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1.1 Gas industry resources costs 

The gas industry, which includes such segments as exploration, production, 
transportation, processing and distribution of natural gas, is a large production 
complex and requires a significant amount of fuel and energy resources for its 
operation. 
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Industry segment 
Natural gas, 

thousand m3 

Electricity, 

thousand kW / h 

Thermal energy, 

Gcal 

Production 5425853 1117127 2279660 

Transportation 32489457 6255191 3684808 

Storage 316078 91051 224600 

Refining 1218529 11492 14895628 

Consumption of fuel and 
energy resources by gas 
industry segments for 
2016 [1]. 



1.2 Resources costs for gas transport  
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The most energy-intensive segment of the gas 
industry is gas transportation, with fuel gas 
accounting for the most costs. 
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In this regard, the problem of reducing 
energy costs should primarily be aimed at 
improving the efficiency of compressor 
stations as the main consumers of fuel 
and energy resources. 



1.2 Life cycle  

Колонтитул 

Выбор концепции проекта

Эскизное проектирование

Техническое проектирование

Производство, настойка

Эксплуатация, обслуживание

Вывод из эксплуатации

Выбор объекта
Выбор 

процессов

Выбор 

исполнителей

Определение 

объекта

Определение 

процессов

Определение 

исполнителей

Определение 

целей

Спецификации 

объекта

Спецификации 

процессов

Спецификации 

процессов

Спецификации 

целей

Выбор 

поставщиков

Выбор 

оборудования

Выбор 

стратегии 

обслуживания

Выбор ТОиР

Стратегия 

выполнения 

работы

Логистика

Оптимизация 

обслуживания

Оптимизация 

ТОиР

Оптимизация 

рабочего 

процесса

Контроль и 

модификации

Стратегия 

утилизации

Отключение Демонтаж Утилизация

 In accordance with [ISO 15663-1], the life cycle is 
defined as, all stages of the development of an object of 
equipment or function, starting from the beginning of the 
study and ending with disposal. 
 Life cycle cost according to [ISO 15663-1] is the 
discounted aggregate amount of all costs incurred by a 
particular function or piece of equipment during its life cycle. 

 The life cycle in accordance with [ISO 15663-3] 
contains 6 main sequential stages:  

• The choice of the project concept (development of the 

technical specification and technical requirements); 

• preliminary design; 

• technical design; 

• production, tincture; 

• usage, production, service; 

• decommissioning. 



1.3 Problem statement 
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 Aim: 

• Determine the implementation option of the CS that 

provides the highest criterion of energy efficiency - the 

installed capacity utilization factor (ICUF)  

𝐾𝐼С𝑈𝐹 =
𝑛Р

𝑛У
∙ К𝑎𝑣  

 Under constraints : 

• Project cost; 

• The specified performance rate; 

• Ensuring the specified level of reliability. 

max 𝐾𝐼С𝑈𝐹

 𝐶𝑖

𝑚

𝑖=1

< 𝐶𝑟𝑒𝑞 ,

 𝑃𝑅𝑖

𝑚

𝑖=1

> 𝑃𝑅𝑟𝑒𝑞

 𝐾𝐴𝑖 > 𝐾𝐴_𝑟𝑒𝑞

 



2.1 Description of the general approach 
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• Calculation block 

Provides calculation of life cycle 

parameters depending on the number of 

units, operating mode and reliability of 

individual equipment units 

• Optimization block 

Provides the generation of design 

decisions samples, forms the variability 

of decisions 
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2.2 Calculation block. Compression station model 
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• Р Газпром 2-3.5-438-2010 - 2010 Расчет теплотехнических, 

газодинамических и экологических параметров 

газоперекачивающих агрегатов на переменных режимах. – 

М.: ОАО «Газпром», 2010. – 70 с. 
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2.2 Calculation block. Reliability assessment 

Features: 

• The probability of failure of safety measures can be determined by q(t) = e−λt, where λ is the 

equipment failure rate; 

• Mean time to failure of an unit, in the case of an inconsistent connection in terms of 

reliability:  𝑇𝑀𝑇𝑇𝐹 =  𝑃𝑖 𝑡 𝑑𝑡
∞

0
; 

• Mean time to repair  𝑇𝑀𝑇𝑅 =
 𝜆𝑗∙𝑍𝑗∙𝑇з𝑗

𝑛
𝑗=1

 𝜆𝑗∙𝑍𝑗
𝑁
𝑗=1

, where 𝑇з𝑗  replacement element recovery time 

• Stationary value of the availability factor, 𝐾𝐴𝑖 =  
𝑇𝑀𝑇𝑇𝐹𝑖

𝑇𝑀𝑇𝑇𝐹𝑖+𝑇𝑀𝑇𝑅𝑖
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2.3 Optimization block 

Features: 

• An evolutionary algorithm is used as an approach to solving the optimization problem; 

• Sample size per cycle – 100; 

• Elite sample – 10; 

• The initial vector of parameters is assumed to be equally probable; 

• All parameters of the decision vector are assumed to be equivalent, random variables; 

 

 

 

• As a stop criterion, it is accepted 𝑑𝑡 = max
1≤𝑗≤𝑛

min 𝒗 𝑡,𝑗 , 1 − 𝒗 𝑡,𝑗 ≤ 0.01. 

 

𝒗 𝑡,𝑗 =
 I 𝑆 Xk ≥𝛾 𝑡

X𝑘,𝑗
𝑁
𝑘=1

 I 𝑆 Xk ≥𝛾 𝑡

𝑁
𝑘=1

, 𝑗 = 1, … , 𝑛 
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2.4 The choice of software 

Advantages of the R language: 

• R-programming language for statistical data processing and working with graphics. 

• free and open source computing environment under the GNU project; 

• The R language contains tools that allow you to create several parallel threads of calculations (by 

simultaneously loading several processor cores) and reduce the time spent on modeling several 

times. 

Application features: 

• Generating random numbers with a given distribution law - Built-in language tools; 

• Graphical representation - The package igraph ; 

• Parallelization - The Foreach Package. 
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4.1 Initial data 
Requirement: 

• Performance rate – 50 MW; 

• Availability factor – 0.99 per year; 

Implementation options: 

• Standard sizes of gas pumping units : 16 MW; 25 MW; 32 MW; 

• Each of the gas pumping units can operate in fixed modes 70%, 80%, 90%, 100%; 

• Each of the gas pumping units can have several versions of the oil supply system {M1, M2}, power 

supply {E1, E2}, and control system equipment {U1.1, U1.2, U2.1, U2.2}. 

For all units of equipment, the cost, cost of use, reliability and maintainability indicators are known. 
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4.2 Design vector 
Gas pumping unit 𝑣 1 : 

Power Performance rate OIL Elect Control 

Probability 0,333 0,333 0,333 0,25 0,25 0,25 0,25 0,5 0,5 0,5 0,5 0,25 0,25 0,25 0,25 

Code PW16 PW25 PW32 PR70 PR80 PR90 PR100 M1 M2 E1 E2 C1.1 C1.2 C2.1 C2.2 

Gas pumping station 𝑣 𝑡 : 

𝑣 𝑡 ={𝑣 1, 𝑣 2, 𝑣 3, 𝑣 4} 

 

Each vector 𝑣 𝑖 contains 5 independent components, the total number of combinations for one vector is 192. 

Total number of combinations for 4 gas pumping unit – 1924 ~ 1,36E+9 
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5. Results 
Vector dynamics 𝑣 𝑡 
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Conclusions 

• A scheme for optimizing the design solutions of the Gas pumping station according to the 

efficiency criterion is proposed.  

• A software implementation in the R language has been developed that provides calculation of the 

Gas pumping station life cycle parameters, reliability indicators for individual nodes and the station as 

a whole. 

• Using the method of evolutionary search, a solution was found 



Thanks for your attention! 


