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Abstract: More than half of the global demand for energy resources is covered today by oil and 

natural gas, and according to various forecasts, it is expected to grow 1.5–2 times greater over the 

next 30–50 years. This creates serious prospects for the development of the national oil and gas sec-

tors of various countries, including Russia. Modern industry challenges create significant re-

strictions for the development of Russian oil and gas resources, and considering their predominant 

technological nature, the key solution is the increase in internal technological potential, in particular 

through the implementation of engineering projects aimed at creating the necessary technological 

solutions. This article presents an approach to the development of a conceptual management frame-

work that will allow for the effective implementation of oil and gas engineering projects. The meth-

odology of the research includes desk studies, systematization, the expert method (including inter-

views and questionnaires), grouping, generalization, and algorithm design techniques. The results 

of the study showed that effective implementation of engineering projects should be based on a 

systematic management approach, one of which is the TRA process. This article analyzes the TRA 

methods, on the basis of which key project readiness indicators are identified. Based on a literature 

review and the expert method, the relevant readiness indicators necessary for the assessment of oil 

and gas engineering projects are substantiated. Given these indicators, the authors proposed a 

framework for a comprehensive readiness assessment of oil and gas engineering projects and de-

veloped an algorithm for management decision-making on project implementation. 

Keywords: engineering projects; oil and gas; resources; management challenges; framework;  

project readiness assessment; Technological Readiness Assessment (TRA); Technology Readiness 

Level (TRL); Stage-Gate®; Technology Project Readiness Level (TPRL) 

 

1. Introduction 

The development of the global economy is necessarily associated with an increase in 

the demand for energy resources [1,2]. According to analytical reviews, over the past 10 

years, global demand for energy resources has increased by 13%, and in the next 30–50 

years, it is expected to grow further by 50–100% [3]. About 80% of the demand for energy 

resources is covered by three sources: oil (29–32%), natural gas (22–25%), and coal (25–

27%) [3,4]. Since more than half of the global demand for energy resources (55%) falls on 

oil and natural gas, this circumstance creates reasonable prospects for the development of 

the national oil and gas sectors of various countries, including Russia, whose economic 

model is based on a resource-oriented policy [5]. The Russian oil and gas complex is one 

of the main sources of the national economy’s growth—according to the Russian Federal 

State Statistics Service, Ministry of Finance of the Russian Federation, and Russian Federal 

Customs Service for 2022, the oil and gas sector provides up to 9% of GDP [6], 42% of 

federal budget revenues [7], and 57% of exports [8]. 
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At the same time, the depletion of traditional hydrocarbon reserves and an increase 

in the share of hard-to-recover reserves [9–11], the deterioration of the geological and tech-

nological conditions for their production [12,13], the lack of Russian technological solu-

tions and the high dependence on foreign technologies [14,15], and increasing efficiency 

requirements for the industry processes and operations [16] create significant challenges 

for the modern oil and gas industry, especially in relation to the technological support of 

the main activities. This fact creates a critical need for the search for technological solu-

tions, within the framework of which two classical options are provided: ”to make” or ”to 

buy”. 

The purchase of technologies from outside (option “to buy”) is a generally accepted 

norm in many industries in various countries and is quite justified since the world econ-

omy is based on the global market; some goods are produced and sold by the state, others 

are acquired through a mutually beneficial exchange of goods. However, in the frame-

work of the case under consideration, this option has two significant drawbacks: 

1. The current geopolitical situation does not allow free exchange of goods between 

Russia and a number of countries, in particular with regard to technologies in the oil 

and gas industry. 

2. The key (supporting) state industries (one of which is the oil and gas sector for Rus-

sia) should not be fundamentally dependent on foreign technologies and equipment 

since inconsistencies with foreign partners or other circumstances leading to techno-

logical risks can seriously affect the national economy. 

The creation of technologies (option “to make”) is often a more expensive and risky 

option; however, given the importance of the oil and gas industry for Russia and the cur-

rent geopolitical situation, this option seems to be the most correct and far-sighted. 

In this regard, one of the most optimal solutions to the existing problems is the de-

velopment of intra-industry technological potential through the development of the Rus-

sian market for technological engineering in the oil and gas complex [17–19]. The imple-

mentation of engineering projects aimed at creating essential technologies will facilitate 

solutions for the most pressing industry problems, reduce the dependence of the Russian 

oil and gas complex on foreign technological solutions, and move from the model of ex-

tensive economic growth to an intensive one [20–22]. 

Successful implementation of engineering projects is a result of effective manage-

ment. Today, global oil and gas companies create a considerable number of technological 

solutions that significantly increase the efficiency of production business processes, re-

duce the number of emergencies, and help to implement the strategic initiatives of the 

companies. However, in the process of engineering project implementation, various prob-

lems may arise, making it impractical or impossible to realize the project. For example: 

• The confirmation of the possibility of technology creation has not been received (the 

technological hypothesis has not been confirmed) [23] 

• The actual need for funding has exceeded the planned amount [24,25] 

• The entire list of necessary works has not been completed within the specified time 

[24,25] 

• The project turned out to be technologically inefficient (the achieved technological 

effect was significantly inferior to the planned one) [26]. (The non-confirmation of a 

technological hypothesis reflects the impossibility of creating a specific technological 

solution under given conditions, while the insufficient technological efficiency of the 

solution reflects a situation in which a technological solution is created but its actual 

parameters (effect) are significantly inferior to those planned). 

Such situations lead to the suspension of projects, the refusal of their further imple-

mentation, and the loss of investments made by the company. Therefore, a detailed anal-

ysis of the features and problematic aspects of the engineering project’s implementation 

is of particular relevance. 
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The process of engineering project implementation inevitably faces three main chal-

lenges for any project: productivity, schedule, and budget [26]. A systematic approach to 

technology development can reduce the uncertainty of all three aspects, while the oppo-

site situation can lead to cost overruns, schedule delays, and lower original performance 

goals [27]. The solution to these problems lies in the necessity of effective project manage-

ment, which should be based on a comprehensive and objective assessment of technology 

readiness and emerging risks at key points in the technology creation life cycle [25]. 

Technology Readiness Assessment (TRA) is a systematic, formal process whose pur-

pose is to determine the level of maturity of hardware and software technologies and pro-

cesses, including the required levels of technological, economic, and other characteristics 

[23,24]. 

To date, a significant number of methods for technology readiness assessment have 

been used. Each of them is focused on a specific area of application, is based on the calcu-

lation of a number of indicators, and has a range of advantages and limitations. A more 

detailed analysis of these methods led to the conclusion that most of them are based on 

one of two classical methods for implementing technology projects: the TRL (Technology 

Readiness Level) method [25] and the Stage-Gate® method [28]. These methods are based 

on the linear approach of the innovation cycle, in which the creation of technology is car-

ried out on the basis of passing a certain number of stages from idea generation to the 

creation of a ready-made technological solution. Despite their widespread use, these 

methods are subject to certain limitations; in particular, they do not allow for a compre-

hensive assessment of project readiness and are not fully adapted to the aims of oil and 

gas projects. 

The aim of this study is to develop a conceptual management framework for the im-

plementation of oil and gas engineering projects based on a comprehensive technology 

readiness assessment, taking into account existing approaches, modern requirements, and 

industry specifics. 

In order to achieve this aim, four research questions (RQs) were posed: 

RQ1: What management methods for engineering project implementation are used 

by companies today? 

RQ2: What are the modern requirements for management methods for engineering 

project implementation? 

RQ3: What indicators should be taken into account for a comprehensive readiness 

assessment of oil and gas engineering projects? 

RQ4: Based on what components should a management framework for oil and gas 

engineering project implementation be created?  

RQ5: How should project management decisions be made in accordance with the 

proposed model? 

2. Materials and Methods 

The structure of the research is presented in Figure 1. 

Key research methods include desk studies, systematization, the expert method (in-

volving interviews and questionnaires), grouping, generalization, and algorithm design 

techniques. 

The desk study was based on the academic literature review and focused on global 

energy trends and forecasts, the resource potential of Russia, development potential, and 

actual problems in the Russian oil and gas industry. The purpose of this stage of the study 

was to conduct a preliminary analysis of global energy processes, the impact of the oil and 

gas sector on meeting the global demand for energy resources, the potential of the Russian 

oil and gas sector, the main problems faced by the Russian oil and gas sector, and their 

solutions based on the management of engineering project realization. 
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Figure 1. The structure of the research. 

As a theoretical basis for the study, we used: 

• Statistical data of analytical agencies, industry companies, core ministries, and de-

partments—S&P Global, Reuters, Shell, IEA, ExxonMobil, BP, Deloitte, the World 

Bank, the Ministry of Finance of the Russian Federation, the Russian Federal State 

Statistics Service, the Russian Federal Customs Service, etc. 

• Publications in scientific journals—Energies, Resources, Journal of Marine Science 

and Engineering, Sustainability, Applied Sciences, Oil & Gas Science and Technol-

ogy, Journal of Mining Institute, International Journal of Engineering Research and 

Technology, Technological Forecasting and Social Change, Journal of Product Inno-

vation Management, California Management Review, The North and the Market: 

Forming the Economic Order, Oil Industry, Oil and Gas Innovations, Oil and Gas 

Vertical, Mining Journal, The Economics of Science, etc. 

As a methodological basis for the study, we used a process approach for the imple-

mentation of technological engineering projects—TRA (Technology Readiness Assess-

ment), which is based on the determination of the maturity level of the developed tech-

nologies, including the required levels of technological, economic, and other characteris-

tics [23]. Within the framework of this approach, TRA methods such as TRL, MRL, RD3, 

SRL, ITAM, TPRL, and others were studied and subsequently used in the elaboration of a 

conceptual management framework for oil and gas engineering project implementation. 

At the first stage of the study, based on a literature review, the authors investigated 

the technology maturity assessment methods. First, two classical methods were consid-

ered—TRL and Stage-Gate®—and their advantages and disadvantages were determined. 

Furthermore, a more detailed analysis of assessment methods was carried out, on the basis 

of which all methods were divided into qualitative and quantitative categories, and a con-

clusion was made about the possibility of their application in various situations. 

At the second stage, a conceptual management framework for oil and gas engineering 

project implementation was developed. 

First, the selection of readiness indicators was carried out. In order to justify the set 

of key indicators required for a comprehensive assessment of the project’s implementation 

effectiveness and the readiness of the oil and gas engineering project as a whole, the expert 

method was used, which included a series of interviews and questionnaires with relevant 

specialists. Ten employees of oil and gas companies (Gazpromneft PJSC, Rosneft PJSC, 
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and Lukoil PJSC) who are or were engaged in the implementation of engineering projects 

were selected as respondents. 

In the interviews, the experts highlighted the specifics of oil and gas engineering pro-

ject implementation, in particular the stages and process approaches for project imple-

mentation, the application of the TRA methods in the process of project implementation, 

and key project problems (Appendix A). 

Based on the analysis of the interview results, the respondents were asked to take 

part in a questionnaire to determine the key readiness indicators recommended for use in 

the conceptual management framework (Appendix B). 

For the selected readiness indicators, based on a literature review and systematiza-

tion, the functional purpose was determined, and a definition of the maturity levels for 

each of them was formulated (Appendix C). 

Furthermore, a framework for a comprehensive readiness assessment of oil and gas 

engineering projects was developed. The proposed framework includes a matrix model 

of achieved project results accounting (based on selected readiness indicators) and an an-

alytical model of the integral readiness index estimation. 

As a result, based on the algorithm design technique, the algorithm for management 

decision-making on oil and gas engineering project implementation was proposed. 

3. Oil and Gas Resources: Trends, Forecasts, Problems, and Solutions 

3.1. Global Energy Trends and Forecasts 

Today, more than half of the global demand for energy resources (almost 55%) falls 

on oil and gas [3]. According to forecasts until 2030, the share of oil in its structure will 

vary from 25% to 30.6% (28.5% on average), and the share of gas will vary from 21% to 

25.6% (23% on average), which will amount in total to a share of 52% for both energy 

resources (Figure 2) [3,4,29,30]. 

 

Figure 2. Forecast for the oil and natural gas share in the global energy mix by 2030 [3,4,29,30]. 

According to longer-term forecasts, by 2050, the spread of values will be more signif-

icant—the share of oil is expected to be in the range of 7–27.8% (19.7% on average) and 

the share of gas is expected to be 9–27.1% (18.3% on average). As a result, the total share 

of demand for both energy resources will vary from 16% (the most conservative option) 

to 55% (the most optimistic option) (Figure 3) [3,4,29,30]. 

Undoubtedly, although these forecasts are sound analytical studies, they have a 

number of significant limitations: 

1. Analytical agencies apply different methodologies for making forecasts; therefore, 

their individual comparison is quite difficult and, in some cases, incorrect [31]. 

2. The current forecasts do not yet fully reflect the change in volume of demand for 

energy resources and the change in structure of the global energy mix that occurred 

in 2022. 
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Figure 3. Forecast for the oil and natural gas share in the global energy mix by 2050 [3,4,29,30]. 

However, despite these limitations, the presented forecasts, in general, quite clearly 

reflect the high demand for oil and natural gas in the near future, as well as their certain 

significance in the longer term. Therefore, given the global growth in energy demand, the 

flat refusal of oil and natural gas is not seen as a viable option from a global energy per-

spective. This circumstance creates reasonable prospects for the development of national 

oil and gas sectors in various countries, including Russia [17,32]. 

Despite restrictions on the sale of Russian hydrocarbons on the world market, Russia, 

as before, remains a resource-oriented country whose primary task is to satisfy the inter-

nal demand for energy resources. According to the BP Statistical Review of World Energy 

2022, annual production in Russia amounted to: oil—536.4 million tons (12.7% of the 

world production) and natural gas—701.7 billion m3 (17.4% of the world) [4]. Proven re-

serves are estimated at: oil—14.8 billion tons (6.2% of the world) and natural gas—37.4 

trillion m3 (20% of the world) [4]. 

3.2. Problems and Prospects for the Development of Russian Oil and Gas Resources: An 

Engineering Approach 

The significant dependence of the Russian economy on oil and natural gas resources 

raises a quite reasonable question about the possibility of the Russian oil and gas sector 

continuing to function effectively in the current environment. Within the framework of 

the answer to the posed question, an analysis of the problems influencing the develop-

ment of the Russian oil and gas sector was carried out. Based on the survey of industry 

documents, analytical reports, and scientific publications, six groups of problems were 

identified: political-legal, economic, geological, technological, organizational, and person-

nel. 

Political-legal problems. This group includes such problems as the strengthening of the 

sanctions pressure against Russia [33–35], the complicated international epidemiological 

situation [36], oil production cuts under the OPEC+ agreement [37], the expansion of spe-

cific competition between hydrocarbon resources (development of shale oil and gas pro-

duction, LNG production) [13,38], the Global Energy Transition Requirements [15,39–42], 

the reduced demand by EU countries for Russian oil, requirements for “environmental 

friendliness,” the development of electric vehicles, the rejection of heavy Urals oil in favor 

of lighter Persian oil [13,43,44], etc. 

Economic problems. This group includes such problems as the volatility in demand for 

oil and natural gas [13], price volatility in global oil and natural gas markets [37], increase 

in inflation rates at the global and national levels [45], low level of state financing of oil 

and gas companies’ innovation and investment activities [46], increase in hydrocarbon 

production costs [47,48], high level of capital intensity of oil and gas production [49,50], 

long duration of investment and production cycles [13], etc. 
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Geological problems. This group includes such problems as the low endowment with 

conventional hydrocarbon reserves (depletion of reserves, high water cut) [12,13,51], com-

plicated hydrocarbon production conditions (including high-viscosity oil and natural bi-

tumen [52,53], low-permeability and complex reservoirs [10], offshore fields [54], Arctic 

fields [55–58], gas hydrate fields [59], gas condensate [60,61], etc.), and the low rate of 

mineral resource base reproduction [12,13]. 

Technological problems. This group includes such problems as the lack of modern types 

of equipment and technologies at all stages of the production cycle [13,14,49,62], the high 

import dependence of oil and gas companies [32,43,63,64], the low level of state techno-

logical development as a whole [13,49,65,66], etc. 

Organizational problems. This group includes such problems as the underdevelopment 

of pipeline infrastructure for oil transportation (especially in the regions of Eastern Siberia 

and the Russian Far East) [67], the geographical remoteness of oil and gas facilities from 

consumption centers and export corridors [68], the low infrastructural development of 

hydrocarbon production regions [68,69], difficult natural and climatic conditions in the 

regions of hydrocarbon production [70], low flexibility of managerial decision-making 

[47], the large scale and complexity of oil and gas projects [13,27], conflict of interest be-

tween shareholders of oil and gas companies (state and private businesses) [71,72], the 

presence of barriers to industry access, reducing interest in the participation of foreign 

companies with innovative technologies [5,13,73], etc. 

Personnel problems. This group includes such problems as low qualification of em-

ployees [74,75], lack of young professionals [76,77], high staff turnover [74,76], etc. 

An analysis of the groups of problems considered revealed that the most fundamen-

tal and significant group affecting the development of the Russian oil and gas complex, 

according to leading industry experts, are precisely technological problems 

[13,14,32,46,49]. The lack of modern domestic technologies in Russian oil and gas compa-

nies limits their ability to address current industry challenges and improve the efficiency 

of production processes [78,79]. Therefore, one of the possible options for increasing the 

technological potential of national companies is the implementation of engineering pro-

jects aimed at creating new technological solutions [32,43,65]. 

In contrast to the projects of standard technological product creation, the peculiarity 

of technology engineering projects lies in the high proportion of the risk of implementa-

tion failure. The technology developed within the framework of such a project is a poten-

tial innovation, while the creation of innovative products is subject to significant uncer-

tainty and the emergence of a number of standard and, more importantly, non-standard 

problems. In practice, the implementation of engineering projects may be threatened by 

such significant problems as non-confirmation of the technological hypothesis, low tech-

nological efficiency of the developed solution, project budget overruns, implementation 

schedule delays, and others. These issues create a reasonable necessity for the application 

of a systematic approach based on effective implementation and management of engineer-

ing projects. 

One of the most effective approaches to the management of engineering project im-

plementation is the Technology Readiness Assessment (TRA) process, which is based on 

the determination of the maturity of the developed hardware or software technology 

[23,24]. TRA process tools allow for the assessment of the required levels of technological, 

economic, and organizational characteristics of projects, the identification of their key 

risks, and the development of measures to reduce time, financial, and labor costs. The 

relevance of the problems considered for oil and gas engineering projects creates the basis 

for the development of a conceptual framework for their implementation management, 

the first stage of which begins with a study of modern TRA methods. 
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4. Technology Readiness Assessment Methods 

4.1. TRL and Stage-Gate® 

To date, a significant number of Technology Readiness Assessment (TRA) methods 

have been used, which allow for the assessment of projects that are different in nature as 

well as the assessment of various aspects (indicators) of the readiness of these projects. 

However, the results of the study of the principles on which these methods are based al-

low us to conclude that most of them are based on two classical methods for technology 

readiness assessment—the unified method for assessing the level of technology readiness, 

TRL (Technology Readiness Level) [25], and the Stage-Gate® method [28]. 

The TRL method was proposed in the 1970s by the American space agency NASA as 

a response to the problem of interaction between different departments and synchroniza-

tion of their results when developing technologies for space systems. The emerging prob-

lem revealed that the development of high-tech systems is strictly dependent on the syn-

chronized development of certain necessary technologies, and if the synchronization is 

not optimal, this fundamentally affects productivity, planning, and budget [80]. The TRL 

method is built on a linear innovation cycle approach: the development of a single tech-

nology from the research stage to integration with other technologies into a high-tech 

complex product is carried out on the basis of a 9-level readiness scale (Figure 4). 

This method is quite sufficient for technology readiness assessment at a basic level; 

however, despite its obvious advantages, the TRL has a number of fundamental limitations: 

• There are no guidelines for using the method—the sources give recommendations on 

the need to use it but do not offer meaningful guidelines on the specifics of applica-

tion [26,81]. 

• Subjectivity of the assessment—there is no formal method for implementing TRL; the 

TRL value is assigned to the technology by the developer, which may be biased; and 

the definitions of each TRL level tend to be broadly interpreted [82]. 

• Insufficiently detailed assessment—one scale does not fully cover the range of issues 

that arise in the process of technology creation [26,83], etc. 

Given the limitations presented, the TRL method is recommended for use in conjunc-

tion with other reliable and objective methods for technology maturity assessment to 

make reasoned decisions [26]. 

 

Figure 4. Overview of the TRL scale. Source: developed by authors. 
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The development of the Stage-Gate® method was also based on the necessity to sys-

tematize and improve the efficiency of the process of creating high-tech solutions, imple-

mented as part of large projects in the mechanical engineering and chemical industries in 

the United States in the middle of the 20th century. Stage-Gate® creator Robert Cooper 

described it as “a conceptual and operational map for moving new product projects from 

idea to launch and beyond.” The main attention in the method is paid to the management 

of the process of new product development (NPD), aimed at increasing the efficiency and 

effectiveness of this process since the results of some studies confirm the random and non-

systematic nature of the process of creating new products in many companies [28]. The 

process of new product creation within the Stage-Gate® method is based on the passage 

of a certain number of “Stages” (usually 4–6), which are separated by “Gates,” where in-

termediate project results are evaluated (Figure 5). 

 

Figure 5. Overview of a Stage-Gate® process [84]. 

The first stages are aimed at discovering opportunities and generating ideas, and the 

subsequent ones are aimed at development, testing, and launch [85]. Stages tend to be 

cross-functional, with each activity running in parallel with others to speed time to mar-

ket. Gates act as filters and help decide what action to take on a project—Go, Hold, Recy-

cle, or Kill. The decision is made using a criteria-based assessment of the achieved results 

(for example, target criteria such as strategic compliance, expected financial return, and 

use of the company’s core competencies in the project can be used) [86]. 

The logic of the Stage-Gate® method is in many respects similar to that of the TRL 

method; therefore, the limitations of the TRL are also relevant for the Stage-Gate® method. 

4.2. Other Methods for Technology Readiness Assessment 

Scientific and technological progress and the accompanying complexity of techno-

logical processes and innovative products being created systematically led to a change in 

the requirements for the technology readiness assessment and the need to adapt classical 

methods of project implementation. A significant amount of research has been conducted 

by experts to develop tools and methods that can provide insight into technology readi-

ness and track technology maturity throughout the development life cycle to enable con-

tinuous risk management and improved decision-making support. For the most part, 

other existing methods either complement and extend TRL or integrate other indicators 

with TRL in order to get a more complete picture of the technology and its level of readi-

ness. For the purposes of this study, all methods were divided into qualitative and quan-

titative categories. 

The group of qualitative methods includes the 10 following ones: Manufacturing 

Readiness Level (MRL), Integration Readiness Level (IRL), Market/Commercialization 

Readiness Level (MRL/CRL), Scaling Readiness (SR), Regulatory Readiness Level (RRL), 
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Technology Transfer Readiness Level (TTRL), TRL for Software, Moorhouses Risk Versus 

TRL Metric, Research and Development Degree of Difficulty (RD3), and Advanced Degree 

of Difficulty (AD2). A detailed description of the methods is presented in Table 1. 

Table 1. Qualitative methods for the technology readiness assessment. 

Method Abbr. Description Source 

Manufacturing Readi-

ness Level 
MRL 

Determines the current level of technology production 

readiness, identifies readiness deficiencies, and identi-

fies associated risks in the transition from technology to 

production 

[87,88] 

Integration Readiness 

Level 
IRL 

Measures the readiness and compatibility of interfaces 

between different technologies, consistently compares 

the maturity of interfaces between multiple integration 

points, and reduces the uncertainty associated with the 

development and integration of technology into the 

system 

[89] 

Market/Commerciali-

zation Readiness 

Level 

MRL/ 

CRL 

Determines the readiness of the technology to enter the 

market as a commercial offer for a group of customers 
[90,91] 

Scaling Readiness SR 
Reflects the readiness of technology to achieve a spe-

cific effect at scale in a specific context 
[92] 

Regulatory  

Readiness Level 
RRL 

Reflects the reliability of regulatory support for the 

technology development process and the effectiveness 

of this support in the development of the necessary 

regulations 

[93,94] 

Technology  

Transfer Readiness 

Level 

TTRL 

Describes the process of technology transfer, which 

consists of identifying a new appropriate application of 

technology and its subsequent adaptation, and solves 

the problem of transferring technology from one indus-

try to another 

[95] 

TRL for Software TRL (S) 

Characterizes the level of maturity of software technol-

ogy by including other attributes specific to software 

development 

[23] 

Moorhouses Risk Ver-

sus TRL Metric 
MRM 

Reflects the regression of risk due to the progression of 

technological readiness 
[96] 

Research and  

Development  

Degree of Difficulty 

RD3 

Reflects the degree of difficulty of the technology tran-

sition from one readiness level to another and includes 

five levels of difficulty 

[97] 

Advanced Degree of 

Difficulty 
AD2 

Assesses the difficulty of moving a technology from its 

current readiness level to the desired one on a 9-level 

scale 

[98] 

Source: developed by authors. 

Qualitative methods for the technology readiness assessment are a convenient tool, 

as they allow analysis to be carried out in a short time and with a significant number of 

iterations, but they significantly depend on implicit knowledge, which exposes the assess-

ment results to a high degree of subjectivity. While the idea of definition-based metrics 

provides flexibility and ease of use, descriptions can be interpreted broadly, leading to 

inaccurate estimates. 

The group of quantitative methods includes the five following ones: System Readi-

ness Level (SRL), Integrated Technology Analysis Methodology (ITAM), Technology 

Readiness and Risk Assessment (TRRA), Technology Insertion Metric (TI), and Technol-

ogy Project Readiness Level (TPRL). A detailed description of these methods is presented 

in Table 2. 
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Table 2. Quantitative methods for the technology readiness assessment. 

Method Abbr.  Description Source 

System Readiness 

Level 
SRL 

Determines the technology readiness level, as well as 

the degree of its readiness for integration into the sys-

tem, based on a normalized matrix of pairwise compari-

sons of the TRL and IRL systems 

[81,99] 

Integrated 

Technology 

Analysis  

Methodology 

ITAM 

Reflects the cumulative maturity of the system based on 

the readiness of its constituent technologies and takes 

into account TRL, Delta TRL, R&D Degree of Difficulty 

(R&D3), and Technology Need Values (TNV) 

[100] 

Technology  

Readiness and Risk 

Assessment 

TRRA 
Assesses the impact of risks on technology creation and 

takes into account TRL, R&D3, and TNV 
[101] 

Technology  

Insertion Metric 
TI 

Reflects the degree to which a new subsystem is inte-

grated into an existing host system and the interaction 

between the system and subsystem for the improve-

ment of overall performance 

[99] 

Technology Project 

Readiness Level 
TPRL 

Reflects the level of comprehensive project readiness 

based on a balanced approach, taking into account six 

key criteria—TRL, MRL, IRL, ORL, BRL, and CRL 

[83,102] 

Source: developed by authors. 

Quantitative methods, in comparison with qualitative ones, are more objective and 

accurate, but their use can require a significant amount of time and labor costs with re-

peated use. The development of an erroneous mathematical model can lead to an incorrect 

assessment of technology maturity, cost overruns, and schedule delays. However, quan-

titative methods often combine several system indicators, which leads to tangible results 

in assessing the readiness of technology and in subsequent decision-making. 

When choosing a method for the technology readiness assessment, it is necessary to 

understand that there are no universal methods. Industry-specific features of projects, dif-

ferences in aims, requirements, resources, financing, schedule, and other characteristic 

features of projects create the basis for the development of separate methodological bases 

for assessing the readiness of projects in each individual industry, area, and company. 

5. A Conceptual Management Framework for the Oil and Gas Engineering Project Im-

plementation 

The main requirements for modern methods for the Technology Readiness Assess-

ment are: 

• Comprehensive readiness assessment of the technological solution 

• A high degree of detail in the assessment 

• Universal model structure 

• Sufficient level of objectivity (due to the formal accounting of project results based on 

supporting documents) 

• The ability to adapt the scale to the requirements of a particular industry or project 

without violating the general structure 

• Availability of tools for monitoring the effectiveness and rating of projects when mak-

ing management decisions 

Taking into account these requirements, the authors propose a conceptual manage-

ment framework for the implementation of oil and gas engineering projects based on the 

application of: 

1. An expertly-based set of readiness indicators for a comprehensive assessment of pro-

ject readiness. 
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2. A framework for a comprehensive readiness assessment of engineering projects, in-

cluding a matrix model for achieved project results accounting (based on selected 

readiness indicators) and an analytical model for the integral readiness index estima-

tion. 

3. An algorithm for management decision-making on engineering project implementa-

tion. 

5.1. Readiness Indicators of Engineering Projects 

Based on the considered TRA methods, 14 readiness indicators were identified. Ac-

cording to the results of a series of interviews with industry experts as well as an analysis 

of information and analytical data on the experience of using the selected readiness indi-

cators, a preliminary assessment of their applicability in the model for a comprehensive 

readiness assessment of engineering projects was made (Table 3). Readiness indicators 

recommended for use in the model are highlighted in green, “situational” indicators—in 

orange, and not recommended—in blue. 

For a more reasonable selection of readiness indicators, a series of questionnaires was 

additionally conducted, in which the selected experts had to unequivocally determine the 

necessity of using each of the proposed indicators in the model (Appendix B). The results 

of the questionnaire are shown in Figure 6. 

Based on the analysis of the results of the questionnaires, a set of six readiness indi-

cators for engineering projects was formed, which are necessary for a comprehensive as-

sessment of the main directions of the project’s development and the readiness of the pro-

ject as a whole (the authors selected the indicators that were noted by 50% or more of the 

respondents): 

1. Technology Readiness Level (TRL) 

2. Manufacturing Readiness Level (MRL) 

3. Organization Readiness Level (ORL) 

4. Commercialization Readiness Level (CRL) 

5. Regulatory Readiness Level (RRL) 

6. Team Readiness Level (TMRL) 

The Team Readiness Level was not proposed in the original list of indicators but was 

noted as a necessary criterion by 60% of the respondents due to its significant impact on 

the decision-making process for project implementation. 

For the correct application of the selected indicators, the functional purpose of each 

of them was detailed (Table 4). 

Based on the functional purpose, a definition of the maturity levels for each indicator 

was developed (Appendix C). Project implementation in the direction of each readiness 

indicator is carried out on the basis of the classical 9-level scale. 
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Table 3. Preliminary assessment of the applicability of individual readiness indicators in the model for a comprehensive assessment of oil and gas engineering 

projects. 

Indicator Abbr. Description Applicability 

Technology Readiness 

Level 
TRL 

The basic criterion for the readiness assessment of engi-

neering projects, reflecting the current development stage 

of a particular technology 

Recommended for use in the model based on the successful experience of its application 

by leading companies (Google, John Deere, etc.) and oil and gas companies (BP, Gaz-

promneft) 

Manufacturing Readi-

ness Level 
MRL 

Reflects the current level of production readiness for the re-

lease of a particular technology 

Recommended for use in the model as it determines the features of the production pro-

cess of the technology under development 

Integration Readiness 

Level 
IRL 

Reflects the possibility of “inclusion” of a new technology 

into an existing system for its effective functioning 

Oil and gas engineering projects are mostly aimed at creating complex technological so-

lutions (fracturing technologies, hard-to-recover reserve production, etc.) that do not re-

quire integration with other production systems 

Engineering Readiness 

Level 
ERL 

Reflects the current level of engineering support for the 

technology creation process 

The indicator partially duplicates other considered indicators (TRL, MRL, and ORL), and 

therefore its use is not advisable 

Organization Readiness 

Level 
ORL 

Reflects the current level of process organization for the 

creation of technology 

Recommended for use in the model as it creates the basis for structuring and determining 

the relationships of all processes for the project’s implementation 

Benefits and Risks BRL 
Reflects the competitive advantages and key risks associ-

ated with the creation of a particular technology 

It is not advisable to single out all groups of benefits and risks into one category since it 

is more convenient to manage and account for each of them within the framework of a 

separate readiness indicator 

Commercialization 

Readiness Level 
CRL 

Reflects the readiness of the developed technology to be 

brought to market 

Recommended for use in the model as it allows for the identification of risks to technol-

ogy commercialization, prepares a plan for their solution, and increases the efficiency of 

bringing the technology to market and its potential economic effect 

Scaling Readiness – 
Reflects the readiness of the developed technology to 

achieve a specific effect at scale 

Oil and gas engineering projects are primarily aimed at solving a specific technological 

problem, which does not always take on a mass character. It is inappropriate to include 

the indicator in the model since the low ability of technology to scale can lead to a slow-

down in the process of its creation and a delay in the solution of an urgent industry prob-

lem. 

Regulatory Readiness 

Level 
RRL 

Reflects the degree of reliability of regulatory support for 

the technology development process 

Recommended for use in the model as it is a guarantor of copyright compliance and a 

potential tool for creating a company’s strategic competitive advantages 

Transfer Technology 

Readiness Level  
TTRL 

Determines the possibility of technology transfer from one 

system to a system with a different functioning mechanism, 

which is most relevant for cross-field technologies 

The creation of new technologies in the oil and gas complex is mainly based on the use 

of intra-industry technologies; however, at the present stage, there is also a widespread 

use of non-oil and gas technologies (Internet of things, artificial intelligence, etc.). There-

fore, an optional use of the indicator is proposed depending on the specific situation. 
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TRL for Software TRL (S) 

Reflects the current stage of development of a certain soft-

ware technology based on the attributes characteristic of 

software products 

Modern modifications of the classic TRL have become more flexible and versatile, which 

allowed them to successfully assess the readiness of both hardware and software tech-

nologies, so the use of this indicator in the model is not relevant 

Moorhouses Risk Ver-

sus TRL Metric 
MRM 

Characterizes the risk regression due to the progression of 

the technological readiness of the project; it is a derived in-

dicator from TRL 

The progress of the engineering project implementation is certainly accompanied by a 

decrease in the risk of its failure; therefore, the use of this indicator in the model is not 

necessary 

R&D 

Degree of Difficulty  
RD3 

Reflecting the difficulty of the project transition from one 

level of technological readiness to the next, they are addi-

tions to TRL (different in the number of levels—RD3 in-

cludes five levels of difficulty and AD2 includes nine levels) 

They allow for the ranking of engineering projects according to the difficulty of their im-

plementation and subsequently provide targeted support. However, they do not contrib-

ute critical information to the decision-making process for the creation of technology; 

therefore, the use of these indicators is not necessary 

Advanced Degree of 

Difficulty  
AD2 

Source: developed by authors. 
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Figure 6. Applicability of individual readiness indicators in the model for a comprehensive assessment of oil and gas engineering projects. 
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Table 4. Functional purpose of the selected readiness indicators. 

Indicator Functional Purpose 

TRL 

• Determines the levels of technology development and testing from the stage of 

idea generation to the implementation of a ready-made technological solution 

• Reflects the status of technology testing from checking single critical functions 

to a complete performance check, both in laboratory conditions and in real-

world conditions of the technological system’s functioning 

• Confirms the current readiness status of elements and technology in general 

MRL 

• Determines the readiness to create a technology production from the level of a 

layout to an industrial design 

• Reflects the degree of integration of the production process into existing pro-

duction chains (processes, materials, equipment, infrastructure, and employees) 

• Demonstrates the creation of an effective production (pilot, prototype, and se-

rial), including a quality control system and the supply of materials and com-

ponents 

ORL 

• Reflects the progress of approval of the technical characteristics of the devel-

oped solution with potential customers 

• Reflects the status of approval of the concept of technology application with all 

involved persons (departments of the contractor and external organizations, in-

cluding suppliers, subcontractors, and customers) 

• Reflects the completion of the changes and adjustments made to the project 

based on the results of tests and negotiations with customers 

• Confirms the adoption of basic decisions, the development of operational plans, 

and the demonstration of the technology service support system 

• Shows the result of partner staff training for technology transfer to the cus-

tomer 

TMRL 

• Determines the composition of the team at all stages of project implementation 

• Confirms the availability of the necessary competencies of the project team 

members at each project level 

• Reflects the communication process of the project team members at its various 

stages 

CRL 

• Reflects the result of the market assessment, taking into account the price and 

consumer qualities of competitors’ technologies introduced to the market 

• Reflects the development stage of the technology commercialization business 

model 

• Fixes the organization of a two-way exchange of information with potential 

customers in order to obtain feedback on interest and clarify the required tech-

nology characteristics 

• Reflects the gradual adaptation of the pricing model in accordance with the de-

velopment of the business model 

RRL 

• Identifies patentable inventions or other RIAs 

• Confirms the novelty of the considered RIA 

• Reflects the stage of state registration of a patent for intellectual property 

• Determines the implementation stage of the strategy for the protection of intel-

lectual property rights (IPRs) 

Source: developed by authors with the use of [83,94,102,103]. 

5.2. A Framework for a Comprehensive Readiness Assessment of Oil and Gas Engineering 

Projects 

The TPRL (Technology Project Readiness Level) methodology described in [83,102] 

was chosen as the basis for the development of the framework for a comprehensive read-

iness assessment of the oil and gas engineering projects. This methodology allows for an 

end-to-end comprehensive assessment of project readiness based on the use of a multi-
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criteria system of indicators, including technological readiness (TRL), production readi-

ness (MRL), engineering readiness (ERL), organizational readiness (ORL), benefits and 

risks (BRL), and market readiness and commercialization (CRL). TPRL is used: 1. to apply 

a balanced approach to the readiness assessment of the project as a whole as well as of the 

individual project indicator; 2. to identify the uncertainties of the project and its key risks; 

and 3. to simply and objectively present the project maturity level for the next round of 

investment in unified terms [83]. 

The framework for comprehensive assessment proposed in this paper includes two 

components: a model for the achieved project results accounting (based on selected read-

iness indicators) and an analytical model for the integral readiness index estimation. 

A model for the achieved project results accounting is based on a matrix structure 

(Figure 7). The columns show readiness indicators, and the rows show the maturity levels 

of the indicators. Each of the levels has a four-level structure. 

 

Figure 7. Structure of the framework for a comprehensive assessment. 

To achieve a certain readiness level, it is necessary to pass successively all of the TRL’s 

sublevels, within each of which it is necessary to solve a list of key tasks. The fulfillment 

of each assigned task is confirmed by the relevant document; for example, the execution 

of a laboratory test is confirmed by the receipt of an act certifying the laboratory test’s 

execution. The result of solving the task is binary: the document was received—1, the doc-

ument was not received—0. The dynamics of completing sublevels and levels are meas-

ured from 0 to 1, depending on the success of solving the tasks within the sublevel and 

the passed sublevels within the same level. 

The numerical result of the project readiness assessment is determined by the analyt-

ical model for the integral readiness index estimation. The integral readiness index is cal-

culated based on the index values of all indicators and their weight coefficients. The type 

of dependence of the weight coefficients and the values of indicator readiness indexes can 
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be set by experts separately for each specific task being solved. For the purpose of simpli-

fication, the authors have assumed in the article the same weight for all coefficients. 

To carry out the numerical calculation of the integral readiness index of the project, 

various algorithms can be used, but the choice of a specific one does not affect the general 

methodology, as the main principle of the assessment is based on the consideration of the 

values of all individual readiness indicators. For the purposes of this article, the following 

analytical model was chosen [83]: 

𝐼 = 𝐸 + 𝐾 ∙ 𝑃𝐿, (1) 

𝑃𝐿 = 𝑝𝐿1 ∙ 𝑝𝐿2 ∙ 𝑝𝐿3 ∙ 𝑝𝐿4 ∙ 𝑝𝐿5 ∙ 𝑝𝐿6  

where 𝐸 is the maximum readiness level achieved by all indicators 

𝐾—the mean value of fractional parts of indicators at level 𝐸 + 1 

𝑃𝐿—the probability of completing all tasks at level 𝐸 + 1 (denoted as 𝐿) 

𝑝𝐿𝑚—the probability of completing all tasks at level 𝐿 in terms of readiness indicator 𝑚 

The choice of the model is justified by the consideration of the factor of probability of 

achieving the target values of readiness indicators. Due to the fact that engineering pro-

jects have a high degree of uncertainty in obtaining technological and economic benefits, 

the consideration of the probability factor allows for a more accurate assessment of the 

current status of the project, which is the basis for making informed management deci-

sions for its further implementation. 

The first step is the determination of the integer index 𝐸 corresponding to the lowest 

achieved readiness level among all indicators. At the second step, the fractional part of the 

index is determined by calculating the average value of the fractional parts of the indexes 

of indicators for level 𝐸 + 1. At the third step, the probability of achieving all require-

ments for the project at level 𝐸 + 1 (𝑃𝐿) is determined by calculating the product of prob-

abilities (𝑝𝐿𝑚) when changing 𝑚 from 1 to 6, taking into account the assumption of inde-

pendence of indicators. The form of dependence between 𝑃𝐿 and 𝑝𝐿𝑚 is the subject of a 

separate discussion that does not affect the content of the proposed model; therefore, it is 

not considered in detail in this paper. 

To visually reflect the results of the assessment, it is recommended to use a radar 

chart (Figure 8). 

 

Figure 8. An example of presenting the results of a project readiness assessment. 

The balanced development of the project is achieved with the simultaneous develop-

ment of all readiness indicators, which graphically correspond to the correct hexagon. In 
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the example considered, project administrators need to pay attention to two problem ar-

eas: CRL and RRL. MRL and ORL also lag behind TRL and TMRL. 

5.3. An Algorithm for Management Decision-Making on Engineering Project Implementation 

One of the key management aspects of the engineering project implementation is the 

specifics of the decision-making process on the further “movement” of the project, or ra-

ther the principle of the project transition from one readiness level to the next. A successful 

project transition to a new readiness level is a marker of the completion of all tasks set at 

the current level, while project recycling, suspension, or “killing” indicates significant 

shortcomings and problems in the implementation process. 

Based on the selected readiness indicators and the proposed framework for compre-

hensive readiness assessment, the authors developed an algorithm for management deci-

sion-making on engineering project implementation (Figure 9). 

The decision-making process based on this algorithm can be divided into five stages: 

Stage 1—assessment of the completion of the current readiness level requirements 

Stage 2—problem identification 

Stage 3—problem solvability analysis 

Stage 4—project importance determination 

Stage 5—informed decision-making 

Stage 1: At this stage, the input project parameters are evaluated based on the com-

pletion of all requirements at the current readiness level. If the levels of all readiness indi-

cators correspond to the planned ones, the current economic environment of the project 

is assessed; if it has not changed, the project proceeds to the next level; if it has changed, 

the expediency of the project continuation is assessed. 

Stage 2: For the projects that have not reached the target readiness levels of the indi-

cators, an analysis of the problems is carried out. 

Stage 3: At this stage, an analysis of the problem’s solvability is carried out—when 

taking into account the proposed problem solution, is it possible to adapt the project to 

the relevant conditions, is it lucrative to continue the project, and will additional research 

help to achieve the desired result? If the technological hypothesis has not been confirmed 

or the required technological efficiency has not been achieved and additional research will 

not lead to the required result, the project must be “killed,” otherwise it continues. 

Stage 4: For the projects with problems that cannot be effectively solved in the current 

conditions and do not lie in the technological plane, the project’s importance is assessed 

as a control characteristic for “killing” the project or holding it until favorable conditions 

occur. 

Stage 5: At this stage, depending on the current project status, the decision is made 

on whether to further the project’s movement—“kill,” recycle, hold, or go. 

Application of the proposed algorithm will potentially allow oil and gas companies 

to more accurately navigate when making decisions on the project at its control points, to 

develop internal mechanisms for the various problems responding, to reduce risks, and 

to increase the implementation efficiency of the engineering projects.
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Figure 9. An algorithm for management decision-making on engineering project implementation. 
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6. Discussion 

The demand for efficient development of energy resources entails the necessity of 

creating complex technological solutions that can respond to modern industry challenges 

and promote the strategic opportunities of oil and gas companies. In the practice of oil 

and gas companies, the creation of the necessary technologies is carried out through the 

implementation of engineering projects, whose effectiveness largely depends on the ap-

plied management approach. 

An analysis of approaches to the implementation management of engineering pro-

jects has led to the conclusion that the most commonly used is the TRA process aimed at 

assessing the readiness of the developed technology, including the required levels of tech-

nological, economic, and other characteristics. As part of this process, a significant number 

of methods for technology readiness assessment have been developed, the most common 

of which are TRL and Stage-Gate®. The experience of their use testifies to their significant 

success in the readiness assessment of engineering projects at a very basic level; however, 

the complication of modern technological processes and emerging innovative technolo-

gies reveals a number of substantial limitations—the lack of a comprehensive view of the 

readiness assessment process, an insufficient level of assessment accuracy, the lack of 

guidance on application, etc. 

Based on a more detailed literature review, the authors investigated a large number 

of readiness assessment methods, as a result of which a conceptual management frame-

work for the implementation of oil and gas engineering projects was developed. 

This framework is designed to solve the urgent problem of the effective implementa-

tion of oil and gas engineering projects, taking into account its existing advantages over 

other methods, but in practice, its use can be marked by a number of disadvantages and 

limitations. A list of the main advantages, disadvantages, and limitations of this method 

is presented in Table 5. 

Table 5. Advantages and disadvantages of the proposed conceptual management framework. 

Advantages Disadvantages and Limitations 

• Accurate and objective assessment of the 

project’s maturity level 

• The ability to assess the dynamics of the 

project implementation in more detail (inte-

gral readiness index) 

• Successful experience in the application of 

comprehensive TRA methods (on the ex-

ample of TPRL methodology) in the imple-

mentation of diversified engineering pro-

jects 

• Complex and time-consuming assessment 

process 

• Lack of experience in the application of 

comprehensive TRA methods (in particular, 

the proposed one) in the implementation of 

oil and gas engineering projects 

• The selection of the readiness indicators for 

the model was made according to the expe-

rience of only Russian oil and gas compa-

nies 

Unlike most of the considered methods, this framework allows for a comprehensive 

assessment of an engineering project based on various readiness indicators as well as a 

more detailed dynamic monitoring of the project’s implementation; however, the assess-

ment process may turn out to be more complex and costly in terms of time and involved 

human resources than the same TRL. The comprehensive TRA methods have been tested 

and are successfully used to assess the readiness of various engineering projects (an ex-

ample of TPRL methodology), but at the moment there is no information about the use of 

such methods (and specifically proposed) in the oil and gas industry. A certain limitation 

for the application of the proposed framework is that it can create a specific set of readi-

ness indicators, which was justified by the expert method with the involvement of spe-

cialists only from Russian oil and gas companies. However, it is worth noting that the set 

of indicators is not static and can be selected in accordance with the task; therefore, it does 

not affect the generality of the proposed framework. 

As for future research directions, the authors will focus on: 
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• Detailing the structure of assessment indicators and the project results accounting 

• Substantiation of analytical dependencies in the integral readiness index calculation 

• Application of the proposed framework for the project economic efficiency assess-

ment and project portfolio ranking in terms of the company’s goals 

Based on the results of the formalized methodology, it is necessary to test it on spe-

cific oil and gas engineering projects. 

7. Conclusions 

This study considers the necessity for high-quality implementation management of 

oil and gas engineering projects aimed at creating modern technological solutions that 

will allow for a more efficient development of deposits of oil and natural gas energy re-

sources and will become the basis for creating sustainable competitive advantages for oil 

and gas companies. Based on the analysis of global energy trends and forecasts, the ne-

cessity of the development of national oil and gas complexes as sources of ensuring global 

demand for energy resources is substantiated, which actualizes the importance of the oil 

and gas industry for the Russian economy and creates the basis for solving its urgent in-

ternal challenges. The prevailing number of technological problems confirms the need to 

develop modern industry technologies, the effective creation of which is based on the im-

plementation of oil and gas engineering projects and their effective management. 

The results of the study provide the following conclusions: 

1. Effective management of the engineering project’s implementation should be based 

on a comprehensive and objective assessment of the technology’s readiness and 

emerging risks at all life cycle stages of the technology’s creation. 

2. Most modern TRA methods are based on the principles of two classical methods—

TRL and Stage-Gate®—which can be successfully applied to assess technology read-

iness at a basic level; however, the complexity of modern technological processes and 

emerging innovative technologies confirms the limited possibility of their application 

and the necessity for adaptation. 

3. Modern methods for engineering project readiness assessment must meet certain re-

quirements, in particular: 1. allow for a comprehensive and detailed assessment of 

the current maturity level of the technology; 2. have a universal structure; 3. exercise 

formalized control over the project results and have a sufficient level of objectivity; 4. 

have the ability to adapt the scale in accordance with the requirements of a specific 

industry or project (without violating the general structure); and 5. have tools for 

project effectiveness monitoring and rating when making management decisions. 

4. The most relevant indicators for the readiness assessment of oil and gas engineering 

projects are: 

• Technology Readiness Level (TRL) 

• Manufacturing Readiness Level (MRL) 

• Organization Readiness Level (ORL) 

• Team Readiness Level (TMRL) 

• Commercialization Readiness Level (CRL) 

• Regulatory Readiness Level (RRL) 

According to the experts at Russian oil and gas companies, these indicators fully 

cover the process of engineering project implementation and allow for the most com-

prehensive assessment of the current readiness level of the technology. 

5. For the effective implementation of an engineering project, management decisions on 

the project should be carried out on the basis of a 5-stage algorithm, including: 1. 

assessment of the completion of the current readiness level requirements; 2. problem 

identification; 3. problem solvability analysis; 4. project importance determination; 

and 5. informed decision-making. 
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Appendix A 

Interview on the aspects of oil and engineering projects implementation 

1. Please introduce yourself and tell us about your experience in the implementation of 

engineering projects, in particular, projects in the oil and gas industry. 

2. What are the main goals of the implementation of oil and gas engineering projects? 

3. What stages of the engineering projects implementation stand out in practice? 

4. What problems do companies face today when implementing engineering projects? 

5. What methods for the implementation of engineering projects are used today in oil 

and gas companies? Are you familiar with such methods as Technology Readiness 

Level (TRL) and Stage-Gate®? Are they used in your company? 

6. In your opinion, is it possible to solve a number of topical technological problems of 

oil and gas companies if, when implementing projects, it is used an approach for a 

comprehensive maturity assessment of the technology, which includes other readi-

ness indicators in addition to TRL (for example, MRL (Manufacturing Readiness 

level, CRL (Commercialization Readiness level), others)? If so, what indicators do 

you think should be used? 

Thank you for participating! 

Appendix B 

Questionnaire on the aspects of oil and engineering projects implementation 

Full name   

Age   

Job title   

Place of work  

Dear colleagues! 

We ask you to take part in the questionnaire aimed at determining the indicators required to 

be taken into account in the framework for a comprehensive readiness assessment of oil and gas 

engineering projects. Select the required indicators from the proposed list, or offer your own, briefly 

describing their functional role (Table A1). 

Table A1. Readiness indicators of engineering projects. 

Indicator Abbr. Brief Description 
Need for 

Accounting (+/−) 

Technology Readiness Level TRL Readiness (maturity) of technology  

Manufacturing Readiness Level MRL Readiness of the technology production process  

Integration Readiness Level IRL Readiness of technology for integration within the system  

Engineering Readiness Level ERL Degree of engineering support for the technology development process  

Organization Readiness Level ORL Organizational readiness of the technology creation process  

Benefits and Risks BRL Availability of benefits and risks of technology creating  

Сommercialization Readiness Level CRL Readiness of technology to enter the market in the form of a product  

Scaling Readiness – Readiness of the technology to obtain economies of scale in production  



Resources 2023, 12, 64 24 of 29 
 

 

Regulatory Readiness Level RRL 
Readiness of regulatory support for the technology development pro-

cess 
 

Transfer Technology Readiness Level TTRL 
Readiness of technology for transfer from one system to a system with a 

different functioning mechanism (cross-field technologies) 
 

TRL for Software TRL (S) Readiness (maturity) of software technology  

Moorhouses Risk Versus TRL Metric MRM 
Regression of the risk of failure depending on the progression of tech-

nology readiness 
 

R&D Degree of Difficulty RD3 Difficulty in transitioning technology from the current readiness level 

to the next. RD3—5 stages of difficulty, AD2—9 stages 

 

Advanced Degree of Difficulty AD2  

Other (specify)    

Thank you for participating! 

(During the questionnaire conducting, respondents were provided with a more de-

tailed description of readiness indicators, which is not provided separately in this appen-

dix to avoid duplication). 

Appendix С 

Table A2. A definition of the maturity levels of the readiness indicators. 

R
ea

d
in

es
s 

L
ev

el
 

R
ea

d
in

es
s 

In
d

ex
 

TRL MRL ORL TMRL CRL RRL 

1 (0;1] 

Basic technology 

principles ob-

served and re-

ported 

Basic require-

ments for technol-

ogy components 

production de-

fined 

Business process 

scheme developed 

Team basic skills 

in the target area 

confirmed 

Potential business 

opportunities 

identified 

Patent analysis on 

existing related 

technologies car-

ried out  

2 (1;2] 

Technology con-

cept and/or appli-

cation formulated 

Basic technology 

production con-

cepts defined 

Availability of ma-

terials and manu-

facturing pro-

cesses assessed 

Project documen-

tation and feasibil-

ity studies experi-

ence of the team 

confirmed 

Competitive envi-

ronment assessed 

Specific patentable 

inventions or other 

patentable RIAs 

identified 

3 (2;3] 

Confirmation of 

the possibility of 

technology devel-

opment received 

Production con-

cept confirmation 

received 

Technical charac-

teristics of the 

technology dis-

cussed with the 

consumer 

Team skills to re-

search the tech-

nology creation 

possibility con-

firmed 

Value proposition 

drafted 

A detailed de-

scription of possi-

ble patentable in-

ventions compiled 

4 (3;4] 

Technology com-

ponent and/or 

breadboard vali-

dation in labora-

tory environment 

Ability of proto-

type components 

manufacturing in 

a laboratory envi-

ronment con-

firmed 

Concept of tech-

nology application 

approved 

Laboratory testing 

team skills con-

firmed 

Suppliers, part-

ners, pricing pol-

icy determined 

Invention novelty 

and patentability 

confirmed 

5 (4;5] 

Technology com-

ponent and/or 

breadboard vali-

dation in bench 

tests 

Ability of proto-

type components 

manufacturing in 

a relevant envi-

ronment con-

firmed 

Requirements for 

technology service 

support clarified 

Bench test team 

skills confirmed 

Exact technology 

characteristics de-

termined 

First full patent 

application filed. 

Draft of IPRs pro-

tection strategy 

developed 

6 (5;6] 

Technology proto-

type demonstra-

tion in a relevant 

environment 

Ability of proto-

type manufactur-

ing in an operat-

ing environment 

confirmed 

Project changes 

and adjustments 

stages completed 

Skills of prototype 

creation and test-

ing in relevant en-

vironment con-

firmed 

Pricing model im-

proved 

A positive re-

sponse to a patent 

application re-

ceived 

7 (6;7] 

Technology proto-

type demonstra-

tion in a target/op-

erating environ-

ment 

Pilot production 

line capabilities 

confirmed 

Partner staff 

trained 

Skills of prototype 

testing in tar-

get/operating en-

vironment con-

firmed 

Preliminary mar-

ket launch of tech-

nology completed 

Patent registered. 

Other formal IPRs 

registered 
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8 (7;8] 

Successful func-

tioning of a full-

scale technological 

system 

Initial small-scale 

production 

demonstrated 

Agreements with 

interested parties 

concluded 

Skills of full-scale 

technology crea-

tion and function-

ality testing con-

firmed 

Customer com-

ments worked out 

First patent 

granted. IPRs pro-

tection strategy 

fully imple-

mented. 

9 (8;9] 

Readiness of the 

technological sys-

tem for full-scale 

implementation 

Full-scale produc-

tion demonstrated 

Production and 

service support 

implemented 

Skills of full-scale 

technology imple-

mentation con-

firmed 

Full-scale market 

launch imple-

mented 

Patent granted in 

target countries. 

High level of IPRs 

support for busi-

ness. 
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