
ISSN 2414-2352

HIGH-TECHNOLOGY ECOSYSTEM IN THE FOOD INDUSTRY106

ppublishing.org

European Journal of Technical and 
Natural Sciences 2026, No 4

DOI:10.29013/EJTNS-26-4-106-112�

HIGH-TECHNOLOGY ECOSYSTEM IN THE FOOD INDUSTRY 
(Stability and Operational Safety of Energy Equipment 

within the Ecosystems and Infrastructure of Smart 
Integrated Projects in the Food Industry)

Valeriy Petrov 1

1 Director NAVIGATOR LLC Irbit, Russia

Cite: Petrov V. (2026). High-Technology Ecosystem in the Food Industry. (Stability and 
Operational Safety of Energy Equipment within the Ecosystems and Infrastructure of Smart 
Integrated Projects in the Food Industry). European Journal of Technical and Natural 
Sciences 2026, No 4. https://doi.org/10.29013/EJTNS-26-4-106-112

Abstract
This article examines the operational stability and safety of power-generation equipment op-

erating within the ecosystems and infrastructure of smart integrated projects in the food industry. 
Particular attention is devoted to the analysis of engineering, computational, and cybersecuri-
ty aspects associated with the application of autonomous control systems, onboard computing 
resources, and intelligent monitoring technologies for power-generation equipment operating 
under continuously changing technological conditions. The article substantiates the feasibility of 
implementing adaptive control and computer simulation methods for equipment operating cycles, 
particularly under the transition from conventional diesel fuel to innovative diesel–methanol 
fuel mixtures with progressively increasing methanol content. The proposed concept incorpo-
rates autonomous software solutions capable of dynamically recalibrating turbine fuel systems, 
control algorithms, and monitoring parameters without requiring external information carriers. 
Furthermore, the study considers the integration of high-technology ecosystem principles into 
intelligent energy infrastructures through the application of innovative information encoding 
approaches, artificial intelligence, artificial neural networks, non-contact magnetic resonance 
monitoring technologies, and nanoscale measurement methods. It is concluded that the proposed 
integrated approach provides a promising technological foundation for improving the operational 
reliability, safety, and intelligent management of modern energy equipment while supporting the 
development of next-generation high-technology ecosystems in the food industry.
Keywords: Energy Equipment; Methanol; Diesel Fuel; Dynamic Fuel Blending; High-
Technology Ecosystems; Computer Simulation; Turbines; Equipment Operating Cycle; 
Turbine Fuel System

Introduction
Ensuring the operational stability, reli-

ability, and safety of power-generation equip-

ment has become one of the most critical 
engineering challenges in modern industrial 
infrastructure. These objectives are increas-
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ingly associated not only with conventional 
control technologies but also with innovative 
approaches to cybersecurity, intelligent auto-
mation, and resilient digital control systems.

In this context, the innovative develop-
ments and engineering recommendations 
proposed by Kateryna Vorobiova provide 
a valuable technological framework for the 
successful implementation of next-gener-
ation smart technologies within industrial 
energy systems.

Power-generation equipment employed 
in industrial and construction projects is typ-
ically designed to operate as a highly autono-
mous system. Consequently, many functions 
associated with real-time operational con-
trol, continuous monitoring, diagnostics, and 
adaptive process management can be imple-
mented using the computational capabilities 
of embedded processors and programmable 
controllers, including the integration of ar-
tificial intelligence and artificial neural net-
work technologies.

In many practical applications, computer 
simulation of equipment operating cycles can 
likewise be performed using the computation-
al resources available within these embedded 
control platforms, provided that the simula-
tion tasks are formulated in an efficient and 
computationally optimized manner.

Major power-generation companies pos-
sess substantial engineering expertise aimed 
at improving electricity generation efficien-
cy through the implementation of advanced 
fuel technologies. One particularly promising 
direction is the progressive replacement of 
conventional diesel fuel with diesel–metha-
nol fuel mixtures, with methanol concentra-
tions increasing to 95–100%.

The introduction of alternative fuel com-
positions requires the rapid adaptation of 
monitoring, control, and protection systems, 
together with the deployment of specialized 
software capable of accounting for chang-
es in combustion characteristics, operating 
parameters, calibration procedures, and 
control-system configurations resulting from 
modifications to the fuel composition.

Within food manufacturing facilities, 
there is an increasing demand for protection 
technologies that can enhance the cybersecu-
rity and operational reliability of monitoring 
and control systems without introducing sig-

nificant modifications to existing equipment 
architecture. Such solutions should preserve 
the original electrical, mechanical, kine-
matic, and functional configurations of the 
equipment while incorporating additional 
protective components that can be integrated 
without requiring redesign of the underlying 
infrastructure.

Industrial operating experience has 
demonstrated that practical implementa-
tion requires compact, autonomous, and 
computationally efficient protection systems 
capable of operating independently without 
relying on external information carriers or 
additional hardware platforms.

Following an extensive analysis of ex-
isting protection technologies, engineering 
specialists from leading power-generation 
companies concluded that the most practi-
cal and economically efficient solution is the 
implementation of information-protection 
systems that require minimal modification of 
the existing design and control architecture 
of power-generation equipment.

Leading energy companies applying 
the technological concepts and engineering 
recommendations developed by Kateryna 
Vorobiova within the food industry have be-
come pioneers in the use of methanol as an 
alternative fuel for industrial gas turbines.

Gas turbines within the 20–25 MW power 
range traditionally operate using No. 2 diesel 
fuel as the primary energy source. One of the 
principal engineering objectives of the pro-
posed technology was to utilize the exception-
ally high latent heat of vaporization of metha-
nol, which exceeds that of most conventional 
liquid fuels and offers significant opportuni-
ties for improving combustion characteristics 
and overall turbine performance.

To achieve this objective, several innova-
tive modifications and optimizations of the 
turbine fuel system were developed. In ad-
dition to concepts involving the complete re-
placement of diesel fuel with methanol, the 
proposed technology incorporates innova-
tive dynamic fuel-blending systems capable 
of continuously mixing methanol with con-
trolled proportions of conventional diesel fuel.

Dynamic blending substantially reduces 
the influence of several unfavorable com-
bustion characteristics of methanol, particu-
larly those associated with its relatively low 
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flame temperature, while preserving the en-
vironmental and operational advantages of 
high-methanol fuel compositions.

Given that hundreds and thousands of 
industrial turbines currently remain in op-
eration using conventional fuels – including 
heavy diesel fuel, fuel oil, natural gas, pul-
verized coal, and other fuel mixtures – it is 
appropriate to examine the engineering prin-
ciples governing the adaptation of dynamic 
methanol blending systems for these various 
fuel types. Particular attention should there-
fore be devoted to the comparative analy-
sis of fuel-system modifications and mixing 
technologies required to ensure the safe, 
reliable, and efficient operation of modern 

power-generation equipment under alterna-
tive fuel conditions.

The engineering differences associated 
with adapting dynamic methanol blending 
technologies to these fuel systems, together 
with the design and operating principles of 
the corresponding fuel mixing devices, there-
fore warrant detailed investigation. During 
experimental validation and qualification 
testing, the fundamental engineering con-
cepts of these devices were evaluated under 
various operating conditions. Although the 
overall operating principle remained con-
sistent, specific design modifications were 
introduced depending on the type of fuel em-
ployed and the number of fuel components 
incorporated into the blending process.

Figure 1.

Despite the high degree of standardization 
and unification achieved in modern fuel prepa-
ration and fuel blending systems, the overall 
performance of thermodynamic energy equip-
ment remains strongly dependent on the mo-
bility, flexibility, and efficiency of monitoring, 
control, and calibration systems. Particular im-
portance is attached to the capability of these 
systems to perform real-time adaptation of all 
incoming and outgoing control signals, thereby 
ensuring stable equipment operation, reliable 
process control, and safe integration of alter-
native fuel technologies under continuously 
changing operating conditions.

Figure 1 presents a  three-dimensional 
model of a  device designed for the dynamic 
blending of diesel fuel and methanol directly 
within the fuel supply line of thermodynamic 
power-generation equipment. The proposed 
device is characterized by a highly compact and 

simple design. Even in its basic configuration, 
it can perform at least two distinct functions: 
as a static mixer, since the device contains no 
moving mechanical components, and as an in-
line static homogenization unit capable of con-
tinuously homogenizing fuel or fuel mixtures 
directly within the fuel supply system.

Owing to the complexity and critical op-
erational requirements of modern power-
generation equipment, the integration of even 
such a  compact device requires appropriate 
recalibration of the equipment’s operating 
characteristics. Consequently, modifications 
to the software executed by embedded pro-
cessors and onboard computer systems be-
come necessary in order to accommodate the 
altered hydraulic, thermodynamic, and con-
trol parameters of the fuel system.

From the perspective of mechanical in-
stallation and hydraulic integration, the 



HIGH-TECHNOLOGY ECOSYSTEM IN THE FOOD INDUSTRY109

European Journal of Technical and 
Natural Sciences 2026, No 4

Section 4. Technical sciences in general

implementation of such modifications rep-
resents a routine engineering procedure and 
generally does not present significant techni-
cal difficulties. However, from the standpoint 
of cybersecurity, the temporary interruption 
required for software updating, recalibra-
tion, or replacement creates a potential vul-
nerability within the control architecture. 
During this transition period, malicious 
software may exploit the communication 
channel established for software transfer or 
system reconfiguration to gain unauthorized 

access to the monitoring and control systems 
of the thermodynamic equipment.

Considering the inherent inertia and op-
erational complexity of large-scale thermody-
namic systems, such unauthorized intrusion 
may remain undetected for a  considerable 
period. During this interval, cyberattacks 
may compromise monitoring functions, alter 
control parameters, or disrupt the operation 
of critical equipment components before ab-
normal system behavior becomes apparent 
to operating personnel.

Figure 2.

Furthermore, when a  dual dynamic fuel 
blending system is integrated into the equip-
ment, the corresponding cybersecurity risks 
are effectively multiplied. If the fuel system 
also incorporates a  recirculation circuit for 
excess fuel, a  significantly larger number of 
components, control modules, and mechan-
ical assemblies may become vulnerable to 
malicious software, thereby further increas-
ing the technological risks associated with 
system modernization.

In practical industrial operation, sub-
stantially higher volumetric or mass fuel flow 
rates are frequently required when methanol 
is introduced as the primary fuel. Compared 
with conventional diesel fuel, the lower heat-
ing value of methanol is approximately half 
that of diesel fuel. Consequently, achieving 
an equivalent thermal energy output requires 
the fuel supply rate to be increased by more 
than twofold. This requirement substantial-
ly complicates the modernization process, 
since the fuel delivery system must accom-
modate a  significantly greater flow capacity 

while incorporating approximately twice the 
number of fuel handling, monitoring, and 
control devices.

Such a  configuration inevitably in-
creases the computational requirements 
imposed on embedded processors and pro-
grammable logic controllers responsible 
for system management, real-time mon-
itoring, and adaptive control. These addi-
tional demands further support the pre-
viously discussed conclusions regarding 
the importance of efficient, autonomous, 
and cybersecure control architectures for 
modern thermodynamic energy systems. 
The following figure illustrates a quadruple 
dynamic fuel blending configuration com-
prising four independent mixing units. De-
pending on operational requirements, each 
unit may operate either as part of an inte-
grated fuel management system or as an 
autonomous module, providing enhanced 
operational flexibility, scalability, and re-
liability for high-capacity thermodynamic 
equipment.
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Figure 3.

Recent technological developments have 
led to the emergence of high-capacity dynam-
ic fuel blending systems capable of replacing 
multi-module configurations while maintain-
ing equivalent or even superior thermodynam-
ic performance. The following figure illustrates 
one such system with a nominal processing ca-
pacity of approximately 1,000 L h–¹.

Although this configuration incorporates 
only three inlet connections and a single out-
let, the complexity of its operational control, 
process monitoring, and hydrodynamic coor-
dination remains comparable to that of larg-
er multi-component systems. Consequently, 
the computational requirements associated 
with real-time control, equipment monitor-
ing, and simulation of thermodynamic op-
erating cycles remain equally demanding. 
The reduction in the number of mechanical 
components therefore does not diminish the 
complexity of the underlying control archi-

tecture or the computational resources re-
quired for reliable operation.

Accordingly, the protection of software 
loading procedures, firmware updates, and op-
erational deployment of control algorithms into 
monitoring, analytical, and control systems 
continues to represent a critical cybersecurity 
requirement regardless of the configuration or 
capacity of the fuel blending device employed. 
Reliable protection of these processes remains 
essential for ensuring the operational stability, 
safety, and cybersecurity of modern thermody-
namic power-generation equipment.

Based on the engineering requirements 
identified during the development and prac-
tical implementation of such systems, the 
following fundamental design criteria can be 
formulated:

•	 information carriers shall incorporate 
original built-in system-level protec-
tion mechanisms;

Figure 4.
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Recent technological developments have 
led to the emergence of high-capacity dynam-
ic fuel blending systems capable of replacing 
multi-module configurations while maintain-
ing equivalent or even superior thermodynam-
ic performance. The following figure illustrates 
one such system with a nominal processing ca-
pacity of approximately 1,000 L h–¹.

Although this configuration incorporates 
only three inlet connections and a single out-
let, the complexity of its operational control, 
process monitoring, and hydrodynamic coor-
dination remains comparable to that of larg-
er multi-component systems. Consequently, 
the computational requirements associated 
with real-time control, equipment monitor-
ing, and simulation of thermodynamic op-
erating cycles remain equally demanding. 
The reduction in the number of mechanical 
components therefore does not diminish the 
complexity of the underlying control archi-
tecture or the computational resources re-
quired for reliable operation.

Accordingly, the protection of software 
loading procedures, firmware updates, and 
operational deployment of control algo-
rithms into monitoring, analytical, and con-
trol systems continues to represent a critical 
cybersecurity requirement regardless of the 
configuration or capacity of the fuel blending 
device employed. Reliable protection of these 
processes remains essential for ensuring the 
operational stability, safety, and cyberse-
curity of modern thermodynamic power-
generation equipment.

Based on the engineering requirements 
identified during the development and prac-
tical implementation of such systems, the 
following fundamental design criteria can be 
formulated:

•	 information carriers shall incorporate 
original built-in system-level protec-
tion mechanisms;

•	 information carriers shall employ 
identification systems and proce-
dures compatible with those used by 
processor-based and onboard comput-
er systems;

•	 the identification code shall be applied 
to the information carrier without al-
tering the standard geometry or di-
mensions of its interface and connec-
tion elements;

•	 the identification code shall be based 
on a single measurable control param-
eter;

•	 identification of this parameter shall 
be performed using a  non-contact 
measurement method.

The above requirements represent only 
a  selection of the principal engineering cri-
teria applicable to secure information car-
riers. However, currently available portable 
storage media generally fail to satisfy these 
requirements in an integrated manner, even 
when individual protective features are pres-
ent.

After reviewing the innovative devel-
opments and scientific publications of Kat-
eryna Vorobiova in this field, our research 
group concluded that it was both necessary 
and promising to evaluate the proposed in-
formation carrier encoding methodology in 
accordance with her concepts and engineer-
ing recommendations. As demonstrated in 
these publications, the proposed technolog-
ical solutions collectively satisfy not only the 
engineering requirements outlined above 
but also a wide range of additional indepen-
dent and combined technical requirements. 
Furthermore, they establish a  new techno-
logical direction based on non-contact mag-
netic resonance identification, nanoscale 
measurement technologies, and intelligent 
data processing incorporating elements of 
artificial intelligence and artificial neural 
networks.

From the standpoint of an engineer spe-
cializing in the operation of industrial power-
generation equipment, the widespread im-
plementation of this original methodology 
developed by Kateryna Vorobiova appears 
particularly promising for manufacturers 
and operators of specialized computer sys-
tems used in power plants and large-scale 
construction projects. The proposed ap-
proach offers the potential to substantially 
improve the cybersecurity of monitoring and 
control infrastructures while requiring only 
minimal modifications to existing hardware 
configurations.

Because dynamic fuel blending equip-
ment is inherently scalable over a wide range 
of capacities, the proposed encoding meth-
odology can reasonably be expected to be 
implemented throughout virtually all sectors 
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of the energy industry. Its application is not 
limited to industrial gas turbines but may 
also extend to diesel generators, industri-
al boilers, combined heat and power plants, 
and numerous other categories of thermody-
namic equipment.

The following figure presents three-
dimensional models of dynamic fuel blending 
devices covering a broad range of dimensional 
scales. The smallest configurations are suit-
able for installation in compact industrial or 
domestic equipment, whereas the largest sys-
tems are capable of processing fuel flow rates 
of several tens of thousands of liters per hour.

The engineering concept proposed by Kat-
eryna Vorobiova significantly expands the 
possibilities for integrating specialized en-
ergy technologies into modern construction 
and industrial infrastructure projects. Even 
at the scale of a single power station with an 
installed capacity of several tens of mega-
watts, implementation of the proposed meth-
odology has the potential to generate annual 
economic savings amounting to hundreds of 
thousands of U.S. dollars while simultane-
ously providing the highest achievable level 
of protection for critical monitoring and con-
trol systems. Furthermore, within the context 
of contemporary power engineering, the pro-
posed methodology represents an original 
and innovative technological direction that 
combines advanced engineering concepts 

with novel software solutions. By requir-
ing relatively modest implementation costs, 
it offers a practical approach to addressing 
one of the most significant challenges facing 
modern energy systems – the achievement of 
a  robust and reliable level of cybersecurity 
for critical industrial control infrastructures.

Figure 5.
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