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A Study on the Estimation of Exhaust Emission
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Abstract

o7

The demand of diesel engine on the construction equipment has been rapidly increased because of high thermal

efficiency and fuel economy. The exhaust emission from nonroad vehicles equipped with diesel engine such as

construclion equipment, ship, and agricultural equipment, etc which are known to be harmful to human health and

environment, has not been regulaled in our country. Bul the regulation for nonroad vehcle has been already

progressed in advanced country. So we investigated the contribution ratio of air pollution by construction

equipment 11 order to establish the exhaust emission management strategy for nonroad vehicle. Based on the

statistical data for construction eqmpment, 3 kinds of equipment are selecled and tested in the engine dynamometer

to determine the emission factor. And the amount of air pollutant from construction equipment are calculated by

using of the emission factor and recommended exhaust emission standard for construction equipment.
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Table 2. Nonroad exhaust emission standards in EU.

Hotse Power Implementat- Emissions (g/lcW + h)

(kW) 1on Date HC €O NOx PM
130~3560 1998 0.1 13 50 92 0534
Stage |  75~130 #” 50 92 070
3775 1999, 4, 1 13 65 92 085
130~560 2002, 1.1 1.0 33 60 020
75~130 2003, 1. 1 1.0 30 60 030

Stape 2
37~75 004, 1 1 1.3 50 7.0 040
18~37 2000 1.1 1.5 55 80 O0R0
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Table 1. Nonroad exhaust emissien standards and Implementation date in EPA.

Net Power HC co NOx ' Smoke Implementation

(kW) (g/kW - h) (g/kW - Iy} (g/kW + h) {e/kW - h) (ALY Drate
=130 13 11.4 9.2 0.54 2071550 Tanuary 1, 1596
=75t0<C130 - - 9.2 - 20415450 Japuary | 1997
=37ta<C75 - - g2 - 20/15/50 January L, 1998
< 560 - - - - - Tanuary 1, 2000

% 1Y A Acceleration Mode, L : Lugging Mode, P : Peak Mode
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Table 3. Nonroad exhaust emission standards in JAPAN.

Applied Horse Power Implewmentation Emissions (gfkW - h)
Equipment (kW) Date HC co MNOx  Smoke (%)
AL =k
BHdEate 30~260 1996. 4. 1 1.5 60 9.5 50
19 4] A2 dil
A A A=
zf;*" A 27 75~15 25 60 130 50
B 1530 1997 4 1 20 60 110 50
v B E -~ . 3
Ay |TEAENA 3% 30~260 15 60 9.5 0
A 33 AL 7515 25 60 13.0 50
R 15~130 1998 4 1 20 6.0 110 50
AA74 5% 30~260 15 6.0 9.5 50
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Fig- 1. Flow chart for estimation of air pollutant emission by construction equipment.
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Table 4. Driving condition of D-13 mode.

18] +AEAE

Mode  Engine speed Load rate (%)

Weight (actan

1 idle —
2 1ntermediate? 10
3 ” 25
4 “ 50
5 “ 75
6 “ 100
7 idle —
8 rated® 100
9 ” 75
10 “ 50
11 # 25
12 “ 10
13 idle -

0.25/3
0.08
0.08
0.08
0.08
0.25
0.25/3
0.1
0.02
0.02
0.02
0.02
Q.25/3

" Intermediate speed ; 60% engme speed of maximum. engime speed

2 Rated speed , maxumum engume speed

Table 5. Driving condition of ISO-B8178 (Type C1)

mede.
. Loadrate  Driving  Weight
Mod E

ode ngine speed (%) tune {mun)  factor
1 100 i 0.15
2 75 6 0.15
3 Rated speed 50 6 a1s
4 10 6 al
5 L di 100 6 01
§ e ate 75 6 0.1
7 50 & 0.1
8 Idling 0 6 Q.15

Tahle €. Specification of test engine.
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Spec Displacement Engine power Inyection
Model 7 P(c:c) és/r[:})jm) Eqpupment Jtypc
a0 2,953 58/2400 Forklift IDI
B 5,785 134/2200 Excav. Forkhft I
C 2,953 50/2200 Excav D1
D 8,071 1-16/2000 Excav. (Wheeled) DI
E 7,545 128/2000 Excay, DI
F 11,149 190/1900 Excav DI (Turbo}
G 11,051 260/2000 Excav. Loader DI (Turha}
H 11,051 27511950 Excav , Loader DI{Turba/ Intercooler)
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Fig. 2. View of engine tdynamometer installed test
engine.
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Table 7. Exhaust emission factor of construction

equipment. {unit : g/kW - 1)

T Emission
Model CO THC NOx PM
Excavator 2.52 094 1024 Q.35
Forklift 3.00 1.35 954 0.45
Loader .45 0.85 8.4 G.18
Crang 507 205 545 0.40
Bulldozer 2.52 094 10.24 0.35
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Table 8. Air pollutant emission rate by construction equipment (1997),
Fmission [8) THC NOs PM
Pollulant Rule Pollutant Rate Pollutant Rate Pollutant Rake
Kinds (Ton/Year) (%o} {TonfYca) (%) {Ton/Year) (%) (Ton/Year) (%)
Excavator G747 45 3,636 40 39.608 54 1,354 48
Fouklif) 5.762 26 2,593 29 19,001 26 364 |
Loader 1,184 5 594 8 6,839 9 147 5
Crane 4,361 20 1.763 20 4,688 6 344 12
Bulldozer 811 4 303 3 3,290 4 113 4
Tatal 21,8635 o0 8,989 100 73,541 100 2.822 100
c Etc.
Construction FEic. onstruchon 9 1o

{a} CO

Couslruction He.
10.5%

{c) NOx

8.7%

{b) HC

Conslruction Be

27%

(d) PM

Fig. 3. Air pollutant contribution rate of construction equipment in transportation.

NOx7) ulw# o2 e9EA] vlH
& Velle] Afabe
o 3 slsdeh =T NOxe] »la] olE%e
sizblEale] oAl gsl e AleE g
H dRlEale] wEs vAde delrt 9
Reg AlzRch 23 g4 0729 3" W
ogg Asrd F 9 o £ glEe] fenE
olal ¥ &EF = COL} HCE ZHz; 01.4%2} 94.8%%
A HA |l edEde] R AREA gle

Y
]

)

2]

1A

I
E

], NOx= 48.7%=2A] He) Fdwkg A-A5lx PM=
133%2A] APREE sl e vleldet o
ol A Zldanle) o3t @A) GrlegEd 7)E
2 CO 2.0%. THC 5.5%, NOx 5.8%, PM 0.6% 2.4
THCS NOx¥: AA v eyd 52 wfZe] A= 3
2 71eske Hos ekt =g PM A4S T
A A el Wl Seke Yl 2 [ 0wn F)ERe 0)
ARAE WENRD G5 AT BN B

2 @) ejRol Aol @ Aol

I. KOSAE Vol. 13, No.3(199%)



324 AHYS-du=-FAHE - d2ES

Table. 9. Air poliutant contribution rate by the construction equipment on nonroad vehicle (1997). (umt - on/year)

Eimission CO HC NOx PM
- : Rano
Section Pellutant  Ratio(%)  Pollutant  Ratio (%) Pollutant Ratio (%) Pollutant %)
Onroad ‘ 1.008.777 89.3 143,052 88.1 536.965 420 87,081 19.9
Const- < a
Transpor- Non- [Uction 21,865 2.0 8,989 55 73,541 5.8 2,822 0.6
tatron toad
Others 1,561 0.1 1,987 12 12,200 0% 12.077 28
Subtotal 1,032,003 914 154,028 548 622,712 487 141,580 233
Heating | 61,670 ] 2,922 1.8 74,275 5.8 3,250 2.1
Industry 18413 1.6 3,135 2.0 378,050 29.6 157,963 360
Power Generalion 17,006 15 2272 L4 03,311 159 169,338 386
Total ’ 1,120,092 100 162,357 100 1,278,348 100 438 531 100
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