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ABSTRACT: Due to the underdevelopment of gas transportation infrastructure and the lack of accessible gas 

markets, associated gas produced along with oil is often pumped back into the formation to increase internal 

pressure, simply released into the atmosphere or burned by flares. This is a serious problem for the industry: it 

causes significant damage not only to the economy of oil-producing countries, but also to the environment. In some 

countries, under the conditions of licensing agreements for the development of oil fields, the mandatory level of 

associated gas utilization is clearly defined - 95% and the development projects provide for the creation of associated 

petroleum gas (APG) collection, fishing and transportation facilities. Violation of these rules, at least formally, 

threatens subsoil users with deprivation of licenses, and emissions of combustion products are punishable by fines. 

Given the many data and opinions of experts, there is a solution to the rational use of associated petroleum gas - to 

process. 
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1. INTRODUCTION 
In recent years, associated gases of oil fields have occupied an increasing share of raw materials in 

the petrochemical industry. 

Associated petroleum gas (APG) is a natural hydrocarbon gas (a mixture of gases and vaporous 

hydrocarbon and non-hydrocarbon components) dissolved in oil or located in the "caps" of oil and gas 

condensate fields. 

Oil gas, due to its content of a significant proportion of С3 and above, which are valuable raw 

materials, in its composition, plays a significant role in the energy and chemical industries, but this also 

causes a complication in the technology of its preparation, transportation and processing. 

The production of associated gas cannot be regulated, since it is isolated during the extraction of oil 

from the state dissolved in it or from gas-condensate-satin fields. 

The relevance of the work is that for the petrochemical industry PNG is the main raw material 

without which it cannot function, the long-term operation of existing deposits, without the introduction of 

new ones, can lead to a shortage of raw materials for the oil and gas chemical industry, which today, on 

average, is only 40% loaded. Given that the petrochemical industry accounts for about 60% of the 

country's industrial output and more than 7% of tax payments, the assumption of this situation will greatly 

affect the economies of many countries. 

The purpose of the work is to study the issue of technology for increasing the level of use of 

associated petroleum gas. 

The object of work is the APG market.  

The theoretical and methodological basis of the study was made up of fundamental and applied 

studies of domestic and foreign authors related to the functioning of the world energy market, with the 

identification of trends and prospects for its development. 

The main forms of associated petroleum gas (APG) are gas-cap gas and dissolved gas. Unlike dry, 

pure (free) gas, which consists exclusively of methane, PNG also includes heavier hydrocarbons. It is a 

"fatty" natural gas in its chemical composition (see table 1). 
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Table 1. Approximate composition of associated gas, % [compiled by authors] 

Component % on volume % on weight 

Methane 81,0 60,0 

Ethane 5,5 7,7 

Propane 6,6 13,5 

Butane 4,0 10,8 

Nitrogen 1,0 1,3 

Hydrogen dioxide 0,17 0,33 

 

If to the world proven reserves of natural gas, which are about 185 trillion cubic meters, apply the 

coefficient typical for the structure of explored gas reserves - 0.2, then it turns out that proven APG 

reserves are constantly increasing (see Figure 1). 

 
Figure 1. Proved reserves of associated and free natural gas in the USA since 1979-2018 

 
                 Source: (EIA., 2020a) 

 

When APG is burned on flares, a huge amount of pollutants is released into the atmosphere (see 

Figure 2). 

 
Figure 2. Volume of contaminants generated when burning APG on flares [compiled by authors] 
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The Global Warming Potential (GWP) of the substances shown in Figure 2 serves as a "reference" 

for greenhouse effects on the Earth's atmosphere. Thus, the release of APG into the atmosphere and its 

combustion on flares are accompanied by the release of 0.5-12.78 and 1.45-6.2 carbon dioxide equivalent 

of greenhouse gases, respectively. This is environmental damage. The question arises only from an 

economic point of view: bringing APG utilization even to 95% involves capital investments in operating 

fields to about $7.5 billion, to prevent the burning of APG at new facilities it is necessary to invest another 

about $15.5 billion. However, APG is a very valuable resource. The most promising in economic terms is 

its deep processing (see table 2). 

 
Table 2. Economic and ecological characteristics of combustion and main methods of APG use/processing 

 Burning Injection 

into GTS 

Injection into 

formation 

Generation Superficial 

processing 

Deep 

processing 

Capital 

investments, 

$/cubic metres 

0,1 5 4,4 54,2 15 13,8 

Economic 

effect/damage 

$/cubic metres 

-2,8 3 - 5,2 7,6 19,8 

Loss of profit, 

$/cubic metres 

2,8 to 22,6 2,2 to 16,8 3 to 19,8 2,4 to 14,6 12,2 - 

Ecological damage 7,1 - - 1,2 - - 

Source: (Vasilevich, 2018) 

 

According to the World Bank (WB), Russia is the leader in burning associated gas - about a 

quarter of the global volume. According to statistics, in 2016 only 12.4 billion cubic meters were sent to 

torches of associated gas (see table 3). 

 
Table 3. Dynamics of associated gas production and use in Russia, billion cubic meters 

 2016 2017 2018 

Natural gas production, bcm 556,9 605,7 725 

APG production, bcm 83,3 85,4 88,1 

Flaring of APG, bcm 12,4 13,0 14,5 

APG utilization rate,% 87,0 86,8 83,6 

Source: (Eder, 2020; Smirnov, 2020) 

 

The degree of APG utilization varies among individual Russian companies: in 2016, the level of 

APG utilization of “Surgutneftegaz”, for example, reached 99%, “Gazprom” (excluding “Gazprom Neft”) 

- 98%, “TATNEFT” - 96.7%, “LUKOIL Group” - 92.1%. And there is not a single oil and gas company 

that does not seek to technologically improve the processes of APG utilization. The main areas of APG 

combustion in Russia are Eastern Siberia and Western Siberia (see figure 3). 

 
Figure 3. Regional structure of APG combustion in Russia, %  

 
       Source: (Vasilevich, 2018) 
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As a result of flaring, more than 300 million tons of carbon dioxide are released into the Earth's 

atmosphere every year, of which about 100 million tons come from Russia (Vinogradova, 2018). 

In most foreign oil and gas producing countries, there are serious restrictions on the combustion of 

associated gas. For example, in the UK it is prohibited without the rarely issued special written permission 

of the Department of Energy and Climate Change, which closely monitors the disposal of produced gas 

and environmental protection. In Norway, APG burning becomes almost impossible. There, the 

development of the oil and gas field is allowed only after the method of utilization of gas extracted from 

oil has been officially agreed and approved. 

In Brazil, Colombia and Venezuela, the responsibility for granting permission to burn PNG is 

granted to the extractive company by issuing an environmental license. Before approving combustion 

volumes, companies provide regulators with information on the possible environmental impact of APG 

combustion and release. 

In some countries, there are additional requirements: for example, Argentina is granted permission 

to burn APG depending on the value of the gas factor in a particular field. Combustion is prohibited at 

wells and production facilities where the set value of the gas factor is exceeded (Franz, 2020). 

 
Figure 4. Flight of combustion of APG to the USA, billion cubic meters 

 
    Source: (Vasilevich, 2018) 
 

Figure 5. Associated gas in major USA crude oil-producing regions, billion cubic feet per day  

 
             Source: (EIA., 2020b) 
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In the United States, combustion currently amounts to less than 8 billion cubic meters. m. Per year. 

At the same time, the main states using combustion techniques are Texas, North Dakota and New Mexico 

(see Figure 4, 5). 

The situation in developing countries is much worse. Nigeria, for example, incinerates more than 8 

billion cubic metres annually, or more than 60% of the associated gas produced, and the corresponding 

losses for the national economy are estimated at $5 billion. For a country whose annual budget is about 

$24 billion (according to 2017), this is a rather impressive figure. 

Given that when burning PNG, the environmental issue is debatable, recently many scientists have 

begun to consider GTL (from the English. Gas To Liquids - "gas to liquid") as a way out of the situation. 

GTL is used in cases when it comes to the conversion of gas, in particular methane, to liquid 

hydrocarbons (Karabanova and Bessel, 2017). This technology consists of three stages: 

• production synthesis gas; 

• Fischer-Tropsch synthesis 

• hydrocracking and hydro-freezing. 

Economic and mathematical modeling of three APG utilization schemes for power supply to remote 

small fisheries showed that projects with a GTL mini-installation ("GTL DG" and "GTL GTU") have 

much more attractive economic indicators compared to schemes without the introduction of GTL 

technology ("DG" and "GTU"). 

Other methods of gas processing are also discussed: physical-energy, thermal-chemical, chemical-

catalytic methods, which have both their advantages and small disadvantages (Volkov, 2013). 

Therefore, the energy method of utilization of associated petroleum gas allows solving several 

problems at once: provide electric power and liquid motor fuel to oil field facilities, save commercial 

hydrocarbons, traditionally burned in the field for energy generation, and significantly reduce carbon 

dioxide emissions to the atmosphere (Kirushin and Knizhnikov, 2020). After all, the associated gas of oil 

fields is an effective energy carrier and valuable chemical raw materials, since it contains a significant 

percentage of useful hydrocarbon components. Losses of associated gas are primarily due to the 

unprepared infrastructure for its collection, preparation, transportation and processing. There are currently 

various economic benefits estimates related to APG management and reprocessing. According to 

“VNIIGAZ” estimates, the value of the obtained products is 1 billion cubic meters APG ranges from $80 

million to $360 million. Accordingly, the approximate range of mass losses from APG combustion will be 

at least $1.2 billion, based on official data and economically least cost-effective use. 

 

2. DISCUSSION 
For many years, the deep processing of natural gas and APG has been the most important vector of 

industrial development in the countries. Today, many countries, especially Russia, are revising the 

development model and focusing on the search for, development and maximization of gas resources. The 

development, import and implementation of technologies will: 

1. Increase company revenues and budgets at all levels; 

2. create new jobs in oil and gas provinces; 

3. increase the productivity of the production of oil and gas, petrochemical and gas chemical 

industries and, therefore, the technological level of industry; create a potential growth point in the 

country's economy (Yulkin, 2012). 

However, the issue is debatable, since not all countries are legally and technologically prepared. 

 

3. CONCLUSION 
Thus, regardless of the approach, when choosing ways to use associated gas, the implementation of 

large projects is possible only with targeted redundancy of capacities in the system of main oil and gas 

pipelines and power networks and obtaining the principle of equal access of associated gas producers to 

this reserve on a quota or other basis. This will lead to the creation of predictable financial and economic 

conditions for all participants in the gas market and the transformation of gas utilization into an attractive 

area of investment. 

It is possible to formulate the main parameters of measures to be implemented and which will 

undoubtedly contribute to the rational use of associated petroleum gas, and therefore to the protection of 

the environment/improvement of the environmental situation and the involvement of valuable 

hydrocarbon raw materials in production processes: 
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- develop a long-term state program for the rational use of APG, providing for the development of 

gas processing complexes and transport facilities and taking into account the acceptance for processing 

and transportation of the entire volume of gas produced from all oil companies; 

- develop a mechanism to stimulate subsoil users using the latest technologies and equipment to 

increase the level of APG utilization and fulfilling the requirements of license agreements on APG 

utilization; 

- to provide preferential tax holidays for the first years of the development of fields for tax payment, 

to form the necessary infrastructure for the rational use of APG. 
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