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Abstract.Renewable energy is one of the key instruments in achieving international climate-protection tar-
gets and in developing sustainable energy strategies for a low-carbon and greenhouse gas (GHG) reduced power 
production. Having an enormous potential for the development of RES, Russia can essentially contribute to the cli-
mate change mitigation by including an effective use of renewables in its national energy policy and strategies.
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Introduction.Renewable energy can be defined as a power that comes from resources, which are naturally 
replenished, on a human timescale [2]. RES can replace conventional fuels in following fields: water and space heat-
ing, electricity generation, motor fuels and rural (off-grid) energy services. The aim of this study is the evaluation of 
wind, solar and biomass energy potentials of the Krasnodar region – southwestern region of Russia – through a 
comprehensive and interdisciplinary assessment of socio-economic, ecological and political features of the region.  

Russian national energy strategy stimulates the expansion of RES, hence there is a unique opportunity win-
dow for taking an essential step towards a green energy supply for this region. This study project aims to develop 
and foster an innovative model for changing the energy and land use infrastructure. Since energy plays a special role 
in the economic relations between Germany and Russia, there is a large potential for cooperation and technology 
transfer in the sector of RES. Currently, the efforts of the European Union under the TACIS program and the TREE 
project (funded by the German Federal Ministry of Economics and Technology) are under way to assist Russian 
partners in implementing renewable energy technologies. Beyond that, the Russian-German Energy Agency Ru-
DEA, headquartered in Moscow, promotes and supports since 2009 RES installation concepts. 

Our bilateral scientific research is developing an integrated planning tool for renewable energy production 
and reduction of GHG emissions in agricultural and touristic areas. The tool allows assessing ecological (i.e. tech-
nical) potentials with an integration of economic considerations. Later, this tool can be adapted to other regions of 
Russia. The main results of the project will (1) produce appropriate information about available RES and GHG-
related land use changes in Krasnodar region; (2) provide correct analysis and data for the regional renewable ener-
gy programs; (3) develop an adequate level and quality of scientific support; (4) evaluate the environmental implica-
tions of all RES proposed; and (5) demonstrate necessary regulatory, technical and methodological documentation 
and software for designing, constructing and operating renewable energy generating facilities. The results of this 
paper can draw the attention of decision makers to initiate a sustainable development wind energyproduction in Rus-
sia [11]. 

Problem statement.The study region Krasnodar is a 76,000 sq. km large federal subject of southwestern 
Russia with a promising availability of RES (fig. 1), which is a still unused option to cover a substantial part of the 
regional energy demand. As tourism and agriculture are the most valuable economic sectors in Krasnodar, the ex-
pansion of RES will help maintaining high ecological standards and economic competitiveness. The transition to 
green energy supply is leading to (1) decentralization of energy grids from the central energy producers; (2) auton-
omy and sustainable development of rural areas; (3) supply of the agrarian and touristic sector with low-carbon en-
ergy.  

However, Russia encounters some barriers for the successful development and use of RES. The Interna-
tional Finance Corporation (IFC) report Renewable Energy Policy in Russia: Waking the Green Giant has identified 
essential constraints in developing of RES (IFC 2011): 

1. Lack of federal and regional renewable energy support programs; 
2. Lack of necessary infrastructure for the successful development of electricity generation from RES; 
3. Lack of necessary regulatory, technical and methodological documentation and software for design, 

construction and operation of renewable energy generating facilities; 
4. Inadequate human resources; 
5. Inadequate level and quality of scientific support;  
6. Lack of appropriate information, including information about available RES and reliable data about the 

results of implemented projects. 
From our perspective, the last two mentioned points are the most essential limitations, which are holding 

back a timely implementation of an energy infrastructure based on RES.  
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Fig. 1. Relative availability of RES in Krasnodar region. 
russiansc.com/south_of_russia_region/Krasnodar 

Our scientific research is dealing with the development of an integrated planning tool for renewable energy 
production and reduction of GHG emissions in agricultural areas. Solar, wind, biofuel, geothermal energy and hy-
dropower are available options to create a local/regional renewable energy industry and cover a substantial part of 
the regional energy demand. However, instead of exploring RES, this region meets almost all of the energy needs 
from conventional energy sources, 66% of which are imported from neighboring regions. This excessive reliance on 
conventional energy implies several disadvantages:  

1. frequent interferences in the energy supply; 
2. dependency from major energy production centers; 
3. high prices for electricity/heating; 
4. environmental pollution associated with GHG emissions. 
The centralized power system in Krasnodar region needs changes by a number of renewable energy pro-

jects, which providing better electricity grid. Moreover, increasing decentralization in the delivery of electricity and 
heating leads to lower dependence of the remote settlements to the central network. This is not only contributes to 
the development of a positive image of the region, but also create new jobs and areas for sustainable economic de-
velopment. Transition to RES is necessary ecological goal, but also brings well-distributed power production and 
storage capabilities. On the one hand, the transition to a smart grid, on the basis with the RES has to be evolutionary 
to keep the lights on; on the other hand, the issues surrounding such innovations are significant enough to demand 
major changes in power systems operating philosophy [6]. 

Materials and Methods.Under the framework of the EU-INTERREG Project Plan-RE, a GIS-based ap-
proach for the assessment of the local RES potentials via geo-data has been developed and successfully implement-
ed. We aim to build upon this approach in a form adapted to the inhomogeneity of geo-data, the lack of appropriate 
energy infrastructure and management in Russia to assess socio-economic and ecological potentials for the imple-
mentation of RES in Krasnodar region. For this purpose, the REE-Mix assessment tool, which was developed for 
Plan-RE, will be adapted to the specific input data of the Krasnodar region. REE-Mix (REnewable Energy Mix) is a 
GIS-based tool for the calculation of potentials for the use RES on a local scale [7]. Due to the modular setup, REE-
Mix is easily applicable to a variety of different regions. Elsaesser and Jergentz have developed the modular REE-
Mix approach at the University of Koblenz-Landau, Campus Landau. The REE-Mix assessment methodology con-
sists of the following modules: 

1. Inventory: calculates the CO2 emission of the energy supply (electricity and heating) of the sectors 
housing, industries, commerce and transportation. It represents the current indicators of energy consumption and of 
GHG emissions per capita; 

2. Yield Assessment: calculates the potentials for the relevant RES on a local scale in GIS. This potential will il-
lustrate the technical potential as a maximum of energy that can be obtained from the region (= estimated yield of energy); 

3. Feasibility Assessment: The technical potential is reduced by socio-economic factors, which are in con-
flict with the local use of RES. The module integrates the socio-economic aspects in the REE-Mix approach. For 
example, the number of stakeholders will correlate with the size of the suitable roof surface for photovoltaic. Be-
yond that, municipal legislation issues such as the listed buildings, conservation areas and planning law are integrat-
ed as single GIS layers. 

4. Assessment of the Infrastructure: The inclusion of RES into traditional energy grid requires new con-
cepts in managing the energy supply such as virtual power plants. Future energy systems will be demand-driven 
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which changes the role of the local energy supplier. The modernization of the infrastructure will play a key role in 
the prospective energy storage and mobility in peripheral Russian settlements; 

5. Efficiency/Sufficiency: The potentials of energy efficiency and energy savings are assessed. Especially 
housing and transportation sectors can be measured using GIS. The energy demand of buildings is simulated via 3D 
modeling setting up scenarios of redeveloping buildings. The module helps to identify locations for cogeneration 
plants and to implement local heat networks; 

6. Optimization: The previous estimations are joined in the optimization module to simulate energy sce-
narios for the studied region. It is possible that various scenarios are created by the model, which needs to be dis-
cussed and agreed by local stakeholders. REE-Mix should reveal the opportunities for renewable energy supply and 
energy efficiency potentials for the modeled regions.  

The main results of the REE-Mix assessment for the Krasnodar region are represented in GIS-maps with 
local potentials for wind, solar and biomass energy. Spatial analysis via GIS software (QGIS, SAGA GIS) is ap-
plied. These GIS-maps as well as other empirical (e.g. energy consumption) and analytical data (e.g. cost-benefit 
analysis for the implementation of RES) combined to develop the most efficient and economical reasonable energy 
production scenarios from the use of different RES. Technical assessment was calculated with a WindPower soft-
ware. Relevant socio-economic aspects such as acceptance, adoption probabilities, economic viability of infrastruc-
ture investments and environmental implications of RES are included from the official data sources as 
http://www.gks.ru and kubanenergo.ru. 

As described, the REE-Mix methodology integrates multiple assessment levels to estimate the implementa-
tion potential of RES in Krasnodar region. The expansion of RES holds an enormous potential for stimulating socio-
economic development of peripheral Russian territories. Due to the absence of other renewable energy projects for 
comparative assessment, the method approach has to be adapted to the local Russian conditions (Fig. 2).  

Fig. 2. Adapted work packages for the assessment of renewable energy potential in Krasnodar region 

To our knowledge, there are no other studies with a comparably comprehensive and interdisciplinary RES 
potential assessment. With each assessment stage, the initial natural potential is assumed to decrease noticeably, but 
to an economically realistic output (tab.1).  

Table 1 
Renewable energy potential (mio tce/year) in Krasnodar region, (IEA International Energy Agency, 2003) 

Renewable energy Economical potential Technical potential Environmental potential
Hydropower 65.2 124.6 360.4
Biomass energy 35 53 10000
Wind energy 10 2000 26000
Solar energy 12.5 2300 2300000
Total 122.7 4477.6 2336360.4
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No data

Results and discussion. Comparative on-shore renewable energy potential for the Krasnodar region is 
demonstrated in Figure 3. Economically reasonable energy scenarios can be produced only with an appropriate envi-
ronmental, technical and socio-economic data. Solar energy need longer economical calculations with the inclusion 
of the roof cadaster. These estimations are planned for the fall of 2015. In this paper, we focus on wind energy as-
sessment and discussion of the first results, which include environmental, infrastructure (technical) yield and the 
first energy scenario for the Eyisk Wind park. 

Fig. 3. Comparative renewable potential data in Krasnodar region 

Production of the first wind power plants in Russia with market-oriented energy management started at the 
beginning of the 21st century. However, the production of wind turbines takes place mainly in small private compa-
nies. Therefore, the Russian Federation is not a competitive producer capable to represent the country at the global 
market of alternative energy in general and wind turbines in particular. The extension of new wind energy capacity 
in Russia is slow –about 8% a year, which is one of the lowest in the world. In 2013, the government has launched a 
financial program supporting the development of renewable energy, according to which about 3.6 GW of new wind 
power capacity will be provided by 2020. It will be more than the half of the expected capacity of all power plants 
of renewable energy by 2020 (about 6 GW). 

The government provided the target indicator – to increase the share of renewable energy to 4.5% of the to-
tal generated electricity by 2020. In our study we demonstrate that the sources of renewable energy in Krasnodar 
region, including wind sources are very unevenly distributed, making estimations of current energy potentials at 
local scale inevitable. In addition, the development of autonomous and decentralized power production from renew-
able sources will largely depend on the initiative of regional authorities and private companies. 

From our assessment, the development of renewable power generation is not solely dependent on energy 
policy and regional authorities, but also on factors associated with climate and technical capabilities. From our cal-
culations, the unrestricted wind energy potential (i.e. natural potential) in Krasnodar region would yield in total 
about 4,980 TW. General restrictions, such as protected areas and culture and recreational areas bring about a reduc-
tion of the natural potential to 105.3 TW, which is based on estimations for the technical onshore potential only. The 
socio-economic assessment with an analysis of cost and benefits, taxes, social acceptance (i.e. willingness to pay) 
and the life cycle assessment (LCA) is aimed to demonstrate factors, which will lead to a further reduction of the 
initial natural potential. Taking into account cost-benefit analysis we assume to reach 0.6 TW by wind power poten-
tial. The result could be changed in next calculations, which will include socio-economical and detailed policy regu-
lations assessment. 

From today’s perspective, promising locations for the construction of large wind parks in Krasnodar region 
are Anapa, Temryuksky district, Taman, Novorossiysk, Kerch strait and Yeisk district (Figure 4 and 5). The most 
efficient wind power plants could be considered in locations having wind speed above 7.2 m/s at 80 m hub height. 
Further advantages of these locations are a well-developed electricity network structure with transmission electric 
lines of 220 kW. An existing dense transport grid provides quick and inexpensive delivery of wind power installa-
tions to the consumers (i.e. districts, cities and villages). 

 In terms of economic feasibility, wind energy scenarios were calculated for locations with a minimum 
power capacity of 25 MW (fig.6). However, the estimated average cost per unit of electricity must incorporate con-
struction costs for turbines and transmission facilities, borrowed funds, returns to investors (including costs of risks), 
estimated annual production, and other components, averaged over the projected life cycle of the equipment, which 
may be in excess of twenty years. Estimations of energy costs are highly dependent on these assumptions, so pub-
lished figures on costs can differ substantially (Helming, 2004). 
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Fig. 4.Wind energy potential at 80 height from Global Atlas of International Renewable Energy Agency (IRENA)

Fig.5. Average wind speed for December from 45 meteorological stations for a period of 20 years. 
Calculated by the Kuban State University (KSU, Russia). Deep brown are the best suitable locations for wind power 

installations 
The reliable supply of electric power is a critical element of the regional economy. The new operating strat-

egies for environmental compliance, when combined with the aging transmissions and distribution infrastructure, 
challenge the security, reliability, and quality of the electric power supply [6]. During the preparations for the Win-
ter Olympics in Sochi, a modern one replaced a large part of old energy infrastructure in Sochi district. Unfortunate-
ly, this modernization did not touch all the districts of the Krasnodar Territory, but it formed the basis for the con-
tinuation of the network update. 

Krasnodar region is systematically suffering from the frequent blackouts and interferences in the depart-
mentsYeiskii, Krymskii, Abinskii, Temryikskii, Krasnoarmeiskii, Novorossiisk, Gelendzhik, Central (Krasnodar 
city), Tyapsinskii, Dinskoi, Otradnenskii, Mostovskoi, Labinskyi, Kerganinskyi and Goryache-Kluchevskoi (fig. 7). 

3 TIER’s Global Wind Dataset 5 km 
onshore wind speed at 80 m height. 

Legend: 

3.0 m/s 
3.6 m/s 
4.2 m/s 
4.8 m/s 
5.4 m/s 
6.0 m/s 
6.6 m/s 
7.2 m/s 
7.8 m/s 
8.4 m/s 
9.0 m/s 

293



295

Fig. 6. Project of a wind park for 25MWh power near the city Yeisk (North-West coastal side of Krasnodar region). 
Points are windmills, the polygon in the northern direction is an airport (marked as a constraint). 

Fig. 7. Energy infrastructure and blackouts areas of the Krasnodar region from KubanEnergo  

Our methodology takes into account a large number of factors for the successful implementation of RES. 
Nevertheless, it is important to include regional peculiarities and specific problems of Krasnodar region and adapt 
them to the planning approach. As infrastructure planning plays a key role in power delivery, we found in an as-
sessment on data from KubanEnergo typical causes of accidents in energy providing systems: 

1. Inability to setup power distribution networks in residential areas with a dense building density 
2. Breakdowns of the energy infrastructure due to hazardous natural events; 
3. Growth of electrical loads in main touristic season; 
4. Low-level resistance because of the long-haul network; 
5. Inability to expand the external power supply network; 
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6. Low voltage levels at remote substations; 
7. Electrical distribution scheme has low maneuverability and reliability. 
Conclusions. The described adaptation of the methodology for the assessment of the socio-economic and 

ecological potentials for the implementation of RES can be used as a standard assessment tool for Krasnodar region 
and other regions of Russia. Decentralized renewable power generation is able to stimulate investments and eco-
nomic growth in the periphery and provide sustainable conditions for a competitive economic development of the 
Russian green energy sector [10]. Peripheral settlements will gain more independence and control over their energy 
supply and will have the opportunity to act as energy suppliers at the electricity market by selling their surplus of the 
renewable energy production.  

Our research project is cooperating with the Kuban State University (KubSU, Russia), the Ministry of En-
ergy and Industry, the Ministry of Natural Resources and the Ministry of Agriculture and Processing Industry of 
Krasnodar region. It is planned to implement the results of the study in the regional energy program "Energy and 
energy efficiency of the Krasnodar region for the period 2011-2020". The Ministry of Energy can use the results for 
the capacity development of the energy infrastructure in Krasnodar region. Beyond that, our assessment can be ap-
plied as decision support for strategies dealing with the implementation of RES. The adaptation of regulatory 
measures and measures of climate protection will establish new regional energy standards. Public services will be 
created based on open source information and metadata. 

The project aims to support bilateral technical and methodological transfer between the University of Ko-
blenz-Landau (UKL) and KubSU. The cooperation between UKL and KubSU will close important knowledge gaps 
in renewable energy sector of Russia. For Germany, it is an opportunity to test new techniques of analysis and their 
adaptation in emerging countries. Thus, renewable energy assessment and development is a promising field for the 
cooperation between Germany and Russia.
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