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Abstract: The purpose of this study was to investigate and compare the impact of engine load on the emission

characteristics of excavator engines, with the aim of improving the method for calculating the emission inventory

of construction machinery. The engine load in excavators is directly correlated with the operational workload, and

variations in the load factor (LF) can significantly influence the emission inventory. Thus, on-board diagnostic

(OBD) data from an excavator at a construction site were systematically collected to measure engine output and

emissions. The results revealed discernible differences in emissions based on engine load, even when the average
excavator engine performance remained constant. This highlights the significant influence of the type and

characteristics of the work being carried out on emission characteristics. Making realistic adjustments to the LF

used in emission calculation formulas emerges as a crucial strategy for environmental improvement. Moreover, the

analysis of the effects of engine load on emissions from excavators provides valuable insights for enhancing

environmental protection measures.
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P. : Engine power, kW

P, : Rated engine power, kW
T : Engine torque, Nm

N : Engine rotational speed, rpm
LF : Load factor

FEF : Emissions Factor, g/lkWh
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Fig. 1 Usage of excavators at actual construction
sites in Seoul
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Table 1 Comparisons of modeled and measured
engine load factors (CAPSS: 0.48)

Type Test'? CARB" EPA'®
Bull Dozer 0.43 0.43 0.59
Excavator 0.47 0.38 0.59

Grader 0.31 0.41 0.59

Wheel Loader 0.33 0.36 0.59
Scraper 0.54 0.48 0.59

CARB: California Air Resources Board
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Table 2 Specifications of test excavator
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Excavator
Operating weight(ton) 30
Displacement(L) 8.0 (In-line 6)
Rate Power(kW/rpm) 202/1800
Max torque(Nmy/rpm) 1274/1500
o Tire 4
Emission grade
DOC, SCR
Year of production 2017
Load Factor 0.459
1800 , r T — T 250
--=--Torque 1500 rpm | 1800 rpm
1600 s Powoy 202 kW
—~t00 - i qAe
2 1200 [izzaNm e S =
o e T J150 5
E— 1000 | ’ . \:' g
2 800 [ 4 1 o
o S ‘} 4100 2
£ 600 | A ; E
W 400 | i 1 ™
200 | !
1 1 l: 1
0 400 800 1200 1o00 2000 2400
pm

Fig. 3 Engine performance curve of excavator
used in this study
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Fig. 4 Instrumentation system for
collection of the excavator

engine data
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actual construction site data
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Table 3 List of LF and EF, Working & Non-Working
Ratio
Day8 Day9 Day14
LF 0.358 0.363 0.347
EF (g/kWh) 1.85 1.07 1.7
WIN (%) 20/80 16/84 20/80
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