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DETERMINATION OF ENVIRONMENTAL EFFECT FROM 

CONVERSION OF RECIPROCATING INTERNAL COMBUSTION 

ENGINE OF HYBRID ELECTRIC VEHICLE ON CONSUMPTION OF 

MOTOR FUEL OF BIOLOGICAL ORIGIN ACCORDING TO THE 

EUROPEAN STEADY CYCLE 

 

In an electric vehicle with a hybrid propulsion, several ways of operating all 

the main components are possible – a reciprocating internal combustion engine 

(RICE), an electric generator, a traction electric motor (TEM) and a rechargeable 

battery – both separately and in any combination. These methods are implemented 

in different modes of movement of the same vehicle [1]. In the first approximation, 

it was found that the RICE can drive in one of two ways (with the joint operation 

of TEM and RICE is not implemented, the battery from the RICE is not charged 

and does not transmit stored energy TEM): A) through a mechanical transmission 

(as in a traditional vehicle); C) through an electric transmission; C) a combination 

of methods A and B. Significant scientific and technical interest is to address 

issues, firstly, assessing the fuel and ecological efficiency of the RICE of a hybrid 

vehicle according to its inherent models of exploitation and, secondly, the complex 

energy and ecological effect of converting such RICE to the consumption of 

alternative motor fuels. 

Analysis of the nomenclature and parameters of the known models of 
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exploitation of RICE listed in the source [1], allowed method A of the drive of the 

hybrid vehicle to match the standardized steady testing cycle ESC (European 

Steady Cycle) described in standard UNECE Regulation No. 49 [1], used for 

development of the program of tests of passenger vehicles and contains 13 steady 

regimes of operation of the RICE. The parameters of the ESC cycle regimes for 

2Ch10.5/12 autotractor diesel engine according to [1] are determined by formulas 

(1)–(3) (see Fig. 1). 

 

 
lohiloA

nnnn  25,0 , rpm;                                            (1) 

 
lohiloB

nnnn  50,0 , rpm;                                            (2) 

 
lohiloC

nnnn  75,0 , rpm;                                            (3) 

 

where nlo – low srancshaft speed, i.e. the minimum speed at which 50 % of the 

declared maximum effective power is reached, rpm; nhi – high srancshaft speed, 

i.e. the minimum speed at which 75 % of the declared maximum effective power is 

reached, rpm. 

 

 
Figure 1 – Distribution of parameters of the standardized steady testing cycle ESC 

on the field of operating regimes of the RICE [1] (in the original language) 

 

For the 2Ch10.5/12 autotractor diesel engine the maximum power in 21 kW is 

reached on Mkr = 110 N∙m and ncs = 1800 rpm according to results of the analysis 

of its diagram of operation in the study accepted nlo = 1000 rpm, nhi = 2000 rpm, 
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then nA = 1250 rpm, nB = 1500 rpm, nC = 1750 rpm. In this case MkrAmax = 108 N∙m, 

MkrBMax = 102 N∙m, MkrCmax = 93 N∙m, then NeAmax = 14.136 kW, NeBmax = 16.021 

kW, NeCmax = 17.042 kW. 

According to the results of the analysis carried out in the monograph [1] of 

known criteria-based mathematical apparatuses suitable for the calculated 

assessment of the level of fuel and ecological efficiency of the exploitation of 

vehicle with RICE and can be used as an indicator of this level, the complex fuel-

ecological criterion Kfe was chosen to perform this study. Since from the number of 

apparatuses analyzed in the source [1] only the criterion Kfe takes into account the 

fuel consumption by the RICE in the form of specific effective mass hourly 

consumption ge in g/(kW∙h) and the inverse value of the effective efficiency 

coefficient ηe, such the criterion can be attributed to which can also characterize 

the energy efficiency of the engine exploitation process. The mathematical 

apparatus of the complex fuel-ecological criterion Kfe, described in the monograph 

[2], for the study was modified in the monograph [1]. 

Technical, economic (a) and ecological (b) performance indicators of 

2Ch10.5/12 autotractor diesel engine when converting it from the consumption of 

100 % traditional to 100 % alternative fuel, in particular based on rapeseed oil 

methyl ester, used as initial data for the calculation study. Such data are obtained 

by analyzing information from the source [5], they are described by the method of 

least squares by polynomials, the coefficients of which are summarized in Table 1. 

It is taken into account that the calorific value of such fuel is lower than traditional 

by almost 16 %, and theoretically the required amount of air for complete 

combustion of 1 kg of such fuel is only 10 % less, the density of biofuel is 5 % 

higher, but the viscosity is higher by 96 %. Therefore, to obtain the same effective 

power of the engine, and hence the generator, fuel consumption is increased to 

20 %. Intermediate calculations, namely dependences of the values of the criterion 

Kfe and its relative change δKfe due to the conversion of the engine from 100 % tra-

ditional motor fuel consumption to 100 % alternative fuel, from the value of engine 
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torque at constant crankshaft speed (i.e. under loading characteristics) was 

obtained. The results of the main calculations – regime and average operating 

values of fuel and ecological efficiency of operation of the 2Ch10.5/12 autotractor 

diesel engine according to the ESC exploitation model, i.e. the value of the 

criterion Kfe, and the corresponding effects of alternative fuel, i.e. the value of 

relative change of this criterion δKfe, are summarized in Table 2. According to the 

calculated analysis of the data of bench motor researches of the specified diesel at 

consumption by it of 100 % of traditional and 100 % of alternative fuel, it is 

established that at equal power of the engine mass hourly fuel consumption on 

regimes of loading characteristic increases by 12–20 %, air consumption – by 2–10 

%, mass hourly emissions of PM are reduced by 9–32 %, NOx – by 3–13 %, CnHm 

– by 10–20 %, CO – by 12–25 %.  

In Table 2 shows that the regime values of fuel and ecological efficiency of 

the 2Ch10.5/12 autotractor diesel engine and testing cycle ESC, which is 

characterized by the value of the criterion Kfe, vary between 4.1 and 71.3 ‰, and 

the regime values of the fuel and ecological effect from the converting of this 

diesel engine from the consumption of 100 % of traditional motor fuel for 100 % 

alternative fuel, which is described by the value of δKfe – in the range from 1.1 to 

10.7 %. Also in this Figure and in this Table it is seen that the average operational 

value of the criterion Kfe is 63.0 ‰, and the value of the fuel-ecological effect δKfe 

is 6.6 %. 

Table 1 – Coefficients of polynomials 

Value Fuel Meas. units 
Coefficient 

R
2
 

a3 a2 a1 a0 

Gfuel 

Mineral 

kg/h 
8.326∙10

–8
 1.043∙10

–4
 1.606∙10

–2
 1.083∙10

0
 1.0 

Gair 1.383∙10
–7

 –5.937∙10
–4

 2.688∙10
–2

 9.593∙10
1
 1.0 

GPM 

g/h 

1.826∙10
–5

 –1.296∙10
–4

 –2.776∙10
–2

 1.977∙10
0
 1.0 

GNOx –1.854∙10
–4

 1.665∙10
–2

 2.870∙10
0
 1.567∙10

1
 1.0 

GCnHm –3.555∙10
–7

 1.049∙10
–3

 –1.200∙10
–1

 5.426∙10
0
 0.999 

GCO 2.101∙10
–4

 –1.675∙10
–3

 –1.781∙10
0
 6.283∙10

1
 0.994 

Gfuel 

biological 

kg/h 
1.823∙10

–7
 1.277∙10

–4
 1.879∙10

–2
 1.213∙10

0
 1.0 

Gair 5.459∙10
–7

 –6.000∙10
–4

 –4.345∙10
–2

 9.401∙10
1
 1.0 

GPM 

g/h 

8.458∙10
–6

 5.151∙10
–4

 –4.157∙10
–2

 1.826∙10
0
 0.999 

GNOx –1.586∙10
–4

 1.121∙10
–2

 2.824∙10
0
 1.507∙10

1
 1.0 

GCnHm –1.208∙10
–6

 1.049∙10
–3

 –1.128∙10
–1

 4.884∙10
0
 0.999 

GCO 1.287∙10
–4

 4.294∙10
–3

 1.750∙10
0
 6.035∙10

1
 0.994 
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Table 2 – Main results of the evaluation 

Valu

e 

Meas

. 

Units 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Average 

operatin

g values 

Kfe ‰ 
4.

1 

62.

1 

66.

7 

63.

6 

63.

0 

63.

5 

57.

5 

68.

7 

57.

5 

71.

3 

48.

9 

67.

7 

62.

3 
63.0 

Kfe % 
1.

1 
7.5 3.6 4.7 3.2 5.1 1.6 8.5 1.8 

10.

7 
2.3 7.2 4.5 6.6 

 

The results obtained in the study are suitable for describing the features of the 

RICE of a vehicle with a hybrid drive of the propulsion on the part of its model of 

exploitation, when it operates in the mode of mechanical transmission. Also, such 

results are suitable for quantitative and qualitative assessment of energy efficiency 

of the exploitation operation process in conjunction with its environmental 

component. 
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Матеріали Всеукраїнської науково-практичної Інтернет-конференції 

здобувачів вищої освіти і молодих учених 

 

 

«Метрологічні аспекти прийняття рішень 

в умовах роботи на техногенно небезпечних об’єктах» 

 

 

Відпoвідальніcть за дocтoвірніcть наведених в матеріалах даних 

неcуть автoри публікацій. 

Тoчка зoру редкoлегії не завжди збігаєтьcя з пoзицією автoрів. 
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