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CONCIDERING OF EMISSION OF HEAT ENERGY DURING 

CRITERIA-BASED ASSESSMENT OF ECOLOGICAL SAFETY LEVEL 

OF EXPLOITATION PROCESS OF RECIPROCATING ICE OF FIRE 

AND RESCUE VEHICLES 

 

In order to assess the values of indicators of the ecological safety (ES) level 

of the process of accident-free exploitation of power plants (PP) with reciproca-

ting internal combustion engines (RICE), in particular units of fire and rescue 

equipment, it is advisable to use the mathematical apparatus of the complex fuel-

ecological criterion Kfe of Prof. Igor Parsadanov, described in the monograph [1] 

and improved in the monograph [2].  

Also no less important is the fact that RICE is the most common type of heat 

engines and, accordingly, a powerful source of thermal pollution of environmental 

components – the atmosphere, hydrosphere and lithosphere, as well as the 

biosphere in general and man in particular as superstructures over the listed com-

ponents [2]. 

The mathematical apparatus of the Kfe criterion is described in [1,2]. To solve 

the problem of accounting for thermal energy emissions in the study, it is pro-

posed to supplement the formula for determining the total reduced mass hourly 

emission of pollutants Σ(A(k)∙G(k)) with the component А(Q)∙G(Q) (see formula 

(1): 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )QGQACOGCOAHCGHCA

NOGNOAPMGPMAGA

mnmn

xx

h

m
kk

+++

++=
=1 , kg/h.  (1) 

 

where Afuel = 38,4 – ponderabitity of motor fuel consumption; А(PM) = 200 – 

ponderabitity of particulate matter (PM) emission in exhaust gas (EG) flow; 

А(NOx) = 41,1 – ponderabitity of nitrogen oxides emission in EG flow; А(CnHm) 

= 3,16 – ponderabitity of unburned hydrocarbons emission in EG flow; А(CO) = 

1,0 – ponderabitity of carbon monoxide emission in EG flow; Hu = 42,7 MJ/kg – 

calorific value of motor diesel fuel; σ = 1,0 – coefficient that takes into account 

the type of territory on which the exploitation of PP with RICE is carried out; f = 

1,0 – coefficient that takes into account the conditions of dispersion of EG in the 

atmosphere [1,2]. 
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The ponderability of the thermal pollution of the environment components 

as the ES factor of such an exploitation process in this study is proposed to be 

assessed by formula (2). 

 

A(Q) = Afuel ∙ kE = Afuel ∙ ERICE / EW,                                   (2) 

 

where Afuel = 38,4 – ponderabitity of fuel component of the Kfe criterion; 

kE – energy coefficient; ERICE – total amount of energy generated by RICE in the 

world energy balance, MJ; EW – total amount of energy generated by 

anthropogenic PP in the global energy balance, MJ.  

 

In this study, the values of the coefficient kE = 0.75 were used, then the value 

of the dimensionless coefficient A(Q) = 28.8. 

The value of the mass hourly emission of motor fuel Gfuel as an indicator 

(equivalent) of the thermal pollution of environment in this study is proposed to 

be determined by the formula (3). 

 

G(Q) = Gfuel ∙ (1 – ηe), kg/h.                               (3) 

 

where ηe – effective efficiency coefficient of RICE. 

 

The variants of the calculation study in this case are as follows. 

Variant A – «Reference» – without taking into account the emission of 

thermal energy. 

Variant B – «Pessimistic» – with taking into account the emission of thermal 

energy, and taking into account the fact that all the emitted thermal energy in the 

RICE combustion chamber will eventually turn into thermal energy, and the share 

of RICE in the structure of mechanical and electrical energy sources will reach 

100 % (kE = 1.0). 

Variant C – «Actual» – with taking into account the emission of thermal 

energy at kE = 0.75. 

 The results of the study on accounting for the emission of thermal energy 

during the exploitation process of the PP with RICE are shown in Fig. 1. 

Graphs of the dependence of the values of the Kfe criterion and the effect δKfe 

on the value of the coefficient kE in Fig. 2,b and are described by the method of 

least squares by formulas (4) and (5) (R2 = 1,0). 
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a 

 
b 

Fig. 1. Distribution of the values of the Kfe criterion (a), the average operational 

values of the Kfe criterion and the effect δKfe (b) according  

to the regimes of the ESC testing cycle for a 2Ch10.5/12 diesel engine  

at kE = 0.75 for all the studied variants 

 

Thus, the study describes the developed method for determining the value of 

the fuel equivalent of the emission of thermal energy into the components of the 

environment during the exploitation process of units of fire and rescue equipment 

with a RICE. The results of taking into account such emission in a complex 

criteria-based assessment of the ES level of the exploitation process are obtained 

and analyzed. 
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a 

 
b 

Fig. 2. Distribution of the values of G(Q) on the field of exploitation regimes of the 

2Ch10.5/12 autotractor diesel engine at kE = 0.75 (a) and graphs  

of the dependence of the values of the Kfe criterion and the effect δKfe  

on the value of the coefficient kE (b) 

 

Used information sources: 
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