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An Estimation of Age-, Power-, and Type-Specific Emission
Inventories for Construction Equipments Using Improved
Methodologies and Emission Factors
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Abstract

The construction equipment is one of the major sources for hazardous air pollutants in Korea, and the its mana-
gement has been of great concern recently. The objective of this study was to estimate each contribution of emis-
sion of construction equipments according to their production year, electric power consumption and type. To achi-
eve this goal, we developed pollutant emission factors for the machineries manufactured after 2009, which are ex-
cluded from the present framework of Korean air pollutants inventory, CAPSS. More than 800 data obtained from
emission investigations were utilized for the estimation. Compared with the previous estimation, the scheme used
this study was modified to incorporate new emission factors as well as to include the corresponding activity data.
Such improvement allow us to gain more detailed emission informations which are better characterized by specifi-
cations of construction equipments. The total amount of pollutants emitted from construction equipments in 2011
were estimated as 126.8, 7.0, 58.3, and 17.0 kton for NO,, PM, CO, and VOC, respectively. The estimation results
indicate that the increase in the emission of equipments is significantly related to their age and power consumption.
The emissions of the older ones manufactured from 1992~ 1996 were estimated to be the contribution ranged from
23.7% to 26.8%, whereas the newer ones (2009 ~2011) showed the attributions of 11.3~21.5%. In addition, the
results show that the emission of each equipment was increased with the increase in the electric power consump-

tion of engine, probably due to their average output power. Among the nine types of machinery compared, excava-

*Corresponding author.
Tel : +82-(0)32-560-7609, E-mail : taewoolee @korea.kr

J. KOSAE Vol. 30, No. 6(2014)



556 Aol - olel$- - waht -

b

28} - A -

gl

ol
ol

Al

SIS

%5

2
: Z:!zé‘l_' S

e

o

tors and forklifts were investigated to contribute relatively higher emissions in the level of 39.8 ~44.0% and 32.0

~34.2%, respectively.

Key words : Construction equipments, Emission inventory model, Emission factors, Vehicle age, Engine power,

Excavator, Forklift
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Table 1. Korean regulatory standard of emission limits for engines of construction equipments.

Regulation stage

Engine power range

Applicable model year

Regulatory standard of emission limits [g/kWh]

NO, PM CO NMHC NO+NMHC
19<P<37 ~Dec.2006 - 0.8 5.5 - 9.5
Tier-1 37<P<75 ~ Dec.2006 9.2 0.6 5.5 1.3
) 75<P<130 ~ Dec.2005 9.2 0.6 5.0 1.3 -
130<P<560 ~Dec.2004 9.2 0.54 5.0 1.3 -
19<P<37 Jan.2007 ~ - 0.6 5.5 - 7.5
Tier-2 37<P<75 Jan.2007 ~ - 0.4 5.0 - 75
75<P<130 Jan.2006 ~ - 0.3 5.0 - 6.6
130<P<560 Jan.2005 ~ - 0.2 35 - 6.6
19<P<37 Jan.2010~ - 0.3 5.5 - 7.5
Tier-3 37<P<75 Jan.2010~ - 0.4 5.0 - 4.7
75<P<130 Jan.2009 ~ - 0.3 5.0 - 4.0
130<P<560 Jan.2009 ~ - 0.2 35 - 4.0

Table 2. Transient adjustment factors (TAF) based on the regulation stage and the type of construction equipments.

Pollutants NO PM CO HC
Regulation stage (Tier-) 1-2 3 1-2 3 1-3 1-3
Excavator; Folklift; Loader; Roller; Dozer 0.95 1.04 1.23 1.47 1.53 1.05
Crane; Compressor; Con-pump; Drill 1.00 1.00 1.00 1.00 1.00 1.00
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Where,

E  =Emission inventory [g/year]
EF =Emissions factor [g/kWh]
BEF =Base emissions factor [g/kWh]
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TAF =Transient adjustment factor [-]
DF =Emissions deterioration factor [-]
N =The number of registered construction equip-

ments [-]

HP =Average rated power of construction equip-

ments [kKW]

LF =Average load factor of construction equip-

ments in representative working operation
[%]

HRS =Hours of operation [h/year]

Subscript i=Engine power class:
19<P<37;37<P<75;75<P<130;
and 130 <P <560
(P is engine rated power in [kWh])

j=Types of construction equipments:
Excavator; Folklift; Loader; Crane;
Compressor; Concrete pump; Roller;
Dozer; and Drill

k=Pollutants:
CO; NO,; SO,; PM; VOC; and NH;

MY=Model year of construction equip-

ments
Age=Age of construction equipments (Base

year minus MY)
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Table 3. Comparison of the engine power ranges between original (Tier-1 and Tier-2) and newly classified Tier-3

emission factors.

Engine power range in Korean

Engine power range in Korean emission factors [kW]

regulatory emission limits [kW]

Tier-1 (NIER, 1997)

Tier-2 (NIER, 2007) Tier-3 (This study)

19<P<37

37<P<75

75<P<130
130<P<560

19<P<560

19<P<130 19<P<37
37<P<75

75<P<130

130<P<560 130<P<560

o)/ @4eHA 230 A6 %



WEAS A 2 &g A AA 2=3te B A4V 94, 2 F 71EE A g Al e A 559

4] el Al 135 g1E (NIER, 2007).

Asp oz, AQAI} AL AFeln 715 A
470 2 BAE wolk AlY} elHsH g 5
o}, Tier-2 2.£2)9} R=EAS| CO,PM A4 &
%2 0% pEow HassHge] B v}
o7, o] oA B AWAF (A7 109 2
199)7} A= v} 9lck(NIER, 2007). =3+ Tier-1 2
$ie] PM ASE B 7% oju] A $Eeleh o
o R A9E 715 e el 44w
7o) A e, A 290w Hu
AA, dE2Y 5 ABA F1es A48 Aol
AE e, 7le 7)Ee AdAdes G Ao
A= v} ¢]JeH(NIER, 1997).

S ehe g s} g 715 B g

Al

“

[Ea AN

S8 AT o3 AANA 7Bl A FHs)
o AEE T BAUFE =T A7 A7 AAHE
ar

AF Bek ol Aoz Bperds.

2.2.2 & MHHA

CAPSS:= 7147174 A3t FAlgle]l A 714714
o & wlEASE 243l vk A= Tier-2 vl
EA 4T wkedstar glel, e =E AAAZL
200714 50 WiEEAE Zva s
Aelt o] #A A4 7159 298 wiEES I
a7ksta, 2 ZHZ QA F3ke d=ra
4 e AR olgt & 4= 9lv)h ulelr CAPSSE
ZAA7A AFslE A g Ao ade=
4317] Sl e o] RS MAle] e7He &

adet

v
-9,

D o

A CAPSS®) shAlfr wE Q43 2
3 1.02A, A k3o w2 oz
2 ok gloh 32 v 1.5~3%9)
718 Ag3ta, nge g d3HsE

ol

of

o:

o o
=
off &

o wy L ot |A
U OE’
ol}l

Al gk Wi &3 AP Al d3tAgg wkedst

9)TH(NIER, 2013b).

ZHo| A Eow, A3 CAPSS+ 7|54

£ s gm Sk B YRS
=

A7)

k12 X = ofN g2

i ok

2
b
I Qe ol Bl 201199 S =E

8SkWH SHlr)Fos shgels Adezx, g

el whe & g4e) Brbed Faold we
M S5 AA7A 9 5= Aks 75 H e

i
Ad QAT B 2EE S80)E Aske) W
Azpask $4E s @ Bt ok

o
=

al
=

o
ok
0z

3. L
3.1 AHIA wiEAT Y, =83 H 2ot

3.1.1 0[N B EA S AT T

AR e Sl Tier-3g ZA7AS] wiEAS
Z AEA A S A w53 AT
arol] FEE ] gl ZAA7A AFAIE H olEMl o] X
% Tier-3 7]% A= A@ZEF 874718 4313
g4 2938542 NO,, PM, CO %@ VOCe]i, VOC
Ad v ekelslea (NMHO) S| Q13AE Zas
AHgEt S AFEEe] ohd SO,8 NH & A 9|3}
Aot A 7AA7IA 7152 CAPSS #=2]7)% 9%
2 AAs.

Al At F d47t 7 B2 AARF2514, 28.7
%), 2217] (190, 21.7%) 2 7]%7] (1749, 19.9%)
T 71Ed WEASE A AES Y 291 (172
o], 19.7%), =3 479, 54%) L =& (404, 4.6
P)e TAEA 2 v T2t AR A 385}
&% 7] Wi, A4g Sdsted /s

3l

A AEsd TR E F=, F7INE7] AY

5¢ mejsle] FAASE AYSA 9A 1%
279 A37)e oy %
o, 247 A4g A4al
AN 5

A

EIR A
o L 1
1
[
¢

=Y 754

148 o
ro
e
O
b
)
]
£
[¢]
=
.%
o
=
Q@
o
=
!
.%
e
Ll
o

e %

A galoleh. %, Tier-1, -2, % 3] el 72 20024
749 o]F, 20066 14 o]F & 20094 949 ]2
N Age w2847 EE B AS A8

3.1.2 88l HiEH S =M 2 2
Tier-1, -2 AA7A A4 44 2He =9
b R " 713 3] g djielv 2R
Z 3t Tier-2 Al42] 130kW uw]gt F7k=} Tier-1

=
2

I

J. KOSAE Vol. 30, No. 6(2014)



560 Aol - ole$- - waht -

b

A% - A -

gul =4

o[olt
oflt

]

<]

° Al B

AR - A%

Y

S

Table 4. Comparison of estimation components between CAPSS and this study.

Components for inventory estimation CAPSS This study
Emission factors Construction equipments for Not available Available
Tier-3 emission standard
Construction equipments for Available Available
Tier-1 and -2 emission standard
. . Not available .
Tier-3 emission factors (No emission factors) Applicable
Engine power classification Tier-2 emission factors Not applicable Applicable
Tier-1 emission factors Not applicable Applicable
Activities Not applicable Applicable
Age and power distribution for construction equipments Not applicable Applicable
Deterioration factors for emission control performance Not applicable Applicable
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Fig. 1. Comparison of certified emission data and Korean
regulatory emission limits for Tier-3 construction
equipments. Error bars denote standard deviations.
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Table 5. The emission factors improved for Korean Tier-1 and -2 and newly developed for Tier-3 construction equip-

ments.

a. Excavator

Regulation stage

Engine power range

Applicable model year

Emission factors [g/kWh]

NO, PM CcO vVOC
19<P<37 ~Dec.2006 9.70 0.48 4.10 1.23
Tier-1 37<P<75 ~ Dec.2006 9.70 0.36 4.10 1.23
) 75<P<130 ~ Dec.2005 9.70 0.36 3.73 1.23
130<P<560 ~Dec.2004 9.70 0.32 3.73 1.23
19<P<37 Jan.2007 ~ 5.31 0.57 3.11 0.50
Tier-2 37<P<75 Jan.2007 ~ 5.31 0.38 2.83 0.50
75<P<130 Jan.2006 ~ 4.68 0.28 2.83 0.44
130<P<560 Jan.2005 ~ 4.11 0.14 1.41 0.25
19<P<37 Jan.2010~ 5.23 0.28 2.81 0.59
Tier-3 37<P<75 Jan.2010~ 3.35 0.28 2.56 0.25
e 75<P< 130 Jan.2009 ~ 3.54 0.19 150 0.13
130<P<560 Jan.2009 ~ 3.55 0.16 1.78 0.18
b. Folklift
Emission factors [g/kWh]

Regulation stage Engine power range Applicable model year
NO, PM CO VOC
19<P<37 ~Dec.2006 9.70 0.48 4.10 1.23
Tier-1 37<P<75 ~Dec.2006 9.70 0.36 4.10 1.23
) 75<P<130 ~Dec.2005 9.70 0.36 3.73 1.23
130<P<560 ~Dec.2004 9.70 0.32 3.73 1.23
19<P<37 Jan.2007 ~ 6.27 0.50 2.33 0.81
Tier-2 37<P<75 Jan.2007 ~ 6.27 0.33 2.12 0.81
75<P<130 Jan.2006 ~ 5.52 0.25 2.12 0.72
130<P<560 Jan.2005 ~ 5.55 0.25 1.84 0.70
19<P<37 Jan.2010~ 5.13 0.26 1.50 0.18
Tier-3 37<P<75 Jan.2010~ 3.69 0.28 1.79 0.17
e 75<P<130 Jan.2009 ~ 3.66 0.15 136 0.20
130<P<560 Jan.2009 ~ 3.58 0.18 1.61 0.19

c¢. Loader, Roller, and Dozer
Emission factors [g/kWh]

Regulation stage Engine power range Applicable model year
NO, PM CO VOC
19<P<37 ~Dec.2006 9.70 0.48 4.10 1.23
Tier-1 37<P<75 ~ Dec.2006 9.70 0.36 4.10 1.23
) 75<P<130 ~Dec.2005 9.70 0.36 3.73 1.23
130<P< 560 ~Dec.2004 9.70 0.32 3.73 1.23
19<P<37 Jan.2007 ~ 5.23 0.37 1.81 0.40
Tier-2 37<P<75 Jan.2007 ~ 5.23 0.25 1.65 0.40
75<P<130 Jan.2006 ~ 4.60 0.19 1.65 0.35
130<P<560 Jan.2005 ~ 4.06 0.17 1.49 0.29
19<P<37 Jan.2010~ 5.04 0.29 2.29 0.48
Tier-3 37<P<75 Jan.2010~ 3.80 0.34 1.91 0.22
e 75<P< 130 Jan.2009 ~ 3.67 0.22 201 0.1
130<P<560 Jan.2009 ~ 3.43 0.16 2.14 0.16
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Table 5. Continued.

d. Crane
Emission factors [g/kWh]
Regulation stage Engine power range Applicable model year
NO, PM CcO vOoC
19<P<37 ~ Dec.2006 10.2 0.39 2.68 1.00
Tier-1 37<P<75 ~Dec.2006 10.2 0.29 2.68 1.00
) 75<P<130 ~Dec.2005 10.2 0.29 2.44 1.00
130<P<560 ~ Dec.2004 10.2 0.26 2.44 1.00
19<P<37 Jan.2007 ~ 6.14 0.25 1.18 0.33
Tier-2 37<P<75 Jan.2007 ~ 6.14 0.17 1.08 0.33
75<P<130 Jan.2006 ~ 5.40 0.12 1.08 0.29
130<P< 560 Jan.2005 ~ 4.78 0.12 0.97 0.29
19<P<37 Jan.2010~ 5.20 0.19 1.50 0.46
Tier-3 37<P<75 Jan.2010~ 3.82 0.17 1.25 0.21
e 75<P<130 Jan.2009 ~ 3.73 0.12 1.32 0.11
130<P<560 Jan.2009 ~ 3.45 0.12 1.40 0.16
e. Compressor and Drill
Emission factors [g/kWh]
Regulation stage Engine power range Applicable model year
NO, PM CcO vVOoC
19<P<37 ~ Dec.2006 10.2 0.39 2.67 1.17
Tier-1 37<P<75 ~Dec.2006 10.2 0.29 2.67 1.17
) 75<P<130 ~Dec.2005 10.2 0.29 2.43 1.17
130<P<560 ~ Dec.2004 10.2 0.26 243 1.17
19<P<37 Jan.2007 ~ 5.58 0.46 2.03 0.47
Tier-2 37<P<75 Jan.2007 ~ 5.58 0.30 1.84 0.47
75<P<130 Jan.2006 ~ 4.92 0.22 1.84 0.41
130<P< 560 Jan.2005 ~ 4.32 0.11 0.92 0.23
19<P<37 Jan.2010~ 5.02 0.19 1.83 0.56
Tier-3 37<P<75 Jan.2010~ 3.22 0.19 1.67 0.23
75<P<130 Jan.2009 ~ 3.40 0.12 0.98 0.12
130<P<560 Jan.2009 ~ 3.41 0.10 1.16 0.17
f. Concrete pump
Emission factors [g/kWh]
Regulation stage Engine power range Applicable model year
NO, PM CcO vVOoC
19<P<37 ~ Dec.2006 5.00 0.10 2.10 0.66
Tier-1 37<P<75 ~Dec.2006 5.00 0.10 2.10 0.66
) 75<P<130 ~Dec.2005 5.00 0.10 2.10 0.66
130<P<560 ~ Dec.2004 5.00 0.10 2.10 0.66
19<P<37 Jan.2007 ~ 3.50 0.02 1.50 0.46
Tier-2 37<P<75 Jan.2007 ~ 3.50 0.02 1.50 0.46
75<P<130 Jan.2006 ~ 3.50 0.02 1.50 0.46
130<P< 560 Jan.2005 ~ 3.50 0.02 1.50 0.46
19<P<37 Jan.2010~ 2.00 0.02 1.50 0.46
Tier-3 37<P<75 Jan.2010~ 2.00 0.02 1.50 0.46
er 75<P<130 Jan.2009 ~ 2.00 0.02 1.50 0.46
130<P<560 Jan.2009 ~ 2.00 0.02 1.50 0.46
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Fig. 3. Variations in the emission inventory and the number of registered construction equipments in terms of

equipment’s model year.

Table 6. Comparison of estimation inventories and contributions of each construction equipment between CAPSS and

this study (Base year 2011).

Model NO, [ton/year] PM [ton/year] CO [ton/year] VOC [ton/year]

year CAPSS This study CAPSS This study CAPSS This study CAPSS This study
11~ 07 30,970 23,698 1,588 1,495 14,191 11,093 3,308 1,924
(32.6%) (18.7%) (32.6%) (21.5%) (32.6%) (19.0%) (32.6%) (11.3%)

0602 22,754 34,559 1,167 1,632 10,427 15,232 2,431 4,623
(23.9%) (27.2%) (23.9%) (23.5%) (23.9%) (26.1%) (23.9%) (27.2%)

o 13,269 19,139 680 997 6,080 8,913 1,417 2,808
(14.0%) (15.1%) (14.0%) (14.3%) (14.0%) (15.3%) (14.0%) (16.5%)

96~ 92 17,153 30,000 879 1,663 7,860 13,790 1,832 4,563
(18.0%) (23.7%) (18.0%) (23.9%) (18.0%) (23.7%) (18.0%) (26.8%)

Before "92. 10,915 19,414 560 1,173 5,002 9,279 1,166 3,092
(11.5%) (15.3%) (11.5%) (16.8%) (11.5%) (15.9%) (11.5%) (18.2%)

Total 95,060 126,809 4,873 6,960 43,560 58,307 10,155 17,010
(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)
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