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Evaluation of exhaust emissions factor of agricultural tractors
using portable emission measurement system (PEMS)
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Abstract: The aim of this study was to measure and evaluate the exhaust emission factors of agricultural tractors.
Engine characteristics and three exhaust emissions (CO, NOx, PM) were collected under actual agricultural
operating conditions. Experiments were performed on idling, driving, plow tillage, and rotary tillage. The load
factor (LF) was calculated using the collected engine data, and the emission factor was analyzed using the LF and
exhaust emissions. The engine characteristics and exhaust emissions were significantly different for each working
condition, and in particular, the LF was significantly different from the currently applied 0.48 LF. The data
distribution of exhaust emissions was different depending on the engine speed. In some conditions, the emission
factor was higher than the exhaust emission standards. However, since most emission limit standards are values
calculated using an engine dynamometer, even if the emission factor measured under actual working conditions is
higher, it cannot be regarded as wrong. It is expected that the results of this study can be used for the inventory
construction of a calculation for domestic agricultural machinery emissions in the future.

7l 49 E : emission (kg/year)

EF : emission factor (g/kWh)

FL : emission factor standards (g/kWh)

EP, : engine power according to actual work (kW)

DR : deviation ratio
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NDIR : non-dispersive infrared absorption
NRMM : non-road mobile machinery

PEMS : portable emissions measurement system
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RSD : relative standard deviation
SCR : selective catalyst reduction
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Table 3 Specification of the tractor
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Items Specifications
Dimension 4,020<2,270<2,790
Weight 4,000 kg
Type In-lined 4 stroke 4 cylinder
Fuel Diesel
Rated speed 2,200 rpm
Bore x Stoke 98 x 113 mm
Displacement (cc) 3,409
Engine| Compression ratio 17:1
Max. power 67 kW@ 2,200 rpm
Max. torque 380 Nm@ 2,200 rpm
After-treatment
SCR
system
Emission standard Tier-4
70 700
| Engine power . Y
o Engine torque y
60 { -~ Rated torque A - 600
—# - Max torque
50+ L 500 _
2 3
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Rated speed line !
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Engine rotational speed (rpm)

Fig. 1 Engine characteristic map of tractor used
in this study
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Fig. 2 Schematic diagram of data measurement

Fig. 3 PEMS installed to the tractor
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Table 4 Weight factor and number of data by

tractor operation types
Operation types |Weight factor (%)| Number of data
Idling 10 3,001
Driving 20 5,974
Plow tillage 35 10,664
Rotary tillage 35 10,337
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Table 5 Emission factor of agricultural machinery
by regulation stages.

Regulation | Applicable | Emission factor (g/kWh)’
stage model year | CO NO, PM
~Tier-2 ~2012 2.48 7.84 0.39
Tier-3 2013~2014 | 2.56 3.35 0.28
Tier-4 2015~ 0.071 | 0.188 | 0.016

* In Tier-3 and Tier-4, the emission factor depends on the
engine power, and the above values are based on a 67
kW engine.
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Fig. 5 The entire procedure of data analyzing
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Table 6 Statistical description of engine characteristics

by major agricultural operations

Ttems E/G speed |E/G torque |E/G power
(rpm) (Nm) (kW)

Max./Min. | 905/897 41/34 | 3.84/3.24

Idling | AvgStd. | 900+1¢ | 38+0.79¢ |3.54+0.07
RSD (%) 0.16 2.10 2.05

Max./Min. | 2379/808 | 282/3 58.7/0.28

Driving | Avg.+Std. | 1321+494° | 89+51.12° | 13.03:10.23°
RSD (%) 37.40 57.47 78.49

Max./Min. |2338/2169 | 294/235 |68.74/56.54

tii‘;;"e Avg£Std. | 2253+40° | 282+5.76° | 66.47+0.6°
RSD (%) 1.80 2.04 0.91

Max./Min. | 2222/1595 | 358/286 |66.45/59.23

iﬁg Ave£Std. | 1831060 [323+11.84%63.61:1.35°
RSD (%) 5.66 3.66 2.12

* Means with different superscripts (ab,c,d) in each

column are significantly different at p<0.05 by LSD

multiple range test.
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and PM emissions
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Table 5 Regression analysis as an exponential
function for emission factors by LF
Items Equation R’
()
CO y=36.26c 2T 4105 0.89
_(L)
NO« y=165.91¢ 02056 41 34 0.86
()
PM y:3.57E_3e 002775 | 5 og =5 0.92
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Table 6914 AAIZE S8 2A=AE vl EA <}
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o, 1 Ad= Table 73 #th o714 DRS
Zr 27004 A" wE3ATE 71FEX tib] o=
AE d =2AE Yele FA2A4 Z33<] Blal
£ 7}V gtk o2l DR ~Tier-2 & Tier-3 7]
+3} vlwstys uf F3)AAA ) 1.907, 1.847=
71ZA] ol e BAANE 1 9 A JE
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Table 6 Statistical description of exhaust emission
factor of tractors by each operation

Emission factor (g/kWh)
Items
CO NO« PM
i Max. 5.153 15.245 7E-4
Idling
Avg£Std. [4.72840.149°| 13.5H40.383" | 6E4L2ES
. Max. 60.731 252.394 7.5E-3
Driving 5 -
AvgStd. | 2.29+3.26° [9.592+12.937| 3E4E4
Plow | Max. 1.411 2.501 7E-5
tillage | Avg.£Std. | 1.2140.097° |0.851+0.91°| SE-5+6E-6°
Rotary | Max. 1.043 0.69 5E-05
tillage | Avg+Std. | 0.883+0.09 0.21120.24| 4E-52E6"

* Means with different superscripts (ab,c,d) in each
column are significantly different at p<0.05 by LSD
multiple range test.
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Table 7 Result of deviation ratio analysis of
exhaust emission factor by operations
based on emission regulation

Deviation ratio
Items
CO NO, PM
Idling 1.907 1.730 | 0.0015
Driving 0.925 1.223 0.0008

TieNr-z Plow tillage 0.489 0.109 | 0.0001

Rotary tillage | 0.356 0.027 0.0001
Total 0.672 0.465 0.0004
Idling 1.847 4.049 | 0.0021
Driving 0.896 2.863 0.0011

Tier-3 | Plow tillage 0.474 0.254 0.0002
Rotary tillage | 0.345 0.063 0.0002

Total 0.651 1.088 0.0005
Idling 66.597 | 72.157 | 0.0364
Driving 32314 | 51.019 | 0.0190

Tier-4 | Plow tillage | 17.084 4.527 0.0033

Rotary tillage | 12.440 1.122 0.0027

Total 23.48 19.389 | 0.0095
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