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Experimental Research for CO, Emission Estimation of
Medium-Scale Excavator Reflecting Work Characteristics

ABSTRACT

Researches on the emissions of greenhouse gases in the construction industry, which accounts for 40% of raw materials, 30% of energy
consumption, and 30% of CO, emissions in the entire industry, are mainly focused on studies of LCA. However, it is assessed that CO,
emissions are higher in construction sequence than in operation sequence. Also, it is considered that construction machinery using
fossil fuel is a main factor causing environmental load in construction sequence. Therefore, this study analyzes the workload and engine
RPM characteristics of the excavator which is the second largest number of registered construction machinery in Korea and the highest
utilization rate in actual construction site. The excavator is divided into non-load states and load states where power is transmitted to
the excavator. The exhaust gas is analyzed by a direct measurement method using PEMS equipment. CO, emissions are estimated by
analyzing the relationship between RPM and exhaust emission characteristics according to the actual driving conditions. Additionally,
we analyze the difference between CO, emissions of construction machine calculated by this study and CO, emissions calculated by
using carbon emission coefficient.
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Fig. 1. Schematic Diagram for Exhaust Emission Test System (Lim
et al, 2009)
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Table 2. List and Performance of PEMS Equipments
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o] CO, METE sl o] wr} YelHole) ke, $2)
e AhsEA R 5 Ade] gl F5) 5 Non-load)
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Table 1. Specifications of Excavator (DX 140WA)

Division Unit Dimension
Operating weight ton 13.5
Bucket capacity m’ 0.59
Cylinder EA 6
Engine power ps/rpm 134/2,000
Travel speed km/hr 37
Production year year 2010

(b) Testo310

Fig. 2. PEMS Equipments

Measuring range Accuracy Resolution Sensors
Measured components
MGASK Testo310 MGASK Testo310 MGASK Testo310 MGASK Testo310
Oxygen (O,) 0~25Vol.% | 0~21Vol% | +0.2Vol.% | +£0.2Vol.% | 0.01Vol.% 0.1Vol.% E.C -
Carbon monoxide (CO) 0~100% 0~4000ppm +0.2% +20ppm Ippm Ippm NDIR -
Carbon dioxide (CO») 0~100% 0~COmax +0.2% 0.2Vol.% 0.01% 0.1Vol.% NDIR Calculation
Gas flow velocity 1~100m/s - +1m/s - - - - -
Temperature 0~650C 0~400C 2T +1.5% 1C 01T - -
Response time T90 app.20s app.60s - - - - - -
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(b) Rotating

Fig. 5. RPM Load During Bucket Operation
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Hals Hojth 12]al 3Alo|E e 369271 173]9] 2Hs&
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Fig. 6. RPM Load According to Work Type in Bucket Operation
Table 3. RPM Load and Work Time Composition Ratio by Work Types in Bucket Operation
RPM Load Working Time (sec)
Work Types - - - — Remark
Max Min Mean Max-Min Time (sec) Composition (%)
Moving 1436 1066 1206 370 161 10.2 Add 40s
Filling 1136 1044 1097 92 467 29.5 -
Rotating 1140 1028 1103 112 583 36.8 -
Empting 1128 1054 1097 74 181 11.4 -
Gathering 1128 1054 1101 74 192 12.1 -
Total - - 1110 - 1585 100.0 -
1400 1400 1400
1200 1200 1200
=
: 2 :
1000 ufpte it i 1000 TYPAY Py 1000 U, " vt A
800 T T T T T T 800 T T T T T T 800 T T T T T T
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Time(sec) Time(sec) Time(sec)
(a) 1Cycle (b) 2Cycle (c) 3Cycle

Fig. 7. RPM Load According to Work Type in Breaker Operation
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Table 4. RPM Load and Work Time Composition Ratio by Work Type in Breaker Operation

RPM Load Working Time (sec)
Work Types Remark
Max Min Mean Max-Min Time (sec) Composition (%)
Crushing 1010 970 1000 40 1219 67.7 -
Gathering 1100 970 1001 130 540 30.0 -
Moving 1340 1000 1169 340 41 23 -
Total - - 1004 - 1800 100.0 -
Table 5. Non-load States Measured Results of Exhaust Gas According to RPM Load
CO, Concentration (%) Temperature (C) Velocity (m/s) Flow rate (m’/s)
K] Measured - atzeg | MO Nomatized | MO Normatized | MU Nomaizeg
800 2.58 1.00 120.7 1.00 5.8 1.00 0.06 1.00
1000 2.60 1.01 132.4 1.10 7.2 1.24 0.07 1.17
1200 2.63 1.02 135.1 1.12 8.5 1.47 0.08 1.33
1400 2.76 1.07 143.5 1.19 9.7 1.67 0.09 1.50
1700 2.77 1.07 165.1 1.37 11.2 1.93 0.11 1.83
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o wjzare el
Aol AHeE 2A7 T Qi

0

F

il

Fe DR 2 Aot

[

aL Qlo] FRaPdEel Faldefoxe] RPM W3t |7k A=
e}z Jeje] RPM ¥isks Hix 7k E91gh 3 877
A oIk

A HA T3] FRSPEIA FHo) RPME 17007k2] 0]
o1& 577k 2 Witk S87= Table Sojxie} o] 7EA]
ol F3]d u7PE] 4 RPM 80094 CO, F=i= 2.58%,
L 1207, 45 5.8m/s0]iL 5220 2 ABgs} wEEke 0.06mYs
otk RPM Hislel] we =2P7]9] w77k vijE S/8s AR,
CO, F% H3k= o nn]gl 550 2 RPM 1700904 7% A%
TPl &k W3k 37% SISO fifhe 93%7HA S7kst
Ak

TR A FEAR FEAES o] uFE SATIEA
A3 FaPdefolAle] RPM2 7Ex1R] ti7Pde] 32 80014
Fd} 205071x]0]H o]F 777ko 2 o] 3 A= Table
63} 2t} RPM ®iste]] whe v 7k vilE 5402 CO, 5=
W3h= RPM 18009]14] 5.58% 216% Z7F3111 RPM )
2]Q1 205004 A3 FHAEte] 5.44%0]u, o) APl
A B7) olgle &9 3 Aejollxe] B9 SA2(Incomplete
combustion)Z 218 A2 ghokEt], TI8]ar RPM 2050074
25 WISk 247% F7I8IIAL fré wWis) Fo) 7P A vER
436% Z7¥sHdch

=22P719] FRsPdEiel F-abdejolls] RPM wste} CO, Fx,
2%, §&5E9e] AUBAIE Fig 8ox wlasla, 1 d3E
Table 7] Ae]staict.

RPM ®3l9} CO, “s=9}e] #A|(Fig. §(a)E AHEH 33|
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Table 6. Load States Measured Results of Exhaust Gas According to RPM Load
CO, Concentration (%) Temperature (C) Velocity (m/s) Flow rate (m’/s)
RPM M d . M d . M d . M d .
casure Normalized casure Normalized casure Normalized casure Normalized
Values Values Values Values
800 2.58 1.00 120.7 1.00 5.8 1.00 0.06 1.00
1000 3.20 1.24 162.7 1.35 9.5 1.64 0.09 1.50
1200 3.85 1.49 171.6 1.42 13.4 2.31 0.13 2.17
1400 4.46 1.73 205.5 1.70 15.6 2.69 0.15 2.50
1600 4.82 1.87 225.0 1.86 18.2 3.14 0.17 2.83
1800 5.58 2.16 247.5 2.05 23.8 4.10 0.23 3.83
2050 5.44 2.11 208.2 247 253 436 0.24 4.00
70 350 30
OLoad ©Non-load OLoad ONon-load OLoad © Non-load
50 1 300 - g 25
>0 g 0 = 204
2 304 g 1s0 g E:
o} & S E o) . £ O
20 1 ¥=0.000 x + 2373 S 100 ¥= 0046 x © 82975 = -
T Re=0876 = Ri=0052 ¥="0006 x + 1150
10 1 50 51 R*=100993
00 t t t ] t t t 0 + t +
400 300 1,400 1,300 2,400 400 900 1,400 1,900 2,400 400 900 1,400 1,900 2,400
RPM RPM RPM
(a) RPM vs. CO, Concentration (b) RPM vs. Temperature (c) RPM vs. Velocity

Fig. 8. Emission Characteristics According to RPM Load in Non-Load and Load States

Table 7. Comparison of Analysis Results of Non-Load and Load States

Division States Regression Equations R
. Non-load y=0.000 z +2.373 0.876
CO, concentration
Load y=0.002 xz +0.800 0.949
Non-load y=0.046 = +82.975 0.952
Temperature
Load y=0.132 2 +19.019 0.982
. Non-load y=0.006 z +1.150 0.995
Velocity
Load y=0.016 z +6.492 0.984

FRsPdeEelAE CO, = Wsle] 71&717) 09 7aL AdvEe
R’0] 0.876%]1 A8 3|74le 2 F4=9lon] RPM 17009 i)
7] Wst wejsiet. ojelgk Ad= Kim and Jang (2013);
Kim (2014)2] <dollA] AAg A" 2Au1ES HA1E e
(FF3PdEfelA] RPM HE-S Fof v7[7k~E 23] § A
A CO, w55 W S4g 23, fARRE 52 ek 2o}
FUsItE T1ejaL S| o) 2] RS SRk Fabd
Eloli] RPM W3}l w2 CO, 55 RPMo| AZGFE M3zo
2 Z7}sle] RPM H3}o] it CO, FEHsk= R=0.94931 413
3oz FAHA

RPM ®i3} 77Fe] 7k Al RPM 14000014 F2-3P3e]<]
CO, FEE 2.76%01 FaPdejol M 4.46%0. 2 FE-51 T
B} oF 60% a3l RPMZko] AZGE 1 Zjolr} tf =] o=
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RPM w®i3le} &x9fe] #7|(Fig. 8(b))olrE FRsPde]et
5P = oF RPMo| ARG Z71E9] 2olE Kol 3o
2 Z7RIAL Qltk S tolelE SRR SR FEsPdeel]
A R*=0.9520] 31 Rapdeelr] R=0.98291 AP0 = 54
Qe 28]al wir)7ks £ RPMgko] ARG 21 xjelrt
ol ZA HolA] 71&7 7k & FaPdee] &= wisht o Ak
RPM His}e} -f&te] BA|(Fig. 8(c))= F5-8}e) Habde] =
RPMo| S7Fr8 A& 0 2 Frlehe Fds Holal 712717t
& FaPdeielA frd Hsht Aok sl9REA A FRsPdefolx



HsE - ols%
Table 8. Comparison of Excavator Productivity
.. Workload (m*/hr)
Condition
Estimate (a) Actual (b) Difference (b-a) Ratio (%) ((b-a)/b)

Bucket 70.2 72.7 2.5 3.4

Breaker 5.0 5.9 0.9 15.7
R-09950]51 %3} ool ] R-098491 HHSIALo 2 F4% AP 5 8 ARP 38) 248 ARFE AdFe 64nr, 5207,

ik

oA W7 Frol M CO; B, S fhe 2
24 A i 59 TR FRabdelsl Pabdelol 2 2ol
wolit ek A AASE FEA TRV opfe} Ao
Fele AUE 58 93 A A9 A3 e gHYoR
Asle] Ho] ol Foll B oS & ol Rahgel
ARSIk TR 5 U leke AMgsRe 2 ulse)
£33 g COy W& Rabaelol] S e wigst
= 7o) B9 Aow wekwrk

0

of

6. ¢}
6.1 ZA7|9| MAkd AP Zut Hlw

BZ1E o83k 29t A} Bgjo]AZE o]83F o vk 2jie]
AR AQeS ol A FdHt 16 FFFAT) gk
RS vlatste] B dTe] AR S SR Bkt BF
FAlol| 2Jgt FAlr]e] WS o8 AR JHHQ)S T3]
Sl A3 =03 FARH 7Pgs) B, &4 AeE WIlew
q : 0.6m’, BZIAIS= K 1 0.90, AASAS 1 1, 2YES
E : 0.65, 13] #ol& Al 3)72} 90=2] cm : 18S H-83P4A
Q = 70.2m’hro.2 k=) Tela A ¥ B3 A9
ARV 2JEke 72.7mYhr 2 BEEA o) AEw Aol
ok 3.4%72] ZJolE Bt} ol dAtelA 2K 8m’)} B
31Z(90°ys LAl Alofet “Fejellr] 4| vy sk At
7} &9 Ao g FekEnk

3600 -q-k-f-F
cm

Q= = 70.2m3/h7’

(8m® X 4 Cycle) + 15855 X 3600 s = 72.7m>/hr

Jar FEEAel ot oF 3R At tiEB o]} =417]
0.6~0.8m’2 =33+ AFZE|E SAgtel] gt & vk 2de 2k
oo w} 4.5-5.5m hrE AARBIL QIch HiG-= ZAP ) o)F
ofFl Ay Ahe 71E FEE EEIY Xolgt Tl Fasln

HeREZIo] Q1s) Qlo] BtHIQ) 5.0mYhr 2 AFgEIodT) A

6.2m’o]w WF 5.9m’/hr2 AFEEo] HEEA o3k Avte}
H s oF 15.7%¢] 2o Bt} AN FFEAlolME
FHoA7} 5.5mihro]ar gFd F 2k 3P40 wle 58 B8 kst
2] FsaL glo] @eizie] wkde A Sk E83h= 2lo]
g3t Zlo 2 wekdr) Table 82 221719] 2l AJAHA vlnL
A}o]ct.

6.2 CO, HiSZF APH Zi7} H|m

=2p719] FRspPdeel FapdEie] CO, &k Table 7¢]
BHAES o83l 7t Q1A gk& 78l Egs. (4) and (5)o] tidat
o] AEG3IITE CO, &3S Table 99|49} o] 7l 2H¢de]
ZH RPM 111094] F-2apPdejo A= 6.57kg/hro] it sl )
M= 16.60kg/hr = o 2.50) 2] 2fo]7} WSS BZl 24
A RPM H3}e] Zoix|Q] RPM 1400¢]4]= F-3Pde7} < 3.00)
t] Fck 2] CO, wiEH AFg A TR S99
23 AR =W #AamrkE st vk

B aAFor] 2SR oz 28 5435 vhadste] A4
=21719] CO; wiE} SnEAIGE E-8-3k= IPCC Tier
2 =] 7hol=eRlel 23k CO, HiEES Table 100]4] ¥}
o} E22P)e] ARG F AsAH|RRe A 11.6 1 /hr (‘16
ek

IPCC Tier 20132 =7} fulEAlTE B-83jof sl=tl dAl
FHelME 7 1d71Ale tigk il EAlTE 7L IA
gro} Tierl 2 &2 43T CO, ¥lET2 Eq. (1) o]-83h
IPCCoX A eanljEAlG= 74,100kg/Tjok M) ARTKT)
o Fo g APgErt A ARHT) S T3] $IshA Afre
I 43Tj/Gg (IPCC) = 470 AfrAke] BRE Ak
2 7Aool W 8286g/ 1 (Yu et al, 2012)Z5E ©h] Rk
7afre] wrdwo] 3.563 X 107°Tj/ | & AF=s|ar, ool ARFg
7] A5 AR 116 1 hrg F3hk o] #gE B3l 221719
ARYE CO, wiERRE 30.63kg/hr= 4APg =31k

a2 =] Zhel=eRlelA AAE Ao R 8450
keal/ [ o]aL &7}~ wjEA(tCO/keal), 2134s, ASAFS
3k Ban)EA15E 0.00031kgCO/kealo|th. whaba], ghany

CO;

FA5eh AR udwe F5u Ul dmgel e Co
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Table 9. CO, Emissions According to RPM Load in Non-Load and Load States

CO, Concentration|  Temperature Velocity Flow rate CO, Emission
RPM . L -1
States %) C) () (ss) (ke/hr) oad/Non-load
Non-load 2.62 129.4 49 0.046 5.82
1004 2.3
Load 3.28 151.5 9.5 0.090 13.49
Non-load 2.64 134.3 5.5 0.052 6.57
1110 2.5
Load 3.54 165.5 11.2 0.106 16.60
Non-load 2.71 147.7 7.3 0.069 8.59
1400 34
Load 426 203.8 15.8 0.150 25.93
Table 10. Comparison of CO, Emission Estimation Results
. Fuel Consumption/ . L. CO, Emission IPCC Ratio
Division Workload Unit of CO, Emission (kehr) %) Remark
IPCC Tierl 11.6 L /hr 2.64kg/L 30.63 100.0 -
National Guideline 11.6 L/hr 2.62kg/L 30.41 99.3 -
Stud Bucket 72.7 m*/hr 0.23 kg/m’ 16.60 542 Load
tu
| Breaker 5.9 m’/hr 2.29 kg/m’ 13.49 44.0 States

S0 2.62kg/ | 2 AP XA 11.6 1 /hr22te]
2719 ARFG CO, vj&ke 30.41kg/hr2 A4 g},

IPCC Tier 15 7|F0 2 A72HES vlas) B9, IPCCE
7%= vREozl =] 7jol=gRle] <)t CO, vilE#e 3041kghr
o]l 993% o2 ORte] Hjol= FHdTS 4E3 u) ALgE
7are] e Zjolol] oJgk Ao g FrkET) B ool gk Falde]
oM ZA71e] CO, W& WZE ol&g 29k 3¢ A
16.60kg/hro 2 54.2%0]3L B go]AZ o83k oF vk 2o
13.49kg/hro 2 44.0% o]t} 1E]a 241719 T 2}3d
oig CO, W&k w7l 2] A] 0.23kg/m’o]aL Bejo]#] 2]
A] 229%kg/m’ 2 AP Ejo), kel A8 ehlol & CO, WSS
FAY & s Aoz ekdr

Bottom-Upt2lo 2 SR F27]9] 23] -] wkdd CO,
&S A S0 2 APYSE 2= Top-Downh2lo 2
Azav|ge) eEAIFE 283 CO, WiEHS AHge 1H
210] CO, WiEH B} oF 50% 22 Ax}E Holal Qirk o=
Tier 2 /<% o] 78 “gulol thgk =7} 2 viEAlS 27
Al arejE]ojofst CO, viEwF 5438 HofFal Qlvk ek 14
Hofolx] 74 gule] Ak wiEsk A A AEAR] A
E07 &8 7} BoR oddrh

1.E8E
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FeE WA 29 BHolA #e g il 2y Feell
e A ARt B BAeIIrk dejal F21e] @)
538 FRaPIeel FePER FHEsle] PEMS S o]83)
RPM s}l w2 w77}k vl 54(CO, ¥5, &5 5)s
BAste] 2SS0l oJgk CO, MiEHs AHgskal ealE
Ag E838k= HET vlasle, thaat 2& 23s Atk

3, 221719 219 297 A e vl 2] Al Al-sehE
ARV H RPM 11100]32 AR 2hdeke. 72, 7m’/hro] 11,
BolA Zdeld= ARE it RPM 10040]H A7 21ek
& 5.9m’hrolth. 2|3 2k Al o)F F2E #1lshd RPM
s vlad 2R AHRD 2] Fab SAS Belth

&5, RPM Hste} u 77k vl SAE53e] JddAlE 413
3|9 B8 23} R™=0.876~0.9952 F4=|3ick RPM 800 thH]
HaRsPE] Hol RPM 1700014 CO, B5 7%, &% 37%, 4%
93%7} Z71519aL, F-51E] Al RPM 2050914 CO, %
211%, &% 247%, 542 436% Z7Fetlt). Fapdelolrls=
2ARAR] F7F ol FEBlaL 718717 1 RPM Hsht AZRS
FHsRdEIl 2lel7h AXIT

A, CO, viZ%F 2-4 A7} IPCC Tier 12 30.63kg/hro] 1L
U] 7po|=gloA= 30.41kghr 2 H]58k 0 7 2H 9]
o} 87l ZJol] FRsPdel= 6.57kghr, FaPdElE 16.60kg/hr
2 2.50]9] xjolE Heolal Belo]A 2}3ie] Het RPM 1004114
FRSPIEE 5.82kg/hr, F-5PFElE 13.49%g/hr2 AFE o] 2.3
Hie] zjelE BRItk £ -5 53l 23 5791 =2 1e] Kb de
CO, ¥jZ2kS IPCC Tier 1 thH] oF 50% <otk
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