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Abstract 
 This thesis deals with problems of electricity generation and saving at compression stations of magistral gas 

transporting pipelines in Russia. Russia is a biggest country in the world which faces set of challenges like 

transporting gas in European part from far North. Average gas travel distance in Russia is over 4000 km 

which means huge energy demand for transportation. Permanent availability of energy at compression 

stations is the key for stabile operation of gas transporting system. For satisfying those needs external sources 

of electricity used, or part of the transported gas used on special “self needs electricity stations” for electricity 

production. In 2012 in Russia about 655 bln m3 of gas were produced. About 10% of that number doesn’t 

come to consumer, because this amount spent for gas transport needs (biggest share is electricity production). 

 It is obvious, that in order to increase income, company should work on transport cost decreasing and on 

cheap electricity production. Even 10% decrease in transport costs can give economy in about 6-7 bln m3, 

which is bigger that production of many countries. 

In this thesis pipeline systems efficiency and reliability, gas turbines in Russian pipeline systems considered. 

Analysis of renewable energy included and propositions for reconstruction of CS “Russkaya” with help of PV 

panels for electricity generation and gas usage decreasing included. Also, economical calculations and 

sensitivity analysis and technological calculation of PV panels installed included. Finally, proposition in area 

of principal construction of PV panels in hard relief situations on the Black Sea Russian shore included.  
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„I'd put my money on the sun and solar energy. What a source  

of power! I hope we don't have to wait 'til oil and coal run out  

before we tackle that“  
Thomas Alva Edison, 1847-1931 

 

1. Introduction. 
With human civilization evolution energy demand per capita became one of the major life level indicators. 

The more energy demand per capita, the higher life quality is. Nowadays, traditional fuel sources (fossil fuels, 

hydro and nuclear energy sources) mostly) satisfies biggest part of the todays energy demand in the world. 

However such strategy has such disadvantages as limited deposit of those resources, which can lead into 

energy crisis in future years. With time passing by, humanity will turn onto alternative energy sources usage 

and will work on new more effective technologies of using alternative energy sources.  

This turn onto alternative energy will happen because sooner or later traditional fossil resources deposits will 

be exhausted. By prognosis of experts for year 2013 oil reserves ( 33% share in total demand[30]) will be 

exhausted in 46 years, natural gas deposits ( 23,7% share) – 59 years, coal (30,3% share) – in 135 years. 

Nuclear fuel will finish in 38 years. If fast neutrons reactors will be invented it would be possible to use 

nuclear fuel almost 1000 years. However, only nuclear energy cannot fulfill all human needs in energy. Also, 

previous accident in Japan on Fukushima and reaction of leading countries in nuclear sphere, will not lead 

onto nuclear energy spread in future due to investments drop or closing nuclear programs (Germany). Also 

ecology factor plays great role, because all above mentioned sources of energy spread out carbon oxides, 

dioxides, NOx and other dangerous gases. Considering, that in 2013 CO2 level reached its historical maximum 

and will only grow, new eco-friendly, clean technologies investment and technologies improvement will 

become critical and become one of the main issues for upcoming decades. 

Russia- is biggest country in the world. Amount of proven reserves of fossil fuels one of the biggest in the 

whole world. However, there are lots of disadvantages – of them is so called “oil needle” or resource 

economics, the whole country depends from. Alternative resources share increasing will help Russia to 

decrease economy dependency from fossil fuel prices on world markets and also will be a leading booster for 

high-technology, innovative branches of industry and energetics. 

Permanent availability of energy at compression stations is the key for stabile operation of gas transporting 

system. For satisfying those needs external sources of electricity used, or part of the transported gas used on 

special “self needs electricity stations” for electricity production. In 2012 in Russia about 655 bln m3 of gas 

were produced. About 10% of that number doesn’t come to consumer, because this amount spent for gas 

transport needs (biggest share is electricity production). 

 It is obvious, that in order to increase income, company should work on transport cost decreasing and on 

cheap electricity production. Even 10% decrease in transport costs can give economy in about 6-7 bln m3, 

which is bigger that production of many countries. 

In this thesis pipeline systems efficiency and reliability, gas turbines in Russian pipeline systems considered. 

Analysis of renewable energy included and propositions for reconstruction of CS “Russkaya” with help of PV 

panels for electricity generation and gas usage decreasing included. Also, economical calculations and 

sensitivity analysis and technological calculation of PV panels installed included. Finally, proposition in area 

of principal construction of PV panels in hard relief situations on the Black Sea Russian shore included.  
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2. Overview of renewable energy resources 
The main advantage of non-traditional RES before other energy sources - their revolving nature and 

ecological purity. Undoubted advantage is also the prevalence of the majority of their species. Other boosts 

for the introduction of non-traditional renewable energy - supply security, rising prices for fossil fuels, the 

development of appropriate technologies. 

Renewable energy sources are sources on the basis of the constantly existing or periodically arising in the 

environment energy flows. Renewable energy is not a result of deliberate human activity, and that is its 

hallmark. 

RES can be classified by types of energy: 

 Mechanical energy (Wind and hydro streams energy) 

 Thermal and radiation energy ( Solar rays energy and Earth heat energy) 

 Chemical energy (Biomass energy) 

RES competitiveness depends from world prices on traditional energy sources. The higher prices for them, 

the more effective RES usage from economical point of view. According to IMEMO RAN calculation, 

production of motor oil from agricultures in Russia becomes rentable from oil price 50-70 USD/Barrel[1]. 

That is why organic oil prices jumps has high impact for plans of RES investors. 

Ecological norms strictness effects on total price of traditional energy which leads into RES development. 

About 5 years ago cost of  1 KWt of traditional power was about 1000-1200 USD, now it’s price grown up to 

2800-3000 USD[2]. 

Indisputably, main motive for RES usage is science and technical progress. Evolution of new technologies 

leads to competitiveness increasing of untraditional energetics. 

Nowadays, main disadvantage of untraditional RES is high cost of energy comparing to traditional fuel usage. 

Another minus – low potency and low density of energy stream and time changing parameters of availability. 

In other words it cannot be predicted with high percent of precision. 

Base characteristic of RES is potential. There are few types of potential: 

 Gross potential 

 Technical potential 

 Economical potential 

     Gross(theoretical) potential – quantity of energy, captured in source of energy, that can be used only if 

usage efficiency will be 100% 

Technical potential – part of gross potential, can be used now, including availability of today technologies. 

Economical potential – part of technical potential, can be converted, according to economics situation. 

RES potential is enormous, which is shown on table 1[3,4] 
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Table 1. RES potential in world, Ej/year 

Energy source Used potential in 2011* Technical potential Gross potential 

Hydro 24,0 50 150 

Biomass 50,0 >250 2900 

Solar 3,0 >1600 3900000 

Wind 0,5 600 6000 

Geothermal 2,5 5000 140000000 

Ocean - - 7400 

Total 80,0 >7500 >143000000 

* Approx.    

But it is hard to use and store this energy in real life. 

In modern world each project should contain economical benefits, that is why payback period of each project 

is one the major factors. Big role in project attraction plays efficiency of different processes, included in 

energy generation. 

If to take a look  at efficiency coefficient (EFC), which shows part of the energy, can be converted into 

mechanical work, it is possible to classify RES: 

Renewable sources of mechanical energy characterizes with big EFC. That is why they are widely used for 

electricity generation. EFC of hydroenergy is about 0,6-0,7; wind – 0,3-0,4. 

 EFC of thermal and radiation RES not higher than 0,3-0,35. 

 EFC of solar radiation for PV – 0,15-0,3. 

 EFC of biofuel 0,3 

 

However it is noticeable that technical progress leads to EFC increasing of different RES, which leads into 

structure changes in alternative energetics. 

As data shows in table 1, technical potential of RES I approximately 7500 EJ/year, which is 14 times higher 

than annual volume of energy production of traditional resources (about 530 EJ/year in 2011) [5]. 

Including renewable character, ecological purity, availability of most untraditional RES, lot of countries in the 

world pays big attention on its development, and made renewable energy generation on of the most major 

spheres of their national technical policy. Last years, many countries pays big attention to this problem and 

creates special financial programs in this area, new laws and acts comes to action in area of untraditional RES, 

which created good basis for further development. At the 2008 state more than 70 countries owns official 

strategy for further development of untraditional RES ( percent of final contribution or from energy 

production) 
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RES share in world energy balance not so much yet. According to BP in 2011 world demand was 12 274,6 

mln toe, while RES share was: 

 Hydroenergy – 791,5 mln toe, which was 6,4% of total 

 Biofuel – 58,8 mln toe, which was only 0,05% of total 

 Other RES – 194,8 mln toe, which was 1,55% of total demand. 

 

However, scientists think, that untraditional RES is the future of the world renewable energetics. It is possible 

to think so, not only laying on enormous potential of those resources, but also due to temps of EFC 

increasing and further improvements on technologies and fast grow of setup power last years. In table 2 

average annual grow temps shown by each type from 2002 to 2011 years: 

Table.2. Grow temps of different energy sources 

Grown temps for 2011 % 

PV panels, connected to distribution network 60 

Biodiesel  40 

Wind power energy  25 

Geothermal stations 24 

PV panels, not connected 18 

Heliothermal stations 16 

According to BP company data, only from 2010 to 2011, energy production including untraditional RES 

grown from 165,5 mln toe to 194,8 mln toe or at 18%. 
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According to prognosis of German energetic agency “Germany Advisory Council” share of sources up to 

2100 will be like on the Figure 1: 

 

Figure 1 – Prognosis by “Germany Advisory Council” up to year 2100 

Looking at this it is not hard to understand, that Solar energy will be dominating source of energy 

and will cover up to 50% of total demand. And PV panels will play major role, because potential of that type 

of solar energy one of the most attractive and more attractive, than solar thermal plants with oil heating 

panels and steam turbines for electricity generation, due to lesser losses in electricity production process.  

Amount of produced energy with RES usage in mln toe shown in table 3. According to this table, PV 

panels share increasing from year to year with more than 30% annual rate, and in future will be trendsetter in 

alternative, safe and innovative energetic without hazardous and dangerous gases or nature damage. As trend 

is a major way, it means big investment into this area of industry, which will lead onto creating of new 

working places, new scientific base, new industry powers and also as well new standards in preparing new 

specialists in area of RES. 
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Table 3. Energy production in mln toe 

Year Wind Biomass PV 
Solar 

thermal 
Geothermal 

Hydro 

energy 

2002 18 37 1,4 0,4 8 683 

2003 24 40 1,8 0,4 8 715 

2004 31 40 2,4 0,4 8,2 732 

2005 40 39 3 0,4 8,9 797 

2006 48 39 4 0,4 8,9 801 

2007 59 44 5,5 0,4 9,3 816 

2008 74 47 7,3 0,4 9,6 836 

2009 94 50 7,6 0,4 9,6 911 

2010 121 52 13 0,5 10 945 

Annual grow 26,9% 4,3% 32,1% 2,2% 2,8% 4,1% 

As it seen on the table 4, at the moment price of 1 MWt*h of energy via PV panels costs much higher that 

other RES sources. 

Table 4. Price of electricity production with RES 

Technology Power of unit, MW 
Price 

USD/MWt*h 

Big scale hydro 10-18000 30-40 

Small scale hydro 1-10 40-70 

Wind onshore 1-3 50-80 

Wind offshore 1,5-5 80-120 
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Biomass 1-20 50-120 

Geothermal 1-100 40-70 

Sunlight energy(PV) 1 kW-20MW 200-800 

Solar thermal 50-500 120-180 

 

According to prognosis of IEA and WWF (table 5), prices on production and on service will fall in 

few times to year 2050, which will allow to PV to become leader by efficiency and by buyout period. 

Table 5. Prognosis of main technical and economical parameters of PV 

 2007 2015 2020 2030 2040 2050 

EFC, max % 42 46 49 54 60 65 

Capital investment, 

USD/KWt 

3726 2610 1776 1027 785 761 

Setup power, GWt 6 98 335 1036 1915 2968 

Operation cost 

USD/KWt/year 

66 38 16 13 11 10 

Including all mentioned above facts and trends it is obvious that energy production with PV panels is one of 

the most perspective by two reasons: 

 Almost unlimited potential annualy with incoming energy of solar rays 

 Fast efficiency grown of transformation process from electromagnetic energy of solar rays onto 

electric energy, which is also depends from introduction of innovative technologies and 

modernization of PV panels 

Those reasons shows, that it is recommended to look at PV energy as one of the most perspective RES. 
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3. PV energetics. Scientific basis. 
Solar radiation – is the corpuscular and electromagnetic radiation of the Sun. 

Solar radiation can be measured by its thermal impact and by radiation intensity. 

Electromagnetic component of solar radiation propagates with the speed of light and enters the earth's 

atmosphere. To the earth's surface solar radiation comes in the form of direct and scattered radiation. The     

Earth receives from the Sun less than 1 of 2 billionth of its radiation. Spectral range of electromagnetic 

radiation of the Sun is very wide - from radio waves to x-rays, however, the maximum of its intensity falls on 

the visible (yellow-green) part of the spectrum. There is also a part of the solar corpuscular radiation, 

consisting mainly of protons, moving from the Sun at speeds 300-1500 km/s (solar wind). During solar flares 

are formed particles of high energy (mainly protons and electrons), forming the solar component of cosmic 

rays. 

Since energy contribution of the corpuscular component of solar radiation into its overall intensity is 

small in comparison with electromagnetic, the term «solar radiation» is used in a narrow sense, meaning only 

her electromagnetic part. Solar radiation is the main source of energy for all physic-chemical processes 

occurring on the earth's surface and atmosphere (insolation). The amount of solar radiation depends on the 

height of the sun, the time of year, the transparency of the atmosphere. For the measurement of solar 

radiation serves special devices called actinometers and pyrheliometers. The intensity of solar radiation is 

usually measured by its thermal action and is expressed in calories per unit area per unit of time. 

Actinometer(A) - instrument for measuring the intensity of direct solar radiation. The principle of action A. is 

based on the absorption of incident radiation onto black surface, and the transformation of its energy into 

heat. A. is relative device, because of the intensity of radiation is judged on various phenomena accompanying 

heating, unlike pyrheliometers(P) devices – they are absolute. 

Pyrheliometer – absolute device for measurements of direct solar radiation incident on a surface 

perpendicular to the sun surface. P. mainly used for calibration of relative devices – Actinometers. 

Due to the dense layers of the atmosphere only a small part of solar radiation can be used. The figure below 

schematically shows the distribution of the energy component of light falling on the surface of our planet. 
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Figure 2. Solar radiation distribution 

Radiant energy, passing through the atmosphere, scattered and absorbed. Reaching the earth's 

surface, solar radiation is partially reflected. Unreflected part of the radiation is absorbed, turning into heat. 

The heated surface, in turn, becomes a source of self-radiation directed to the atmosphere. The atmosphere is 

heating by heat exchange with the earth surface, is also a source of radiation is directed to the earth's surface 

and in the world space. 

Algebraic summary of incoming and outcoming radiation is a radiation balance, equation showing it shown 

below: 

В S
' 
D Eo – Rk - E3 

B = Q – Rк – Eef, 

 

Where S' – straight solar radioation onto horizontal surface; 

D – dispersed solar radiation; Rк – reflected shortwave radiation;  

Eo – antiradiation of the atmosphere; E3- Earth ground reflectance; 

Q –total solar radiation; Eef -  E3 -Eo - effective radiance 

S’ is a beam of rays outcoming directly from the Sun and near-Solar zone with radius 5 degrees. Part of that 

radiation, incoming onto ground may be calculated with the formula: 
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S’ = S*sin(h), 

Where h- height of the sun above horizon(in degrees) 

Dispersed solar radiation coming to the earth surface from all places of the sky, except  the Sun and 5 degrees 

zone around. Dispersed radiation happens due to molecules of atmosphere gases, water drops or ice shards 

and crystals of the cloud, hard particles in the air. 

Radiation intensity may be measured in Watts per 1 square meter of area, while her energy can be measured 

in Kwt*h per 1 square meter. 

One of the most adequate energetic characteristic of solar radiance is total solar radiation: 

Q = S’ + D. 

Geography and climate characteristics impact onto helioenergetic resources of the area such as: 

 Lightday time 

 Average monthly and yearly sunshine time 

 Average monthly and annual characteristics of atmosphere purity and other 

One of the most popular method of describing field of total solar radiation is polynomial approximation. 

This method created on describing part of the field of meteorological number (T) in area of point polynoms 

of first row 

Т(x, y) = А0 +А1*х+А2*у 

Where x and y – coordinates in Decart space of a local system, while x-axis heads to east, and y-axis to north. 

Coordinate number are in hundreds kilometers. 

А0, А1, А2 – special coefficients. For their calculation smallest square method is used. This method 

principles described in many scientific articles [14,29]. 

The idea of that method is that best coefficients for approximation is in sum of its squares will be with 

minimum error. 

S(A0, A1, A2) = ∑ [ƒ(xi, yi,, A0, A1, A2) – TI]2= min 

Major condition of minimum functions is in a condition, that all her private derivatives must be equal to zero. 

Finding those derivatives and making them equal to zero it is possible to get system of equations with 3 

unknown numbers: 

  

   
 = 2  ∑ (                   )

 
    = 0 

  

   
 = 2  ∑ (                   )   

 
    = 0 

  

   
 = 2  ∑ (                   )   

 
    = 0 

Unknown coefficients А0, А1, А2 characterizing field number T is a solution of linear equation system, 

where N – number of impact station, chosen for calculation of characteristics of solar radiation. Summary of 

system coordinates local system x and y makes at all stations. 
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X and Y coordinates calculated by formulas 

x = a *cos (– 0); y = a (– 0), 

 

where x and y – c o o r d i n a t e s  i n  h u n d r e d  k i l o m e t e r s ;  and  – latitude and longitude in 

degrees; 0 and 0 – coordinates of local coordinates system beginning in degress; – average area latitude 

degree.; а – coefficient, equal 111,2 km/degree, which is equal to average meridian degree size. 

Those formulas giving adequate results for areas with diameter about 2000-3000 km[15]. 

Solar radiation income onto horizontal surface depends not only from daytime, but also from sun height. Sun 

height changes depending from area latitude, time of the year and daytime. 

Maximum Sun height (at real noon) at day of midsummer(21-22 june in north part of our planet) is equal 

hmax = 90– + 23,5, where – latitude. 

 

Smallest height at day of midwinter(21-22 december in north part) 

hmin = 90–  – 23,5. 

 

3.2. Photovoltaic transformation of electromagnetic 

radiation into electricity. 
Photoelectric generation of energy happens due to differentiation between positive and negative 

charges while absorbing electromagnetic radiance from Sun in semiconductors. 

Devices on semiconductor transitions usually called solar cells. They are themselves a source of 

EMF, converting electromagnetic energy into electrical energy. Current generation depends on the amount of 

radiation from the sun. It is worth noting that the overall efficiency depends not only on the solar cell, but 

from dynamic load in an external circuit. Currently, semiconductor converters of chemically pure crystalline 

silicon are in use. The simplest design of a solar cell on the basis of monocrystal silicon is shown in figure 3. 

 

 

Figure 3. P-N layers in solar cell. 
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The small depth from the surface of a silicon external layer p-type formed the p-n junction with a 

thin metal contact. On the back side of the plate caused solid metal contact. Solar cells are involved in the 

process of obtaining electricity from electromagnetic radiation. Photovoltaic cells are created using the entire 

Arsenal of modern available to mankind materials and substances. Most successfully on a par with silicon 

showed itself silicone (increases reliability). When the light beam hit the cell, a certain light spectrum is 

absorbed semiconductor material in the cell. Electrons go astray from the structure thanks to the energy of 

the light beam that allows them to «float away» from his original position in the molecules of the top layer. 

Thanks to definitely directional electromagnetic field, these free electrons move in a given direction. Thanks 

to floating of those electrons, generated EMF shows a so-called «current flow», which can be fixed with the 

help of connected metal contacts on the top and bottom of the cell. This voltage, along with the voltage of 

the cell, determines the total capacity of photovoltaic element. 

3.3. Silicone solar cells usage. 
Silicone has unique characteristics, especially in crystalline form: 

• Atom silicone carries 14 electrons, which are divided on 3 layers inside 

• 2 layer would remain filled with the always 

• Only 4 electrons fill half of the outer layer 

• Atom silicone always trying to complete the last layer, and sharing of electrons from 4 adjacent atoms to 

achieve the goal 

• This in turn leads to the development of crystal structure, which is vital for solar cells 

 

Figure 4. Scheme of p-n junction 

However, pure silicone in its crystalline form is a poor conductor of electricity, as the electrons are 

unable to move freely. However, silicone is present in the structure of cells, helping their properties to safely 

operate the cell. Phosphorus, which forms N-layer (negative charge), silicon and boron, which forms P-layer 

(positive charge), are the most widespread elements supplementing the pure silicone. 

http://www.solarenergybase.com/wp-content/uploads/2012/11/solar-panel-silicon.jpg
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3.3.1. Structure of cell. 
Two separate layers of pure silicone electrically neutral, but when the two layers with additives of 

phosphorus and boron interact, formed the electric field. Free electrons, seeking from the N-region 

embossed light, are seeking to fill the void in the way of his steps in the P-region with enormous speed. 

However, all of the free electrons do not find «their» place, as they are not enough. It is worth noting that if 

all the electrons can find their atom, you would not have arisen current and transition effect would be ruined 

by a stop of «floating» process of electron. That is, for the normal functioning of cells, it is very crucial to 

have always a certain number of free-floating electrons. Further, the electrons, under the influence of 

gravitational forces, escaped and returned to the back of the N-level, thereby enabling new electrons take 

their place. Cell is divided by impact of border of fields, thanks to these fields nonstop moving of electrons 

happens. 

When the light beam hit the cell, energy, enclosed in it enough to release an electron of top-level and send it 

outside the influence of gravity N-layer. Sunlight plays the role of a «gun», «kernels» in which there are 

electrons in N-layer. Due to this process, there is a constant movement of electrons that creates a voltage and 

current. 

 

Figure 5. Scheme of construction of solar cell. 

It is also important to protect silicon layer from different elements, which can prevent p-n junction. For that 

purpose protective glass must be installed above this layer. 

http://www.solarenergybase.com/wp-content/uploads/2012/11/photovoltaic-panels.gif
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3.3.2. Solar cell energy losses. 
Light consists of waves of various length. For solar cell operation suitable only for some, because the 

rest of the wavelength simply not able to “punch out” electron and follow it up with enough energy to make 

the transition from one layer to another. Each material, there is a specific value, measured in electron volts 

(EV), which characterizes the required value for the availability of P-N junction. If the energy of a photon is 

redundant, the excess energy is lost. However, if the value of the energy will be certain, there is a risk of 

creation of electron-pair hole. However, it happens about 30% of the cases, when there is enough energy for 

it. 

 

 

Figure 6. Cell losses scheme. 

There are also losses associated with a reverse transition (from P to N layer). 

They lie in the fact that the electron, returning, passes through the metal bridge, however, when the top is 

covered them completely, most of the voltage is lost. In order to reduce the losses, cells with a contact 

coating in the form of a «grid» used. However, even after that, some electrons are blocked on the switch back. 

Various connection schemes junction. 

This transition is located near to the illuminated surface of the semiconductor. Must be connected 

resistance R, otherwise a short circuit occurs. The figure below shows several modes: a - short-circuit b - 

idling, c - enable load. 
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Figure 7. P-n junction scheme with different system loading. 

 

The first case is a thermodynamic equilibrium (without lighting and without applied voltage offset); 

the outer shorts provides a potential difference of zero. However, through the transition and outer conductor 

a current flows, as photogeneration of electron-hole pairs continues to flow into the p-region. 

At open external circuit p-n junction (figure b) photoelectrons fall in the n-region and charge it negatively. 

The remaining p-area excess space charge this area positively. Potential difference is the voltage of idling. The 

polarity of the voltage corresponds to the direct shift of p-n-transition. Flow generated media forms a current 

I equal to the number of carriers, the last transition in a time unit: 

                                                    I = qP/hv 

q – value of electron charge, P – power of absorbed monochromatic radiance.  

 

3.4. Existing types of solar PV panels 

 
The process of energy conversion occurs in the photoelectric converters (solar cells). 

Currently, depending on the material, design and production method to distinguish between three generations 

of solar cells: 

• PVC first generation based on crystalline silicon wafers; 

• Second-generation solar cells based on thin films; 

• Third-generation solar cells based on organic and inorganic materials. 

 

The first generation of solar cells 

PVC is the first generation on the basis of crystalline wafers today are most widely spread. In recent years, 
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manufacturers managed to significantly reduce the cost of production of such solar cells that ensured the 

consolidation of their positions on the world market. 

Types of PVC of first generation: 

• monocrystalline silicon (mc-Si), 

• polycrystalline silicon (m-Si), 

• GaAs-based 

• ribbon technology (EFG, S-web), 

• polysilicon thin layer (Apex). 

 

Manufacturers - Suntech Power, JA Solar, Yingli Green Solar, Solarfun Power, Trina Solar(China). 

 
SC of the second generation 
Technology of production of thin-film solar cells of the second generation implies the application of a layer 

of a vacuum method. Vacuum technology in comparison with the technology of production of crystalline 

solar cells is less energy intensive and is characterized by lower capital investments. It allows you to produce 

flexible cheap PVCs large area, however, the coefficient of useful action of the elements below in comparison 

with the SC of the first generation. 

 

Types of solar cells of the second generation: 

• amorphous silicon (a-Si), 

• micro - and nanosilicone (μc-Si/nc-Si), 

• silicon on glass (CSG), 

• cadmium telluride (CdTe), 

• (di)selenide copper-India-)gallium (CI(G)S). 

 

Producers - First Solar(USA), Q-Cells(Germany), Solyndra(USA), Miasole(USA). 

Third-generation solar cells 

When you create a third-generation solar cells are cheap and recyclable polymers and electrolytes. An 

important difference is the possibility of drawing of layers printing method, for example, the technology of 

«roll-to-roll» (R2R). 

Currently the majority of projects in the field of third-generation solar cells are still in the research stage. 

 

Types of solar cells of the third generation: 

• photosensible with dye (DSC), 

• organic (OPV), 

• inorganic (CTZSS). 

Manufacturers - Konarka, Solarmer, IBM, Plextronics (All USA) 

3.5. Typical problems of solar energy 
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The energy required to keep using chemical batteries, however, the installation suffers from the lack 

of the possibility to regulate, control capacity. Also light, suitable for power generation, carries infrared and 

ultraviolet, breaking the panel. The panel must be protected from many factors, losing some part efficiency. 

The greatest disadvantage and restriction for development is the need for a sufficiently powerful light. In the 

future it is necessary to solve this problem. Studies are underway for the fitness of the partial use of the 

panels in dusk and dark time, through the collection of the reflected light and the use of alternative materials. 

However, this region is on the verge of science and bold imagination. One of the methods of the significant 

improvement of the efficiency of the solar panels is the application of technologies of multilayers. Due to the 

multiple layers managed to achieve maximum efficiency over 40%. 

 

3.6. Review of development of PV energetics in the 

world and Russia. 
 

As table 1 shows, the energy consumed by humanity at present is not more than 0,013% of the energy 

of solar radiation reaching the Earth's surface. Forecasts indicators for photovoltaics in the power 

industry is as follows (section the cost of electricity is meant not kW-hour, Megawatt-hour) [29]. 

 
Capital investment, USD/KWt Price of energy, USD/KWt*h 

Grown 
temp, %   

Year 2005 2030 2050 2005 2030 2050 
   

PV 
panel

s 
3800 1450 1150 178-542 70-325 60-290 18 

  

Table 6. Price and energy generation price prognosis for PV 

 

 In 2010, prices for solar panels have fallen to USD 1200 per kilowatt of installed capacity. In case of success 

at creating solar cells based on grapheme, will be possible decrease prices of solar panels by 2050 up to USD 

200 per kW and solar power plants up to USD 500 per kilowatt. Below IEA assessment presented, which 

shows the dynamics of the cost of PV electricity in comparison with the dynamics of the value of traditional 

sources. Upper and lower limits of the cost for solar cells reflect the meteorological conditions in Germany 

and southern Europe, respectively. Growth of value to traditional electric power industry accepted equal to 

2% per year. External costs are not taken into account, their account may lead to an earlier exit PV systems 

to the breakeven level. Evaluation admit, that the PV technology could be competitive with stations of peak 

loads during 20 years, and with the basic power plants - for 40 years, depending on the meteorological 

conditions in the place of its location. 

 



21 

 

Figure 8. Solar energy price dynamics prognosis. 

Progression coefficient for PV is at level 0,8 for last 35 years, which means twice increase in production leads 

to 20% price fall. 

Maximum EFC of PV panels was reached in 2009 in Australia, Melbourne. It was 43% with theoretical limit 

of 93%. PV elements from polycrystalline silicon with EFC about 16% are common nowadays. After year 

2030 world PV market will change silicon to new materials. IEA prognosis shown below. 

 

 

Figure 9. PV material prognosis. 

  
In the field of solar until 2020, the main innovations are: 

• technology of deposition of films on semiconductor substrates; 

• chlorine-free technology of cleaning of silicon (including cleaning with sylane, multiple zoned, refining and 

etc); 

• new semiconductor materials (except silicon). 

 

After 2020, we can expect solar cells using nanoscale quantum effects.  

The likely scale of their use in power systems.  

The rate of growth of solar energy (more than 40% per year) increases. In 2009, the growth amounted to 

+47% compared with 2008 (an increase of installed capacity from 15.6 GW to 22.9 GW). 

According to Greenpeace estimates, by 2030 installed capacity of PV can make 1480 GW, by 2050 - 4600 

GW. According to some estimates IEA, large-scale introduction of photovoltaics are no outstanding 

achievements in science and technology is not expected until 2030. Other estimates of the IEA, the share of 

solar energy by 2050 may amount to 20-25% .The main consequences of the development and deployment of 

these technologies. The pervasive availability of solar energy in poorer tropical countries will lead to rapid 

modernization. Growth in demand for silicon and problems in the market of silicon gives the possibility of 

Russia to enter in the 2010s on the world silicon market. 
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4. Techno-economical feasibility for using PV panels on 

specified region of Russia. 

4.1. Russian Federation territories potential in a light of 

using PV panels. 
Russia is the largest country in the world, occupying an area of 17 million km2. 

With such an enormous territory, the population of the country is not so numerous, and the amount of 

territory, per 1 person very significant. With a population about 142 million people, density is only 1 person 

per 0,12 km2. One of the main criteria for the installation of solar panels is the presence of a territory. As we 

can see, Russia meets this requirement absolutely. But do not forget that the most important factor, in 

addition to square installation of generators - the presence of solar radiation within a reasonable amount of 

time for a certain period of time. According to this indicator, unfortunately, about 2/3 of the territory of 

Russia does not meet requirements, set a number of restrictions for the installation and development of solar 

energy in this country. However, the southern border of the country lies in an area of 48 degrees of North 

latitude and southern districts are in the neighborhood of 40-45 degrees of North latitude (latitude of Spain). 

These regions are due to the huge amount of solar energy, a large number of sunny days. As a result, these 

regions are ideal for the installation of solar panels. Here you can fully reveal the potential of the solar energy 

with the minimum cost. In the Krasnodar territory, for example, the number of sunny hours per year more 

than 2000. It's a great result in terms of solar energy. 

 

Figure 10. Sunny hours on Russian territory. 

 

            As seen in figure 11, there is a stable area, passing at a distance of 2000 km from the southern border 

of Russia(, where the production of electricity with the help of the sun will be profitable and efficient, that 

will allow to reduce the share of «dirty» energy and increase the innovative component of the region, since 

the maintenance of this energy resource will be directed considerable efforts of the technical personnel. But 

in addition to solar hours, there is the concept of luminous power, or, simply speaking, the amount of energy 

falling on the 1 square meter of territory. In figure 11, you can see an area with huge potential 
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Figure 11 – Solar radiation available on Russian territories. 

As is seen from the figure, half the country has pledged potential in the amount of 3,5 kW*h/m2 per 

day, that is already quite good, and the southern region have the potential to more than 6 kW*h/m2 in day. 

This value is comparable with the area of Spain, which is the reference country concerning the optimal 

location for generating electricity from solar energy. Solar radiation depends mainly on the latitude, i.e., at the 

equator it takes the highest value, decreasing to the poles. Russia is situated between 41 and 82 degrees of 

North latitude, and levels of solar radiation on its territory varies greatly. According to Russian estimates, 

solar radiation in the remote Northern areas is 810 kWh/m2 per year, whereas in the southern regions it 

exceeds 1400 kWh/m2 per year. Levels of solar radiation also show large seasonal fluctuations. For example, 

in latitude 55 degrees solar radiation is in January 1,69 kWh/m2 per day, and in July - 11,41 kWh/m2 per day. 

The total solar energy potential in Russia is estimated at 2300000 million tonnes of fuel equivalent The solar 

energy potential is greatest in the South-West, North Caucasus, the Black and the Caspian seas and in 

southern Siberia and the far East. Significant resources have Kalmykia, Stavropol Krai, Rostov oblast, 

Krasnodar Krai, Volgograd oblast, Astrakhan oblast and other regions in the southwest, and the Altai 

Republic, the Primorye territory, Chita region, Buryatia and other regions in the South-East. In some areas of 

Western and Eastern Siberia and the Far East annual solar radiation is 1300 kWh/m2 , surpassing value for 

the southern regions of Russia. For example, in Irkutsk (52 degrees North latitude) inflow of solar energy 

reaches 1340 kWh/m2 , and in the Republic of Yakutia-Sakha (62 degrees North latitude) - 1290 kWh/m2. 

Month 

number 

1 2 3 4 5 6 7 8 9 10 11 12 Year 

total 

Astrakhan 137 202 371 528 690 737 719 651 477 301 144 94 5051 

Kyzyl 127 225 454 556 680 706 683 585 429 273 143 101 4962 

Mangut 187 285 485 572 692 665 605 569 436 321 206 148 5171 

Vladivostok 247 323 488 519 612 538 513 480 456 364 250 206 4996 

Table 7. Horizontal surface annual radiation income, MJ/m2 

Month 1 2 3 4 5 6 7 8 9 10 11 12 Year 
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number total 

Astrakhan 183 244 363 489 651 728 723 689 569 392 194 114 5339 

Kyzyl 183 267 506 549 658 673 648 617 557 383 194 128 5363 

Mangut 441 525 645 572 657 596 556 583 560 550 425 351 6461 

Vladivostok 437 461 535 433 478 341 326 361 487 495 423 383 5160 

Table 8. Annual radiation income onto perpendicular to sunrays surface, MJ/m2 

At table 7 and 8 data about sun radiation income presented at 5 places, situated in different climatic zones in 

Russia: Astrakhan is on the south of European part of Russia, Kyzyl is on the south of Siberia, Mangut – at 

the south of Zabaykalye region and Vladivostok at far east. 

4.2. PV generation impact factors 

 

Also worth noting in the assessment of potential sunlight resources, it is important to take into 

account the enormous number of factors affecting the final result. The following climatic characteristics have 

an impact on the production by method of PV conversion, where Q is the total intensity of solar radiation on 

a horizontal surface for a certain period of time [kW•h/m2]: 

 

1) average long-term monthly and annual amount of total radiation of Q; 

2) the percentage of direct solar radiation in the total amount Q. Direct radiation coming to the receiving 

surface of the solar installation can converted into thermal or electrical energy; 

3) extreme monthly sum of Q; 

4) the standard deviation of monthly and annual amounts of Q; 

5) average long-term daily amount of Q by months; 

6) extreme daily sum Q for months at real conditions clouds; 

7) standard deviation of daily totals of Q; 

8) average long-term amount Q for the hourly intervals; 

9) average long-term values of intensity Q maturity;  

10) coefficient of variation (%) daily and monthly sums of Q; 

11) duration of light day, when can work systems; 

12) average monthly and the annual sunshine duration; 

13) the recurrence of continuous sunshine duration more than 6 hours; 

14) ratio actual duration of sunshine for a possible; 

15) average duration of the sunshine per day with the sun; 

16) the number of days without sun; 

17) the average multi-annual monthly and annual values of the coefficient of transparency of the atmosphere; 

18) mean multiyear monthly and annual amount of total and lower cloudiness; 

19) the average monthly multiyear frequency of occurrence of clear (0-2 points), half-cloudy(3-7 points), 

cloudy (8-10 points) sky on General and bottom clouds. 
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For the measurement of direct solar radiation on the actinometric stations are used instruments called 

actinometers. Scattered and reflected radiation is measured universal Pyranometer. Radiation balance - 

Balancemeter. 

 

Emergence of solar radiation to the earth's surface depends on many factors: 

1) latitude of the place; 

2) from the time of the day and year; 

3) from the transparency of the atmosphere; 

4) from the clouds; 

5) the nature of the underlying surface; 

6) from the altitude above sea level; 

7) from horizon invisibility. 

 

The last two factors have a significant influence on the incoming solar radiation in conditions of rugged 

terrain. 

The amount of radiation received by the earth's surface per day, depends primarily on latitude and time of 

year. At each latitude time of the year determines the duration of the afternoon part of the day (daylight 

hours) and, therefore, the inflow of radiation. With increasing of latitude, daylight decreases in winter and in 

summer increases. 

Inflow of solar radiation on a horizontal surface depends not only on the length of the day, but from the 

height of the sun. The height of the sun varies depending on the latitude, time of year and day. 

 

4.3. PV panels manufacturers overview 

 

At the moment, world market has a lot of offers in that area. Most companies invests big money in 

order to be leader in technological war – race to cheap sun energy. 

 

Производитель Страна КПД, % Мощность, Вт 

Australian solar manufacturing Australia 18,8 200 

Canadian solar Canada 16,47 265 

Yingli China 16,5 270 

Solar Fabrik Germany 16,1 260 

Mitsubishi electric Japan 16 265 

Advanced solar photonics USA 20,5 330 

Table 9. Different PV panels characteristics 
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As it seen from the table 9, todays efficiency of the PV panels are about 16-20, which is quite high. But until 

efficiency limit there are lot of work to do. 

At the market, Advance solar photonics (USA) offers panels with efficiency over 20%. Theoretically, there 

already exists panels with efficiency over 40%, but industry most effective product is ASP (USA) product. 

Also worth noting, almost all manufacturers gives warranty to their product, that at least 80% of nominal 

power will be available through all panel life-cycle, otherwise manufacturers will replace element, which 

means competitiveness increase on the market. 

 

Figure 12. Relative available PV panel power through its lyfe-cycle. Advanced solar photonics. Blackstar 

series. 

Price range for 1 m2 is from 180 USd to 350 USD. For example, at year 2006 price for panels with lower 

characteristics was about 2000 USD for 1 m2. 

5. United gas supply system  

 

Compressor stations are part of the unified gas supply system (UGSS) of the Russian Federation. 

UGSS of the Russian Federation is one of the largest world systems of transportation of natural gas from the 

mine to the consumer. The total length of pipelines in Russia exceeds 160 000 km. To compare to equator of 

the Earth, you need to pass about 40 000 km. Number of compressor stations - 215. Also in the system 

consist of 25 underground gas storage (UGS) and 6 gas processing plant. The owner of the UGSS is 

«Gazprom». The workload of the UGSS almost nominal. For example, in 2011, taking into account of gas of 

Gazprom and independent producers from Central Asia, UGSS received 683,2 billion cubic meters. 

According to the current forecasts, the volume of pumping can grow to almost 1 trillion cubic meters by 

2030 (the official forecast of Gazprom). To handle such large volumes of gas, there are compressor stations. 
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Figure 13. UGSS of Russia. 

Compressor stations consist usually of several workshops. In every shop, there is approximately 4-6 

gas pumping units (GPU). It is also worth noting that the total power of all units is about 42 GW. The 

overwhelming part of the units, works through the selection of the trunk pipeline and the gas flaring. Thus, in 

order to transport gas, takes about 10% of its total number, which is burned in gas turbines. If the volume of 

transport in 683,2 billion cubic meters it means that 68 billion cubic meters burned to ensure the 

transportation of the remaining part. This value corresponds to the production of such countries as 

Uzbekistan or Algeria. The most important aspects of the gas transport system are increasing its efficiency, 

energy saving and environmental friendliness. For this purpose, in particular, one of the priority tasks is to 

reduce gas losses, and the expansion of the use of adjustable electrically driven gas pumping unit (EGPA). As 

mentioned above, the current gas transportation system has an impressive fleet of gas pumping aggregates 

(GPA) - an order of 4,000 pieces. The fleet consists of about 86% of them are gas-turbine driven. About 14% 

of the GPA have the modern EGPA synchronous high-powered motors. In addition to the high efficiency of 

the electric drive, EGPA have a number of advantages, such as the absence of harmful emissions, as well as 

more wide range of regulation. Also, when using the EGPA no need to contain an oil supply plant. Besides, 

there are no areas of high temperatures, meaning high reliability and long life. However, there is one 

significant drawback is the price. With modern Russian electricity prices, the use of EGPA is relatively 

unprofitable. When comparing operating costs for the gas from the gas turbine-driven aggregate and EGPA, 

the classical gas-turbine drive is far ahead, due to low domestic gas prices. Table 10 provides data for two of 

the compression station for a more visual comparison of EGPA and gas turbine GPA. 

Parameter Bergen, Norway Vyborg, Russia 

Drive type Electric Gas turbine 

Number/ Power of unit, pieces, 

MW 
6/60 6/56(2/26) 
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Total power, MW 360 388 

Drive efficiency, % 97 42 

Energy use 

-Electricity KW*h 

-Fuel gas, Kg/h 

 

45000 

No 

 

No 

About 10000 

Oil supply plant for GPA No Yes 

Emissions, kg/h No About 22 

Table 10. EGPA and GPA comparing. 

This table shows the difference in energy efficiency, environmental friendliness and efficiency of 

these systems. Higher efficiency of plants in Norway allows saving about 42% of consumption of equivalent 

fuel regarding the gas turbine drive. From the above we can conclude that the use of EGPA allows you to 

create high-performance, reliable and secure units. Adjustable electric drive is an important condition for the 

realization of GPA activity, providing a high level of energy saving. However, EGPA are not the only 

consumer of electricity at compressor stations (CS). At any CS there is own needs power plant (CPPS), 

responsible for the production of electricity for household and other needs. CPPS exists at each CS, which 

has no access to power lines, and such a large part. And though the share of consumption of energy CPPS is 

not as essential as the energy consumption of the same gas turbine drives, a large number of CS across the 

country suggests that the absolute value of consumption of all CPPS is large enough to look her, as a 

significant amount of the energy balance of the CS. 

5.1. Compressor station as an object of energy demand. 

 

        Compressor station is complex in structure and functional relations system. The work of the main 

technological equipment of compressor stations of main gas pipelines (the centrifugal compressors) is 

provided by drive, oil supply systems, ventilation, cooling, gas supply, general plant supply systems and 

instrumentation and automatic control systems. Interaction of the subsystems leads to overall reliability of 

the compressor station. As can be seen from Fig. 14 reliability of work of almost all systems of the COP 

depends on the reliability of their electric equipment and power supply reliability of the last one. 
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 Figure 14. Technological process supply system scheme at CS with gas turbine 

Power interruption of electric drives of oil pumps, lubricant oil pumps, coolant pumps, turbine oil air 

cooling units, water air cooling can lead to disorder of complex technological process of the CS, reduction of 

compressors resource and, as a consequence, cause considerable damage. 

Power interruption of electrical fire pumps, emergency ventilation, electrical receivers of communication 

devices, of lighting of the main shops, since it is connected with increased danger to human life is not 

allowed. In accordance with the Rules of electrical installation (REI), listed consuming equipment referred to 

the first category in relation to ensure reliability of their power supply. 

In the group of consumers of category I highlighted major consumers, the break in the supply of which 

creates a risk of emergency stop of GPA, and also those that provide a stop GPA without damage. 

Particularly responsible consumers are oil pumps, circulating pumps, emergency lubricant pumps, cooling 

fans, emergency ventilation, fire pumps and emergency lighting equipment. Depending on the type of GPA 

composition consumers of category I may be different. So, the transition to pumps driven by the turbine 

shaft helps to exclude a number of existing CS oil pumps seals from the group of special responsible 

consumers. 

II category of CS consumers includes power-consuming equipment, the break in the supply which leads to a 

decrease of transportation volume of the CS; power-consuming equipment, necessary for the continuation of 

the technological process, allowing for short breaks power without danger stop of GPA; electrical systems of 

GPA, cooling fans, gas air-cooler, cooling fans, cooling towers, pumps of water supply and sewage, 

ventilation, air conditioning, boiler. Recipients of III category allow the break in the supply during the repair 

of equipment of power supply system. At CS III category includes the load of auxiliary shops and services, 

coverage area of the CS, cathodic protection. Thus, general electrical equipment of CS refers to consumers of 

all categories. Of course part of the power supply system must meet the requirements for power supply of the 

first category. Distribution of electrical loads between the main consumers of electricity on the typical CS 

with a gas turbine driven compressors of natural gas (CS has 6 units GT-750-6 a total capacity of 36 thousand 
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kW) is given in the table 1.3 [12]. Capacity of the main electricity consumers typical COP with gas-turbine 

drive is 600-700 kW per 30-40 thousand kW of the installed capacity of gas-turbine units. 

 

 

 

Consumers 

Number of 

consumers, 

nр/nре 

Power of consumers, 

KW. 

Max power usage 

h/year. 

Electricity use per 

year, thousand 

KW*h 

1. Compressor 

area 

    

Oil pumps 

(starting) 

4 80 200 3,2 

Sealing pumps 4/4 160 7500 840 

Bridge crane 5 34,5 600 2,08 

Oil pump and oil 

cleaning machine 

2 49,6 1500 37,2 

Circulation pump 1/1 40 7500 240 

Ventilation 10/2 205 7500 1080 

Lighting - 50 4100 195 

2. Heat plant     

Ventilation 2 56 7500 292 

3. Industry area     

External lighting - 13 3600 46,8 

 Total 688   

Table 11. Typical CS electric load distribution 

 

GPA type on 

CS 

Number of aggregates 
Total aggregate power, thousand 

KW CS demand 

power, KW 
Active Reserve Active Reserve 

CS, with installed GPA machines 
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GT-750-6 

GTK-10 

4 

2 

2 

1 

24 

20 

12 

10 

3980 

GTK-10 

GTK-10 

2 

2 

1 

1 

20 

20 

10 

10 

1581 

GT-750-6 

GT-750-6 

4 

4 

2 

2 

24 

24 

12 

12 

2913 

GTN-25 2 1 50 25 1840 

GTN-16 3 2 48 32 1700 

GPA-C-16 3 1 48 16 1757 

GPA-C-6,3 6 2 37,8 12,6 1460 

CS, with installed GPA and EGPA 

GT-750-6 

STM-4000 

4 

6 

2 

2 

24 

24 

12 

8 

24814 

GT-750-6 

STD-4000 

4 

6 

2 

2 

24 

24 

12 

8 

26980 

GTK-10 

STD-4000 

2 

6 

1 

2 

20 

24 

10 

8 

27480 

              Table 12. Total demand on CS with different drives types. 

Total power of electric demand at typical CS with gas turbine drive is about 1500 to 4000 KW, while total 

power of EGPA CS may be higher thatn 24000 KW. 

5.2. Own needs power plant (CPPS). 
 

For industrial sites and settlements (camps, social and cultural facilities etc), located in the areas of 

natural gas production and systems of main gas pipelines passing, where there are no power supply system of 

RAO «UES of Russia» (Electric company), and the natural and climatic conditions are characterized as very 

heavy, it is necessary to develop special technical solutions in the field of power supply, to ensure their 

efficiency and durability, even in extreme situations. As a rule, these objects have relatively small facilities and 

the construction of traditional powerful TEPs in these conditions, there are a number of specific problems of 

economical and technical properties. 

Alternative and enough reliable solution to the problem in these conditions is the creation of local 

energy supply systems with the minimum length of the outgoing transmission lines from mobile block and 

superblock power plants equipped with electrical units with piston or turbine drive, located in the area of 
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loads. 

One of the peculiarities of the autonomous energy is the fact that they are not commercial projects, because 

they relate to the subsidiary production. Auxiliary production does not sell products. They serve the needs of 

primary production. The main production is interested in obtaining products of the subsidiary at the lowest 

prices. On this basis the efficiency of the power plant's own needs should be calculated by comparing the 

costs of electricity purchase on the side with the cost of its own production. 

Given the operating conditions, the power plant should ensure: 

• reliable electricity supply (persistence) in the extreme conditions of polar night; 

• a high degree of automation; 

• simplicity of service and facilities to make repair; 

• minimum weight. 

 

Electro aggregates should be in superblock (container, modular) design with a maximum work readiness and 

require minimal construction and work at their installation. 

In addition, the plant should ensure: 

• possibility of extension in cases of growth of power consumption; 

• work on diesel and domestic fuel (natural gas); 

• meet the requirements of flexibility modes and provide possible transfer power to the nearest object in 

intersystem connections. 

 

Construction of the foundation should consider the specifics of the operation of power plants and soil 

conditions of permafrost. The power plants must generate thermal energy which will increase the reliability of 

heat supply and the total efficiency of the power plant. 

As the analysis shows, most perspective is to be considered a mobile power station turbine-powered, with the 

following advantages: 

• small weight and dimensions, i.e. mass and dimensions parameters 3-4 times less than the power plants with 

reciprocating internal combustion engines; 

 

• the ability to create mobile easy-transporting power plants of up to 6 MW or more; 

• operative replacement of the failed motor (up to 8 hours) and its maintainability in factory and the factory; 

• allowable level of vibration, the minimum volume of construction work to install power plants; 

• no need in water for cooling; 

• possibility of use conditions, both cold and hot climate; 

• cooling system oil has small dimensions, small expenses of oil, small losses of heat radiation (radiation) and 

oil (2 %); 

• high stability, speed and high degree of computerizing; 

• developed system of diagnostic maintenance; 

• possibility to use different fuels (liquid or gaseous) on some GTE on one engine without alignment, and a 

stop of the engine; 

• ability to run at negative temperatures. 

With all the advantages, GTE loses piston internal combustion engines in such parameters as: 

• minimum start-up time (up to 30 seconds); 

• reception of 100 % of the load time for 30 - 60 seconds after the signal to start. 

• high-performance work on partial loads; 
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• efficiency (approximately 1.5 times higher than GTE). 

 

These qualities determined the priority in the creation of mobile power plants with piston generator sets 

having a power range from 100 to 2500 kW, for gas-turbine - from 2500 up to 50,000 kW and more. 

Automation of operations to start of units, synchronization, reception and load balancing, automatic alarm at 

violation of the normal mode of operation, automation of auxiliary operations (the refueling system, cooling 

oil and fuel injection systems, engine stop etc) allow independent power plant to run with the minimum 

number of personnel and without him. 

As a result of research works performed by the Department of energy, Gazprom and VNIIGAZ, output 

range of generator sets with piston and gas-turbine drive on, which we can complete power plants of 

different capacity and different purposes were proposed. 

Work on the choice of generator sets for the needs of the gas industry was held with and subject to the 

following conditions: 

• the number of motor sizes should be minimal, in a row should be switched on engines being produced 

serial, or such, which are were made  necessary scientific research works; 

• indicators of engines and power plants on their basis should correspond to the modern level of 

development; 

• application of the motors must be economically justified. 

5.3. Compression station electricity generation with PV 

panels. 

 

Effective areas usage will reduce spending on fuel gas, electricity for a variety of support systems. The use of 

an additional source of electricity will improve energy security of the object, which can play a critical role in 

case of an emergency. One of compressor plants under construction in the southern regions will be the 

perfect subject for verifying accounts facilities as well for the test of the system. 

Compressor station «Russkaya», which is part of the «Southern corridor». Station being built in the part of 

construction «Expansion of the UGSS for the supply of gas pipeline «South stream». 

«Russkaya» will be located in the Krasnodar region, near city Anapa. Compressor workshop on the «Russian» 

will be equipped with 7 GPA with power of 32 MW each. It is planned that on the CS «Russkaya» second 

plant will be build, which will increase the capacity of the compressor station twice. Thus, the total capacity of 

the CS of the «Russkaya» must amount to 448 MW, while the planned capacity of the largest to date, 

Portovaya CS (gas pipeline «Gryazovets-Vyborg) - 366 MW.  This CS is in perfect weather conditions. 44 

degrees North. Warm, sunny, almost no rainy or cloudy days in the area. The number of sunny days is around 

300. Sun reaches 70 degrees above the horizon in June, during the Zenith. Winter is mild, with short frosts. 

Height of the Sun above the horizon to the Zenith - 23 degrees. 

6. PV panels technological calculation at the area of 

Anapa city. 
 

This calculation is correct, subject to the conditions of optimal positioning of solar panels and with their best work. Not 

taken into account economic discounting and other additional factors of the economy. 
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The use of panels on the territory of the CS imposes certain limitations on the area, location etc. just do not forget that this coastal 

area has a rich terrain: mountains, valleys, streams, etc.  

Initial data for calculation: 

 

Because leasing additional land will cost too much, the use of panels on the territory of the CS is the 

optimal solution. Area, that can be used for the needs of about 10 hectares. Further increase may lead to a 

complication of the process and bear large costs than economic benefits. 

S = 10 HA = 100 000 m2 

Efficiency = 22% / 43% 

 

At this time the market of the real presented panels there are proposals for panels with an efficiency 

of 22%. Efficiency of 43% is taken for additional calculation of efficiency while succeeded only in laboratory 

conditions. Industrial production of such panels is not regulated, which does not allow to speak about their 

effectiveness as unknown number of factors, including their price. 

Radiation = 4,5 KW*h/day m2 

 

The average daily radiation at the latitudes of Anapa amounts this number in the summer much more, and in 

winter a lot fewer. 

 

Capacity of installation of marginal - 210 W/m2 

 

This restriction sets up the panels manufacturer, but in practice even during peak load, capacity does not 

reach these values. 

 

It is also worth noting that the panel does not operate at peak load, the average load factor of about 0.9-0.95 

in the first 5-8 years of operation, and then 0,8-0,85 in subsequent years. Work warranty is 25 years. Thus, the 

capacity of more than 190 W/m2 will be unattainable most of the time 

 

 

6.1. Calculation of systems of solar panels: 

 
As is known, the territory and radiation - you determine is the amount of the resulting radiation that falls on 

the territory: 

1) 4,5 * 365 = 1 642,5 kW*h/m2 year 

2) On the entire territory of 10 HA: 1 642,5 * 100 000 = 164 250 000 KW*h/year 

 

Using this data it is easy to calculate how much energy will produce panels. 

3) With an efficiency of= 22% : 164 250 000 000 * 0,22*0,95 = 36 135 000 KW*h/year energy 
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The load factor in the calculation for panels with an efficiency of 43% is not used, as the authors and 

researchers have not provided such data are neither in the press nor in their work. 

 

4) With an efficiency of= 43% :  

164 250 000 000 * 0,43 = 70 627 500 KW*h/year energy 

At ideal conditions of operation of a plant result is. 

The capacity will be as follows: 

1) 36 135 000/8760/3600 = 1145,83 KW = 114583 W\ 1,14 W/m2 

2) 70 627 500/8760/3600 = 2239,583 KW = 223950 W\ 2,24 W/m2 

As is evident from the results - to the limit very far. 

 

  It should also be noted that the power of the GPSS is about 6 KW. This means that the installation 

of photovoltaic galvanic cells (EFC 22%) can generate energy equivalent to about 45% of the needs of GPSS 

in the daytime. If correlate with the daily amount of energy, the value will be about 19% of the needs of the 

plant needs. 

6.2. Economics calculation. 
 2-axis controlled panel. 

Investments: 

For the panels with the efficiency of 22% - approximate cost 270$ for 1M2 

Get: 270*100 000 = 27 000 000 $ 

1$ = 31 rubles. 

837 000 000 rubles. 

Price for 1 KW*h = 4 rubles. 

Thus: 

1) 36 135 000 * 4 = 144 540 000 rubles/year. 

 

This is the amount of the electricity produced by the panels with the efficiency of 22% 

 

2) 70 627 500 *4 = 282 510 000 rubles/year 

 

This is the sum for panels with an efficiency of 43% 

 

To determine the attractiveness of investments a detailed analysis of sensitivity of parameters should 

be conducted and respective calculations made. To achieve this goal, a software tool based on Microsoft 

Office Excel 2013 was developed. Thanks to this tool it is easy to calculate cash flows, taking into account a 

number of factors, such as the discount rate, the growth of electricity tariffs, annual increase of operating 

costs, profit tax rate changes etc. 
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  For Russia the minimum discount rate is about 12% (most of the market offers a rate of 14.5% and 

above). In Europe the situation is different, bet less than half to two times. Typical size - 4 to 6%. 

Operating expenses for the panels with tracking the position of the sun are quite high and are of the order of 

4-7% per year from the original investment. 

 

  The growth of electricity tariffs adopted by the average and equals 2% (it should be noted that this 

quantity does not include inflation, thus, the real growth expressed in absolute values, will make the order of 

4-7%). Growth of operating costs is also on the level of 2%. Income tax in Russia - 20%. The period of 

equipment work is 25 years, as that is the warranty period declared by the manufacturer (Advanced solar 

photonics, USA). 

Basis calculation for investment solution is done with maximum close to reality Russian conditions. 

OPEX 
Annual OPEX 

price grow 
Discount rate 

Annual tariffs 

grow 

Tax 

rate 

Invesments, 

mln.rub 

Ammortizati

on, years 

1st year 

income, 

mln.rub 

5% 2% 12% 4% 20% 837,00 25 144,54 

 

 

 

 

Results are: 

Discounted revenue, 

mln.rub 

Discounted clear 

income, mln.rub 

NPV, 

mln.rub 
DPP, years PI IRR 

1 706,24 790,92 248,02 14,47 1,30 15,69% 

  

It is clear from the results, that even according to discount rate of 12% this project discounted 

payback period (DPP) will be about 14,47 years (for panels with EFC 22%) and NPV will be 248,02 mln. 

rubles. While PI coefficient will be much higher than acceptable level(PI = 1) at level of 1,59. 

For panels with EFC of 43% results would be even better (panel prices considered to be the same) 

OPEX 
Annual OPEX 

price grow 
Discount rate 

Annual tariffs 

grow 

Tax 

rate 

Invesments, 

mln.rub 

Ammortizati

on, years 

1st year 

income, 

mln.rub 

5% 2% 12% 4% 20% 837,00 25 282,51 

 

Results are: 
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Discounted revenue, 

mln.rub 

Discounted clear 

income, mln.rub 

NPV, 

mln.rub 
DPP, years PI IRR 

3 334,92 2 093,87 1 550,97 4,80 2,85 36,7% 

However, such great result can be reached only with conditions available at the south of Russia, at 

city of Anapa, for example. The main thing of course, is a number of sunny days, radiation intensity and other 

geographical factors. But it is not the fact, that using PV panels in the middle lane of Russia with bring any 

profit or benefits at all. Calculation results shown below are for different input data: different operational 

costs (OPEX), discount rates, tariff grow dynamics and tax rates. Panel with EFC of 22% was chosen for 

calculation due to its availability on the market and best performance characteristics  for mass producting 

panels. 

Results for different discount rates: 

Discount rate 
Discounted 

revenue, mln.rub 

Discounted clear 

income, mln.rub 

NPV, 

mln.rub 
DPP, years PI 

4% 3613,5 1786,1 1493,05 9,26 2,78 

6% 2902,33 1410,86 1027,53 10,07 2,23 

8% 2383,46 1139,71 688,69 11,1 1,82 

10% 1997,9 940,25 437,54 12,48 1,52 

12% 1706,24 790,92 248,02 14,47 1,3 

14% 1481,76 677,21 102,53 17,85 1,12 

16% 1306,09 589,17 -11,04 25 0,99 

18% 1166,44 519,92 -101,1 25 0,88 
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According to calculation results linear income decrease tendency noticed, which effects NPV project 

negatively. Discount rate of 15,69% is crucial. Above that number project becomes unprofitable and has no 

future and buyout period much more than 25 years. 

 

Presented diagrams helps to understand enormous difference in project profitability in Russia and in Europe. 

In order to increase investment climate attractiveness at solar energetics in Russia, it is important to decrease 

discount rate and marginal part of the banks in business. 

While changing OPEX, next results are: 
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OPEX 
Discounted 

revenue, mln.rub 

Discounted clear 

income, mln.rub 

NPV, 

mln.rub 
DPP, years PI 

4% 1706,24 858,68 315,78 12,97 1,38 

5% 1706,24 790,92 248,02 14,47 1,3 

6% 1706,24 723,17 180,26 16,35 1,22 

7% 1706,24 655,41 112,51 18,78 1,13 

 

 

Operation costs has lower effect on financial sensitivity of presented project however 1% change will 

lead onto almost 70 mln. rubles economy. That fact makes logic search of using simple, from technological 

point of view, panels, and considering Anapa mountain rocky relief use free unsettled territories (hills and 

mountains). 
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If OPEX rate will be at 4% rate buyout period would become 12,97, and PI rating will grow up to 1,38 from 

1,13 (22% increase). 

It is impossible to make 100% precision prognosis in area of tariff grow prices, having only statistics for grow 

dynamics. According with that fact, few scenarios were simulated in order to get proper picture: 

Annual tariff 

grow 

Discounted 

revenue, mln.rub 

Discounted clear 

income, mln.rub 

NPV, 

mln.rub 
DPP, years PI 

2% 1462,62 596,03 53,13 20,2 1,06 

4% 1706,24 790,92 248,02 14,47 1,3 

6% 2016,92 1039,47 496,56 12 1,59 

8% 2416,74 1359,32 816,42 10,51 1,98 

 

Today, temp of growing is at level of 6% including inflation. At this circumstances project is quite 

rentable, with payback period of 12 years. But negative scenario drops payback period to 20,2 years, and 

investment attractiveness will fall by 18,5%. If prices dynamics will be higher than projected, payback period 

will be shorter by a small amount, while PI will grow by 52%(!). 
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With temps of 8% NPV will be 816,42 mln. rubles against 496,56 mln. rubles at rate of 6%. If prices will 

grow more intensive( which is quite possible), exponent grow of financial indicators expected. 

 

At rate of 2% payback period is huge. It is because of inflation, discount rate and other factors, which “kills” 

this grow, making it almost useless. 

Russian income tax rate is 20%. It was stabile since year 1991. However, in Europe, many countries 

governments in order to support alternative energy, decrease base tax rates or just cancel them. 

Tax rate 
Discounted 

revenue, mln.rub 

Discounted clear 

income, mln.rub 

NPV, 

mln.rub 
DPP, years PI 
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5% 1706,24 939,22 396,32 11,86 1,47 

10% 1706,24 889,79 346,89 12,61 1,41 

15% 1706,24 840,36 297,45 13,47 1,36 

20% 1706,24 790,92 248,02 14,47 1,3 

 

With possible tax rate decrease for “solar” electricity manufacturers it may be one of the reasons for creating 

business sphere in this branch of energetics, but it is not enough only to avoid tax rate. Business depends on 

many factors, where tax rate is not the biggest challenge. 

 

With 5% tax rate decrease NPV gets more 50 million. If tax rate only 5% against todays 20%, NPV bonus is 

148 million, payback 11,86 against 14,47. But PI will grow only at 13% than standard scenario. 
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“Cutted pyramide” panels setup type. 

This type offers low OPEX while avoiding 2-axis tracking and usage of bigger available territory through 

increasing panels area. In order to calculate this type properly, data for region should be collected. 

Anapa data is given at appendix 2. 

Anapa. 

Total sunshine time - 4000 hours per year. Lowest sun location at peak – 23 degrees above horizon, highest – 

70 degrees. For calculation simplification 12 periods will be taken for sun location at each 30-31 days period. 

Shortest day – 21 of December, longest  21 of June. 

 

 

Simplified table: 

Period Dates 
Maximum sun 

height angle 

1 21.12-20.01 25 

2 21.01-20.02 34 

3 21.02-20.03 43 

4 21.03-20.04 52 

5 21.04-20.05 61 

6 21.05-20.06 70 

7 21.06-20.07 61 

8 21.07-20.08 52 

9 21.08-20.09 43 

10 21.09-20.10 34 

11 21.10-20.11 25 

12 21.11-20.12 16 

 

Daily sun positions 

As the sun begins its way from horizon, daily non stabile moving should be taken into consideration. At the 

table below sun position presented at each month and day hour. 

As available heat is equal to angle sinus of falling multiplied at heat flux Sinα*L 
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L – heat flux. At summer zenith Sin70º = 0,94, while winter zenith Sin16º = 0,275 

Using panels with untraditional form will help to use dusk and dawn with maximum efficiency. Also 

panels should be set up for proper angle. 

Time 

Pe

rio

d 

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 0 0 0 0 3 6 16 21 25 25 21 16 6 0 0 0 0 0 

2 0 0 0 3 6 16 22 28 34 34 28 22 16 6 0 0 0 0 

3 0 0 0 6 15 25 31 37 43 43 37 31 25 15 6 0 0 0 

4 0 0 6 12 16 25 34 42 52 52 43 34 25 19 6 0 0 0 

5 0 0 6 16 25 34 43 52 61 61 52 43 34 25 16 6 0 0 

6 0 11 20 29 38 47 54 62 70 70 62 54 47 38 29 20 11 4 

7 0 0 6 16 25 34 43 52 61 61 52 43 34 25 16 6 0 0 

8 0 0 6 12 16 25 34 42 52 52 43 34 25 19 6 0 0 0 

9 0 0 0 6 15 25 31 37 43 43 37 31 25 15 6 0 0 0 

10 0 0 0 3 6 16 22 28 34 34 28 22 16 6 0 0 0 0 

11 0 0 0 0 3 6 16 21 25 25 21 16 6 0 0 0 0 0 

12 0 0 0 0 0 3 6 9 16 16 12 8 4 0 0 0 0 0 

In other words, it is necessary to define amount of available energy with different sun angles for each 

of 3 sides (4th side faces mountain). Optimal decision is to setup panels at 45 degrees. Thanks to that 

positioning, panels will get maximum sunlight at intensive period from 11 am to 4 pm. Those hours much 

more energy intensive, which makes setup priority for those hours most important. 

It also worth noting, each panel may be set under different angles. Data presented at table should be 

correlated for each situation. Principle schemes of panels presented at figure 15 and 16. 
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Figure 15 – “Cutted pyramide” form with horizontal surface above 

 

Figure 16 – “Cutted pyramide” form with angled top surface. 
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Presented conceptual layout panels meet the conditions of the installation in difficult terrain, which is 

the coastal region of the city of Anapa. Mountains with large gradient, stony soil and a large area on the 

slopes allow to count on the possibility of installing these panels. The flip side is empty and inside the hidden 

equipment and fixing installed. The design, that allows to speak about attractiveness as a «blockage» of the 

surrounding view. The angles are optimized in the region. The obverse Central panel is tilted at an angle of 45 

degrees. Side panels are slightly different angle (adjustable tilt, as are optimized for operation in the early and 

late  

 

Also important is the fact that one side panel cannot work about one third of the length of the day as 

dead zone of its work is 60 degrees, if you take a full circle motion of the sun, equal to 180. 

The total area of solar panels when the configuration is equal to 10,971 m2 occupied a surface of 

approximately 7m2. It is 56% more space, on which the design is placed. This will certainly lead to the 

increase of the initial investment in connection with the purchase of a larger number of solar panels, but 

significantly (several times) reduce the operational costs in connection with absence of necessity of 

maintenance and tuning of complex systems sun tracking. Constantly working surfaces are upper and frontal. 

Their total area is equal to 5,721 m2. Two lateral surface area of 2,625 m2 each work 2/3 of the time of day 

length. 

 

 

 

 

To simplify the calculations, the lateral surface accepted for one to load factor of 2/3.  

Thus, the total working area: 

 

Sop=2,625*2*2/3=3,5m2. 

 

Total: Sop total = 3,5 + 5,721 = 9,221 m2, which is 32% more surface, than ground area. 

 

However, it is also worth considering that the upper surface is irregular, and thus, has a reduced 

energy outcome due to the different angles of refraction. Solar intensity for the sector installation is given in 

the tables above. 

 

From the top surface area of 1 m2 for the efficiency of 22% and 43% in the year will be  

361,35 KW*hour/year and 706,275 KW*hour/year of energy. 

 

At a cost of 1 kW*h = 4 ruble cost of the produced energy will 1445,4 ruble and 2825,1 ruble. 

 

With all other surfaces: 

1 642,5 KW*hour/year, falls on 1 square meter. At various efficiency is 361,350 and 706,275 KW*hour/year 
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per square meter. 

 

Front: 

S = 4,721 m2. 

The total number of received power: 

Efficiency = 22%, 4,721 * 361,35 = 1705,93 KW*hour/year 

Efficiency = 43%, 4,721 * 706,275 = 3334,32 KW*hour/year 

At a cost of 1 kWh = 4 ruble cost of the produced energy will 6823,72 ruble and 13337,28 rubles excluding 

the increase in rates for electricity. 

 

Sides: 

 

At this location there is one drawback, namely the restriction on adjusting angle of mutual overlap the side 

panels on the front. But, due to the form of the sidebar, loss of effective area makes up to 10%. On average, 

this value is equal to 5%. Total effective area of the sidebar is 95% of its nominal size. 

 

Sef = 3,5 * 0,95 = 3,325 m2. 

 

The total number of received power: 

Efficiency = 22%, 3,325 * 361,35 = 1201,48 KW*hour/year 

Efficiency = 43%, 3,325 * 706,725 = 2349,86 KW*hour/year 

 

At a cost of 1 kWh = 4 ruble cost of the produced energy will 4805,92 ruble and 9399,4 ruble excluding the 

increase in rates for electricity. 

  Thus, the total cost of electricity per year for a single installed construction located in the area 2 x 3.5 

meters (7m2), is 13075 rubles and 25561,8 rubles, respectively.  

  At the price of 320$ per square meter of the earth's surface (large price due to the complexity of 

installation and access to the facility, as well as directly with the area of panels, which exceeds the size of the 

installation by 1,56 times and other factors. The panel itself is worth 205$ per 1 m2) with installation of the 

panels, the total cost on the area of 10 Ha will cost approximately 32 million USD or 992 million rubles (rate 

1 $ = 31 rubles). For clarity, the comparison with a variant of installation of panels with a tracking system, it 

is necessary to bring expenses in line. And also calculate the value of the energy saved in the entire area of the 

installation. 

1 panel takes 7 m2. Thus, in 10 hectares is possible to place 14 285 panels with a total area of solar panels in 

156 000 m2. 

  At a cost of purchase and installation of one installation in 69 445 rubles (320 $/sq. m x 31 RUR/$ x 

7 sq.m.= 69 445 rubles), it will generate electricity on 13 075 rubles a year (EFC 22%) or 25 561,8 rubles a 

year (with an efficiency of 43%), without regard to tariff growth. Thus, all together panels generate energy in 

the amount of 186 776 375 rubles (EFC 22%) or 365 062 915 rubles a year (with an efficiency of 43%). 

Taking into account growth in the efficiency of solar photovoltaic cells, rates on panels with an efficiency of 

43% is set at the level of the cost of panels with an efficiency of 22% in the next 5-7 years. 
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According to table, shown below, it is easy to calculate payback period including all factors, playing any role 

in project financial success. 

All data stays the same, except OPEX. Due to construction purity it is possible to decrease operational costs 

down to 1% of total. OPEX – 1% (Calculation for panels with EFC 22%): 

 

OPEX 

Annual 

OPEX 

price grow 

Discount 

rate 

Annual 

tariffs grow 

Tax 

rate 

Invesments, 

mln.rub 

Ammortiz

ation, 

years 

1st year 

income, 

mln.rub 

1% 2% 12% 4% 20% 992 25 186,776 

 

Results are: 

Discounted revenue, 

mln.rub 

Discounted clear 

income, mln.rub 

NPV, 

mln.rub 
DPP, years PI IRR 

2 204,84 1 404,72 761,28 8,72 1,77 21,95% 

 

 

 

 

 

With rate discount equal to 6%: 

Discounted revenue, 

mln.rub 

Discounted clear 

income, mln.rub 

NPV, 

mln.rub 
DPP, years PI IRR 

3 750,46 2 440,31 1 985,99 7,05 3,00 21,95% 

 

It is obvious, that with lower discount rate PI increases greatly, NPV grows in 2,5 times ( almost 2 bln 

rubles.) 

Payback period is only 8,72 years. But this calculation may have a mistake due to sun movement correlation 

and due to construction setup in a range of 15%. Also those construction must have a gap between each 

other, otherwise they will drop shadow on the next one. This construction is suitable for mountain territories, 

where standard panel would be too much expensive and not effective. 

While rate discount goes to 6%, payback period is 7,05 years while PI = 3, which is great result. 

Discount rate decrease is the key for business success. This decrease will give impulse for this industry in 

Russia, And with using this specific pyramide construction working area will increase by 37%. 
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6.3. Conclusions according to the calculations of 

different types of solar panels. 

 
According to the calculated data it becomes possible to conclude that these measures aimed at improving the 

energy efficiency of the compressor station, are efficient and effective way of lowering the consumption and 

improving economy (as funds and resources - natural gas). When installing on a flat surface, most optimal is 

installation of panels with sensors to track the sun in 2-axis. In more difficult terrain makes sense installation 

of pyramidal structures without 2-axis tracking. Price per 1 m2 of solar cells in 270 USD allows returning 

investments within the permissible terms (at an efficiency of 22%). When installed in a complex of geodesic 

conditions, maximum payback period - 14 years. When installed on a horizontal surface - 12 years. 

Also worth noting is that the storage system are not used, because CS “Russkaya” consumption higher, than 

the amount of electricity generated. This CS is connected to power lines, which makes it possible to sell extra 

energy. 

7. Conclusion 
The main objective of this thesis is the development of proposals on providing electricity to the CS using 

alternative energy sources, solar energy via PV panels. 

 

Transmission lines are used as power sources for compressor stationsr, the power plant's own needs (GPSS) 

with units operating on gas or diesel fuel. 

However, in real conditions, there is possibility of operation failure at GPSS. Proceeding from this, there is a 

need to develop new proposals, ensuring uninterrupted supplies CS electrical energy. 

 

The results of this thesis are: 

In the first Chapter: 

• Overview of renewable energy in the world and Russia in particular: the growth Trends and development 

forecasts of the different types of energy sources. 

• Defined Glossary for further analysis and research in the field of RES. 

• Analysis of the different sources of renewable energy. 

 

In the second Chapter: 

 

• Process of solar radiation income and Earth absorbing of light defined  

• Glossary in the field of terms of solar power defined 

• Presented a method of calculating total solar radiation, based on the method of least squares used for 

calculations with insufficient data on solar radiation 

• Considered the physical principle of the conversion of solar energy into electricity through effect of 

photoelectric conversion (photovoltaic). 

• The ways of evolution, as well as various materials used in photovoltaic solar cells 

• Described process of p-n junction with different electrical wiring equipment 

• Analysis of the situation at PV energy in Russia, authoritative sources presented, scenarios of development 

of the industry. 

• Provided a comprehensive analysis of the appropriateness of the use of photovoltaic cells on the territory of 
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the Russian Federation. Conclusions and recommendations are presented. 

• Outlined the key factors influencing the process of electricity production with photovoltaic solar cells. 

• Provided an overview of the leading Russian and international manufacturers of PV modules and their key 

features. 

 

In the third Chapter: 

 

• Provided an overview of the unified gas transportation system of the Russian Federation. 

• Compressor station considered as the object of power supply. 

• Description of the power plant's own needs the CS, as well as classification and features of other sources of 

energy supplies to the CS. 

• Proposed the use of PV panels to generate electricity for the “Russkaya” CS under the city of Anapa. Made 

a preliminary economic analysis, which showed that the placement of PV panels on the area in 10 Hectares 

can compensate from 10% (winter months) to 45% (summer months) electricity generation by the power 

plant of the CS. 

• An interpretation of the data of many years of observations of the Sun motion in the placement of the CS. 

Created diamond angles table for different times of day and year in area, Anapa. On the basis of «diamond», 

estimates are made of produced electric energy PV panels with coefficient of EFC equal to 22% (standard) 

and 43% (promising), placed on the area of 10 hectares. 

• Taking into account the specific characteristics of PV panels in the area, Anapa, such as: 

o the high cost of land, 

o Inaccessibility of free land, 

o Mountainous terrain, poorly suitable for the needs of housing and communal construction, 

o higher operating costs on maintaining managed PV panels, 

proposed the idea of creating special constructions like «cutted pyramide», which can easily be placed on the 

slopes and which have a total surface of the solar panels 56% higher, while constantly illuminated surface is 

32% more than the area of the surface on which they are placed. 

• It is shown that the unmanaged solar panels placed on the structures of type «pyramide» have significantly 

smaller annual operating costs that do not exceed 1% of their cost. 

 

• Complete economic analysis done with the definition of such parameters: 

o the discounted revenue, 

o discounted EBITDA, 

o the discounted net profit, 

o Discounted payback period, 

 

Internal rate of return on: 

 1) Horizontal 2-axis tracking PV panels; 

 2) PV panels placed on the same surface, but unmanaged spatial structures, type «pyramide». 

 

• The analysis showed that: 

 

o Investments will be repaid within 15 years. 
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o Most effective currently tool for changing the end of the estimated financial indicators - change in the 

discount rate, and the critical value of this rate at the current rate of growth of prices etc. - 15,69%. Above 

this value the project unprofitable. 

 

o Changing such parameters as OPEX, growth rates of prices for electricity, income tax, are also important in 

the calculation of the final profitability of a project, but have a slightly smaller effect, however, given the 

unpredictability of financial processes in the future, after some calculations with different indicators, it is 

possible to create multiple scenarios. These scenarios are possible to use in the future, comparing forecasts 

with actual. 

 

o Install forms «pyramide» has proved as an object for investment. Almost the same with tracking panels 

term return on investments, reduction of operational expenses, and also possibility of use of uncontrolled 

type of panels. All this makes their installation one of the most attractive ways to generate electricity in deficit 

and lack of space for placing solar panels. 

 

o With the expected growth in gas tariffs (prices in the domestic market in 3-4 times lower than export), the 

effectiveness of the use of photovoltaics for electricity generation instead of GPSS CS grows in proportion to 

the ratio of the price of gas/electricity. 
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