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DETERMINATION OF ENERGY EFFICIENCY 
OF AUTONOMOUS GENERATING 
EQUIPMENT OF INDUSTRIAL PARKS 
IN CONDITIONS OF MILITARY 
AGGRESSION

The work considers the problem of determining the factors of energy efficiency of industrial parks in the 
conditions of military aggression in the conditions of the introduction of the National Economic Strategy and 
regulatory influence on Industrial Parks in Ukraine. The energy efficiency of industrial parks primarily depends 
on the main parameters of the selected technological processes that are embedded in the basis of enterprises and 
their productivity. A significant factor affecting the environmental friendliness and energy efficiency of indus-
trial parks is the method of energy generation. On the basis of the analysis of the work of enterprises operating 
in conditions of military aggression, the main factors determining the energy efficiency of electricity production 
have been determined. Such factors are the overall efficiency of the power generating unit, which is determined 
by monitoring and diagnosing the power unit. Analyzing changes in energy efficiency, the characteristics of the 
power part of one of the most powerful diesel engines were selected. It is obvious that the diesel locomotive will 
consume more fuel to generate energy with a decrease in efficiency. The main diagnostic factors of generating 
equipment that affect the energy efficiency of industrial parks in conditions of military aggression are: the ratio 
of currents in compressor and depressurized modes, the real degree of compression, and as a result, the efficiency 
of the power plant. On the basis of the determined factors, the effectiveness of the implementation of the system 
of monitoring and diagnosing the power units of energy-generating equipment of enterprises in the conditions of 
military aggression was determined. Recommendations have been established to minimize fuel consumption and 
reduce emissions to ensure the main principles of industrial parks, environmental friendliness and energy efficiency.
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1.  Introduction

Analysis of regulatory impact on industrial parks in 
Ukraine is possible provided that a comprehensive de-
termination of criteria involving the assessment of costs, 
benefits, and consequences of new or existing regulations 
is carried out to provide information to individuals making 
important policy decisions. The evaluation of regulatory 
impact should be based on the principles of energy resource 
efficiency, balance, predictability, transparency, feasibility, 
and take into account public opinion [1–4]. Predictability 
and energy resource efficiency in production can be achieved 
by identifying the main factors determining the state of 
energy-generating capacities. Furthermore, the National 
Economic Strategy for the period up to 2030 sets out 
the guidelines, principles, and values in economic policy. 
Among them are European integration (the implementation 
of the state’s strategic course towards full membership of 

Ukraine in the EU) and economic climate change mitiga-
tion (increasing energy efficiency, developing renewable 
energy sources, promoting the circular economy, and syn-
chronizing with the «European Green Deal» initiative).

The energy efficiency of industrial parks primarily depends 
on the fundamental parameters of the chosen technologi-
cal processes that form the basis of enterprises and their 
productivity. However, a significant factor influencing the 
environmental and energy efficiency of industrial parks is the 
method of energy generation. Under normal economic condi-
tions, the undisputed leaders in terms of energy efficiency 
and environmental friendliness are nuclear and renewable 
energy. In the conditions of military aggression, when the 
adversary damages the main generating and distribution 
facilities, leaving only 40  % of the total system, backup 
and emergency power sources become the main one.

In the first nine months of 2022, Ukraine imported ge
nerators worth 202 million USD, which is 196 million USD  
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more than the previous year  [5]. Taking into account 
the cost of one kilowatt of capacity at 274.26  USD, this 
new capacity amounts to approximately 1  GW. Most of 
the generators purchased by Ukrainian enterprises use 
internal combustion engines as the driving device for the 
alternator, which significantly altered the distribution of 
losses in production in terms of the cost of the generated 
electrical energy. Among the generators introduced into 
production, 37  % are powerful stations (over 110  kVA) 
used by small and medium-sized industrial businesses.

In the scientific literature, there are works dedicated 
to various aspects of industrial park development and the 
determination of factors influencing their energy efficiency. 
Among the researchers working on the topic of industrial 
parks, notable works include  [6–8]. The United Nations 
Industrial Development Organization (UNIDO) also con-
ducts research in this area  [9], etc.

The aim of research is to identify the factors affecting 
the energy efficiency of industrial parks in the context 
of military aggression, taking into account the transition 
of enterprises to self-generation of electrical energy using 
internal combustion engine-based generators.

To achieve this objective, the following tasks were ad-
dressed in the work:

–	 Identifying the key factors that shape the energy 
efficiency of electricity production and, consequently, 
the efficiency of enterprises within industrial parks.
–	 Evaluating the effectiveness of implementing a moni-
toring and diagnostic system for power units of energy-
generating equipment at enterprises in the conditions 
of military aggression based on the identified factors.
–	 Providing recommendations for minimizing fuel costs 
and reducing emissions to ensure adherence to the core 
principles of industrial parks, including environmental 
sustainability and energy efficiency.

2.  Materials and Methods

The following methods were employed in the research:
–	 Analytical method for the analysis of parameters of 
generator units based on internal combustion engines.
–	 Graph-analytical method for studying the change in 
the efficiency of the power part of the generator based 
on the current ratio in compressor and leaky modes.

3.  Results and Discussion

The primary means for determining the main energy 
parameters and the condition of energy equipment remain 
technical diagnostic systems, which have become an integral 
component of modern technical facilities. Modern power 
generation units based on internal combustion engines 
have a range of parameters, mostly focused on monitoring 
the quality of the generated electrical energy. To establish 
diagnostic parameters that could predict and determine 
energy efficiency in production, it is necessary to create 
a diagnostic testing system.

One of the primary factors used to assess the energy 
efficiency of a diesel engine is indicated thermal efficiency. 
Indicated thermal efficiency is the ratio of the heat that has 
been converted into mechanical work during the working 
cycle to the total heat input from fuel into the engine. The 
value of indicated thermal efficiency depends on parameters 
such as compression ratio, air-fuel ratio, and crankshaft speed.

Indicated thermal efficiency can be calculated using 
the following formula:

η
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u k v

p l

H
= 0

,	 (1)

where pi – mean indicated pressure; ρk – density of the 
fuel; Hu – lower heating value of the fuel; ηv – volumetric 
efficiency; l0 – specific air consumption necessary for fuel 
combustion; α – air-fuel ratio.

Using this formula is complicated due to the large number 
of components and the complexity of their determination.

However, indicated thermal efficiency can be theoreti-
cally determined, assuming that the working fluid is pure 
air and that only CO2 and H2O are formed during the 
combustion of hydrocarbon fuel in pure air. Another as-
sumption is the absence of heat exchange with the cylinder 
walls throughout the entire cycle. Under these assumptions, 
the efficiency of such a theoretical cycle is:
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where ε – compression ratio; k – adiabatic index (the ratio of 
specific heat at constant pressure to specific heat at constant 
volume), which equals 1.4 for air.

Considering the high informativeness of the actual 
compression ratio of the engine and the strong depen-
dency of power unit performance, the compression ratio 
is selected as the primary diagnostic indicator. However, 
the method of its determination requires improvement and 
modernization. Given the possibility of using starter mo-
tor starting currents for analyzing the operation of piston 
engines  [10, 11], it is proposed to use electrical charac-
teristics, the current and voltage supplied to the starter 
during the crankshaft rotation, as auxiliary parameters 
to determine the necessary diagnostic object parameters.

The obvious economic benefit of implementing a power 
plant’s power unit diagnostic system lies in fuel savings 
during electricity generation for the facility and cost sav-
ings from unplanned diesel generator repairs.

Reducing specific fuel consumption during electricity 
generation will also lead to a decrease in harmful emissions, 
which is an integral concept of eco-industrial parks  [1].

It is also important to note that the implementation 
of a power unit diagnostic system will enhance the overall 
generator reliability by predicting the resource based on the 
actual compression ratio of the diesel or individual cylinders.

As mentioned earlier, by experimentally determining 
the actual compression ratio based on established currents 
and its impact on the overall generator efficiency after 
diagnostics using the developed method, it is possible to 
calculate the cost savings using a developed mathematical 
computer model  [10–15] of the power equipment diag-
nostics process for diesel engine-based generators.

When analyzing the change in energy efficiency, char-
acteristics of the power unit of one of the most powerful 
diesel engines, the 16CHN26/26(5D49) with a power output 
of 3000 hp (2200 kW), were selected. To establish the rela-
tionship between the change in efficiency and the diagnostic 
parameter, the ratio of currents KI in the compressor and 
depressurized modes was used to create a diagram (Fig.  1).

The diagram of changes in the efficiency of the genera-
tor’s power unit as a function of the current ratio KI in the  
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compressor and depressurized modes shows the difference 
between the efficiency in the case of a working engine (0.337) 
and working conditions. It is evident that when efficiency 
decreases, the generator will consume more fuel. The fuel 
consumption increase factor is:

Kn
s

=
η
η

0
,	 (3)

where η0 – efficiency in a healthy state; ηS – efficiency in 
a working state.

 
Fig. 1. Diagram of changes in the efficiency of the generator’s  

power unit as a function of the current ratio KI in the compressor  
and depressurized modes

Excess fuel consumption in a faulty state:

ΔQ Q Kn= −( )1 ,	 (4)

where Q – fuel consumption in a healthy state:

Q N BSFC= ⋅ = ⋅ =2200 211 464 kg/h,	 (5)

where N – engine power (2200 kW); BSFC – specific fuel 
consumption (0.211 kg/(kW·h)).

So, for the case of a working state in the selected example:
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Assuming a power usage of 50 % and usage time of 50 %  
over 12 months of operation, the annual excess fuel con-
sumption will be:

ΔQa = ⋅ ⋅ ⋅ ⋅ ⋅ =12 73 24 12 365 0 5 0 5 334500. . . . kg 	 (7)

By multiplying it by the fuel cost C f  (as of November 2022,  
1.78  USD), let’s obtain the annual economic benefit in 
monetary terms when eliminating the defect related to the 
deterioration of the cylinder-piston group:

E Q Ca a f= ⋅ = =Δ 334500 1 78 595410· . USD.	 (8)

The cost of diesel cylinder repair in the scope of an 
overhaul is Cr = 29823.35 USD. The estimated cost of pur-
chasing diagnostic equipment is Ceq = 1095.23 USD.

The total cost of diagnostic measures is Ctotal :

C C Ctotal r eq= + = + =29823 35 1095 23. . 30918.58 USD.

The payback period for the proposed measure:

T
C

E
total

a

= = ≈ ≈
30918 58

595410

.
0.052 year 19 days.	 (9)

In this way, the implementation of the proposed mea-
sures is economically justified.

Taking into account the above, it is evident that for 
the implementation of the National Economic Strategy 
and regulatory influence on Industrial Parks in Ukraine, 
under the conditions of military aggression, a compre-
hensive assessment of the factors affecting energy effi-
ciency, predictability, and environmental performance of 
enterprises is possible. The key factors that fundamentally 
affect the operation of enterprises are the condition of 
power-generating equipment based on internal combustion 
engines, which are determined by monitoring and technical 
diagnostics systems. Using factors such as the KI current  
ratio in compressor and depressurized modes, the actual 
compression ratio, and, as a result, the efficiency of the 
power installation will significantly increase energy ef-
ficiency and reduce harmful emissions.

The research was conducted based on assumptions re-
garding the intensity and duration of the diesel generator’s 
use with deviations from its normal operating condition.

Prospects for further research may include the deve
lopment of an automated diagnostic and predictive system 
for the state of diesel generator sets.

4.  Conclusions

Based on the analysis of enterprises operating under the 
conditions of military aggression, the main factors determin-
ing the energy efficiency of electricity production have been 
identified. These factors include the overall efficiency of the 
power generation installation, which is determined through 
monitoring and diagnostics of the power unit. The main diag-
nostic factors of the power generation equipment that affect 
the energy efficiency of industrial parks in the conditions 
of military aggression are the KI current ratio in compres-
sor and depressurized modes, the actual compression ratio, 
and consequently, the efficiency of the power installation.  
Based on these factors, the effectiveness of implementing 
a monitoring and diagnostics system for power units of 
power generation equipment at enterprises in conditions 
of military aggression has been determined. For one of 
the most powerful diesel engines, the 16CHN26/26(5D49), 
with a power of 3000  hp (2200  kW) used for electricity 
generation, the annual economic benefit in monetary terms 
amounted to 595,410  USD. Recommendations have been 
established to minimize fuel costs and reduce emissions to 
ensure the core principles of industrial parks: environmental 
friendliness and energy efficiency.
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