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Abstract. We address the possibility for using solar potential to supply 
power to consumers in the central ecological zone of the Baikal natural 
territory, given its special conservation status. Based on an analysis of 
observations made during expeditions, we revealed the specific features of 
the location of the settlements and the sites where solar equipment is 
installed. The considered territory was zoned based on an analysis of the 
solar potential parameters. The paper presents the priority areas for the 
solar potential implementation for energy purposes, with a focus on the 
potential sites for installation of photovoltaic power plants and solar 
heating systems. Key words: total solar radiation, sunshine duration, 
annual distribution of direct and diffuse radiation, priority areas of solar 
potential implementation, effects of solar plants  
  
 

1. Introduction 
 
The central ecological area of the Baikal natural territory is about 90,000 km2 and 

includes Lake Baikal with islands, a water protection zone with its border along the 
watershed, and specially protected nature conservation areas adjacent to the lake (3 wildlife 
reserves, 2 national parks, 7 sanctuaries). The central ecological area occupies 23% of the 
Baikal natural territory. Without the water area of Baikal, 36% of the territory belongs to 
the Irkutsk region and 64% belongs to the Republic of Buryatia. 

Most of the zone territory lies in the area with centralized power supply, autonomous 
plants supply power only to the consumers in hard-to-reach localities. 

Tourist centers and populated settlements in the hard-to-reach and off-grid areas use 
mainly diesel power plants (DPPs) as energy sources, which requires alternative 
environmentally friendly energy sources. Fuel can often be delivered only by water or air, 
and only during certain seasons, which entails an increase in the cost of fuel supply to such 
facilities. Difficulties in the fuel delivery, available renewable energy and a trend towards a 
reduction in its cost create favorable conditions for the adoption of renewable energy 
sources and solar energy in particular. 

Fig. 1 shows the existing renewable energy sources (RES) revealed during the 
expeditions on Lake Baikal and its shores. 
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Fig. 1. Renewable energy sources in the central ecological area 

 
The total capacity of the existing renewable energy sources is about 100 kW (of which 

81 kW is generated by photovoltaic modules in the village of Onguren in the Irkutsk 
Region). 

 
2 A resource endowment analysis 

 
The distribution of the annual solar radiation over the considered territory is of a zonal 

nature. In the basin of Lake Baikal, its value increases due to the relatively lower cloudiness 
and higher overall atmosphere transparency. The range of variation in the total solar 
radiation is from 1100 kWh/m2 in the north to 1300 kWh/m2 in the central part of the 
considered territory (Fig. 2) [1–4]. 

Another important characteristic of radiation conditions of this area is the sunshine 
duration. The main factors that determine it are the day length and the cloudiness 
conditions. For the central ecological zone, the sunshine duration is 1900–2000 h/year in 
the north and reaches 2400 h/year in the southeast. The smallest number of sunshine hours 
is observed in November-December (50–100 hours), and the largest – in May-June (200–
300 hours) when during a long daylight there are almost no clouds. 

The central part of the Baikal western shore and Olkhon Island are characterized by the 
largest values of solar potential. The northernmost extremity of the central ecological area 
shows somewhat smaller values for both the solar radiation and the sunshine duration. 

In values of the solar potential indicators, the central ecological area of the Baikal 
natural territory is not inferior to the southern regions of European Russia. Table 1 shows 
the values for the total solar radiation and the sunshine duration for the compared 
territories. 
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Fig. 2. Territory zoning according to the value of the annual total solar radiation  

 
Table 1. Solar potential indicators for the central ecological area versus southern territories of 

European Russia  

Settlement, territory 
Total solar radiation 

incident on a horizontal 
surface, kWh/m2 

Sunshine duration, 
h/year 

Settlement of Khuzhir 1287 2277 
Settlement of Baikalskoye 1206 1948 
Rostov region  1100-1250 over 2000 
Black Sea seaside (Krasnodar 
Territory) 

1250-1450 over 2000 

 
Fig. 3 shows the annual distribution of total solar radiation for two settlements in the 

central ecological area: Baikalskoye (northern basin) and Khuzhir (central basin). 
The annual distribution pattern of solar potential is characterized by a pronounced 

summer maximum for both the northern and the central parts of the zone. In the considered 
settlements, the values of solar potential differ greatly only in the summer months. 

The share of diffuse radiation in the total solar radiation (which is a sum of direct and 
diffuse) is rather large (Fig. 4). In summer, the diffuse radiation is about 50% of the total 
radiation. In winter, it often exceeds the value of direct radiation, which is typical of the 
nearshore areas of Lake Baikal (Table 2). 
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Fig. 3. Annual variation in the total solar radiation incident on a horizontal surface 

 

  
                   (а)                                                            (b) 

Fig. 4. Annual distribution of direct radiation falling on a horizontal surface and diffuse radiation in 
the settlements of Baikalskoye (а) and Khuzhir (b) 

 

Table 2. Seasonal solar potential indicators for the localities of central ecological area 

Settlement 

Winter period Summer period 

Direct solar 
radiation, kWh/m2 

Diffuse solar 
radiation, 
kWh/m2 

Direct solar 
radiation, kWh/m2 

Diffuse solar 
radiation, 
kWh/m2 

Khuzhir 8-30 14-29 91-108 64-79 
Baikalskoye 3,5-27 14-29 87-101 62-83 

 
3 Priority lines for solar energy application   

 
The team of researchers from the Laboratory for Energy Supply to Off-grid Consumers 

(at Melentiev Energy Systems Institute SB RAS) studies potential options for integrated 
power supply to consumers living in the nearshore area of Lake Baikal with a focus on the 
integration of conventional energy sources  and solar systems. 
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The potential lines for the application of solar energy in the central ecological area of 
the Baikal natural territory are as follows [5–7]: 

1) photovoltaic plants for power supply to the off-grid consumers, including populated 
settlements, weather stations, cordons at reserves, tourist centers located in the hard-to-
reach localities near Lake Baikal (Khakusy, Kotelnikovsky Cape, Chivyrkuisky Bay, 
Circum-Baikal Railroad, Small Sea, and the bays behind Listvyanka). 

In the nearshore areas of the lake, the 1 kW photovoltaic plants will allow generating 
1500–2000 kWh/year and replacing 0.5–0.6 ton of diesel fuel. A positive factor in this case 
is the coincidence between the peak of tourist activity and the maximum solar potential 
indices in summer. 

The Republic of Sakha (Yakutia) is an example of successfully implemented solar 
power projects, where 20 photovoltaic plants with a total capacity over 1.5 MW are 
currently in operation in the off-grid area. Some of them are located above the Arctic 
Circle. According to our estimates, the payback period of the projects does not exceed 10 
years. 

2) solar collectors and solar heating systems may be used: 
– at coal-fired boiler plants to reduce emissions of pollutants, although this measure is 

not always economically effective, given low coal prices and high cost of solar equipment. 
According to the recent studies, seasonal single-circuit solar heating systems jointly with 
fuel oil boilers have the most acceptable payback periods (up to 10 years). A year-round 
use of dual-circuit solar heating systems requires much more capital investments, which is 
not justified by the effect obtained; 

– to supply hot water to resorts, recreation centers, weather stations, cordons in 
summertime, given the maximum  radiation values at this period. 

 
4 Implications 
 
Unfortunately, at present, the use of solar energy in Lake Baikal nearshore areas is of 

spotty nature. Even the private consumers (including the project of the solar-wind-diesel 
system in the settlement of Ongureny) that use renewable energy sources, do not have 
experience and sufficient qualifications to make a techno-economic analysis of the 
necessary equipment in the initial stage and, consequently, its further effective use. 

The use of solar power plants in the central ecological area will reduce environmental 
pollution and lower the dependence of off-grid consumers on fuel deliveries. In addition, 
these measures have both economic and social effect, because they will contribute to the 
improvement in the reliability and quality of power supply and to the increase in the quality 
of life. 
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