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Abstract

The article substantiates the need to significantly strengthening engineering and economic education as a critical factor in achieving innovative
leadership amid digital transformation and escalating shock changes. It identifies a systemic gap between engineering, economic, and managerial
training, which results in low market demand for technological solutions and limits their scalability and competitiveness. The novelty of the
study lies in the development of a comprehensive methodology for engineering and economic design that fosters specialists’ ability to “think
from the future,” that is, to engage in proactive management and the design of leadership strategies. The article presents the authors’ experience
in developing and using a specialized scientific and educational platform, a digital teaching-and-training complex, and simulators as tools for
advanced training in relevant competencies. The recommendations formulated in the article are proposed by the authors as a discussion docu-
ment for the professional community.
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1. The Challenge: New Priorities Misaligned
with Existing Competencies

Today’s economy is marked by rapid technological
change unfolding in an environment of extreme uncertain-
ty. Digital infrastructure has become ubiquitous, permeat-
ing virtually every sphere of activity. Artificial intelligence
(AI), predictive analytics, and digital twins make it possible
to generate solutions within seconds through the real-time
processing of massive volumes of unstructured data.
Through the integration of sensors, human-machine inter-
faces, and the Internet of Things, production systems are
evolving into cyber-physical systems in which equipment
can transmit real-time performance data directly to enter-
prise resource planning (ERP) systems, enabling more effi-
cient asset utilization and helping prevent operational dis-
ruptions and accidents [Kravchenko, 2025; Loginov et al.,
2025].!

The pace of these changes is so intense that science is
struggling to conceptualize them, while education lags even
further behind in updating knowledge, competencies, and
training models adequate to this new reality.

In this context, the state’s strategic objective of achiev-
ing technological leadership in key industries depends to a
large extent on its ability to introduce scalable innovations
quickly, at lower cost, and with minimal risk. It is no longer
enough to develop equipment or technologies with superior
functional characteristics. They must also prove effective
throughout their entire life cycle and possess a competitive
market value already embedded at the earliest stages of in-
novation and design. In rapidly evolving sectors such as
energy, aerospace, mechanical engineering, electrical en-
gineering, transport, and telecommunications, the compe-
tency gap is becoming a major constraint on development.

The problem becomes especially acute when an econ-
omy must rapidly transition to a new model based on ad-
vanced scientific and technological achievements, intelli-
gent production systems, neural-network technologies, and
robotics. Under such conditions, the shortage of specialists
capable of formulating tasks for these highly complex sys-
tems and interpreting not only their outputs but also their
decisions in the shared language of engineering, economics,
and IT is becoming increasingly evident [Gitelman et al.,
2024].

What is now urgently needed is engineering and eco-
nomic training for innovation-oriented professionals. The
old model of professional education is no longer merely
outdated; it is actively impeding development and generat-
ing losses. This problem must be addressed without delay.

A vivid example of the consequences of underestimat-
ing the importance of engineering and economic knowl-
edge and competencies in large-scale innovation projects
is the failure of the energy transition in many industrial-
ized countries [Heinberg, 2022; Gitelman et al., 2023;
Ahmed et al., 2025]. A mission driven by noble goals turned
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into an investment failure that might have been avoided had
decision-makers and their advisers possessed even a basic
grounding in engineering economics.

A major reason for this outcome was the failure to ac-
count for the technological specifics of the electric power
industry and for the way these specifics are linked both to
the sector’s economic performance and to other sectors of
the economy:

1. Insufficient consideration was given to the intermit-

tent nature of wind and solar generation.

2. The economics of energy storage were not fully as-
sessed, including end-of-life disposal; the cost of util-
ity-scale storage makes green energy economically
unviable without substantial subsidies.

3. Energy-transition programs were poorly aligned with
the technological requirements for electricity and heat
at industrial enterprises, which remain major sourc-
es of harmful emissions. As a result, industry found
itself caught between two imperatives: decarboniza-
tion and the inability to ensure reliable energy supply
without conventional generation.

4. Policymakers ignored a fundamental principle of en-
gineering economics: reliable power supply is never
cheap, but the absence of reliability is always more
expensive.

These obvious failures effectively undermined the vi-

sion promoted by advocates of the energy transition:

* In engineering design, the behavior of power systems
under large-scale integration of intermittent renew-
able energy sources was not properly modeled; nor
was sufficient analysis conducted regarding the need
for flexible capacity—such as pumped-storage hy-
dro plants, gas-fired peaking plants, and storage sys-
tems—to offset downtime at wind and solar facilities.

* In economic modeling and risk assessment, the eco-
nomics of the transition were calculated on the basis
of average gas prices and equipment costs, without
taking their volatility into account. Nor was adequate
attention paid to the fact that the decommissioning of
nuclear and coal-fired power plants made EU econo-
mies more vulnerable to climatic anomalies and geo-
political shocks.

* In environmental and sustainability assessment, no
full life-cycle cost evaluation of green technologies
was carried out. The production of solar panels and
wind turbines requires vast amounts of rare-earth
metals; their extraction and processing inflict serious
environmental damage on supplier regions, while the
disposal of end-of-life equipment remains unresolved
[Fotis et al., 2025; Uchman et al., 2026].

The energy-transition case clearly shows that every
technological solution has an economic dimension [Gitel-
man et al., 2023], and ignoring that dimension leads to
major losses. This principle should be central to the edu-

! See also: https://HanronansHblenpoekTs. pd/upload/doklad-cifra-2025/doklad-cifra-2025.pdf.
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cation of the next generation of engineers, as well as econ-
omists, managers, and IT specialists. An engineer must be
able to see the economic implications of every technical
decision from the moment it is conceived: payback, sensi-
tivity to market conditions, and attractiveness to investors.
An economist must understand the physical nature of the
assets being evaluated, their technological constraints, op-
erating modes, wear patterns, and failure risks. A manag-
er must possess enough technological literacy to manage
projects with a clear understanding of scientific and tech-
nological trends and stakeholder interests. An IT special-
ist, in turn, must understand the business consequences of
architectural decisions in terms of value creation and cost
reduction.

2. Principles for Organizing Engineering and
Economic Training for Innovation Personnel

A central objective of engineering and economic train-
ing is to develop in specialists not only the ability to create
a unique technical prototype, but above all the ability to en-
sure its market viability in large-scale production, that is, its
scalability; to build an adequate business model, typically
grounded in digital technologies; and to organize the inno-
vation process effectively. This was a bottleneck in Soviet
industry and remains one in Russia today: the country has

Industry regulation and energy markets

Reliability of power supply
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still not succeeded in establishing competitive mass produc-
tion in such sectors as automotive manufacturing, computer
equipment, electronics, and household appliances. In high-
ly competitive markets, it is essential to align the technical
feasibility of a new product with the ability to produce it
faster, at lower cost, with higher quality, and with greater
consumer appeal than competing alternatives. Yet these are
precisely the capabilities that engineers, economists, man-
agers, and IT specialists are not being taught today.

As shown by the analysis presented in [Gitelman,
Kozhevnikov, 2025], engineering education largely over-
looks the interdisciplinary connections among technol-
ogy, ecology, economics, and management, as well as
topics of immediate relevance to modern industries, such
as demand-side management and the energy transition
(Figure 1).

At the same time, according to practicing specialists,
these issues should be covered in far greater depth and
scope, while the growing importance of competencies re-
lated to organizing innovation processes points to their rele-
vance and acute shortage not only among engineers but also
among managers at all levels (Table 1).

Let us formulate the key principles of a new type of en-
gineering and economic training.

It is fundamentally important to begin this training in the

Modernization of power company fixed assets —

Impact of technology on the efficiency
of power production

Innovation process management

F
—

Economic justification of investment decisions —

Development of distributed generation

Consumer relations; demand-side management —
of energy and capacity
Financial performance of the power business —

Transition to low-carbon production

0

O Desired level, according to power company employees

Source: compiled by the authors.

—

0.1 02 03 04 05 06 0.7 08 09 1

B Current level, according to students

Fig. 1. Depth of Consideration of Engineering and Economic Issues in the Electric Power Industry Development
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first year of study. As psychological research suggests, once
a person has developed, by the age of 25-30, a mode of
thinking based on rigid dichotomies that treat engineering
and economics as mutually exclusive categories, it becomes
extremely difficult to retrain them to think in interdiscipli-
nary terms [Phan, Ngu, 2021; Tonescu et al., 2023]. By con-
trast, engineering and economic thinking is the ability to
recognize the interdisciplinary nature of any professional
decision. Specialists with this type of thinking, who are es-
pecially in demand in today’s labor market, ask questions at
the intersection of disciplines, such as: “How can a reliable
design be developed within budget while ensuring an ac-
ceptable operating cost?”” and “How can a project be made
profitable while taking technological constraints and pro-
duction risks into account?”

This kind of hybrid thinking cannot be developed in
the later years of study simply by adding a course such as
“Economics for Engineers” to the curriculum, because by
that stage the student’s intellectual lens has already been
formed: they are accustomed to viewing a problem from
only one perspective, either technical or economic. From
the first year onward, therefore, students should simultane-
ously deepen their understanding of:

— their industry, including how value chains are organ-

ized and who the key players are;

— technologies and the specific features of production

organization, including the main business processes,
how the product is created, what it is made of, what
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costs are involved, and what physical, chemical,
and software-related constraints must be taken into
account. An engineer who has never been inside a
production shop and an economist who does not un-
derstand how the production cycle is organized will
speak different professional languages and make de-
cisions that cannot be implemented;

— real business problems, including unmet customer
needs and the reasons why some technologies gain
market traction while others do not.

The main task for the student here is to see and under-
stand how disciplinary fields intersect and enrich one an-
other. They should not have to wait until the senior years
to encounter special interdisciplinary courses. Engineer-
ing-and-economic thinking takes shape when, already in
the first year, while studying, for example, strength of ma-
terials, a future engineer sees that the strength equation is
linked to the choice of material, the choice of material is
linked to its cost, and cost is linked to the market price of
the product. A future manager or economist, when study-
ing the fundamentals of investment management, should
be able to see the real technological constraints behind fi-
nancial indicators. Thus, choosing a cheaper solution that
appears profitable in the short term may ultimately lead to
lower equipment reliability, increased risks of accidents and
operational disruptions, and, consequently, growing losses
and declining trust on the part of consumers and investors
over the long term.

Table 1
Main Barriers in Managerial Practice in the Electric Power Industry

Deficiency

Share of respondents
reporting a pronounced
manifestation
of the deficiency (%)

Lack of competencies in innovation process management (investment appraisal, assessment of expected 4

benefits and risks, employee engagement, teamwork) i
Insufficient efforts to attract and develop young specialists for work on innovation projects 70 68
Lack of knowledge and practical experience in implementing digital tools and IT solutions in the 47 54
company’s operations

Poor understanding of the benefits that additional products and services, including digital ones, can bring 7 46
to a power company beyond its core operations

Inability to respond in a timely manner to market changes and consumer needs 25 40
Lack of a project-based thinking and project management skills 48 38
Inconsistent and contradictory managerial decisions caused by a poor understanding of the interests of 17 36
key stakeholders

Source: compiled by the authors.
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These linkages must be embedded in the curriculum
from the outset. Only then will students come to understand
that engineering and economics are inseparable dimensions
of the outcomes by which their work will ultimately be
evaluated. That is why a model engineering-and-economic
program should introduce students, from the very begin-
ning of their studies, to the operation of advanced industrial
facilities, helping them enter the profession and develop a
real understanding of their industry and its connections with
other sectors of the economy. In fields such as the electric
power industry, nuclear power, petrochemical production,
and transport, where reliability, environmental safety, and
the human factor are of paramount importance, this sense of
the industry is especially critical—and it cannot be devel-
oped in just one or two years.

A substantial expansion of enterprise-based practical
training, with students involved from the early years of
study in both operational and innovation-related tasks rel-
evant to their future profession, is a policy decision that
needs to be made at the state level.

Engineering and Economic Education for Technological Leadership: A Manifesto for Discussion
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Table 2 presents an example of a forward-looking spe-
cialist degree program for engineer-economists in the elec-
tric power industry. The program is balanced in its combi-
nation of fundamental and applied training as well as in its
set of disciplines. It fosters an integrated understanding of
the logic of scientific and technological progress and equips
students with the tools needed to implement relevant inno-
vation projects.

A strong emphasis on interdisciplinarity is built into
the curriculum from the first year of study, enabling stu-
dents to:

— develop an understanding of technologies and pro-
duction systems as complex and socially responsible
objects of management;

— learn to analyze the interrelationships among engi-
neering, technology, ecology, economics, and man-
agement, including advanced IT systems and digital-
ization, in order to make sound decisions on business
development, business process improvement, and the
development of companies’ areas of activity.

Table 2
A Fragment of the Engineering and Economics Degree Program Framework for the Electric Power Industry

Years of Study

Production Asset Management

isoinli Introduction
Key Disciplincs to the Field Opranusanus Economics of the
Patterns of Scientific sHOrganization of Industry
and Technological Power Production Business Infrastructure
Development Advanced Digital of the Power Industry
General Mathematics Technologies and Al Financial Mathematics
Economics and Applied Mathematics Investment and Risk

Organization of

Energy Markets
Main Active
Learning
Methods
Professional
challenge tasks

Type and
Duration
of Practical
Training

Research internship
(4 weeks)

Source: compiled by the authors.
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and Statistics

Management

Interdisciplinary business simulations

Power production
improvement projects

Technical internship in
a production unit of a
power company
(4 weeks)

Innovation-focused company visits

Analysis of companies’
financial statements

Quantitative case studies

Internship in the chosen
specialization within a
functional unit
(4 weeks)

in Power Companies
Strategic Management Under
Uncertainty
Framing Engineering and
Economic Problems
Investment Project

Management

Personnel and Team
Development

Workshops led by senior
executives

Management case studies

Engineering and economic
internship in corporate
management
(8 weeks)

Business Analytics
Power Industry
Engineering and
Consulting

Internships at power
facilities

Pre-defense
presentations of final
projects at power
companies

Pre-graduation
internship combined
with with managerial

shadowing
(16 weeks)

o1
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A related issue is the training of engineering personnel
and the need to strengthen its engineering-and-econom-
ic component. As noted above, any engineering decision
aimed at improving the technological level of production
is inherently also a techno-economic decision. Ultimately,
such decisions are evaluated in terms of the balance be-
tween their economic, environmental, and social outcomes
and the financial resources required to achieve them. Engi-
neering education must therefore include the corresponding
organizational and economic dimensions. The most impor-
tant of these are outlined below using the electric power
industry as an example.

1. Industry organization and energy markets. The sys-
tem of state regulation and governance in the indus-
try. The effectiveness of market reforms in the elec-
tric power sector. Long-term industry development
programs.

2. Efficiency of power production. Relationships be-
tween the technical characteristics of power instal-
lations and the environmental and economic perfor-
mance of power companies.

3. Availability and reliability as the core functional
characteristics of power facilities. The effect of avail-
ability on the economics of a power company. As-
sessing the cost-effectiveness of expenditures aimed
at improving reliability. Advanced approaches to or-
ganizing maintenance and repair.

4. Production asset management. Renewal of the fixed
assets of power companies. Equipment moderniza-
tion, reconstruction, and technical upgrading of pow-
er facilities.

5. Financial resources of power companies.

6. Economic justification of investment decisions and
projects. Taking technical and price risks into ac-
count when evaluating investment projects.

7. Innovation process management. Stages of the in-
novation process in a power company. Advanced
technological innovations for power plants and grid
companies. The impact of these changes on the prof-
itability of power companies, production costs, and
electricity prices. Energy engineering as an advanced
tool for innovation process management.

8. Transition to low-carbon production.

9. Development of distributed generation.

10. Demand-side management of energy and capacity.

11. Digital transformation of power production and man-
agement.

It should be emphasized that engineering training re-
mains incomplete unless the economic component of stu-
dents’ graduation projects is developed to a professional
standard under the supervision of leading faculty members
from specialized departments of economics and manage-
ment. Without this component, the graduation project fails
to develop the most important competency: the future engi-
neer’s ability to justify why a particular technical solution

52
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merits investment and how it will affect business perfor-
mance. As a result, graduates enter the profession without
having learned to connect engineering thinking with eco-
nomic outcomes.

3. Special Emphasis

on Fundamental Knowledge

A matter of ongoing debate is the so-called fundamental
core of engineering-and-economic education. In our view, it
should encompass three priority areas:

1) the scientific and technological foundations of in-
dustrial production, including digitalization, without
which it is impossible to develop an integrated un-
derstanding of the objects and tasks of one’s profes-
sional activity, recognize key development trends, or
prepare even for the near future;

2) the methodology of innovation activity;

3) the design of complex systems and systems engineer-
ing [Gitelman et al., 2022b].

These areas define the content of the corresponding core
disciplines needed in the education of engineers, managers,
and economists alike (Figure 2). As a result, the content of
fundamental training changes substantially across levels of
education: at the undergraduate level, the focus is on spe-
cific fields of knowledge such as economics, engineering,
and computer science, whereas at the master’s level atten-
tion shifts to complex objects and processes, including the
development of complex systems, strategic analytics, and
future-oriented design.

An alternative structure for the fundamental component
is also possible. In this approach, the curriculum is built
around a relatively small number of core required courses
that foster systems thinking and provide the mathematical
foundation needed to address complex problems, as is com-
mon at leading universities worldwide [Reynolds, 2024].
These courses are complemented by a range of electives
that broaden students’ intellectual horizons and encourage
greater flexibility of thought (Table 3).

Effective implementation of a stronger fundamental
component would, of course, require changes in the set of
entrance examinations and a higher admission threshold.

Under the Soviet education system, students entering
either engineering or economics were expected to have a
strong foundation in mathematics and the natural sciences.
Even specialized economics institutes treated physics and
advanced mathematics as essential subjects, recognizing
that industry, energy, and transport cannot be managed
effectively without an understanding of the physical pro-
cesses that underpin them.

Today, most Russian universities admit applicants to
economics and management programs with only a basic
level of mathematics, and physics is often not required
at all. As a result, many graduates have little understand-
ing of technological constraints, are unable to estimate

Online www.jsdrm.ru
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SCIENTIFIC AND TECHNOLOGICAL METHODOLOGY DESIGN OF COMPLEX SYSTEMS.
FOUNDATIONS OF PRODUCTION OF INNOVATION SYSTEMS ENGINEERING
IN THE INDUSTRY
TYPE Engineering-and-economic knowledge Understanding of the principles and methods Mastery of methods for managing complex
OF KNOWLEDGE of the specific features and development patterns used to study new paradigms of the innovation cyber-physical systems throughout
of particular production systems, markets, process their life cycle
and industries
FUNDAMENTAL | Power industry: economics, Management of innovation Fundamentals
DISCIPLINE organization, and management processes and projects of systems thinking
s owemae sk ees ke & e, gga;x:u;e s
ECONOMICS E e CHOXHBIX | [IPOGECCHOHATI
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MATERIALS Ii% 2:0@ 0000 - -
BUSINESS oy

Source: compiled by the authors.

Fig. 2. The Author’s Experience in Delivering Fundamental Training

production costs realistically, base managerial decisions
on abstract reasoning, and struggle to work effectively
with engineers. At a time when technological leadership
and sovereignty have become national priorities, this sit-
uation is untenable. In our view, admission to econom-
ics and management programs should therefore require
advanced mathematics, physics, and computer science,
given the central role of digital technologies in the mod-
ern world.

China offers a revealing contrast. Admission to eco-
nomics and management programs—especially at leading

universities that train highly qualified specialists—typically
requires strong preparation in advanced mathematics and
the natural sciences. The gaokao, the national university
entrance examination, includes mathematics and physics as
core subjects for most engineering-and-economics tracks
[Zhang, Pecheritsa, 2025]. The United States does not have
a single national admissions standard, but leading universi-
ties generally expect applicants to undergraduate programs
in economics and management to have a strong second-
ary-school background in mathematics, sometimes includ-
ing introductory calculus, as well as in the natural sciences;

Table 3
Proposed Structure of Fundamental Training

Cource Title

Type of Discipline

Systems Analysis and Complexity Theory
Core

Mathematical and Simulation Modeling

Decision Theory under Uncertainty
Life-Cycle Management of Complex
Systems

Fundamentals of Production Technology
and Organization

Elective - :
Innovation Economics and R&D

Management

Digital Transformation and Cyber-Physical
Systems

Methodology of Interdisciplinary Research

Source: compiled by the authors.
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Purpose

Develops the ability to view systems holistically and understand the
interrelationships among technical, economic, and organizational
subsystems

Provides a common language and toolkit for describing,
forecasting, and testing techno-economic processes without risking
disruption to real-world production

Introduces tools for risk analysis, multicriteria decision-making,
and scenario-based reasoning

Integrates design, economics, and management across the full life
cycle of complex systems

Develops an understanding of technological constraints and real-
world production processes

Connects engineering creativity, economic efficiency, and
nnovation management

Integrates digital technologies with production systems and
economic decision-making

Develops the ability to synthesize knowledge across fields and
formulate problems at the intersection of disciplines
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and at engineering schools that train future managers, phys-
ics is a required subject [Bouchrika, 2026].

4. Engineering and Economic Education

in International Practice

An analysis of the curricula of engineering and econom-
ic programs offered by foreign universities reveals several
major types [Gitelman et al., 2022a].

In programs designed to provide broad-based prepara-
tion for future managers, the curriculum can be broadly di-
vided into two blocks: traditional subjects, such as finance
and economics, accounting, quality management, human
resource management, and operations management; and in-
terdisciplinary subjects focused on the technological dimen-
sion of business, including systems engineering, innovation
development in engineering and management, information
and analytical systems, business modeling, and the manage-
ment of industrial and business development projects.

Programs intended to prepare managers for specific in-
dustries characterized by greater technological complexity
require students to study the technological specifics of pro-
duction alongside the organizational and economic aspects
of innovation activity.

Of particular interest to us are advanced programs
aimed at training innovation-oriented specialists capable
of developing, mastering, testing, and implementing the
technologies of the future in engineering, IT, and the en-
vironmental sector. [llustrative examples include programs
offered by Stanford University and the Massachusetts Insti-
tute of Technology (MIT).

Stanford’s engineering management program is organ-
ized around six research areas that are directly integrated
into the curriculum at both the undergraduate and graduate
levels: computational social science; decision-making and
risk analysis; operations research; organizations, technolo-
gy, and entrepreneurship; policy and strategy; and quantita-
tive methods of financial analysis. Among the key learning
outcomes are mastery of mathematical methods, the ability
to plan and conduct experiments, and the ability to design
complex systems using systems engineering tools.

At MIT, the System Design and Management program is
organized into three components. The first consists of core
courses in engineering and management totaling 36 credit
units. The second includes required advanced courses—12
credit units in engineering and 12 in management. The
third comprises student electives, with a broad selection of
approximately 150 engineering courses, 50 management
courses, and 30 interdisciplinary courses.

The architecture of such programs is generally based on
the principles of STEM, understood as the integration of
Science, Technology, Engineering, and Mathematics [Gro-
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mova et al., 2025; Torralba, Membrillo-Hernandez, 2025].
STEM is viewed as a concept of interdisciplinary, prob-
lem-based learning that engages students in:

— activities related to the design, development, and op-
eration of technological systems;

— case-based discussions of current issues in science,
technology, and the social sphere;

— addressing the challenges faced by specific industries
and companies through the application of fundamen-
tal scientific knowledge and an understanding of tech-
nological development;

— individual and team-based work on problems charac-
terized by a high degree of uncertainty.

In recent years, one of the main forces shaping engi-
neering and economic education worldwide has been the
rapid advance of digital technologies. In China, for exam-
ple, the state has explicitly defined the digital economy as
a driver of technological leadership, artificial intelligence
as a source of competitive advantage, and higher education
that integrates cutting-edge digital and Al technologies as
a key engine of innovation [Chentsova, Chentsov, 2023]. A
striking example is Chongqing University of Science and
Technology, where students in the School of Civil Engi-
neering are trained through a multi-level integration of Al
tools, including digital twins for assignments, neural-net-
work-based generation of images and digital avatars for
case development, and simulation platforms for visualizing
financial evaluations®.

The American approach is equally instructive. One of
the defining trends in the United States today is close col-
laboration with industry combined with a strong emphasis
on Al-related career pathways.

Texas A&M University, together with the Microsoft Al
Economy Institute, is implementing a project titled “The
Evolving Role of Universities in the Age of Al: Opportu-
nities to Advance Al Literacy through Interdisciplinary
Curriculum Design.” The project examines how universi-
ties can prepare students for the labor market by embedding
competencies in big data, machine learning, and Al ethics
into academic programs®.

At Carnegie Mellon University, the master’s program
in business technology strategy prepares specialists to
apply AI to breakthrough challenges at the intersection
of engineering, economics, and information technology.
As part of dedicated project-based practicums, students
develop neural-network models for analyzing market
trends, simulation environments for testing complex sce-
narios using large language models, and Al assistants to
support decision-making in dynamic and uncertain envi-
ronments*.

The Chinese and American examples discussed above
confirm that the future of engineering and economic edu-

2 Deng Y. Chongqing University Launches Al-Powered Courses. https://app.ichongging.info/mixmedia/a/202503/12/WS67d18bdfe4b0f27cb359103.html.

* Texas A&M Energy Institute Partners with Microsoft Al Economy Institute to Advance Al Literacy and Workforce Readiness. https://energy.tamu.edu/news_item/texas-am-energy-
institute-partners-with-microsoft-ai-economy-institute-to-advance-ai-literacy-and-workforce-readiness/.

4 Signature Initiative: Collaborative Al https://tepper.pantheon.cmu.edu/tepper/about/strategic-plan/signature-initiative-collaborative-ai.
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cation lies in embedding digital tools and artificial intelli-
gence at its core.

5. A Method for Aligning Engineering
and Economic Education

with Technological Leadership

The method of the Engineering and Economic Project
of technological leadership (hereinafter, EEP), developed at
the Department of Energy and Industrial Management Sys-
tems of Ural Federal University, is built around a vision
of the future of an industry or enterprise. It identifies the
competencies needed to realize that vision, addresses the
resulting skills gap through anticipatory training, and turns
engineering and economic education into both a method-
ological framework and a practical instrument for imple-
menting a leadership strategy®.

As noted in our earlier publications [Gitelman,
Kozhevnikov, 2025; Gitelman et al., 2025], EEP performs
an integrating function by aligning the economic interests
of producers and consumers when assessing the market vi-
ability of engineering solutions. In this context, the EEP is
described as a multidimensional model in which four differ-
ent coexist and influence one another in real time (Figure 3).

A distinctive feature of the EEP method is that it struc-
tures the innovation process around a forward-looking log-
ic that the authors describe as “thinking from the future.”
Unlike a conventional techno-economic feasibility study,

DIGITAL DIMENSION
Al digital twins, personal analytics, big data,
neural networks, automated decision-making

Makes it possible to anticipate different scenarios
and empirically identify rapid competitive advantages

REQUIREMENTS
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it is closely linked to anticipatory management [Gitelman,
2020], oriented toward future conditions, and built on sce-
nario-based modeling under uncertainty. Rather than being
evaluated against a single baseline forecast, a project is as-
sessed across multiple possible futures shaped by techno-
logical change, regulatory shifts such as the introduction of
a carbon tax, fluctuations in fuel and resource prices, chang-
ing consumer preferences, and other risk factors.

It is important to emphasize that, unlike the conven-
tional engineering and economic approach, in which engi-
neers develop technical solutions, economists assess them
mainly in cost terms, and environmental specialists address
environmental consequences only after implementation,
the EEP method requires specialists from different fields
to work in an integrated way from the earliest conceptual
stage. Each technical solution is therefore assessed simulta-
neously against several groups of criteria, including:

— technical criteria: reliability, safety, compliance with

standards, and digital maturity;

— economic criteria: total cost of ownership over the
asset life cycle, payback, and sensitivity to external
factors;

— environmental criteria: carbon footprint, environ-
mental impact, recyclability, and compliance with
current and anticipated regulatory requirements
(Figure 4).

The EEP method creates a fundamentally different ed-

ucational architecture and makes anticipatory training for
technological leadership possible. This is achieved through

TIME DIMENSION
Transition from prototyﬁ)e to scaled production,
from losses to profitability, and from follower to leader

Shortens the path from idea
to implementation

ENGINEERING ECONOMIC
AND TECHNICAL PO L DIMENSION
DIMENSION COMPETENCIE’S, Business model, cost structure, pricing,

Product, technological process,
engineering design solutions, reliability,
and performance

Defines the window of opportunity

Q T
RISK DIMENSION

Foresight, resilience, adaptability
Adjusts strategy under uncertainty

PR =

Source: compiled by the authors.

AND EDUCATIONAL
PRODUCTS

demand, speed to market,
investment attractiveness

Assesses the technolo?y's market viability
and potential market share

a1

.
.
.
by
.

A

Fig. 3. Engineering and Economic Design as a Multidimensional Model

5 A detailed account of the theoretical foundations and functional capabilities of the EEP is provided in the authors’ two forthcoming books, The Engineering and Economic Project:
Innovation Personnel and Solutions for Technological Leadership and The Engineering and Economic Project: A Guide to Developing Competencies for Technological Leadership, both

of which are currently in press and scheduled for publication in the second quarter of 2026.
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ENVIRONMENTAL DIMENSION
The natural environment
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+ Penalties
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How can a technology
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An engineering
problem without - - -,
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ECONOMIC DIMENSION

An economic problem
- without an engineering

The domain of value, effects, and risks

« Profitable / unprofitable

A non-obvious

« Efficient / inefficient
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Source: compiled by the authors.

dimension
« Liquidity, costs, ROI
) A low-cost :
» Markets, strategy, production cost but unworkable «- -
solution

Fig. 4. The EED Method: Integrating Engineering Thinking and Market Perspective

a set of interrelated mechanisms embedded in the method
itself.

The first of these is specially organized anticipatory
problem framing, that is, the systematic identification and
formulation of future challenges [Gitelman, 2020]. Tra-
ditional education typically gives students problems that
already have known solutions. In effect, the past is passed
on to the present in the form of ready-made answers. EEP
reverses this logic. Instead of solving tasks with predeter-
mined outcomes, students are placed in future-oriented
problem situations—challenges industry is likely to face in
5, 10, or 15 years. Using digital tools, they model the pro-
duction systems of tomorrow while taking into account ex-
pected technological shifts, changes in market conditions,
the emergence of new materials, new regulatory require-
ments, and logistical constraints.

The second mechanism is an active innovation pro-
cess. Students learn to treat the analysis of complex
change, continuous problem framing, and the transforma-
tion of problems into projects as a normal part of their
work. This places particular emphasis on teamwork in a
digital environment. The digital platform continuously in-
troduces new variables: energy prices change, a cheaper
material appears, new environmental restrictions are im-
posed, or a competitor launches a breakthrough technol-
ogy. Each time, students must recalculate the economics
of their project and look for new engineering solutions. At
the same time, they must collaborate with peers and con-
sult experts, including Al tools, on specific issues. This
is how competence in team-based innovation activity is
developed.

56

The third mechanism is the development of a future-driv-
en vision through digital twins. Within the EEP framework,
a digital twin helps students conceptualize a product and a
production system that will be both effective and in demand
under projected future conditions. An Al assistant supports
this process by analyzing global trends, identifying the
competencies and decisions likely to become critical in the
medium term, forecasting possible risks and bottlenecks in
emerging technologies, and modeling alternative market
scenarios.

The fourth mechanism is integration with systems engi-
neering. Systems engineering offers a toolkit for working
with complexity, including holistic vision, requirements
management, and architectural thinking. The EEP meth-
od complements this toolkit with approaches for assessing
efficiency and risk, total cost of ownership, and predic-
tive analytics. Combined with contemporary information
technologies, this synthesis enables specialists to design
engineering solutions on the basis of a unified techno-eco-
nomic model that takes account of both economic conse-
quences and market dynamics. The result is a multiplier
effect: the thinking of interdisciplinary teams becomes ori-
ented toward the real-world feasibility of projects aimed at
future leadership.

Our work in this area has been summarized in mono-
graphs [Gavrilova et al., 2017; 2024] and is currently being
implemented through the courses Systems Engineering for
Managers, Interdisciplinary Industry Linkages, and Pro-
duction Asset Management System. Students learn to shift
their focus from day-to-day operational measures to asset
performance over the life cycle and its contribution to prof-
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itability—an especially urgent task given the pressing need
for systemic industrial modernization.

For example, the course Production Asset Management
System develops the following key engineering and eco-
nomic competencies:

— Techno-economic modeling: the ability to build dig-
ital twins that connect the physical parameters of
assets, such as efficiency, wear, and vibration, with
economic parameters such as repair costs and residual
value.

— Life-cycle management: an understanding of how de-
cisions made at the design stage will affect costs over
the next 10-20 years.

— Data science: the use of predictive analytics and ma-
chine-learning methods to forecast failures and opti-
mize maintenance schedules.

— Fundamentals of financial management applied to as-
sets: repair budgeting, evaluation of investments in
specific modernization measures, tax treatment, and
depreciation charges, all understood in conjunction
with the engineering characteristics of the assets in-
volved.

— Systems thinking: the ability to see an asset as part
of a production system in which the downtime of one
component affects the entire value chain.

Thus, integrating EEP and systems engineering into ed-
ucational courses develops cross-cutting competencies that
enable graduates and trainees to view assets within a unified
framework of technology, economics, and risk; justify in-
vestments on the basis of total cost of ownership rather than
purchase price alone; work effectively in interdisciplinary
teams; and adapt quickly to changes in technology and the
market.

6. A Digital Platform for Developing

Innovation-Oriented Specialists

Engineering and economic training aimed at de-
veloping the competencies required for technological
leadership in a digital environment must itself be deliv-
ered in a high-tech format aligned with the values and
expectations of younger generations. The use of digi-
tal twins and simulation platforms makes it possible to
model different scenarios, learn from mistakes without
serious consequences, and see the long-term effects of
decisions. In many industries, including electric power,
where the cost of error is especially high, it is essen-
tial that students learn to work with real data, interpret
modeling results, and make decisions under conditions
of uncertainty.

This issue has become especially urgent in light of the
rapid advance of Al. Specialists must do more than simply
use off-the-shelf Al tools: they need to understand their lim-
itations and combine machine-based analysis with expert
judgment. This, in turn, requires academic programs to in-
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clude dedicated modules on data analysis, machine learn-
ing, and Al ethics.

In this regard, the authors’ efforts are focused on de-
veloping a specialized digital platform for engineering and
economic education to support both student training and the
development of enterprise personnel reserves. The platform
includes the following components:

1. A teaching-and-training complex: a system that in-
tegrates educational content, teaching methods, and infor-
mation support for the study of theoretical issues, research
work, and the development of engineering and economic
projects (Figure 5).

2. The “Ahead of Time” knowledge base for 24/7 self-
study, containing hundreds of electronic resources prepared
by department faculty, as well as completed student pro-
jects, all of which can be automatically matched to a specif-
ic project-and-research topic or learning task.

3. A portfolio of online courses that makes it possible
to quickly assemble modular educational products tailored
to different tasks, competencies, and students’ professional
interests.

4. Digital simulators for solving complex problems:
tools for the intensive development of innovation compe-
tencies through electronic interfaces (computer applica-
tions) and interactive dialogue with Al, machine-learning
systems, expert consultants, and members of the stu-
dent’s own team (Figure 6).

The simulator contains a thematic set of innovation
projects and current challenges, and work within it takes
the form of developing innovative solutions on a selected
topic. To organize a creative yet goal-oriented process,
different scenarios of teamwork are used. These include
multiple stages that can vary depending on the topic, the
scale of the problem being addressed, and the composi-
tion of both the innovation participants and the project
team.

A range of digital simulators is used in teach-
ing-and-training sessions, and the set is updated as new top-
ics are introduced. The simulators currently in use include
“Transformations for Achieving Technological Leadership,”
“Regional Electric Power Reform After Twenty-Five Years:
Assessing the Results,” “A Power Company Strategy for
Technological Leadership,” “Engineering and Economic
Problem Framing for Stimulating Innovation,” ‘“Process
Management as a Foundation for Digitalization,” “Innova-
tion Personnel as a Driver of Technological Leadership,”
“Enterprise Asset Management: Priorities for Anticipatory
Management,” “Competencies for Modernizing the Electric
Power Industry,” “Rethinking the Mission of an Enterprise
Seeking Technological Leadership,” and “Risk Analysis of
an Innovation Solution.”

5. A set of original technologies for the continuous de-
velopment of competencies across the full educational path-
way, from school, technical school, or college through to
master’s and doctoral study.

o7



Strategic Decisions and Risk Management / B R A X R EIE, 2026, 17(1): 1-110

Engineering and Economic Education for Technological Leadership: A Manifesto for Discussion Gitelman L.D., Kozhevnikov M.V.
EORARSHINTRE—EFAE —Hihhienss

EDUCATIONAL PROGRAM OPTIONS

INPUT Energy Business / Innovation Management in the Digital Economy
into the competency LEVEL1
development STAGE 1 - STAGE 2 aonost SELECTION
PPN b AR pAEE i oty OF HIGH-POTENTIAL
SR ATATARS SRERRRS mm m SPECIALISTS
= LEVEL 2
RESEARCH PROJECT FOUNDATION
I KNOW MY INDUSTRY (ENTERPRISE) AND ITS INTERDISCIPLINARY LINKAGES FOR KNOWLEDGE
N ACQUISITION
>
O ranimMNo] 1| INTEGRATED MODULAR TRAINING PROGRAM _{ THE “AHEAD OF TIME” COMPETENGY
MPEAMPUSTUE (OPTAHUBALIAS) TAILORED TO THE SELECTED TOPIC CREATIVE WORKSHOP DEVELOPMENT
= ( THE “AHEAD OF TIME” KNOWLEDGE BASE )
PROBLEMFRAMING2  _ = SIMULATORS
REGIONAL MARKET ( ONLINE COURSES | —— FOR SOLVING COMPLEX \
= ( ARTIFICIAL INTELLIGENCE | EROBLEMS
B PROBLEM FRAMING 3 STRATEGIC SESSIONS COMMUNICATION
i) INDUSTRY — | — PLATFORMS %
-~
Xz
DEVELOPMENT OF CONCEPTUAL SOLUTIONS, INNOVATION PROJECTS, AND MASTER’S THESES
Xz
et LEVEL4
ENGINEERING AND ECONOMIC CHALLENGE SESSIONS SELECTING THE BEST

OUTPUT

INNOVATION-ORIENTED PROFESSIONALS WITH ENGINEERING AND ECONOMIC COMPETENCIES

Source: compiled by the authors.

Fig. 5. Organization of Student Work in the Teaching-and-Training Complex

6. A network of communication platforms, including At the heart of this research and educational platform
virtual ones, linking the department with leading enter- is the digital knowledge base “Ahead of Time.” It includes
prises and academic partners from different countries and materials corresponding to the department’s various re-
from cities across Russia to exchange best practices and search areas, as well as to project-and-research work carried
innovative ideas. out by students and business teams (Figure 7). Students re-
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Fig. 6. Structure of the Digital Simulator
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port that it is highly effective for completing learning tasks
that require non-standard solutions at the intersection of dif-
ferent subject areas.

The service not only enables users to obtain relevant in-
formation quickly and efficiently for the courses they are
taking, but also helps them gather empirical data, expert
opinion, and analytical materials for project work. This is
achieved through dedicated search tools that allow materi-
als to be filtered by thematic tags, resource type, author, and
keywords in Russian, English, and Chinese.

The distinctive features of the knowledge base are as
follows:

— 95% of the resources have been prepared by depart-

ment faculty;

— the content is specifically focused on developing
students’ engineering and economic competencies,
above all systems thinking, and on helping them mas-
ter the interconnections among engineering, technol-
ogy, ecology, economics, finance, and management;

— all resources are aligned with specific courses within
the department’s educational offerings; targeted dis-
cipline-based searches greatly facilitate theoretical
preparation and significantly improve the effective-
ness of independent study;

— the service is adapted for international students: the
menu and the key characteristics of resources, in-
cluding titles, abstracts, and keywords, are available
in both Russian and English, while some of the most
important materials are also available in Chinese.

>700

MAHOBAUMOHHIE
PATETUM

Source: compiled by the authors.
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The knowledge base helps restructure the learning pro-
cess by freeing up time for work on the most challenging
issues facing a given industry or enterprise. This creates the
conditions for a more progressive balance within the educa-
tional process: 20% discussion of problems, 25% research
and analytics, 35% design, and 20% exposure to advanced
practice.

The following forward-looking components of the plat-
form are currently under development:

» Digital twins: full digital replicas of real production
facilities in which each piece of equipment has its own
economic model, including hourly operating cost, en-
ergy consumption, and depreciation; each material
“knows” its own price and logistics parameters; and
every decision is instantly translated into an econom-
ic outcome. Students can reconfigure the production
process and immediately see how cash flow changes.

» Al assistants: intelligent agents embedded in every
element of the platform. They analyze the history of
decisions, forecast consequences, highlight risks, and
propose alternatives. Al thus becomes more than a
tool: it becomes a co-creator of solutions, expanding
human cognitive capacity and enabling users to eval-
uate hundreds of times more scenarios than would be
possible manually.

* An end-to-end digital trajectory: the platform records
each student’s digital footprint, including what de-
cisions they made, what mistakes they made, and
how quickly they learned to balance technology and
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Fig. 7. Structure of the «Ahead of Time» Engineering and Economic Knowledge Base
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economics. This becomes an objective portfolio that
is clear and meaningful to employers. By looking at
the student’s learning trajectory, an enterprise can al-
ready understand whom it is hiring and what kinds of
tasks can be entrusted to that person.

Thus, the department’s platform becomes a full-fledged
working environment in which users can find relevant infor-
mation exactly when they need it, model the consequences
of decisions in digital simulators before those decisions are
made, and quickly connect with outside experts, colleagues,
and instructors.

This is precisely the logic built into the architecture of
the platform: to serve as a provider of tools through which
specialists can, to a considerable extent, acquire the compe-
tencies they need on their own.

Conclusion

We believe the article has shown that contemporary
engineering, economic, and management education is not
aligned with the challenges the country now faces. The
role of engineering and economic education is therefore
becoming increasingly important. Without it, technolog-
ical leadership will remain a slogan rather than an im-
perative for survival in an aggressively competitive envi-
ronment. The problem has become acute and requires an
immediate response.

The solutions proposed here affect a wide range of
stakeholders, from students and university faculty to busi-
ness employers and public authorities. They therefore call
for broad discussion and a degree of consensus across both
the academic and business communities.

With this in mind, the authors propose the following
questions for discussion:

1. How can the engineering, economic, and humanities
components of education be balanced so as to cultivate the
culture and competencies required of a new generation of
technological leaders?

2. What qualities and competencies should a university
graduate possess in order to engage in breakthrough innova-
tion suited to the era of digital technologies and AI?
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3. How can interdisciplinarity, along with the cor-
responding tools and competencies, be implemented in
practice under conditions of acute shortages of qualified
instructors, digital laboratory infrastructure, and shared
university—industry platforms for the experimental test-
ing of new developments?

4. Should the mathematical component of education—
and, in some cases, natural science training, especially in
physics—be substantially strengthened, with correspond-
ing changes to the entrance examinations required of ap-
plicants?

5. To what extent does engineering and economic
training require a substantial—indeed, manyfold—in-
crease in practical training, together with a move away
from the overly formal approach still common in both
universities and business? In the same vein, should en-
gineering and economic issues relevant to real produc-
tion be introduced from the first year and studied in
conjunction with other disciplines, both theoretical and
applied?

6. What organizational barriers might hinder the imple-
mentation of a new model of engineering and economic ed-
ucation?

7. How broadly applicable is the proposed educational
model? Can it be used across different industries?

8. Would it be advisable to begin with pilot projects in
anticipatory engineering and economic education, and what
sequence of steps would be needed to scale up the resulting
experience?

9. Is there now a need to include engineer-economist as
an official degree track within the system of higher educa-
tion specialties?

10. Finally, should the model of specialized engineering
and economic faculties or institutes, as it existed in the So-
viet period at the country’s leading universities, be revived
on a fundamentally new basis?

These may not be all the questions that arise for the
reader. Yet the problem is so complex that both the range of
issues and the answers to them may vary. We hope that con-
structive support for, or criticism of, the position advanced
here will help generate sound solutions.
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