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Analy51s of Act1v1ty and Its Emlsswns Trend for Constructlon Equ1pme'nt in

_

PANC Kai-li/, ZHANG Kai-shan *

, MA shuaf WANG Fan ] f
( College of Ar(,hltecture and EnVlronment Slchuan Unlvers].ty, Chengdu 610065 4 Ch]ﬁla)
Abstract Emissions from non-road equipment’ are attrac*lng moré attention due to thelr 1ncrea@ing contribution to air pollution Tﬁus

I - 3

an dCLuI‘dta estimate 'of 'emission inventory| for non- -rodd equ1pment is ‘imperative for‘air quahty mandgement and improvement. Activity
data Troma large range ' of construction equipment jere collectt;d from multiple sources, including on-site/phone interviews and
literature réview’) and|used for further analy§i§ to charaglerize its operations. Activity analysis of construction equipment included;
Dactivity ‘of construction equipment by type (functionality) ; @activity differences by geographical area; and @activity differences by
age. AJback-propagation neural network model was developed to estimate the construction equipment population in China from 2018 to
2025. Furthermore, real-world measurements of emissions were made on 47 selected examples of construction equipment using a
portable emission measurement system. Population, activity, and emission factors were then combined to develop emission inventories
for construction equipment in China from 2015 to 2025. The results showed that activity of construction equipment differs by type or
functionality, ranging from 1 439 to 4 332 hours per year. Furthermore, there are differences in activity by as much as three times due
to geographical area differences for the same construction equipment type. In general, activity of construction equipment decreases as it
ages by a rate of approximately 140 to 150 hours per year. It is estimated that CO, HC, NO, and PM,  emissions of construction
equipment in China in 2015 were approximately 2. 099, 0.462, 3.452, and 0. 574 million tons, respectively. Compared to 2015, due
to the slow growth of the construction equipment population, CO, HC, and PM, 5 emissions will decrease by 2. 4% -33. 1% and 7. 1% -
64.7% by 2020 and 2025, respectively, depending on pollutant. It should be noted that NO emissions appear to increase slightly for
the first several years in the future, but then decrease after 2020. As increasingly stringent regulations have been enforced for on-road
vehicles, but less has been done regarding non-road equipment, although total emissions from non-road equipment continue to
decrease, their contribution to air pollution will continue to increase; they should therefore be one of the focuses for future work.

Key words : construction equipment; population; activity analysis; tailpipe emissions; emission inventory
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F1 WENHER
Table 1  List of selected equipment in this study
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wT XZJ4403JQ250K 3 2009 9.726 247
wT XZJ5160JQZ12 1 2003 8.27 152
4 AR L #®T XAJ5164]Q712 3 2009 8.27 170
wT XZJ5164JQ712 2 2010 8.27 170
wT XZJ5164)QZ12 =2 2011 8.27 170
RS QZC5102JQZQYSF 1 2008 4.257 105
LT XS262] 2 2012 8.3 140
5 B LR L XP301 = 2 2012 8.27 132
KEEL HD130 [ 2 2012 4.764 98
KT XG6202M ES N if 2004 6.871 128
6 i i/ AR 1L SD22 1 2007 14 162
7 PEFHAL ou )1 i AR MT9000C = 2 2012 8.3 160
8 AL TP T CLG416 =2 2010 8.3 125

HE DR Bl 2 T v A R A 55, R I AR B 5 AR i
FESEHEAR R TR G2 A AT UACHE BOK - P — 3k, LA
FHAZBRM 2 ) P 4. (A STk [ 21 ] B, 2016 4F
B U S 3 HERhR A, 2020 475, BT AL
PR 4 HERCPRAE. R, AR 93 (BOso6 F3%A 5K2

D25 S0 AR AT 53 A LA %) 2 S HEOK S A 3 <
FHOC B HERObR TR ) B 2016 ~ 2020 4F 22 8], 57 14
MUBRAE LA FH AR B PN #4975 2 [ 3 HERChR i, 2020 ~
2025 AFHTHEHUAR A HERC R T2 2 4 HERORR o
T FE ) 3 R 4 HERORR T 0 2% 28 MU 78 L8 FH 4 PR
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PRI DR 7 249 5% RISCRIR (1,22 ] v IR s e
FAE. X LERT TR HRC N 7 2 S % S0k [ 12,16 ]
FRAHE (L. A0 T A TR A o £ 00 ek AL AROX 7 )
HERCA T 16 3 HERCH Be g CO, HC Al NO HE
TR 43 L T 2 B B REAR 6%, 16% F131%, PM,
SEATCREAR ; Wi 4 HEL B Bey €O HC A1 NO HE
TR - HEATEREAR , P, s LU 3 BT BEREA 33% .
12,4 JRAHEROE AN
T AU TR 22 Z R, R TRILAR

FOERAE T BLRIUR S LI 22 A, HAH L b e <
HERCAFAEB BRI, HISEBFTE R R T
TR FrAHE TS T P LG T ] ) HE RO B LA /N
ARAEPERE TR, AR B 5 SR T TR i1 HE A
AR A B TR (4) FOR

E, =Z (Pop,,, x FR,;, x HRS, ;, x EF, ;)

x 1077 4
X B, Nk 5 Y HECE A, T 1 Popshi B
BRIIRATRE, 35 0 JLBSET j B ARG, AP
5 FR M HLBR A NI I FE, kg « b7 5 HRS S LR

HAEEI T SR b B 3T IVEE o

2 #R5iHE | oof
[ ARG IR R TR Sk T 5 )

BRI PR 455, 53 1R T LAY HF

ik DL R RO RS (o 35,
2.1 LRI R

AR I 4 [ 45 4t X AL PR A T AR ALME 385 5,
XEANREM A% H R 4 0 5s 11 S BR e, B A A
OB 374 45 Hoh 72 25 &, 154801 77 &, 25k
PL52 &, HHL 64 &5, KHHL 38 &, HEHHL 28 &,
FEHIHL 10 &, FHIPL 22 &, HALHLAK 58 &. AFH 4>
W EZN A O R AT R P 57 K
QTR BKF H XCPE 22 57 5 O LARBLWGE shKF 5
ENSSES

2.1.1  A[EZEE T ARYUTE 3K

WE 1 AR, TR A AR 35 75 20 7K SF- B 1L
PRI AS [T A BT[], AT AT 439 hea™' A5 fk
%4332 hea™' = BEEEHLAYAE G S KOF BN,
Z4°M1 439 ~2005 h-a™", ALK AE T 3l K-
B, AH3167 ~4332 hea™' | KB TRERIHLE
BLFH T i A B A RO R PSS AR L, 15 F T g
W HARMEEE , BT ERAE 2R i HAb AL
32 i TRABE = MU B, o A = S e v o
TAREE LA TR K, M 2. SZ 9 ML AR 05
BKAE A MU B T AR A0S Bl /N, 1 795 ~
2171 hea™"  SEHHLAGAE IS S K F ARV E Bl K,
K1 578 ~3526 h-a™", iX Al BE-5 HLAR ) 66 A 4L
HEA K.

5000

4000 F %
:; 3000 F
X000}
s
1000 |—l—‘
0 L L 1 1 1 ' ' L
2 2 # 2 B2 2 E B ¥
E € X # # H E 2 =
®]O®R BOoH # #® & %
B1 KRS TRARREHKF
Fig. 1 Activities of different construction equipment
2.1.2  TREKCFRY X P2

ASBIFTE F VY e L DX T Bl K B PRAT 32 B R R
A7 2 AL B P I DX SR FH ] 4 9 45
5 RIERTIARSS & BB 2t T, 3k 2 B, WA
M TARPUGS 3K P B B 25 SRR, 16 3K
AR ORI DX 25 55 i, AR AL M X A2 i LAY
SR B 7K i TV e AP G X SR AT g R
TV DR B IV, 677 B R AZ AL
B2 AR BIBEFE P [R)— M X R — AL ZE 2 7 5l

£2 AARBIBNMELFZHAED /h-a!

Table 2 Annual activity of construction equipment in different regions/h-a~

1

R — " A e =l L LU 7 T
1 AL 1 666 2513 1770 1983 770 1279 1800 1580
2 =) 2131 — — 2131 770 872 1100 1261
3 X7 2274 — — 2274 770 815 — 950
4 eI 2299 — — 2299 770 682 — 1826
5 FE AL 1474 2492 — 1983 770 545 — 617
6 ML 1987 — — 1987 770 815 — 1261
7 PR 694 2750 — 1722 770 — — 559
8 AL 2552 — — 2552 770 — 1261
9 HABHL 4848 2650 — 3749 770 — — 1505

1) “—" FRRTC I BT
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KR PRSI 2200, e R 22 3 vl ik 3 F5 L4 ®3 AENMESHKFSERXRBAESH
. 24 ,ﬁ:ii jgaﬁ%ﬁﬁmﬂq%js*nmﬁzig{ﬁdjﬂ( NAR=R = Table 3 Param:ler:':ff curve bejtween activity and
TR 16 B H AR e AR S 3 ST
R HLRE yraw e U7
DX, TR Y N 2 55 k. a b ¢
HAuSCHk[ 16 ] X i A 19 TRV 2 45 H—4 1 ZARHL ~0.7253  -139.57 2632
EHKE (S RAPT R B G 2 RREL 0753 —1o.sT 27%0
SR RS ACER B, e 0 S 0T e o
4 AL EAL -0.7253 —-139.57 2948
U1, KRR HEROR A R FEIRA AL | i omms  ms aen
T s 7K-F- B AT 6 e 4L ~0.7253  -139.57 2636
2.1.3 TREEMMIEsKES L1802 &R 7 PG -0.7253 ~139.57 2371
W 2 ps, TR ESKT g R P 0T mmer
9 HABHLE -0.7253 -139.57 4398

KRR NS RTAS O AN 5

4000
¥ =-0.725 32~ 139.57x + 3 060
3000 F T
2 L . T
= 2000 | LI T
= 1
H
g
E 00 f
0 L L
0-3 4~6 7~9
#ili/a

@2 THI’E E"I&mi‘f’u"ﬁ’]ﬂii’liﬁzsb7k¢ J
s Fig.:2 .A.clnlly of different agg sedtions

157”,%12&%{5" ENIES
IR 0 e A 2 o (28 5t R 5 50 (2)
XA (8) Y e (EBEAT A AR 2hAKF5
B R A A SRR 3 PR,

WLT&*T Hiﬂ’r’\?‘ﬂ’] ﬁﬁdlﬁ"f

1)y AU AER TR 1K T hea ™" 5 o AHUIRE S o

2.2 TAHUMRSHEE

¢%ﬁwﬁng@<DTﬁmm%ﬁ$$
O S HOZES ;. QW gk T4 %mf®%
FEHUBHE R 725 54931 @%ﬂ@ﬁﬁ%
OFFEEM. | ! /)
2.2.1 Tﬁmm%ﬁgiﬁﬁﬁ%ﬁm 1

(1) 2085 i%*‘ﬂimﬂiﬁ%\%ﬁ

2015 A A TRHLR 1A 12 690 Ji 1'%, o
%%mm%%agam&mﬁmEWﬁﬁm%4ﬁ
. Ho | R AR HL (A i =
HKHLME, 4 5 Iﬁﬂ@i,ﬁ'\ﬁﬁ 719 31.9%,
25. 6% F122.9% . A I, ZEWF5E TR PR R < HEAL
it % B M G TE XA B LR S L (A
R AT A RORA B 1 T AR LML, 16 ) 42
T RRHUBR A 1 T 437 o AT R 45 2 T

u&

x4 2015 FELATENMARBTELS L RERS T /%

Table 4 Population percentage and the corresponding age distribution of different construction equipment in 2015/%

o N - Zi/a
5 B PR n 5 3 , S S 2 e 5
1 24 22.9 4.6 8.3 10.2 10. 4 17.4 17.3 9.8 8.7 7.7 5.6
2 £ 25.6 3.1 8.3 10.3 9.8 15.8 14.6 9.7 9.7 10.0 8.7
3 = 31.9 11.7 13.6 13.0 11.6 13.9 11.2 6.7 6.8 6.7 4.7
4 HLE AL 9.8 4.2 10. 4 13.6 12.2 15.5 13.9 10. 1 7.3 8.4 4.4
5 JE L 1.8 7.3 9.8 11.0 10.8 10. 4 17.4  14.9 4.4 7.2 6.9
6 -+ HL 1.1 3.1 6.8 8.8 9.9 15.8 19.1 11.5 8.6 8.2 8.1
7 HEHTHL 0.3 9.5 7.8 9.9 9.0 18.9 18.4 6.6 6.3 6.7 6.9
8 S HLHL 0.7 9.7 10.7 11.6 14.0 12.0 9.6 11.5 10.3 6.0 4.7
9 ALK 5.9 10.3 14.5 16.5 14.9 15.9 11.6 7.5 3.6 3.2 3.1

1) FeAEAE N 2015 4E, 0 a 4 2015 4FEHEAEH, 9 a by 2006 458 AfH

FEMLIR A O AT i o LU ORFEAN AR,

PN GO IR i i I O e = SN 3 7 NI PSR N
b EW# 4 ~5 a PR 2, 2005 TR A A
Y 30% . 5 AR 2, 08 1 ~2 a 1Y X4
AR N S a (X7, bl AR LR

ARZEPIE2 ~4 a.

(2) THEHLIROAT & P 25

AHFFEF I 2013 ~ 2017 AFA5E 7 A5 5 K {47
PRS0 A Y TR B DR AT I BP i 25 I 4% il
DRSS, 25 SR B F00 (% CRAT S (R A G R 25 30/,
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oo 41 %

3R 0.85%. 0%, 0% 0.29% F1 1. 44% . #B7E 0]
DLz I I Z .

e E T AHLIE 2000 ~ 2025 4F 19 57 s F1 5
A RWE 3 iR, 2000 ~ 2014 4F 0F & F [ 2
U T e B K A B AT, 5 O RE X R 3 4 A ]
B T AR LA Y B 3G B B . 2015 4R LU,
H5REEMRNET R RES -8, TREER
AR T 22 | A6 TR ML A 5 0 Kt A
X FRE .

2.2.2  IHSIKELE R

A 2 A AT AT ) TR AU 4 0 g 1
P01 a, HAHR B 3% sh7KF- AT 80 29 140 ~ 150 h. 4R
P 3 AR A 45 28 TR MUMUEAS R 2208 T B35
KN ZR 5 s, i T30 E A A TR HEL
s W A BOSHEELSR Hh , JLT R W Kokt AL TAF

800.0

70000 |

600.0 +

500,00 F

400.00 |

300,00 F

THEHEOA T &

200,00 F

100.0 +

U 1 1 (] 1
2000 2005 2010 2015 2020 2025
Ay
B3 #HE TR 2000 ~2025 FREE
Fig. 3 Construction equipment population for 20002025

I T A B, DAL, AR G 18 AR AL A A7 32
SR TR AR S AR 3L

5 SEB T BIWAREFERFEZNAKE 27! | _,’ /
Table 5 Activity at diffefént ages for different construction equipment/h-a ! J . b
iy \ 7 - HURERS/a | Y 7
e HLbE - 1 R - 1 Tdr 4.
1 L 2632 2491 [ 2350 [ L 2206 2062 1916 1768 11619 1460 | 13177
2 RHHL S 2780 2639 | [2498 | %2354 . 2210 2064, ¥1916, 1767 161777 " | J465
37y RES gon 2782 2641/ 04T 2353 2207 ¢ @2059, 4910 1760 1608
A orEhl | poas 2807 | “oeeeg” #7520 2378 2232 20840 1935 1785, . 1633
5y L JEEEL | 2632 240F7 23507 w26 206 1916 1768 & 1619 1469 1317 &7
6 | B | 2636 2495 | | 2554 2210 2066 1920 6 b e 1473 1320
7 Pl 2371 2230 | /2089 | Y Joss 1801 16535 11507 11358 1208 1:056
8 | P <3001 3060 | 2‘919 © 77s 2 631 2485 2337 2188 2038 1886
9| ViLbbigk | 4398 4257 4116 .41 3973 4 3828 3682 3534 3385 3235 3083

2.2.3 ) % KF TAUWA I 75307
ABFSE M PEMS 2248 1 TR WL AR
S AR P ERE AL | AR X A X T
RREABURE 22 1 LA, i B TSR P S
2 S TR A SR B LG, 91 L
SEHAL . MEEHLRE L% FCHER B T oL
LRSI Bl e % SR () 7 R (. 36 HEL A 4R 1 i, A T
W, AR L R R HE 2 2R R
M AR | R | Bl MR
EAT TR B4 36 6 s, TR L
AT, FHEROK 5 30— 52 P A . AR ST 354
L LRI A B AL IRE A NO Sk T4
k. 11.0 ~31.0, 6.9 ~58.7 F1 18.8 ~ 31.6
g-kg ™! IS HEROE (L R Rk, XU 9 HE RS
B/, Xt PM, 10 7, S Ak R ok, 4%
SRR SRR AL HE A F /9 1.8 R 1.6 fiF. 24
ok e 7 iR HERORR AR ], FCHEROK P &
FiF 2 5. FEIE 1k, B 25 HERORT M 4R T, 4575 1%
WIHEROK -5 R R 3 (0 T AT h 4 — 25
U PR SRR RO v R0 4, FL ke A

AR FEANRN 43 J5 HE R T AR AR PR R R B Gk 4 1
Fi A AH R AT A A R M HE K.

BEAR At TR AR X A D Fe AN R 2
RNy 2Z 5 AR A8 LR B > 22 S | R
MR SHE S 4284 2 18] 14 56 2 A B 2. i) dn /&
4 FF7R MU NO I PM, o HE 5 25 % 5 B L
RFR. B G i 3G A R 2 SCHET B 15 ik 34
FEAA . HERCH XT3 R s B R B AR P AE 5 ~ 9
AR Z ). 3R] B 3 A i 0 AL A At 4 0 B
FHHE AR 513 0 AR B e 5 . i T AR
I8 EFLTEM R TREALME A B FRRAE, FRA 2 A
RIS S KOF AR f R B, DL Rk 26 ff AR AiE X HE
JICTE SRS | R G, A T AR ML ) P
FINE BN 7K AR X B ACHE O B Al 53 00 52 ), AR AF
FEARsE TRENLAE ) R SHE RO T Hh L5 A2 0 HERCRS
HEHRE HLRSZ 05 BRI, 24 9R | JRRHER S K540
FEAE K75 A ] s 12 D5 I 2 5 i i 1 3 s LA
R SR S D RAF 5 00 s 2 R Tk IR 54l 2 1
Bk

A ST IR X L T A 1 [ PN A R it
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PYIRTE Y DT PNy Eﬂ@ﬂﬁ‘a@umﬁf i

BIHERUR PR R i R F H AT = % —

A i R T ELAS [5) A B 5 0t 18 4 AR IR
FATRD, I3 0T G ) e Bt A B 22 . B . 4% WF 5
NO A7 3k 208, AR TR 5 3CHk [ 24 ] ¥ (E A
b 2 A% R, T SCHR [25 ] ) SR A Al 43 B Ak
(NDUV) & J&25% ; X PM, AWF 5 R FH 8 IR AR 7%
M SCHR [ 24,25 ] ¥R FBOGEOS . 22 DR 42 19
VEHC I, T A 5 e A s TR AR T) BT e B LA
A PR AR Oyt AT BT 22 5, 140, ASBIF 5 I LA G A
FEAENY KABLE 2007 ~2014 4F | AR SC8 51 () HAF
G315 I AL 4 AR PR AR M X A, Rk,
HERC AT AR ST 5. e, 3 R — 2 R LA R
SHBAFAEZE R R R R AR Z 3G MR %
SIEEFHARMIPR AN | 200 G EAE B, 7Rk 3A
BSR4 B Vel T 2L A9 B 45 s 32 8 HLAY NO
Hei IR 7 i &, A IR 98 45 Y5 (11,0 ~ 31.0
gkg VT A LB IRMEE N (311 ~54.9
g-kg ") REILIE FUE T 1R JEBF 5% A B X, (5K
Rt 7 th i 7R AR i NO FVE L T8¢, B L NO
45 SR 1Bl ) O 0 — 7 T80 mT R Pl T IR AL AR 5 0%

S RAEN N ZE G, 5 — 5 T v] B8 2 th T 4R R
BEHUARCHEBCR EO™ 5 1S, 5E PM, s ok Uk, ARDF5E 42
PHHLLE FIEH (1.8 ~4.0 g-kg ") Ab T RIZEWF5EIE
FEIN(0.3~6.6 g-kg™"), HANT B IX. XF B2 ML,
SR, AR BF5E NO HEL R 745 FYE (6.9
~58.7 g-kg )R T [RIZEMIFE (42.6 ~83. 4 g-kg ")
oA FARME X, PM,  HER R T 25 R (2.2 ~ 4.2
gokg ™) FEA AL TR KB IEH N (0.3 ~4.0
grkg™h).
#6 TEBEIRIMHABETIE /g-ke '

Table 6  Comparison of emission factors of construction

equipment in different studies/g-kg ™!

, . Hefge N+
RlLesy X co HC NO PM, ;
AT 8.1 2.2 21 2.9
(23] 12.9 1.3%  54.9-+ 6 6
P 247 17 33 311 .A*::-f. 4
[25d= | 7.9 6.0 426 /0.3
141 InNkY N 525 A8
[ 1861 _j45 |\ Na 503 4 2. W ¢
' ZM}%J 216 3.5 3288 3.g 4
123 1 H.a¥ T RS B
s . J124) | s 16 8.4 15" =
£ s) 1o 6.0 0l6  0.3% &
. 7y N NA 52.5 3. 8'#_#‘ ”
[26) 145 NA 50.3 2.8
AWF5E 16.8 = 6.5 25.4 5.2
w4 [23] 23.5 0.9*  59.1 2.7
(4] NA NA 52.5 3.8*
[26] 14.5 NA 50.3 2.3%
AffsE 117 2.0 35.2 0.4
A E AL [4] NA NA 52.5 3.8*%
[26] 14.5 NA 50.3 2.3%
Afse 12.2 2.6 12.9 4.2
JEBEHIL [4] NA NA 52.5 3. 8"
[26] 14.5 NA 50.3 2.3%
AT 12.2 2.6 12.9 4.2
S L [4] NA NA 52.5 3. 8%
[26] 14.5 NA 50.3 2.3%
AffgE 122 2.6 12.9 4.2
PEHAL [4] NA NA 52.5 3.8%
[26] 14.5 NA 50.3 2.3%
AWfgE 12,2 2.6 12.9 4.2
r— [22] 1229 1.3* 54.9 6.6
(4] NA NA 52.5 3.8"
[26] 14.5 NA 50.3 2.3%
Are 12.2 2.6 1229 4.2
L AHLR [4] NA NA 52.5 3.8*
[26] 14.5 NA 50.3 2.3%

1) SCHR[4, 26 ] HF5E M HLRSS B O TREALIK, 54 B A7 2E RUMLAR A HE
B SR A — U s + FoR VOC (W1E, #FR PURLY) PM IYME, T
AP, 5

s
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Table 7 Emission factors of construction equipment in different emission standards/g-kg ™!
‘ P I O HC NO PM,
BT PEER g W ——— - 1 e
/kW BHE fE Bl B fE Ml B fE Bl 8 15E fEl
P <37 [ 1 1 121 59 53 35 0.1 38 134 142 13.6 23 7.6 8.0
37<p <75 2 2 21,2 141 13.3 3.5 2.6 3.4 139 164 155 13.8 54 4.8
3 2 28.9 123 11.3 9.6 0.9 0.8 19.9 49.0 453 3.6 2.3 3.9
P 75 <P <130 1 1 7.6 47 3.7 20 06 09 9.4 108 1.1 0.1 0.1 0.4
[ 1 1 10.2 29 26 30 1 1.3 22.6 17.8 16.9 0.4 1.7 1.4
P=130 M1 2 8.3 9.4 60 24 09 09 149 91 10.5 02 0.5 0.9
2 7 145 159 59 43 2.3 24 201 328 224 1.1 31 25
37<P<75 = 2 1 329 12.0 38.0 1.5 I11.3 85 30.8 40.0 39.4 1.0 1.9 2.4
" 3 . ) . ) . 5 36 2 53, . . )
— 15< P <130 [ 1 16.2 14.2 23.9 3.4 2.7 3.5 367 562 53.8 1.4 2.7 6.7
2 1 - — 156 — — 29 — — 76 — — 3.4
P=130 [ 2 1 43.5 323 23.1 3.5 1.8 0.4 32 90 7.7 54 47 19
P <37 M3 1 19.0 10.3 16.2 7.9 3.1 0.9 147 156 154 1.1 48 3.5
1 R 1 43.7 9.6 26.3 142 120 10.9 8.8 10.1 149 4.9 13-""8.1
37<P<75 2 6 17.1 142 1.0 7.5 53 57 357 28.9 387 2.5 7_6'
PEa H3 1 16,3 19.7 146 7.8 56 3.3 287 1154 22.6 6:ds 6 5 4.4
& ol — | 4% —
25<P <130 1 2 2$237 167 64 6.6 36 139,20.7 137 1.7...._15.3 3.4
M3 1 42.1 26,4 27.1 10.1 142/ 185 11,6110.0 1.6 3.3 32 1)9
75<P <130 [ 1 1 0.3 10.4 6.2 1.8 2.6 4.5 3705 1248 35.6 0.1 3 700"
S F iy 1 08,974 7.4 15 209. 41 2809 2.3 19.0 0.2 0.9.4%05
UL L - H o ) 1o o 2.3 7
AP=130 2 v W2 {fw 2 7.3 3.3 5.6 S34F 2044 326 28.7 0.5 1.5 [ 002 -~
P | i / - .
. R ﬂ9 340.6 16.7 0.3 0.3° 0.2 440 37.2 548 0.9/ b 0.7
- “’l“ i " RN S ¢ - ¥ Iy i .
| Asdpll 150 ERE Lo 9.0 A3 45 s 5/7 g8 27.“.3[ 2645 285 0.7 458 .2
Ji AL - 2 VI ro 21 (—gip g 35 g 43 34— g8
r j P =180 [ 2 Y20 J6d 18.2/209 06 26 09 163 167 141 51 29 2.4
Mediil P=130 =t 1 A | 1227 34 — 92 96 — 19 27 — 35 66
R CATP=k0” 2 i 5.4 .82 11.2 81 22 1.5 31.2 230 20.8 0.8 1.0 1.8
THbL T N 75<P<130 [ 2 1 45.1 155 5.5 7.1 56 1.4 20.1 265 21.7 57 4.4 L3

2.2.4  HEUH AL B,

R 77 03 T AC A 1 5l SR FH R T I AE i HE i
PR3, [R5 LA 42 3% Xt T AR ML I 30 K711
SN AR EE ST T IR E 2015 4E T ALY S HE
W B 5 R LAY 2015 4F TR UHERE
XFEE, T ULER 8. Forf S AR AL Z LAY NO HEjik o1

WS K, 405N 33. 7% F1 26, 0% . B3R XA (AR
BRIV R Z | (HHE L 5Tk % s PR AL
T ML/, NO 1 BTk RAL N 6. 4% . Xt PM, ; ifii
TIPSR R, 27. 8%, KRR AL,
DTHRAR A 15. 4% . X B2 48 AL AN 2012 T RE AL
PR U HE Y FE A DG T LA 7.

x8 2015 EHLEBTENMHMF ALY /Tt

Table 8 Comparison of emission inventory of different construction equipment/10* t

s o Aco% __ HC _ _ NO _ _ PM, 5 _
ENGI A5 SCHR[15] AHE5E SCHR[15] N k[ 15]
1 ML 44.8 12.0 9.1 116.5 62.7 16.0 4.4
2 FEHML 59.2 9.5 13.9 90. 0 96. 6 8.9 5.5
3 P& 14.6 5.6 5.6 22.0 35.7 4.5 2.9
4 AL 10.2 1.8 — 30.7 — 0.4 —
5 JEEEHIL 3 2.0 0.8 9.9 5.4 3.2 0.4
6 iz oy N .5 1.2 0.5 5.8 3.7 1.9 0.3
7 AR 1.4 0.3 0.1 1.4 0.6 0.5 0.1
8 SFHAIL 4.7 1.0 0.2 5.0 1.5 1.6 0.1
9 HAHL 60. 2 12.8 — 63.9 — 20.6 —
A1 209.9 46.2 30.20 345.2 206. 20 57.4 13.50

1) “—" R ToAH KA
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ARAFFEAL B TR [ 2015 45 TFEHLE CO . HC |
NO F1 PM, s HERCE 43 51 0 209.9 . 46.2, 345.2 F
57.4 T3 v #5305 e Wy HE R e SCRR [ 15 ] 4 B B0 DR
K, X FEE R F AT PR AT A TR LA 37K
LU SCHRL 16 JHEFAE K. 57— T i 1% T AR AL
FEIRSE 0T PRI AN S AR IBORE X v At (4035 sl 7K
- KR ASHE R R )

WTHT T IA , V5 Y W HE IS B %) T B A 32 ol HE
i Sl TR A R 1 R A T e A 2 o) o]
FE A I A R . R, AR i B
BRI bR SO A AR TR R = HE
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