic product (GDP) of modern national 
economies is usually much higher than between total 
primary energy consumption and GDP.

Natural gas has a dominant position in the electric-
ity generation mix of the South Caucasus. According 
to the International Energy Agency (2014), it contrib-
uted approximately 58 percent of the 38 TWh of total 
electricity produced in the region in 2011. Just over one 
third of the region’s electricity production is supplied 
by hydropower plants. With less than 1 percent of the 
total, electricity production from oil played only a mar-
ginal role. On a national level, the share of hydropower 
ranged from 13 percent in Azerbaijan to a remarkable 
77 percent in Georgia in 2011. While approximately one 
third of Armenia’s total electricity production is gener-
ated by the region’s only nuclear power plant in Met-
samor, nuclear power amounted to less than 7 percent of 
the total demand in the South Caucasus region in 2011.

From a strategic perspective, this status quo poses 
several problems. First and foremost, with basically only 
three sources of energy and a dependence on natural 
gas of almost 60 percent, the overall level of diversifica-
tion of the electricity supply is low. Although the larg-

est part of the region’s gas consumption is currently cov-
ered by Azerbaijan’s domestic resources, natural gas is 
also imported to the region (Shaffer 2012). With neither 
access to Azerbaijani gas nor any relevant resources of its 
own, Armenia is heavily reliant on imported natural gas 
(and nuclear fuel) from Russia (Danish Energy Manage-
ment 2011). While so far import dependence is only a 
national problem, in the long run the whole region might 
be affected by the depletion of resources. According to 
Aliyev (2013), the economic exploitation of Azerbaijan’s 
gas reserves might be limited to the next 20–30 years. 
Depending on Europe’s appetite for gas, a shortage of 
resources and related price rises could occur even earlier.

Except for hydropower and a few small-scale projects, 
renewable energy sources (RES) are not yet contribut-
ing to electricity supply in the South Caucasus region. 
Renewable electricity generation however satisfies sev-
eral requirements of sustainability and security of supply. 
Whereas carbon abatement is a global challenge, nitro-
gen oxide, sulfur dioxide and particulate matter emis-
sions have an immediate impact on the environment and 
the health of the local population. Their reduction is an 
important issue in the South Caucasus, where pollution 
from fossil and nuclear fuels has reached disconcerting 
dimensions (Kochladze 2009). Replacing fossil fuels 
would immediately reduce the environmental impact of 
power generation in the region. In addition, the deploy-
ment of RES would diversify the mix of energy sources 
and generation technologies as well as reduce import 
dependence, thus improving security of supply.

This article investigates the perspectives of renew-
able electricity generation in the South Caucasus region. 
Therefore, first the availability of RES is evaluated. Sec-
ondly, the economic feasibility is explored, using the 
levelised cost of electricity as a metric. The conclusion 
describes the additional benefits of RES.
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Availability of Renewable Energy Sources
The overall potential of renewable electricity generation 
is usually classified in terms of theoretical, technical and 
economic potentials (Hoogwijk 2004):

theoretical potential > technical potential >  
economic potential

While the theoretical potential is an estimate of the 
total annual amount of a primary energy resource that 
is available in nature, the technical potential is defined 
as the usable portion if constraints like available and 
suitable terrain are considered and conversion losses 
are taken into account. The economic potential is the 
annual amount of electricity that can be obtained at 
cost levels that are competitive with alternative sources 
of electricity, considering current or projected technol-
ogy costs and market conditions.

Especially for technologies other than hydropower, 
reliable data on the technical and economic potential of 
renewable electricity generation in the countries of the 
South Caucasus are still rare. Due to the limited avail-
ability of reliable data, we focus on solar photovoltaics 
(PV), as well as onshore and offshore wind power. A few 
estimations exist for the economic potential of onshore 
wind power in the region. According to USAID (2010), 
the potential in Armenia amounts to 1.6 TWh (terawatt 
hours) annually (about 22 percent of total electricity pro-
duction in 2011), while Walden et al. (2013) estimate a 
potential of 2.4 TWh annually for Azerbaijan (about 
12 percent of total electricity production in 2011). For 
Georgia, a technical potential of 5.0 TWh annually from 
onshore wind (about 49 percent of total electricity pro-
duction in 2011) is given by USAID (2008). With regard 
to solar PV, reliable data could only be retrieved for Arme-
nia, where a technical potential of up to 3.9 TWh (about 
53 percent of total electricity production in 2011) is esti-
mated (R2E2 Fund 2013). Data from this small number 
of studies can only be taken as a preliminary indicator 
of available RES potential in the South Caucasus region.

Based on weather data for the period 2000–2012, 
Janker (2014) compiled a global database of time series 
of potential electricity generation from wind and solar PV. 
From these time series annual full load hours (FLH) are 
derived, which indicate the amount of electricity that is 
generated per unit of installed capacity. Janker (2014) uses 
two different approaches to determine aggregate FLH for 
regions or countries: It is assumed that either installed 
capacity is uniformly distributed across the whole country 
or installed capacity is uniformly distributed only across 
the 33 percent of sites with the best conditions. While the 
assumption of a uniform distribution across the whole 
country might become more realistic with increasing 

shares of wind and solar power, it certainly does not hold 
for countries which are only starting to develop renewable 
electricity generation. Thus, FLH which are only based 
on the best 33 percent of sites are probably more suit-
able for the South Caucasus region. We examined aver-
age FLH of the period 2000–2012 in order to obtain a 
more representative estimate for each country (Table 1).

For onshore wind power, Azerbaijan offers the high-
est FLH value among the three countries of the South 
Caucasus. With an average of 1,041 FLH considering the 
best 33 percent of sites, conditions are, however, not as 
favourable as in Germany or the United Kingdom. The 
number of FLH that could be achieved for onshore wind 
in Armenia and Georgia is significantly lower. Offshore 
wind resources could possibly also be harnessed along the 
coasts of the Black Sea and the Caspian Sea. Whereas 
only a very low number of FLH can be expected along 
Georgia’s Black Sea coast, the Caspian Sea offers signif-
icantly better conditions for electricity generation from 
offshore wind parks. With an average of 2,149 FLH for 
the best 33 percent of offshore wind sites, conditions 
on the Caspian Sea are still less attractive than in the 
North Sea region, where 3,693 FLH and 4,241 FLH are 
reached on average in the offshore zones of Germany and 
the United Kingdom respectively (Janker 2014). How-
ever, it should be noted that Kerimov et al. (2013) found 
capacity factors of 0.41–0.49 (i.e. 3,590–4,290 FLH) 
for offshore sites near Azerbaijan’s Apsheron Peninsula.

The conditions for electricity generation from solar 
PV are favourable throughout the South Caucasus 
region, with achievable FLH in Azerbaijan and Arme-
nia being slightly higher than in Georgia. Solar radia-
tion however falls short of Mediterranean countries like 
Italy and Spain, where, according to Janker (2014), more 
than 1,350 FLH are reached on average (considering the 
best 33 percent of sites). Although this comparison of 
FLH indicates the limited performance of wind and solar 
power in the South Caucasus region, meaningful con-
clusions can only be drawn from an economic analysis.

Economic Feasibility of Wind Power and 
Solar Photovoltaics
The economic feasibility of renewable electricity genera-
tion in the South Caucasus is analysed by determining 
the levelised cost of electricity (LCOE) per technology 
and country. According to Kost et al. (2013), the LCOE 
of any power plant are the average costs per generated 
kilowatt hour of electricity, i. e. the present value of all 
costs associated with construction and operation divided 
by the amount of electricity generated over the whole 
life time of the plant. If costs and energy are scaled to 
installed capacity, the LCOE can be calculated by using 
FLH as a representation of annual electricity generation.
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In order to calculate the LCOE of onshore wind, off-
shore wind and solar PV in the countries of the South 
Caucasus, it is assumed that the average FLH consider-
ing the best 33 percent of sites can be achieved. Due to 
the limited availability of data, investment costs as well 
as operation and maintenance costs (O&M) are based 
on values for Russia (Birol et al. 2014). The life time of 
wind turbines is assumed to be 20 years, while the life-
time of PV panels is assumed to be 25 years (Kost et al. 
2013). Ondraczek et al. (2013) report current values of 
weighted-average cost of capital (WACC) for Armenia 
(15.2 percent), Azerbaijan (15.3 percent) and Georgia 
(17.8 percent), which are used as estimates of the inter-
est rate in these countries. It should be noted that, com-
pared to European countries, like France or the United 
Kingdom, for which 6.3 percent and 4.1 percent are 
reported, the cost of capital is relatively high in the 
South Caucasus countries.

The LCOE are determined for 2012 and 2020 (Fig-
ure 1). The 2012 level of investment and O&M costs 
as well as the current high level of WACC are used to 
assess the economic feasibility under current conditions. 
Moreover, the LCOE are also calculated based on the 
projected level of investment and O&M costs in 2020 
and assuming a potential decrease of WACC from the 
current high level to 9 percent.

Generally, the LCOE of wind and solar power in the 
South Caucasus region are relatively high if current levels 
of costs and WACC are considered. In all three countries, 
onshore wind offers lower LCOE than offshore wind or 
solar PV under current conditions. Onshore wind in 
Azerbaijan represents by far the cheapest option to gen-
erate electricity in the region today. However, given the 
expected reduction of investment and O&M costs in 
the future, solar PV could become more attractive than 
onshore wind in Armenia and Georgia. The assumed 
reduction of cost of capital could further increase the 
competitiveness of solar PV in the region, compared to 
onshore wind in Azerbaijan.

In order to assess the economic feasibility of renew-
able electricity generation, the LCOE are compared with 
consumer electricity prices in this article. Thus, addi-
tional taxes or subsidies are not accounted for. With con-
sumer electricity prices of 0.12–0.14 GEL per kilowatt 
hour (kWh) in Georgia (GNERC 2008), 26 AMD/kWh 
in Armenia (Kochnakyan et al. 2013) and 0.06 AZN/
kWh in Azerbaijan (Kostopoulos et al. 2009), the cur-
rent price level in the region amounts to approximately 
0.05–0.06 €/kWh. In view of a minimum LCOE of 
0.22 €/kWh, electricity generation from wind and solar 
power is thus not competitive under current conditions. 
While, on the one hand, investment costs are still too 
high, it also has to be noted that currently electricity 

prices in the region are not fully cost recovering (Vet-
lesen et al. 2012, Kochnakyan et al. 2013, Kostopoulos 
et al. 2009). Given the projected development of invest-
ment costs and cost of capital, the attractiveness of wind 
and solar power could improve significantly, reaching 
a minimum LCOE of 0.15 €/kWh. However, in order 
to become competitive, either electricity prices have 
to increase or support mechanisms have to be imple-
mented. Although intended to promote the development 
of wind power, currently implemented feed-in tariffs of 
33 AMD/kWh in Armenia (Danish Energy Manage-
ment 2011) and 0.05 AZN/kWh in Azerbaijan (Moffatt 
et al. 2010) are not sufficient to stimulate investment.

Further Benefits of Renewable Electricity 
Generation
Despite the questionable economic feasibility, an early 
introduction of non-hydro RES in the electricity supply 
might still hold benefits for the South Caucasus coun-
tries. Whereas for Armenia renewable electricity genera-
tion opens up the possibility of reducing its dependency 
on energy imports, Azerbaijan should begin to gradually 
diversify its electricity generation to ensure security of sup-
ply and a sustainable economic development in the future. 
Another incentive to expand the utilisation of RES is the 
possibility to export electricity to neighbouring countries. 
With its growing electricity demand and a higher price 
level, Turkey could become a key market for renewable 
electricity from the South Caucasus (Ghvinadze & Lin-
derman 2013). Furthermore, the seasonal characteristics 
of electricity generation from wind power could provide 
added value to the power system. As Kelbakiani & Pig-
natti (2013) point out, the seasonality of renewable elec-
tricity generation already has become a problem in Geor-
gia, where hydro generation usually exceeds electricity 
consumption in spring and summer months, while, due 
to water shortages, hydropower is unable to meet demand 
in winter. Instead of further increasing hydropower capac-
ity in Georgia, Kelbakiani & Pignatti (2013) suggest the 
complementary expansion of wind power, which exhib-
its seasonal characteristics similar to electricity consump-
tion, i. e. a peak production in winter.

Conclusions
Based on the analysis of FLH, there should be notable 
potential for the development of onshore wind power, espe-
cially in Azerbaijan, for offshore wind power in Azerbaijan 
and for solar PV throughout the South Caucasus region. 
Although the literature generally supports these findings, 
there is still a strong need for further analysis of the tech-
nical and economic potential of wind and solar power.

The analysis of LCOE has demonstrated that, under 
current conditions, electricity generation from wind 
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and solar power is not economically feasible in any of 
the countries investigated. As shown, expected invest-
ment cost reductions and the lower cost of capital could 
improve the overall attractiveness of RES significantly 
until 2020. If wind and solar power are, however, sup-
posed to contribute to the region’s electricity supply in 
the future, support schemes like feed-in tariffs or invest-
ment incentives have to be implemented.

In the long run, the expansion of RES might still 
hold benefits for the South Caucasus countries. Once 
the deployment of renewables has reached a certain level, 
both technical and financial incentives will call for the 
regional balancing of electricity generation. Therefore, 
wind, solar PV and hydropower could one day boost 
multilateral cooperation in the South Caucasus region.

About the Authors
Maximilian Kühne and Philipp Ahlhaus are doctoral candidates at the Chair of Energy Economics and Application 
Technology at Technische Universität München. They focus their research on large-scale energy systems modelling 
and optimisation. Thomas Hamacher was professor and acting director at the Chair of Energy Economics and Appli-
cation Technology from 2010 to 2013. He was appointed to a full professorship at the Institute for Renewable and 
Sustainable Energy Systems at Technische Universität München in 2013.

References
•	 Aliyev, F. (2013), “Azerbaijan National Report on the Project Enhancing Synergies in CIS National Programmes 

on Energy Efficiency and Energy Saving for greater Energy Security”, UN Economic Commission for Europe, 
Geneva, Switzerland.

•	 Altmann, F. (2007), “Südosteuropa und die Sicherung der Energieversorgung der EU”, Studie der Stiftung Wis-
senschaft und Politik (SWP), Deutsches Institut für Internationale Politik und Sicherheit, Berlin, Germany.

•	 Birol, F. et al. (2014), “IEA World Energy Investment Outlook”, International Energy Agency, Paris, France.
•	 Danish Energy Management (2011), “Renewable energy roadmap for Armenia”, Task 4 Report submitted to Arme-

nia Renewable Resources and Energy Efficiency Fund.
•	 Ghvinadze, N., Linderman, L. (2013), “Cross-border electricity exchanges: Bolstering economic growth in the 

South Caucasus and Turkey”, Issue Brief October 2013, Atlantic Council, Washington DC, USA.
•	 GNERC (2008), “On adoption of electricity (capacity) rates”, Georgian National Energy and Water Supply Reg-

ulatory Commission, Decree 33, December 4, 2008.
•	 Hoogwijk, M. (2004), “On the global and regional potential of renewable energy sources”, doctoral thesis, Uni-

versiteit Utrecht, Netherlands.
•	 IEA (2014), IEA Country Statistics, Electricity and Heat 1990–2011, International Energy Agency, <http://www.

iea.org/statistics/> [accessed July 9, 2014].
•	 Janker, K. (2014), “Aufbau und Bewertung einer für die Energiemodellierung verwendbaren Datenbasis an Zeitrei-

hen erneuerbarer Erzeugung und sonstiger Daten”, doctoral thesis (submitted), Technische Universität München, 
Germany.

•	 Kelbakiani, G., Pignatti, N. (2013), “Electricity generation in Georgia I: The seasonality problem / Electricity 
generation in Georgia II: Blowing wind into the system”, online article for ISET Economist, <http://www.iset.ge/
blog/?p=2135> [accessed July 31, 2014].

•	 Kerimov, R. et al. (2013), “Modeling of wind power producing in Caspian Sea conditions”, International Journal 
on Technical and Physical Problems of Engineering 5 (15), 136–142.

•	 Kochladze, M. (2009), “South Caucasus countries can benefit from alternative energy development”, Caucasus 
Analytical Digest 3, 9–12.

•	 Kochnakyan, A. et al. (2013), “Republic of Armenia: Power sector tariff study”, World Bank Report ACS4845, 
The World Bank, Washington, USA.

•	 Kost, C. et al. (2013), “Stromgestehungskosten Erneuerbare Energien”, Fraunhofer ISE, Freiburg, Germany.
•	 Kostopoulos, C. et al. (2009), “Azerbaijan Country Economic Memorandum”, World Bank Report 44365-AZ, 

The World Bank, Washington, USA.
•	 Meister, S. (2014), “Energy Security in the South Caucasus”, DGAPkompakt 2014 (2).
•	 Moffatt, P. et al. (2010), “EBRD Energy sector assessment 2010”, European Bank for Reconstruction and Devel-

opment, London, UK.
•	 Ondraczek, J. et al. (2013), “WACC the dog: The effect of financing costs on the levelized cost of solar PV power”, 

working paper FNU-201, University of Hamburg, Germany.

http://www.iea.org/statistics/
http://www.iea.org/statistics/
http://www.iset.ge/blog/?p=2135
http://www.iset.ge/blog/?p=2135


CAUCASUS ANALYTICAL DIGEST No. 69, 26 January 2015 15

•	 R2E2 Fund (2013), “Scaling Up Renewable Energy Program (SREP)—Investment Plan for Armenia”, Final Report 
October 2013, Armenia Renewable Resources and Energy Efficiency Fund, Yerevan, Armenia.

•	 Shaffer, B. (2013), “Natural gas supply stability and foreign policy”, Energy Policy 56 , 114–125.
•	 USAID (2008), “Renewable energy potential in Georgia and the policy options for its utilization”, United States 

Agency for International Development/Caucasus, Tbilisi, Georgia.
•	 USAID (2010), “Wind energy in Armenia: overview of potential and development perspectives”, United States 

Agency for International Development/Armenia Mission, Yerevan, Armenia.
•	 Vetlesen, J. et al. (2012), “In-Depth Review of Energy Efficiency Policies and Programmes: Georgia”, Energy Char-

ter Secretariat, Brussels, Belgium.
•	 Walden, C. et al. (2013), “In-Depth Review of the Energy Efficiency Policy of Azerbaijan”, Energy Charter Sec-

retariat, Brussels, Belgium.

Table 1:	 Annual Full Load Hours of Electricity Generation from Wind and Solar Power  
(average for the period 2000–2012)

 
 

Armenia
in h/a

Azerbaijan
in h/a

Georgia
in h/a

onshore 
wind all wind sites 510 581 307

best 33 % 691 1,041 643
offshore 
wind all wind sites n/a 1,675* 635

best 33 % n/a 2,149* 880
solar 
PV all PV sites 1,100 1,167 1,003

best 33 % 1,165 1,178 1,053
* Full load hours of offshore wind are based on the whole area of the Caspian Sea. 
Source: Janker (2014).

Source: Maximilian Kühne, Philipp Ahlhaus and Thomas Hamacher; NB: full load hours are based on best 33% of sites (Janker 2014); 
investment costs are based on investment costs for Russia in Birol et al.(2014); and current values of WACC for Armenia (15.2%), Azer-
baijan (15.3%) and Georgia (17.8%) are based on Ondraczek et al. (2013).

Figure 1:	L evelised Costs of Electricity in the South Caucasus Region
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