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Abstract  

The article is devoted to the issue of environmental assessment of the use of 

renewable energy in the oil industry. A brief review of renewable energy 

sources has been carried out; today a statistical and comparative analysis of 

the use of traditional and alternative energy sources around the world has 

been provided. The impact on the environment and human health of the 

entire fuel and energy complex as a whole is examined in order to assess the 

impact of renewable energy sources. It is emphasized that the use of all 

energy sources should be carried out in such a way as to protect the 

atmosphere, not to harm human health and the environment. The issues of 

using alternative energy sources in oil and gas production processes are 

considered. In this context, the technologies and technical means used to 

obtain energy from renewable energy sources do not have such a significant 

impact on the environment. They significantly reduce the use of fossil fuels, 

the resources for its transportation, and reduce emissions of greenhouse 

gases into the atmosphere, as well as the generation of waste from fuel 

combustion. The expediency of using alternative energy sources instead of 

the traditional one from both economic and environmental points of view has 

been established 
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Introduction 

In the technological scheme of organizations involved in oil refining, one of the important 

places is given to the process of preparing oil for refining at the field. This is explained by the 

multi-stage process of oil output as a commercial product as a result of passing through 

production facilities after extraction from the well [1]. 

The composition of oil, when it is extracted from the reservoir, in addition to the gases 

soluble in it, also includes mechanical impurities such as sand, clay, salt crystals and water. In 

crude oil, the amount of solids does not exceed 15%. The amount of water varies within various 

limits. With the increase in the period of operation of wells, the amount of water that is part of 

the oil extracted from this well increases. So, the oil produced from some old wells contains 90-

95% of water. 

The amount of water included in the oil flowing to the main pipeline should be no more 

than 1%, and the refinery should not exceed 0.3%. 
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Due to the presence of water and mechanical impurities in the oil, its transportation in the 

pipeline and the processing process are complicated, since the water remaining in the oil forms 

ballast, which in turn requires the use of pumps and compressors, i.e. additional energy costs. 

Mechanical impurities cause corrosion of pipelines, and as a result of interaction with 

water they form scale in temperature controllers, furnace pipes and refrigerators. This, in turn, 

reduces the oil recovery coefficient, increases the ash content in the residue and is the cause of 

the formation of an emulsion, which impedes subsequent processes. 

The content of salts that make up the water in the oils produced in the CIS countries is 

different. The composition of the oils recovered in the eastern part has a much higher mineral 

content compared to the oil of Azerbaijan. The salt content in the oil sent for refining is 50 mg/l, 

and in the refined oils should not exceed 5 mg/l. 

After the oil is collected in oil tanks, it is required, first of all, to separate it from water, 

salts and mechanical impurities. 

In some cases, depending on the chemical composition of oil and produced water, as well 

as on the method of operating the wells, the combination of oil and water externally resembles a 

homogeneous mass. 

This combination of oil and water is called an emulsion. Water, which is part of oil, forms 

a complex fissile emulsion. Oils with an emulsion should be considered as two mixtures 

insoluble in each other. 

The phase state of the liquid in the form of a droplet of the mixture is called the dispersed 

phase, and the medium into which it enters is called the dispersed medium [2]. 

Since the water in the oil is in the form of small dropping drops, their separation is a 

difficult task. 

Oils consisting of resins, naphthenic acids and sulfur compounds form a relatively larger 

amount of emulsion. 

OE (oil emulsion) - is divided into two types. 

In the case when oil is in water, a hydrophilic emulsion takes place, while water is in oil - 

hydrophobic. In hydrophilic emulsions, oil droplets, and hydrophobic ones, water droplets form 

a dispersed phase [3,4]. 

Before the formation of a stable oil emulsion, the surface tension of each liquid decreases 

and a strong absorption layer forms around the molecules that form the dispersed phase. Thus, a 

third element with a liquid phase appears in the system - an emulsifier. 

Water-soluble emulsifiers are the cause of the formation of oil-in-water emulsions and, 

conversely, oil-soluble emulsifiers are the cause of the formation of water-in-oil emulsions. The 

main factors affecting the stability of NEs are the physicochemical properties of oil, the degree 

of dispersion (size of the molecules), temperature and time of formation of the emulsion. With 

increasing density and viscosity of oil, the stability of the resulting emulsion also increases [5]. 

Emulsions with a low dispersion are more difficult to split compared to newly formed 

emulsions with a high dispersion. Therefore, the preparation of oil for processing in the field is 

more appropriate. 

The process of separating oil from water is carried out in 3 ways: 
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1) mechanical; 2) electric; 3) chemical. 

The choice of one or another method depends on the type of emulsion and on its strength. 

The mechanical method, in turn, can be carried out in several ways: by settling, using 

centrifugal force and filtration. 

The settling method is used in industry for the splitting of newly formed emulsions and is 

based on the difference between the densities of the components that make up their composition. 

When heating oils with an emulsion content to 60°C, the density and viscosity decrease, 

and this, in turn, facilitates the connection of water molecules. Oil containing an emulsion, when 

it enters a centrifuge under the influence of centrifugal force, decomposes into oil and water. Oil 

molecules are collected in the center, and water molecules at the edges of the centrifuge. For the 

exit of oil and water from the centrifuge, special pipes are used. 

The next method of separating water from oil - the filtration method - is based on the 

difference between the wetting property of individual solid particles. 

For the first time in industry, in field conditions and in refineries, the preparation of oil for 

refining under the influence of an electric field began in 1909. 

When a high-voltage alternating electric current is passed through oil, negatively charged 

water molecules move toward the positive electrode. As a result, under the influence of the 

electric potential, a thin film of oil enveloping a water molecule breaks, free water particles, 

when combined, become heavier and easily settle on an apparatus called a dehydrator [6]. 

The chemical method of preparing oil for refining is carried out using various types of so-

called demulsifiers - surfactants. 

The main reasons for the chemical method of splitting the emulsion: 

 splitting of the emulsion by tearing a weak adsorption film, forming the emulsion with 

demulsifiers with high surface activity; 

 as a result of the formation of an emulsion of the opposite type; 

 destruction of the adsorption film during chemical reactions when demulsifiers are 

introduced into the system. 

       Surfactant molecules are characterized by the ability to change interfacial bonds of various 

surfaces. So, the activity is associated with the chemical structure of the surfactant and is 

explained by the fact that one part of the molecules comes into contact with hydrocarbons 

(hydrophobic), and the other interacts with water (hydrophilic). 

In recent years, a number of studies have been conducted to study the mechanism of action of 

surfactants [7,8]. The rather complex effect of demulsifiers on the emulsion was reflected in the 

works of Shekarchian M. and et al. [9]. 

        The demulsifier used to break the emulsion should not destroy the structural-mechanical 

framework of water molecules formed by the emulsion. Despite numerous experiments in this 

area, there is no unequivocal opinion on the mechanism of action of demulsifiers. So, some 

researchers [10] consider the splitting of the emulsion, the globules of which consist of formation 

water, as a result of the interaction of particles of molecules with a solution of the demulsifier. 

According to others, the splitting of the emulsion is associated with the physical-colloidal 

process, therefore, it is not the chemical structure of the demulsifier that plays a decisive role, but 
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its colloidal properties [11]. 

Choosing the required demulsifiers for the splitting of emulsions, such parameters as the 

type of oil, its resinity, significance, etc. are taken into account. 

An effective demulsifier for splitting one type of emulsion may not be effective for other 

types. Therefore, demulsifiers must initially be tested, and only then used in production [12]. 

The demulsifier is supplied directly to pipelines with oil, or added to tanks for 

sedimentation. 

The most appropriate is the use of demulsifiers, high-quality emulsion breakers, used in 

small doses, non-toxic and non-corrosive, do not change the properties of oil and can easily be 

separated from wastewater [13]. 

Analyzed the results of analyzes on the use of a number of surfactants, consisting of 

bifunctional groups, which are of theoretical and practical value as demulsifiers with the ability 

to comprehensively protect against corrosion, and also studied the effect of the structure of a 

surfactant consisting of a nitro and aminogroup on the ability of demulsification. 

It was found that such surfactants, along with the ability of high demulsification, high 

corrosiveness and the ability to split stable oil-water emulsions, at the same time can protect oil 

installations from bacteriological and hydrogen-sulfide corrosion [14]. To increase the chemical 

effect of demulsifiers, oil must be heated. This method of preparing oil for processing is called 

thermochemical. Currently, the application of this method in the preparation of oil as a raw 

material for processing is approximately 80% of all others. 

Demulsifiers produced abroad are Disolvan 4411 (Germany), Tretolight (USA), Petrolight 

22 (England), etc. effective in splitting the emulsion. 

Despite the widespread use of the thermochemical method of preparing oil for refining, it has 

several disadvantages. To heat the oil, it is first necessary to heat the coolant (water) to 85-90 ° 

C, and this happens in tube furnaces. In field conditions, gas or fuel oil is used as fuel for 

furnaces to heat the coolant. Despite the fact that tube furnaces are one of the main technological 

equipment in the oil refining industry, 25% of the total number of capital investments are spent 

on their installation, and they consume much more energy. 

Currently, most commercial furnaces are inoperative due to the expiration of their useful 

life, and despite repairs, they are almost unusable. Here, the energy consumption and heat loss 

exceed the permissible values. Frequent repair of the furnace periodically stops the production 

process. Due to damage in various places of installation, the coolant circulating in the furnace-

heat exchanger-furnace system loses heat. A part of the heat carrier leaving the heat exchanger 

with a temperature of 60-70 ° C flows down. The coolant heated to this temperature will be 

replaced by cold water, which, in turn, will also be heated to the required temperature, which 

will require additional fuel. In general, a large amount of fuel is consumed for the 

implementation of this process, which is not economically profitable, and the neutralization of 

harmful gaseous waste polluting the atmosphere is incomplete and requires considerable material 

costs and their elimination. 

It is clear that the solution of problems of this type that arise today in the process of 

preparing oil for refining requires the use of new equipment and new technologies. 
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Given the above, in order to save fuel resources and prevent harmful atmospheric emissions in 

the field during the preparation of oil for refining from an energy, environmental and economic 

point of view, it is advisable to use high-potential heat of solar energy [15,16]. 

Experimental Part 

In general, solar thermal systems have a high level of efficiency. In addition, solar systems 

can easily store thermal energy using thermal batteries and use it when necessary, for example, at 

night or during cloudy periods. This is especially important in the production of electricity from 

a concentrated solar power plant [17]. 

A feature of concentrated solar technology is that it allows you to reach a very high 

temperature, which in turn can supply a steam turbine to generate electricity without consuming 

fossil fuels. 

And in the oil industry, solar energy has also found its application. Glasspoint Solar, a 

specialist in the use of solar energy, has become the supplier of new technologies in the oil 

industry. 

Solar energy is converted into electrical energy, which is used to heat water in drilling rigs 

to steam. Next, standard thermal technology is used using steam injection to produce heavy and 

high viscosity oil. It should be noted that thermal production technologies are not the latest. 

There are also the latest technologies in oil production, for example, seismic pulse impact 

on the reservoir, however, the use of solar energy makes the thermal technology updated and 

increases the overall efficiency of heavy oil production. 

The market for the use of solar energy in the oil sector began to develop rapidly in 2011. 

In February 2011, Glasspoint Solar demonstrated this technology for oil production at the 

mature Berry Petroleum field in Kern County, California. Natural gas here was heated by the sun 

to 400 ° C and pumped into underground tanks with heavy oil, which in turn led to a decrease in 

the viscosity of previously hard-to-reach oil. The company boldly claimed that using this method 

it is possible to produce about 40% of heavy oil [4]. 

The methods of thermal influence on the formation can be divided into two classes: 

methods of thermal influence on the bottomhole zone of the wells and methods of thermal 

influence on the formation in order to increase the coefficient of oil recovery from the bowels. 

The methods of thermal action on the bottom-hole zone of wells can be used most effectively, 

apparently, in cases where the permeability of the formation in this zone or the properties of the 

oil in it are significantly impaired compared to remote zones of the formation due to deposits of 

paraffin, resins, etc. Thermal methods of influencing the bottom-hole zone of wells should be 

considered mainly as methods of intensifying oil production, rather than increasing oil recovery.  
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Fig1. Heat pipe with internal electric heater and heat reservoir 

The heat pipe consists of 1 - metal pipe, 2 - U - shaped thermoelectric heater, 3 - working 

agent (heat reservoir), 4 - fins, 5 - wick, 6 - evaporation chamber, 7 - condensate holes, 8 - 

condensate, 9 - condensate guide, 10 - electric cable, 11 - hook, 12 - electric transformer, 13 - 

electric switchboard. 

Based on the foregoing, we developed, created and tested a heat pipe for the 

implementation of the technological process in the well. The general view of the heat pipe is 

shown in Fig 1. 

The efficiency of the formation heat transfer process and, for heating the bottom-hole zone, 

can be improved by using a heat pipe. The principle of operation of the heat pipe can be stated as 

follows. An ordinary heat pipe is a closed pipe on both sides or a chamber of the most diverse 

geometric shapes, the inner surface of which is lined with a capillary-porous wick. The wick is 
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filled with the working fluid, as it is called the coolant, and the remaining volume of the pipe is 

filled with the vapor phase of the coolant. In a tube closed on both sides, there is a heated coolant 

in the lower part. Usually, water is used here as a coolant. Water has a high heat capacity, lower 

boiling point and other thermo physical properties. Heat is transferred from the bottom of the 

tube. The heat coming from an external or internal heat source to the evaporator causes 

evaporation of the coolant in this section of the pipe. When heated, the water turns into steam, 

which rises in the upper part of the cold part of the heat pipe. In this case, a large amount of heat 

is absorbed, which is required for the transition of water from a liquid to a gaseous state. As a 

result of constant evaporation, the amount of liquid decreases and the liquid – vapor interface 

changes into the surface of the wick, which causes the appearance of capillary pressure here. 

This capillary pressure causes the condensed liquid to return back to the evaporator for 

subsequent evaporation. With such an organization of the heat transfer process, its efficiency is 

much higher than in the usual way. This method can be used, for example, for heating 

bituminous rocks. 

Below are the results of lengthy tests of the heat pipe, as well as the dependence of the 

temperature of the evaporation zone, the adiabatic zone and the condensation zone on the voltage 

value of the thermoelectric heater, which are shown in the Tab. 1. 

Table 1. Results of tests of the heat pipe 

Voltage,W Evaporation Zone, 
o
C Adiabatic zone, 

o
C Condensation zone, 

o
C 

200 175 173 155 

400 254 255 231 

600 311 309 284 

800 429 428 398 

1000 562 560 535 

1200 654 654 626 

1500 742 740 708 

Recently, the application of thermal methods of oil and gas production has necessitated the 

creation of special environmentally friendly technologies based on power plants using alternative 

energy sources. These plants are mainly intended for the production of heat and electric energy 

from an environmentally friendly natural source. For example, to produce steam or hot water, for 

injection into the reservoir or in the bottomhole zone. 

Results and Discussions 

To this end, we have developed and created high-temperature solar power plants for 

generating steam and hot water. The experiments were carried out in full-scale conditions of the 

Absheron Peninsula. Climatic indicators were measured - air temperature, wind speed and 

direction, solar radiation intensity (direct and diffuse). 

The data obtained experimentally - the performance of power plants, the temperature of 

steam and hot water, depending on the intensity of solar radiation, are shown in the following 

Tab. 2, 3 and 4. 
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Table 2. Productivity (liter / hour) of a solar power plant as a function of time under a clear sky 

Solar Radiation, 

W/m
2 

Hours of the day 

8-10 10-12 12-14 14-16 16-18 18-20 20-22 

200 0.2 0.3 0.55 0.58 0.46 0.31 0.18 

300 0.24 0.36 0.6 0.66 0.5 0.34 0.24 

400 0.38 0.45 0.58 0.75 0.55 0.48 0.41 

500 0.5 0.64 0.81 1.1 1.0 0.76 0.52 

600 0.75 0.91 1.1 1.35 1.2 1.1 0.84 

700 0.91 1.1 1.6 2.04 1.8 1.28 0.98 

800 1.25 1.9 2.45 2.95 2.54 2.1 1.25 

900 2.3 3.05 4.1 4.6 3.9 2.95 2.12 

1000 3.85 5.5 6.15 6.85 5.55 4.12 3.45 

Table 3. Productivity of a solar power plant under moderate cloud conditions 

Solar Radiation, 

W/m
2 

Hours of the day 

8-10 10-12 12-14 14-16 16-18 18-20 20-22 

200 0.05 0.1 0.4 0.45 0.46 0.21 0.1 

300 0.1 0.1 0.5 0.5 0.5 0.31 0.14 

400 0.1 0.16 0.54 0.71 0.63 0.38 0.32 

500 0.2 0.33 0.71 0.85 0.74 0.55 0.43 

600 0.28 0.76 1.0 1.1 0.88 0.74 0.52 

700 0.35 1.0 1.2 1.73 1.2 1.02 0.84 

800 0.85 1.44 1.75 1.95 1.74 1.35 1.03 

900 1.1 2.0 2.8 3.6 3.1 1.86 1.48 

1000 2.0 3.5 4.25 4.85 4.15 2.77 2.16 

 

Table 4.  The temperature of the steam at the exit of the solar power plant under conditions                   

of moderate cloud cover 

Solar Radiation, 

W/m
2 

Hours of the day 

8-10 10-12 12-14 14-16 16-18 18-20 20-22 

300 - - 104 107 102 - - 

400 104 131 172 184 168 133 101 

500 128 265 298 312 281 256 105 

600 135 286 420 423 378 302 117 

700 156 301 458 502 428 319 129 

800 177 329 576 598 501 346 152 

900 189 356 606 648 520 362 176 

1000 221 438 652 655 523 401 203 
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Table 5. The temperature of the hot water at the exit of the solar power plant under conditions of 

moderate cloud cover 

Solar Radiation, 

W/m
2 

Hours of the day 

8-10 10-12 12-14 14-16 16-18 18-20 20-22 

200 33 37 48 52 49 44 32 

300 52 57 68 71 65 59 51 

400 62 69 81 82 71 64 60 

500 65 71 90 90 74 67 63 

600 69 75 93 93 78 70 68 

700 73 79 95 96 81 75 71 

800 77 81 98 99 82 77 74 

900 79 88 100 100 84 80 76 

1000 81 98 100 100 97 94 91 

Conclusion 

For the development and creation of solar and wind power installations, a number of 

problems arise, the solution of which to a large extent depends on the technical and economic 

efficiency of the applied thermal methods. The specificity of the application and the ensuing 

requirements for maximum mobility, autonomy, simplicity of design and maintenance, complete 

and trouble-free automation, as well as a number of technical and economic requirements forced 

us to design solar and wind power plants, to look for original solutions that are optimal from a 

number of previously adopted in the global industrial alternative energy. 

As can be seen from the tables, the main parameters of solar installations - productivity, 

temperature of steam and hot water are high, so the data obtained can be used in oil and gas 

production processes. 
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