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ABSTRACT

Greenhouse Gas(GHG) triggering global warming is closely associated with the
heavy use of fossil fuels. Tremendous academic and industrial interest has been

devoted to resolve the severe environmental crisis caused by abrupt climate changes.

The construction industry is considered as one of the major contributors for global
greenhouse gas emissions. Currently, the amount of greenhouse gas emitted from
construction source is estimated by an indirect measurement method using carbon
emission factors based on a statistically calculated fuel consumption of construction

machines.

This research was performed with three kinds of construction machines being used
in concrete foundation constructions. After accurately grasping the operation
characteristic of each construction machine, we classified operation conditions into
no-load and load, according to the status of a power transmittance to chassis
dynamometer. The amount of emissions(CO, concentration, temperature and flow rate)
was measured according to RPM(Revolution Per Minute) changes of each construction

machine.

CO, emission per unit work was calculated by measuring the productivity and the
engine load condition during construction machine operation. In this study, the
amount of CO, emitted from concrete foundation process of unit volume was
estimated to be 3.66kg/m through the direct measurement method. CO, emissions
measured by the direct measurement method is about 40% of those derived from the

indirect measurement method based on the existing fuel consumption standard.

Various kinds of construction machines are being used more in actual construction
field than those used in this study. In future study, it is necessary to establish a
realistic database through a direct measurement method for measuring CO, emitted

from various construction machines.

- viil -
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2.2.1 Intergovernmental Panel on Climate Change(IPCC)

Intergovernmental Panel on Climate Change(IPCC)= 917t &=o] T2 2
Wrtael izl o3t BiEY % EadU0l A3 F4
AL ol HiEE2 ofyA], A R AlZARE, 54 AU VIEtEA|0]E, HV]Z,
718 o2 #RE0] Aon AeHd(accuracy) H U =(precision)®] FHOA
Tier 1(7]:29¥)ollA Tier 3C0ME Al BH)7HA] APdRidol dist HilAreto]
AIAIE O QT &Zol= ZF =7PE 2 IPCCO Y ES vtz AAIAQl A2
1 5= Bz A=Y AAd At siEASE AMHEsSke FAotHIPCC,
2006).

IPCC(2006)0]] ©JstH, v]x= = (off-road) Oo]-&HojAl LAEst CO, CHy, N2O HY
SF AAS st Ho g Tier 1, Tier 2, Tier 39] 37FA|7t 9it}. CO, Hi&S
-
=

Asted 944 B wge 2ob SR 28 2 deisd dAniuEs

o

2.2.1.1 Tier 1

Tier 13 Table. 2.10] Ugd A&XY 7|2 viEA+E AH&dez2n 4Agst
o o 4 ded OF dae He2 & ZHEaeo] ofsi Avldtha Zgst
of. Tier 1 Y2 YAl # &g A 5YstH 7| 2ALE7) Oy

g o £2 ARESH= ®Holoh ouA] auvlEo] viEA S
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Table. 2.1 Default emission factors for off-road mobile sources and machinery(IPCC, 2006)

CO, CH,4 N.O
Off-Road Default Lower | Upper Default Lower | Upper Default Lower | Upper
Source (kg/TJ) (kg/TJ) (kg/TJ)
Diesel

Agriculture | 74,100 | 72,600 | 74,800 | 4.15 1.67 | 104 28.6 143 | 85.8
Forestry 74,100 | 72,600 | 74,800 | 4.15 1.67 | 104 28.6 143 | 85.8
Industry 74,100 | 72,600 | 74,800 | 4.15 1.67 | 104 28.6 143 | 858

Household | 74,100 | 72,600 | 74,800 | 4.15 1.67 | 10.4 28.6 143 | 85.8

Motor Gasoline 4-stroke

Agriculture | 69,300 | 67,500 | 73,000 80 32 200 2 1 6
Forestry 69,300 | 67,500 | 73,000
Industry 69,300 | 67,500 | 73,000 50 20 125 2 1 6
Household | 69,300 | 67,500 | 73,000 120 48 300 2 1 6

Motor Gasoline 2-Stroke
Agriculture | 69,300 | 67,500 | 73,000 140 56 350 0.4 0.2 1.2
Forestry 69,300 | 67,500 | 73,000 170 68 425 0.4 0.2 1.2
Industry 69,300 | 67,500 | 73,000 130 52 325 0.4 0.2 1.2
Household | 69,300 | 67,500 | 73,000 180 72 450 0.4 0.2 1.2

Note: CO, emission factor values represent full carbon content.

Tier 19] Eq. (2.1)9|A AIgEl= viEA 4+ [PCC7F AAIgE Aad ©HAHIEA
25 AEstH, CO; HiEHS 4AHlE A=t di FFo 2 wiEA4E ol&st
of FshA =t

Tierl (2.1)
Fmissions = Z(Fuelj XEE)
J
o]714, Emissions = H}&%(kg)
Fuel; = AH"H Adu(dsduld JI)NT)
EF; = Hj&A 2 (kg/T))
j == 57
IPCCOl A AAISHE Tier 1 wwol o|3t A5} ¥}& CHi N0 oiE%F 413
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-
=
i)
el
R
%
Y
o
ol

sto] 4" siEAsAY] oz Atsts gHoltt. Tier 29 Tier 3 Y2 &



ARolzta & 4 ot Tier 3 W¥y2 Bottom-Up YAz XpEE, vjEA| 017
=0 g sEAsE

Mgatol 7AWy 5 wiEYS O1Y sl et 4
Folog we xwg WaR Itk

o

Tier3 (2.3)

FEmissions = Z (N” X Hy; X P X LF; X EE])

L)

o714, Emissions

I
=
i
off
’;
©

N, = AR (LA

Hi = A 9] A 7HEAIHh)

Py - X% 10 B B F2(kw)

LF; = Ak i) HEKQl BapIL0 I 1 Aole] 4%
EF; = At&F o] AgSE Agjo] Fat siEA 4 (kg/kwh)
i = H| = 2 (off-road) Al &&

j = AR &

2.2.2 A2 SaviEa A stosatel

MLTMA(2011)& 1% cfstol 712 9 AA, AR(lst Agare ngdr

Ra)
X
o
e
s
P
=
i
ot
&

A Jlolselele YRst wEG o2

C
WA IPCC lol=atele 7)52 sto] ofulx] AMgH, 2ud, HauEAL,



CO, Bl 5 =0l LI K| A} 8 2bx 2t o ek v 57 X1 5 8 X44// 12
(tC0O,) (unit)  (keal/unit) (tC/keal) (tC’OQ/tC) (2.4)

2.2.3 g}stA

Kim(2014)o] <JstH AgbEQl 4529 H|57do] oF 180~380°Co|| HH#Ao=z
oF 350°CollA Ap7]  =Argtsich. ®39F, HFG+= oF 3009E59] ®©Hetpiz2 LG E 0
Ao A¥rHQl aFshAl2 CHys0l™H CioHgooll Al CisHogZkA] L3t

ol CH, Pejo] Hatia AANGAL Eq. (257 Zol Ushd 4 9

Lo(Yu et al, 2012), o714 LWl F90] Sl x=12, y=23 91 CisHy

o}2 CUsHH Eq. (2.6)7 Zo] FF 4 9ou), 4§ 1L} o|gxo=
9

g/Lo] CO7t vliEd Tt

qglzry+(x+%)02w002 +%HzO (2.5)
AC, Hy, +T1 0,48 CO, + 46 H,O (2.6)
1L Diesel (2.7)
832(g) _ 1(mol Cyyy)  43(mol CO;) 44.1(g)

1(L) ~ 167.4(g) ><4(molq2H23) 43(mol CO,)

=2,630.199/L
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2.3 A1A

-1y

i
1

Y

2.3.1 CVS-75 v

CVS-75% U129 AFEAE BlE7kA AZbA] FYBE Al@ FTP-752 Il 2
A A 02 1987ARE] ALgotol 4TAle] APRER T8 & & 9o

CVS-759] A= A WA Cold Start PhaseoA]: 505% Z9t 1tx7] ©HA|=2
% 5.78kmE F3¥stHA &4 50km/hollA] Zo of 91.2km/h7HA] &&g& ®IS}
AAZTH F3§5h= ©@AO)AL, & WA Transient Phasew= ¢Hg7] ©@AI2 5 33
72] 6.25kmE 865% =9 £A 38km/hojA Z|Tf 55.2km/h9] £E2 7}& U

443 9Hslste] F38st & Al A= 1027F A% Al5S I1= Engine Stop

O

K

Phase?} o]ojA|t{, Y ¥ ©AQl Hot Start Phaseoxl= A wxjet &2 £33
Lol Mer] 9AE YHESte RSt & £33 2] 17.85kmE BAtAlL
34km/h& Z3885tH, Fig. 2.12 CVS-75%388 ©Eo] Alo]Z2A], 7F TAE A]
o @& FPEERSE Uehd Jefjzoltt. ol Uit FujoA A&t siE7t

A FAo] st EER T 2] 27FE CO, ¥ of2 vj7]7tAo] vjE 2R S vl s}
AL #ASHE Yo r o] &gt 2 Ao vlwoA = At

i

S~
=

Cokd Star =L N Engine Slop  Hol Slard
Ty | TSN : e 35 Db
riEse I 1O SBC) rrnase

Ve DS Ay 2474 :

0 500 1000 1500 2000 2900 T faae)

Fig. 2.1 CVS-75 Mode Travel Cycle(ME, 2017)
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S

2.3.2 Concentration - Flow Velocity Measurement(C-FVM) &I

(Concentration - Flow Velocity Measurement

2 28719 w7l ol e

Kim(2014)0] AAIst 5= -G557
C-FVM)= o|&st xIF CO, viEd AASgUH o
+ H717IAE RPM Wghs #o] ZF2h 2t & AQPARE F "j77part ogE
CO; 5525 B0, 453 &% R332 A& & 8 disto] AR viE
He CO; HiEFS 4APdohe W o=2A], RPME Hj7|7FA9] 2 ThEL COz9l 5%
= AR 3o g AREEITH= RSt RPMO|| T2 Hj7]7kAQ] v 7|5 o]-85t {14
71Al CO; viiE" 7ol
AE71AE ol4teret A HiEd2] Apo] 22 Ad7|Ae] A 1 7] 3ol o
At A &0l Getkitt= 71 stofl AAIgTh E=st, o]aketetA wijEo| o
&S UR]= 84a=AM 7|39 54, 2%, RPMC =2 7Pgstal o] Q4QF CO%t
o] A S +AGHITH
£7st CO, 5% 32 Eq. (2.8)2 o]&sto] @HRIT CO, Agptoz ehitsh
AE71AY w7 Fto] F85AME ARt 4 Y ©UAS 54, A i
E59dm/s)= AFsto] Eq. (2.9)8 ol&s THAIIE CO; vigds Atgsh
o},
0,(g/L) (2.8)
10°° 44(qg) 1(mol) 273 z(atm)
= (ppm) opm) moz)X 22.4(L)><(273+y>< 1(atm)>
714, x = CO; ‘5%(ppm)
= AAL2E(C)
71 (atm)
Flow Rate(m?/s) > CO,(g/ L) <1000 (2.9)

CO, (g/s) =

- 12 -



3.1 A

o2

S|

3.1.1 AA7|A

3.1.1.1 Z217]

© AHolA Z8E =47](Excavator)d] 2357, AUT, w717tA wlE 54
o
L.

Kim & Lee(2017)9] ZutE A8ttt

et AR BROIA 28 5 Fie 303 2 2ADIE AH8HAL,
Table. 3.1 FAP7] Agdoln] QRS 67]F, AL 13,500kg, BIZI&TE 0
m, Z2o] 7,290mm, YH] 2,496mm, =0| 3,480mm, ZF|A] A|A}t=o] 350mm, &
2 134ps/2,000rpm, A3]& %= 11.3rpm, o] ZAF ¥HX]S 7,605mm, |0 ZAF
Z10] 4,640mm3l EtolofA] 241715 ol gtk

Fig. 3.1 Excavator
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Table. 3.1 Specifications of Excavator

Unit Dimension
Weight kg 13,500
Bucket capacity m 0.59
Length mm 7,290
Width mm 2,496
Height mm 3,480
Cylinder EA 6
Engine power ps/rpm 134/2,000
Revolution speed rpm 11.3
Maximum excavation radius mm 7,605
Maximum excavation depth mm 4,640
Travel speed km/hr 37
Production year year 2010

AEhg AA7IAZ @olM 23 59 Fig. 329 22 EIE YMEY
(Concrete mixer truck ; CMT)E Al&stQit;. Z32]E WA EZHQ X
Table. 3.20] AA5t 0] AMEYYAOR 54 Al AXo| THE 3ch2 o] &3}

ot

Fig. 3.2 Concrete mixer truck
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Table. 3.2 Specifications of Concrete mixer truck

Division Unit (,:MT' 1 _CMT'_Z CMT3
Dimension Dimension Dimension
Weight kg 28,670 36,600 28,900
Length mm 8,380 9,635 9,340
Width mm 2,495 2,495 2,490
Height mm 3,850 3,750 3,700
Cylinder EA 6 6 6
Engine power ps/rpm 380/1,900 400/1800 410/1800
Drum capacity m 11 15.8 11
Specification capacity m 7 9 7
Production year year 2003 2012 2015

3.1.1.3 EEERE F29l

A AA7IAIZ A%oA 38 591 Fig. 3.31 2 EHTRREY F 9l
(Cargocrane : CC)& A&ttt ESHYR|Y Z Q9] AU Table. 3.30] A

g
Astgon ARAPYNoR 54 Al Aol QA A)E o] 831t

Fig. 3.3 Cargocrane
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Table. 3.3 Specifications of Cargocrane

. . CC.1 CC.2 CC3 CC4
Division Unit . . . . . . . .
Dimension Dimension Dimension Dimension
Weight kg 38,990 39,410 39,410 39,410
Length mm 12,630 12,630 12,630 12,630
Width mm 2,495 2,495 2,495 2,495
Height mm 3,900 3,900 3,900 3,930
Cylinder EA 6 6 6 6
Engine power ps/rpm 440/1800 440/1800 440/1800 440/1800
Maximum load
. kg 10,900 11,000 12,500 11,900
capacity
Production year year 2003 2002 2004 2003

3.1.2 F737]

o

3.1.2.1 wj717kA 547

Hi717kA Ao ARERE FHl= Fig. 3.49F 22 5Uf TAR 7|50l 54
A2 0, CO, CO, 2% 5Soltf. Table. 3.4= Portable Emission
Measurement System(PEMS) 7Au|9] thEA SAHY=1 5024 0,0 54
9= 0~21vol%ol AP e +0.2 Vol%oli, CO0l EAHL 0~100%0]H A
g2 +0.2%0]1, CO9 5A-HUY+= &4 0~4,000ppm, 2%+ 0~400°Co|t},

Fig. 3.4 PEMS Equipments
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Table. 3.4 Specifications of Portable Emission Measurement System(PEMS) Equipments

List of . :
Measuring range accuracy Resolution
measurement
0,(Vol%) 0~21 +0.2 Vol% 0.1Vol%
COx(%) 0~3/0~100 +0.2% 0.1%
+20 ppm(0 ~ 400 ppm)
+5 Of the measured
CO(ppm) 0~4,000 value%(401~2000ppm) 0.1Vol.%
+10 Of the measured
value%(2001~4000ppm)
+1°C (0 ~ +100 °C)
Temperature(°C) 0~400 +1.5 Of the measured 0.1°C
value% (>100 °C)

3.1.2.2 74 5747

vi7|7tA v E
Foln] 54a4
719 MEW] fuA
RCE i

0~600°Co|t}.

Fig. 3.5 Measuring instrument
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Table. 3.5 Specifications of Flow meter Equipments

List of measurement Measuring range accuracy Resolution
Pressure 0~+2500(Pa) + 0.2% of reading value + 2Pa 1Pa
Measuring
0 ~ +50(°C - -
Workable instrument (C)
Temperature
Pitot tube 0~600(°C) - -
Measuring 2 ~ Sm/s +0.3m/s 0.1m/
Adm/s
velocity instrument 5.1 ~ 100m/s + 0.5% of reading + 0.2m / s
measurement L than 1% wh liened t
Pitot tube 0~60(m/s) ess. an e .w e anghed o
fluid flow axis at + 10 ° C

Fig. 3.6 Video recording device
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3.2.1.2 232]E WUMEH

CO, MEFS NYSFYAOR MEal| Yl TA2E UHE ] s
urh AQlo] mhe palyEle] RPM

g 2
Wele Reldom mejstel CO, BRES AVYSt: Zlo] e} gHolct. B3
,‘i

i

ol w712 wiEsE w717kag CO, RO RE 121 94 S 57l
RPM iste} YRS 2Astect

Co, iEHS AFEAYA o AEeh] e BT Fa)ole] LS
A} CO, WETS A4 Ede SAsts 4wt Ao k2 Rahiejo] RPM
A5t Balekoe welstol CO, WjEaS APgst: Zlo] ®o} gelxolct. 23
A Aot ol E2]AS o sl AHIE Sof ulHE S|Fet: Hal Jeje LRt
At CO, WiE2FS APYsts] 9Jal PEMS Aulz #Aolq Eigyy =29lo
=7 RPMo| thsl Hl7] 12 jEEE uvj7|7tao] CO, sEet 8 18w 9%
=9 Zxjslo] RPM Wisjel AT S 2Ajstirt.

3.2.2 ZA47)7 Al S0l T RPM 57

3.2.2.1 2A7](Kim & Lee, 2017)

A7) LAERo] TFE RPM WskeRut AAMY(RIAS AVISE] S5 EALA
wlo] 15ton FEER & ool A2 8mig FulStL AYL AT 2AI) A
e Aoz s|Mstel eagEle] UL Afat SASIES xYstACh HE
of eur W FA YL W= Asigon AY Yejo] wepd AL Al
A7) 93t ol5, Bizlo Ao ;e AR @], g4, 9], sEAA A B
o7]2 57kAl9] Akel ElE pEsto] 23 Aol ThE RPMualel ABAMI(RY)
P LA,
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B oA AFRE ZAH7]o] dialo]l 2010W AAME|Qion, EI2]E BlA
of A& AAS 2AIk FAFSHAl AFEste it 2y Fig. 3.100] 9]t
Add "S- A9 sigd=e 23 UMEY 5 47t ojojste] o

¥ 23YE YHEY AEW CO, MlEY AUE AARAstel ZAoe] Axg
o

1>

o
|m

100
85
2z 80 A
B
=
S 60 - 55
=)
a4
£ 39
S 40 - 34
= 24
% 23 22
.Eb 20 . 8 7
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0
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Fig. 3.10 Registration quantity by Jeju concrete mixer truck
yearly(Jeju Special Self-Governing Province, 2018)
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Hall A S EHEAE 2 ALl w2t oiv], =71, Welvl, oA, &
Y JH= ot 2% AdEjol o2 RPME ket A

Fig. 3.11 Cargocrane to work
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Table. 3.6 Experimental conditions

Distance between | Number of Classification of work
sites(km) sounding characteristics

Digging and _ 4 Put, Rotate, Empty, Collect,

moving Move

Excavator

Rock _ 3 Crushing, Collect, pick up,
crushing rotating, lowering, moving
Concrete mixer truck 10 4 Loading, moving, pouring

stand by, pick up, down,
Cargocrane 10 5 Rotate, Boom Adjust, Move,
Lock and Release

2

49 A 5 A Bo} e RPM Wal Al dl7lkA JEe BAsto

=
HAIRTS HiEFS AFEste 7€ S GA S o8t CO, BiEat

d EREE
sttt Tejm EYAlY 3299 o AR Axlo] gAIste] AHEge] A
BAA BFE CO, HlEFOR Astaict

2 AN 7R AEE AEIZEES AMESH 7FE 30m, Al 30m, =0]
Im¢Ql #+2E2 7PJsttt. Fig. 3.128F Fig. 132 7Pdst Ald=29 ©@H= ¥
Wwolth 283 MCT(2007)9] ‘&% 4H& 71 AQA'S Z8sto] o 75 &

o]

oy
o

[o]]

o}

=
E

g

=
=

I“T’ 0.5m
i | 32m |
[ ] 31m | ‘
) 30m !

Fig. 3.12 Basic facility sectional view
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32m

31m

30m

A sloith. Aluke] A0 o K|uk 50%, EAF A8k 50%2 spgetel EAbvle] ouf
A A evh R A Al ¥ MU0 sbgstuct £ BAAS 3
F(L)e 122 sPstct. 247] CO, iEe Gupl & WS Agw £4)
7F A9 AEE 4F & Ro2 J1gstol ALEsteict

Faele YMEYL FIolE Y] U2 AUULE A
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Aag A471A19 A R COp Bl &%

4.1 A7 &s}

oft

(Revolution Per Minute : RPM) ¥ 3}

4.1.1 2A7](Kim & Lee, 2017)
4.1.1.1 A7) 28 % ZAF A

Fig. 4.1 19 #o]Z A}jo] Fuld JHM 542 AlASte ols Aol
et yZlof] H& Al Al &0 RPMS 1136, #|4& RPME 1052, H#
RPM2 1102011, ZAt719] o]A A] A0 RPML 1136, |4 RPME 1052, H
RPM2 11030]1, #{719] W&=2 vido] Udsg ©9 zo RPM2 1128, 3|
4 RPMZ 1054, F++ RPMZ 10990]t], vtgo] MZ5 @o7] 95 g3 F=
Atol Al Z|t] RPME 1122, #|4 RPME 1054, H¢ RPMS 10942 UER} 9

g o

e o)
5 BaHoR AWIAZ AR WALl FH3| PRl

=
=
AN
| .

o cr
= o

of. ®3h, A
o mretsr
Ae AT 2 ok

Fig. 42= 28 #o]2 &9l 5 RPM #ist2 wolzm Qrh. &g 9jate] 2
A7} AlelE A7) Y8 olsste Ade = S
A} RPME 1124, ®]A RPME& 1052, B+ RPM2 10970]1, =A+7]9] 3]A A]
Zt) RPME 1140, ®|A RPME 1050, H+ RPME 11030]a, H
vicho] Wejeg wio] &0 RPME 1126, &]4 RPML 1072, ®3 RPML 1097
olo], uige] MR moy] 5] vl FE A Al A RPME 1122, Fa
RPME 1066, H# RPME 11010, 2417]9] o5at At} A 0] RPME
1424, %4 RPME 1066, Ba RPME 12252 LtE}T 9lon ol% & 271A0l
RPM Af&o] UERtL 9ict.

Fig. 4.32 391 Aol A & RPM ®igtE Hox1 ik A4S sl =
A7 Akl A7) Ysl olsshe A mEdstn], WAlo] RS g A Al
Ztf RPME 1130, &4 RPM 1044, H RPM2 10950]1, F21719] o)A Al
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Zd RPM2 1140, %4 RPMS 1028, Hd RPME 11030]1, #7lo] Y&E2<
gicbo] i w9 | RPMS 1126, |4 RPMS 1062, H# RPMS 1103
ojf, ute] MES roy] sl vigS = AU Al At RPM2 1128, &
RPM2 1082, g+ RPM2 11040]1, =A7]9] o]Fsh= A Al 20 RPM2
1432, %4 RPM& 1082, Hd RPM2 12352 UEh}L Qlod ol% & £7HA 9l

RPM #0] e 9ot Tgh Y § Faldo A¥/Ag x5st A
goiagol 8] WolAl: g AL & Uk

Fig. 4.4% 49 #fol2 &% 5 RPM ¥ate Holzn ik &g st 2
Ao} ARl 7] s ol Bohe AT mastul, vizlo] RS 9t A A
Zt) RPM2 1124, %4 RPM2 1048, g+ RPM2 10960]11, ZA7]9] 3|A A]
Z|t} RPM2 1134, %|4& RPM2 1046, H+ RPM2 11030]1, #7l9] Y&=&
ool Y2 W Ao RPM2 1118, %]4& RPM2 1060, H+ RPM2 1088
ou], gt ML Bov| Y8 vl Fi A Al AT) RPME 1126, A4
RPME 1086, 7 RPME 11060]1, 27|19 o[ §ah &% Al o] RPME
1436, £]4& RPM2 1084, H+ RPM2 11762 UEht Qo oz & £7HA0Ql
RPM 30| Ueht 9c). =3 A9 3 Fajdoz A4/ |AS xastd ax

Bofegol F245] Wolrle 2g HAT & ek

_E_IA‘
i

ook

FA7I o8 U A A Al AIUSHo] ©E RPM Wa} e A A
AZYol ofgt 7}EWF RPM 11102 AFasteict. RPM wgfo] me sj7]7ba 573
(CO, 55, 2%, 34)2 37 BA02 N5d FAMN /15 FFe RPME
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1800

Working(17 time)
- - -Idling

1600 -

1400 -
A
& 1200 |

1000 ~

800 T T T

0 100 200 300 400
Time(sec)

Fig. 4.1 RPM change according to 1 cycle work time
(Kim & Lee, 2017)

1800
----- Moving
Working(18 time)

1600 1 _ _ -Idling

1400 -
Ay
&2 1200

1000 -

800 \ ‘ T

0 100 200 300 400

Time(sec)

Fig. 4.3 RPM change according to 3 cycle work time
(Kim & Lee, 2017)

.08 -

1800
----- Moving
‘Working(18 time)

1600 -

1400 4
=™
& 1200 A

1000 -

800 T T T

0 100 200 300 400

Time(sec)

Fig. 4.2 RPM change according to 2 cycle work time
(Kim & Lee, 2017)

1800

----- Moving
Working(18 time)

1600 1 - - -1dling

1400 -
A
& 1200 J

1000 -

800 \ \ \ \ 1 .

0 100 200 300 400 500

Time(sec)

Fig. 4.4 RPM change according to 4 cycle work time
(Kim & Lee, 2017)



4.1.1.2 2A7] dopaf A

=4719] gl A2 2vt 3 =24 4 AU Fol AR ©E RPM ®¥igh

Sgsto] A 3 BAIY S92 A1) Sistod A AASHAT

Fig. 4.5 19 #o]Z Aol 1023 dmtaf Areie] AjRto] whg RPM w®isto]
o} dmba) AFd Al Zof RPME 1010, 4 RPMLE 970, 4 RPME& 10000] 1L
Z2719] olF Alof| z|f RPME 1260, £]4 RPM 1000, B RPM 10960]
T, bpcto] mhafEl bAS moy)| o) v ZAU mol & A] &) RPM
© 1340, &4 RPM 980, H+ RPM2 100802 UEh}aL Qlct.

Fig. 4.62 29 #o]Z Ario] 1023 dmtaf Areie] Ajgto] whE RPM ®isto]
ch Qfmba AFd A] &t RPM2 1010, &4 RPM2 970, Hw RPM-2 10000]1L
ZAr719] o]% Ao At} RPM 1300, &4 RPM- 1000, B RPME 11720]
a1, Erge] ohfE dME =ov] s utee Y o A Al A RPM
© 1270, &4 RPM& 970, B¢ RPM 100502 UEh}a Qlct.

Fig. 4.7 391 Ao 2 Atgio] 1087 Pupa) AHio] Alzho] w2 RPM Wstol
.}, ok AFd A] &g RPM2 1010, %4 RPM& 970, 3+ RPM-2 9990]1
ZA7]9] o]% Alof| T RPMS 1340, %4 RPME 1010, ¥ RPMS 11340]

upcte] mhaE 24e BoU] 98 Hlee FAY Dot A Al AT RPM
2 1190, &l4& RPME 970, T+ RPM 100102 uEhty Q)

BA719) Q] A Al ARGl The RPM Wat S A
C)gt 7153 RPM 10042 AFESISICh RPM Wato] o2 7] 7bA
T 2%, §4)2 37 $HOR NEH AN J1F BRI RPME CfYstol

Y Al €O, MRS Agstsc
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Fig. 4.5 RPM change according to 1 cycle work time Fig. 4.6 RPM change according to 2 cycle work time
(Kim & Lee, 2017) (Kim & Lee, 2017)
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Fig. 4.7 RPM change according to 3 cycle work time
(Kim & Lee, 2017)
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Fig. 49= Z32]E uAEa 28 Ro]2 AFo2 7mo] ZI2EZ 5 7km
Helol d%go] F3E HuILS o]gsto] ERMESH] st Ad ATt mhE
RPM ®g}S SRIskiTy. 3 2]E YA EZH AR Ad A] RPM2 [0 800, %]
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E3la 1780, 820, lga 831, At} A|7he 555& & UERLFT 9ot

mlm

Fig. 4102 232 E 9NEY 3¢ Mo|2 Ao Tmo] ZIES 1.2km
: F

Huyls o]&sto] EFESH] st Ad Al mE

2] o 23E H
RPM ®ohS =helstict. 232 E YA EZ HA| A1) A] RPM2 2|0 580, 3]
A 560, Ho 567, A A|ZF2 130%0|11, RO Z 0]5 Al RPM2 =]t} 1770,

Fig. 4.112 £32]E MEY 4¥ Ko|Z 7m 9 EI2JES 9.9km 7{2]9] ¥
of A ARt o2 RPM Hst
3] S | RPM Z|th 680, &4 635,
50%0]1, o2 o]F A] RPME a‘qtﬂ 1600, &4 560,
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Fig. 4.8 RPM change according to 1 cycle work time
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Fig. 4.10 RPM change according to 3 cycle work time
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Fig. 4.9 RPM change according to 2 cycle work time
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Fig. 4.11 RPM change according to 4 cycle work time



4.1.3 EAEANY 29l

LY

Fig. 4.12= E=Iekx)

ok

EE)

-

I #o]2 RYOR oF 35tond 2L o
9.3km Azl ¥ ey Aoy, EYUAY Ao of7] Al RPMS A4
500, 2|t 860, T+t 5240]1, E7] A] RPM2 %4 500, #|tf 600, I 5370]

, Ual7] A] RPM2 %]4 510, o 980, -+ 7430]1, 3]A A] RPM2 A4
510, Ao 1010, H+ 8850|1, & R A] RPM2 X4 520, o 990, H+t
7490]11, o]= A] RPME& A4 490, Fof 2220, H 14070|1L, 1A « iA| A
RPM& %|4 510, Xt 550, H4t 5222 UEht Qo AFGAIZRE 295% 0|1
o] FAIZLS 12605 ARk,

Fig. 4.132 E=EAYP ZQ1 29 Ko]F Aoz oF 3.5ton? g2 <
53km A2]9] dXF =¥t Agolot. EAYANY FQle] o7l A] RPME 2|4
510, Z|tf 920, H& 5710]1, 57| A] RPM2 %4 620, Z|tf 1180, H7 8500]

, U2]7] A] RPM2 & A& 710, =] 890, ® 8000]1, 3A A] RPML & A&
550, |t 1120, P& 8670]x, B XA A] RPME %4 520, Z|tf 990, H+
8160]1, o]% A] RPME X4 510, 2|0 2050, B+ 12540]1, 1A « oA A
RPME Z4 510, &0 580, H# 5232 UEttn Qlch AFAAIZHE 285% 0|1
o] A 1190x A Q= .

Fig. 4.14= EZEAYP ZQ1 39 Ko|F Aoz oF 3.5ton?] a2 <
53km #2]9] dXF =¥t Adolct. EAYANY FRle] o7l A] RPME 2|4
510, =0} 600, Y+ 5190]1, 57| A] RPM& %4 800, %t 870, H+ 8400]
1, Y27l A] RPM2 %4 520, 20| 810, "4 6650]1, && A] RPML & A&
710, =T} 1070, B4 9630|1, B =& A] RPME |4 800, |} 1020, H+
9270]1, o]% A] RPME |4 510, 2|0 1990, Ho 1149011, 1A « sf&| Al
RPME& %4 500, & 590, H# 5222 Uty Qlch AFAAIZHE 365%0]H
o] FAIZHZ 760x A Q= Ut
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Fig. 4.15= EFAYE ZHQ 481 Ko]F Ade=z oF 3.5tonY g3 o
16.8km 2|9 %} =¥ Argolct. EFR|E Aol o7l A] RPMZ Z| 4
550, Xt 600, P+ 5980]1, 57| A] RPM& %4 600, %] 880, o 7530]
1, Yg]7] A] RPMS &4 780, =|tf 1150, F 9030]1, 3]A A] RPME %A
600, =]t} 1700, B4 10080]1, ¥ =& A] RPME %4 600, =] 1700, 7
12310]1, o]% A] RPMS %4 600, o] 2150, H 139401, 17 « A A
RPME %4 550, Fof 600, H 5982 eI} 9ict AFAAIZES 410% 0|0
O] FAIZHZ 1495% £ Q=T

[Sx!

Fig. 4.162 EZGAIE F2Ql oW #o]Z Aoz oF 3.5ton9 3tz2 <
16.8km #2]9] @4 ¥t Ajo|ot. EHGR|Y FQlo tj”] A] RPME Z| 4
580, %|tf 880, H4 6040]1, S7] A] RPMS %4 750, Z|tf 1100, & 92509]
1, Yal7] A] RPME  12800]1, 3|4 A] RPMS %A 600, 2|t} 1720, Ho
1063011, 2 %74 A] RPME A4 600, &|gf 1700, H# 115001, o]% A]
RPM2 |4 600, =] 2100, ® 13570]1, 17 « A A] RPME %4 580,
2|t 650, Ho+ 6012 YR Qo AFJAIZERZ 395% 0|0 o] A7k 1616%
A QT

2

A

=

Eadgy Te090) A Al AUSA] T2 RPM Wat e A &
Cf. RPM Wislo] o} wj7]7ta S

(CO, &&=, 2k, 7%)2 9 4oz AEd oA 715 B« RPMS Hf

jo
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Fig. 4.12 RPM change according to 1 cycle work time

2800
2400
2000

= 1600

=W

=4
1200

800

400

Fig. 4.15 RPM change

0 500 1000 1500 2000

Time(sec)

according to 4 cycle work time

500

1000

Time(sec)

Fig. 4.13 RPM change according to 2 cycle work time
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Fig. 4.16 RPM change according to 5 cycle work time



4.2.1 ZA7]1(Kim & Lee, 2017)
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4.3 wi7)7kA &4 Azt

4.3.1 2A719] IRl £5HHRPM) Fetol] g 574 23HKim & Lee, 2017)

Fig. 4.17¢ RPM W&o o2 Rusiol ®sjo] uj7]7ka CO, S5 Watolct,
285} AbEjo] A CO, &t 54 RPM 8005 RPM 17007tx] 3% o4 &7s}
of 7t RPMO] £43te Hgsto] s]71 242 s9ict. sl AE) RPM 800014
o] =5 258%, RPM 170001A% 2.77%= 1.078] Z7}3tdct. 25} AFefoA]
CO, 5= RPM 800049 %% 2.58%, RPM 20500)A% 5.44%2 2.11¢] 57}
stoict.

Ol

7.0
OLoad ONon-load
6.0
y = 0.002470 x + 0.799689 O

5.0 ~ R2=0.95
&
é 4.0 -
=)

3.0
®) Gmmmmr-mmm @ mm O m T ©

20 y=0.000242 x + 2.372500

R?=0.88
1.0
0.0 IIIIIIIIIIIIII i 1 1 1 1
400 900 1,400 1,900 2,400

Fig. 4.17 CO, concentration due to RPM change
(Kim & Lee, 2017)

ol

Eq. (4.3)2 F55F AJHolA RPM ®Heto] & CO; 525 9 AR Aatz
AFEE Aol Eq. (4.4)= Fs5t JEoA RPM ®igto] @& CO, 5=E5 2
H A% 2tz AEd elyAoldt

CO,5 5= (%) = 0.000242 X RPM+2.372500 (4.3)

CO,5 (%) = 0.002470 X RPM+0.799689 (4.4)
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Fig. 4.182 RPM ¥igo] u}2 mHstel Hato] uj7|7ka L& wgto|c}, Fxs}
AEfoll Al Z A4 RPM 8003LE] RPM 17007kx] 3% o4 %Aste] 2t RPM
of szt WRstel APLNL SIYCh FEst AE) RPM 8000149 2%
120.7°C, RPM 170004+ 165.1°C= 1.378] Z7tot3ith. BEo} AMEfoA &=
A4 RPM 800%E| RPM 20507Hx] 3 ol ZAsto] 7k RPMO| 54 W
sto] 37 EM2 sHich RPM 8000149 2% 120.7°C. RPM 20500]4= 298.
2°C=2 2.474 Z7}stict.

350 +

OLoad 0O Non-load
300 - [}

~ -
O | y=0.131784x+19.018671
g 250 R2=0.98
(5]
S
= 200 A
N
]
= o/
2 150 A g
E _____
= 100 - y=0.046217 x + 82.975000
R2=0.95
50
0 +—————f4—r—r— S E—
400 900 1,400 1,900 2,400
RPM

Fig. 4.18 Temperature due to RPM change
(Kim & Lee, 2017)

Eq. (4.5) S35 YejolA RPM Wsto] ot2 252 87 BANE Zuz 4%
d 3| HA0|0, Eq. (4.6)2 5t HElolA RPM Wao] 02 2=g 37 2Ald
2utz Az 84 ol

A 425 (C) = 0.046217 X RPM+ 82.975000 (4.5)
A 425 (C) = 0.131784 X RPM+19.018671 (4.6)
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Fig. 4.19%= RPM ®isto] whg SHofel Hsto] uj7]7kA uj

Y5} AMEjollA] Z42 RPM 800%E RPM 17007tA] 3¥ o]Ar =Asto] 7zt
RPMO] E574%2 Batoto] SHRAS otlch. F525F A8l RPM 8000(419] &4
5.8m/s, RPM 170004 11.2m/s2 1.934f Z7}steict. Hal AejolA] =4
A] 4~ RPM 800%-E] RPM 20507}K] 3¥ o] =Asto] zF RPMO] EA7S B+
sl FHEAS oFTh RPM 80001419] &< 5.8m/s, RPM 2050004+
25.3m/s2 4.368] Z7}stict.

30
OLoad ©Non-load
25

y=0.015944 x - 6.492356

Q 20 A R2=0.98
g
-’
£ 15
(%
= .
2 10 -

sl &7 y =0.006008 x + 1.150000

) R2=0.99
0 — e
400 900 1,400 1,900 2,400
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Fig. 4.19 Flow rate according to RPM change
(Kim & Lee, 2017)

Eq. (4.7)2 S35} AEloA RPM #alol] oh2 vj7]7tA 4S8 3]7] BAG 4

v 71 72 25 (m/ s ) = 0.006008 X RPM1.150000 (4.7)

vl 71 7} 2 45 (m/ s ) = 0.015944 X RPM— 6.492356 (4.8)
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4.3.2 F3E YMEH IRl FF(RPM) ¥isto] whE 574 2

43.2.1 232]E 9 EZH(CMT.1)

Fig. 4.20> RPM w®igto] ot FEsker Hste] 8ij7|7kA CO, &&= WHeto|tt
B5F oA CO, 5=+ %4 RPM 700%E] RPM 20007}x] 3§ o] Z7st
7} RPMO] E43tg Bdsto] U2 sttt 25t &l RPM 70004
=% 1.55%, RPM 2000014E 2.60%2 715ttt 831 AEjoAl CO; Bk
RPM 7000149] %% 1.55%, RPM 20000]A= 2.96%2 Z7}stSict.

L 2

rlr

3.5
OLoad ONon-load
30 1y=0.000968 x + 1.106534 :
5 | R=088 S
- .
L 2204
~ | T ¢)
O 15 | o
o y =0.000875 x + 0.992232
10 R®=0.94
0.5 -
00 +—————p——
400 900 1,400 1,900 2,400

Fig. 420 CO, concentration due to RPM change(CMT.1)

q. (4.9 F53F JEjolA RPM Histo] T CO; =5 o A4 2=
s gl Ao, Eq. (4.10)2 Fst JEfolA RPM ®igto] mE CO, =5 9

r°"

H 2ARE 2z AkEd sl Aol
COE5(%) = 0.000875 X RPM+0.992232 (4.9)
CO, 5 5(%) = 0.00968 X RPM+1.106534 (4.10)
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Fig. 4212 RPM ¥isto] o}2 Sustel Bato] wjr7ka &5 Watolt. st
AEfol ] 2= A4 RPM 7002E RPM 20007hx] #RAS sttt Tuat
AYE RPM 700914 9] &% 94.1°C, RPM 200094+ 188.0°C&2 2.008] Z7}st3
o} wsl AJEjollA] £&= 24 RPM 7005 RPM 20007Hx] 3% o]4 £4j5to]
7 RPMO] E47te ®Wdstol S7BAS sttt RPM 800014] 5 94.1°C,
RPM 20009|A+= 184.6°C= 1.964] Z7}ot3ict.

250 -~
OLoad ©Non-load

200

G v =0.068059 x + 56.431816
& R2=0.95 =
S e
5 104 g =
E
= | o=
O 5 y=0.074463 x + 41.981106
g ] & RZ=0.98
&
50 -
oY S,
400 900 1,400 1,900 2,400
RPM

Fig. 4.21 Temperature due to RPM change(CMT.1)

Eq. (4.11)2 8ol AJEjolA RPM ®ato] g =5 3 A 2= 4t
Z= 3] Alo|u, Eq. (4.12)= 23} AMEJolA] RPM dig}o] o}2 - = 3|7 BA
st Atz A& gy Alo|oh

AL (C) = 0.074463 X RPM+41.981106 (4.11)
A %25 (T ) = 0.068059 X RPM+ 56.431816 (4.12)
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Fig. 4.22'= RPM 7005.E RPM 20007}x] 3]784 w}2 28519} B5}o] uf7]
Jba viE £4 Wstolct. ust AEle] RPM 7000140 £4 10.4m/s, RPM
200091 = 31.9m/s=2 3.078} Z7}st¥ith. RPM 7000419] &4 10.4m/s, RPM
20000 A= 33.4m/s2 3.228} =7}t

40

35 | OLoad ©Non-load

‘\
oy

y=0.017650 x + 0.154425

30 1 R2=0.94

~~
2 25
g
£ 20 -
(2]
=
© 15 1 y=0.016654 x + 0.369667
10 4 i R*=0.96
5 -
0 +——— T e —
400 900 1,400 1,900 2,400

Fig. 4.22 Flow rate according to RPM change(CMT.1)

Eq. (4.13)2 2Rst gefold RPM Hsto] G2 wirirtr 942 sl 243
(4.14)= %5} gEjol A RPM Wato] w2 uj7)7}
942 27 BaY Zuz AEY oAl

A} 7] 7}~ 145 (m/ s) = 0.016654 X RPM+0.369667 (4.13)

Wl 71 7}~ 735 (m/ s ) = 0.017650 X RPM+0.154425 (4.14)
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4.3.2.2 Z32|E YAME

= (CMT.2)

Fig. 4232 RPM wisto] mj2 mustel wsto] wjz]7ka CO, H& wistolct
st AJEIolA CO, =+ 2|4 RPM 600%E| RPM 20007Hx] 3% o]4} Z4jat

ggsto] slpEAe syt Ty

st A} RPM 60001 A

=% 1.45%, RPM 20000|A= 2.97%= &7ttt 2ot AEjolA CO, 5%

_‘f'_
of 7t RPMO] 5L %
o]

RPM 6000]49] =% 1.55%, RPM 20000|A= 3.64%% Z7}stict.

4.0

3.5

3.0 4

CO, (%)

1.0 A

0.5 4

0.0

Fig. 4.23 CO, concentration due to RPM change(CMT.2)

2 459 2940l Eq. (4.16)2 %
Avtz 459 8ol

25 4

20 4

15 A

OLoad O Non-load
Ty=0.001290 x + 1.213631
R>=10.84 o

————— © R2=0.98

CO,5 (%) = 0.001034 < RPM0.819960

F5(%) =0.001290 < RPM+1.213631
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AEfol A RPM Wisto] me CO, 552 37 BAs At
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Fig. 4.24= RPM Wi3}o] w2 mH3sto} Hslo] wj7|7bA % @sto|ch mEs)
FEHONA 2=+ F4 RPM 6008 RPM 200071A] 3] HEAS sttt 15}
A} RPM 6000 1412] €% 83.1°C, RPM 200004 144.3°C2 1.74v] Z7}51%
o}, B} AJEjoA 2= RPM 600042 &% 83.1°C, RPM 20000A= 146.
7°C2 1.7749) Z7}stict.

160

OLoad ©Non-load B

y=0.042217 x + 56.523810
R>=0.98

140
120 +

100 -+

______ y=0.041810x +51.622619
80 ~ R2=10.94

60 -

Temperature(°C)

40

20 1

Fig. 4.24 Temperature due to RPM change(CMT.2)
Eq. (4.17)2 F5s5F AJEiolA] RPM Hgto] g 25 3 At 2u= 4F
=5 gyAlol, Eq. (4.18)2 Fol AHloA RPM ®Halo] Ig 2= Y 4
st Atz 4HEE HAo|Th

ALLE(T) = 0.041810 X RPM+56.523810 (4.17)

AL (C) =0.042217 X RPM+ 56.523810 (4.18)
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Fig. 4.25= RPM 6005E| RPM 20007}x] 3]98A m}2 D H51e} Hato] uf7]
JbA HlE Z& 9stolch, fHsl AEjo] RPM 600049 Z2& 4.3m/s, RPM
200004 = 22.0m/s= 5.16H] Z7Fstict. 2sF AEjolA &4 RPM 60004
o] T 4.3m/s, RPM 20000041 22.7m/s& 5.328] Z7}5}12ic},

25
OLoad ©Non-load

20 A
y=0.013280 x - 4.900853

Q R?=0.98
E 15
N’
&
'S y =0.013565 x - 5.070675
< 10 - R>=0.98
>

>1 o

0 R

400 900 1,400 1,900 2,400

Fig. 4.25 Flow rate according to RPM change(CMT.2)

Oll

Eq. (4.19)= R53} Aejo]A] RPM #dlo] T2 vj7|7tA 842 39 &

Atz AHEH Sl HAlo|H, Eq. (4.20)2 F5F AJEjolA RPM Wato] mhg ul”]7}
A G452 3 2AT 2R AMEE sl HAlol
7] 7}~ 5-25 (m/ s ) = 0.013565 <X RPM— 5.070675 (4.19)
) 7] 7k 545 (m/ s ) = 0.013280 X RPM— 4.900853 (4.20)
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43.2.3 ZT3YE

aj

=

ME

= (CMT.3)

Fig. 4262 RPM ®isto] nj2 2uster wsto] wj7]7kA CO, & Hgtolct

DEst AEOA CO, HE% &4 RPM 6002E RPM 20007}x] 34 o]4 & s}
of ZF RPMO] E4uZ E+toto] FJH2ALS ordth. 55k e RPM 6000]A]
9] =% 1.60%, RPM 20009 += 3.54%=2 Z7tstYct. HEat AEjOA CO; =%
= RPM 6009149 =% 1.60%, RPM 20000|A+= 4.86% =2 Z-7}stgict.
6.0
OLoad ©Non-load
50 A -
y = 0.002346 x + 0.477500
R2=0.95
40 A
O N (e ©
g. 30 g _____ oo @ O
S B <= y=0.001127 x + 1.326905
20 4 = R2=0.88
@]
1.0 A
0.0 t } t L
400 900 1,400 1,900 2,400
RPM
Fig. 4.26 CO, concentration due to RPM change(CMT.3)

Eq. (4.21)& F5s} AEolA RPM ®gto] T-& CO, =5 3H A Zx
2 Atsd 3HAolH, Eq. (4.22)2 Fso} oA RPM ¥sto] @2 CO, 525
ol A Aut= 4AHEE g AolT

CO, 5 5(%) = 0.001127 < RPM4-1.326905 (4.21)
CO, 55 (%) = 0.002346 < RPM-0.477500 (4.22)
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Fig. 4.272 RPM Wiglo] m}2 musjo} H3sto] uj7|7lA &% Wstolch B3}
FEHONA 2=+ F4 RPM 6008 RPM 200071A] 3] HEAS sttt 15}
A} RPM 6000 142] &% 73.2°C, RPM 200004 152.4°C2 2.084] Z7}51%
o}, B} AJEjoA 2= RPM 600042 &% 73.2°C, RPM 200004 %= 159.
7°C2 2.184) Z7}steict.

180

OLoad ©Non-load

160 - o
=0.053954 x +45.971825
140 7Y

) R2=0.96
T 120
£ -8
£ 100 - =
= y =0.055522 x + 38.000794
3 804 R?=0.99
E 60 -
5]
=

40

20

0+ _
400 900 1,400 1,900 2,400
RPM

Fig. 4.27 Temperature due to RPM change(CMT.3)
Eq. (4.23)2 F5s5F AJEiolA] RPM ®gto] g 25 3 At Z2u= 4F
=4 Ao, Eq. (4.24)= FoF AJHlolA RPM ®Halo] Tg 2= 3H 4
st Atz 4HEE HAo|Th

AL (C) =0.055522 X RPM+ 38.000794 (4.23)

AL (C) =0.053954 X RPM+45.971825 (4.24)
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Fig. 4.28° RPM 6005-E] RPM 20007}x] 3] BA w2 DHstel Hsto] ufy]
JtA H|E Z4& wstolot. ©Hst AMejo] RPM 600014 9] Z4 4.8m/s, RPM
200004 = 14.6m/s= 3.028] F7Fstict. £sh AEoA 452 RPM 60004
o] Z4 4.8m/s, RPM 200004 15.4m/s2 3.184] Z7}519ict,

18
16 4 DOlLoad O Non-load

\
OO

14 1 y=0.007218 x - 0.649563

=z 12 -
£ |
_4: =z
(%] 8 /,r‘ [}
2 y=0.007202 x - 0.423929
S 6 A R2=0.98
a
4 -
2 -
0 b S S
400 900 1,400 1,900 2,400

Fig. 4.28 Flow rate according to RPM change(CMT.3)

ol

Eq. (4.25)= Z235} AMEjolA] RPM Wiglo] 2 vj7]7tA S48 3] BAst
Avtz AbzE 3] HAlol0, Eq. (4.26) ¥3t AMEfolA] RPM wWsto] whe uj7|7}

—

A G452 3 2AT 2R AR sl HAlol
Hj 7] 7k 545 (m/ s ) = 0.007202 X RPM— 0.423929 (4.25)
W 7] 7F2 545 (m/s) = 0.007218 X RPM—0.649563 (4.26)
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4.3.2.4 Z32|E YAME

CD

Z32|E 9MEH A, B, Cof itad
1200, 1400, 1600. 1800, 20008 st

Hsto] 23e]E uxE=lo] B Hj7|7t

_R

|>

= O
T T

Fig. 4.29+= RPM ¥ig}o]] wotel Hato] wi7|7tA ot CO; &= WEtol
. 23351 AMEolA CO, %= RPM 6000A49] %% 1.65%, RPM 20000]| 4=
3.05%2 1.858] Z7}stgich. Hat AMEjoA CO, %% RPM 600049 &k

1.85%, RPM 20000141 4.00%2 2.168] Z7}s1ict.

4.5
4.0 A

3.5 1 y=0.0015x + 0.9325
3.0 A

OLoad ©ONon-load

—‘—‘6’-‘—-
25

20 -
1.5 A
1.0 4
0.5 4
0.0

C02(%)

Fig. 429 Average CO, concentration due to RPM
change(CMT)

Eq. (4.27)&
=]

R

st JEiollA RPM ®istol] m2 g CO; s&=s 9
Aolt, Eq. (4.28)2 T35} JEjollA RPM wstof
Aeh Autz AEd sl Aol

a
o
2z AkEd 9

CO; 555 3

O

d
u
;q
o
CO,5%(%) = 0.001 X RPM1.0646

CO,’55(%) = 0.0015 < RPM+0.9325
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Fig. 4.302 RPM Hig}o] w2 Dusio} ©ato] ma wj7|7tA 2% wigtolc},
Bt AMEfolA] L= RPM 6000149 &% 89.7°C, RPM 20000 A= 158.4°C
2 2.024] Z7tstqich Ha AEjolA 25 RPM 6000149] &% 85.8°C, RPM

200001 41= 162.5°C& 1.894] Z7}5tict.

180

160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

Temperature(°C)

Fig. 4.30 Average temperature due to RPM change(CMT)

1%

OLoad ©Non-load

y =0.0548x + 52.976

y=0.0573x + 43.868

L (4.29)= RRst gEjolA RPM Wsto] e B@ 2£F 87
59 37140]0], Eq. (4.30)2 5t Aefol Al RPM Wafo] ot
g Avt2 AEE 7Aoo

AA&RE(T) =0.0573 X RPM-43.868

AR5 (C) = 0.0548 X RPM52.976
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Fig. 4312 RPM Wsto] me 2ustel Hsto] w7k vjz 4 Wl
ojt}, X35} AtEje] RPM 6000]419] E4 5.79m/s, RPM 2000014 23.29m/s
2 40280 Z7bstedch wob gelold F42 RPM 6000149 F4 5.84m/s,
RPM 2000014 23.67m/sZ 4.054] Z7}5H9ict.

25

OLoad o Non-load

20 ~
y=0.0127x - 1.7987

15 ~
y=0.0125x - 1.7083

10 ~

Velocity(m/s)

Fig. 4.31 Average flow rate according to RPM
change(CMT)

Eq. (4.31)2 TX3} AtejoA] RPM Wsto| wh2 vj7|7tA B 842 3|9 &
teH 9l Ao, Eq. (4.32)= Fst JEoA RPM ®igto] w2 ui
52 99 24 2uz AEd g Aol

o

7172~ 545 (m/s) = 0.0125 < RPM—1.7083 (4.31)
v 717k 555 (m/ s ) = 0.0127 X RPM— 1.7987 (4.32)

T3 E YAEH &4 RPMOJA 7731 JEjt Fab JEjo) F7ggtol 22 o]
i &la RPMAHEIE A271A1Y A AEiol il Aol AX F3E

| &7 =&uto] sjdsts AJEjol7] Wi 22 ez sttt F39
UMEHY He TRt BoF G Afol= A7)0 vls ujojet A&l g
HEY Ao = S7Fe0] FABH UEHT. O o]lgzs ddRloA si73+=
Hi717t27F ols & 7] RLE¥=2 Ad GRS &5t 247tAE ol AdEHe

ais 2ol oz Atsdoh

N
—_

[m
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4.3.3.1 E=ER]3 3.3 91(CC.1)

Fig. 4.32= RPM ®igto] @t& FRsiet Hste] uj7|7ka CO, &&= WHeto|ot
F55F AJHioAl CO; 5%+ £|4& RPM 600%E RPM 200071X] 39 o]} £7dst
of ZF RPMO] E743Z Hsto] dHEAS sttt F5st A&l RPM 60004
o] =% 1.80%. RPM 20000 |A1= 2.42% =2 Z7}519ich B35F AMEjolA CO, 5%
L RPM 6000]A19] =% 1.80%, RPM 200004 2.88%2 Z7}stict.

3.5
OLoad O Non-load
3.0 -
O
2.5 Hy=0.000751x+ 1.212302 o
- R?=0.89 i
S 20 A —5-—87°
o~ Q.-
O 15
Q
1.0 ~
y=0.000410 x + 1.476429
05 - R2=10.89
0.0 |||||||||||||| } 1 L 1 Il
400 900 1,400 1,900 2,400

= CO; 52 9 &M 2
HAlolH, Eq. (4.34)= FsF JEjollA] RPM Hsto] T& CO; =5
2tz A" 9ot

1
0O
=
w
»
o
o
4z
ol
i)
o2
)
=
-
=0
o
=
rE
fon
=
a
ru

CO,E%=(%) = 0.000410 X RPM1.476429 (4.33)

CO, 5 %(%) = 0.000751 <X RPMH-1.212302 (4.34)
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Fig. 4.332 RPM Wajo] m}2 Rusiel =sto] wl7|7ka L& wigtolct 215}
AEfol A 2Z A2 RPM 6003LE] RPM 20007Hx] &84S stoict, 22
A RPM 6000]419] @& 53.4°C, RPM 2000041 167.5°C2 3.148] =7}t
t}. Bo} AEfoA &%= RPM 600949 &% 73.2°C, RPM 20000]A4]= 170.
8:C2 3.208) Z7}staict.

i

180

160 -
140 | y=0.070406 x +30.339762 g

OLoad ©Non-load

o R*=0.92
E/ 120 4 g
2 100 2y = 0072852 x +23.138571
« . 2 —
g w0 R2=0.96
2
(5] 60 1 @]
B 40

20 -

0 —t—t— 4 1 e EE—
400 900 1,400 1,900 2,400
RPM

Fig. 4.33 Temperature due to RPM change(CC.1)

Eq. (4.35)= F4%st AJEjolA RPM ®igto] g FH+ 2= 5 39
2 AtEE 3] Aloln, Eq. (4.36)2 Ea} Atejo]A] RPM ®is}o] w2 =
3|H B Autz AHEE s Alo|ct

Me
i
o
Y,
i)

(el
EN
rfo
i
uju

A% (C) =0.072852 X RPM+23.138571 (4.35)

A% (C) = 0.070406 X RPM+30.339762 (4.36)
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Fig. 4.34+= RPM 600FE RPM 20007tx| o] HZA o F5stel £519] vji7]
7t wlE F4 wgto|tt. 2Rst AJEje] RPM 600049 &4 4.8m/s, RPM
2000014+ 21.0m/s2 4.418] Z7tstqict. Hst JEjolA &5 RPM 60004
o] =2 4.8m/s, RPM 200004 21.69m/s2 4.558) Z7}stct.

25
OLoad ©Non-load

20 ~
y=0.010938 x - 0.818333

R>=0.98
15 A

10

Velocity(m/s)

y=0.011186 x - 1.572421
R>=0.99

Fig. 4.34 Flow rate according to RPM change(CC.1)

Eq. (4.37)& 245 AlEjolA RPM #sto] me wj7]7ks 628 o)7) BAd
Avtz AEE 8720l Eq. (4.38) Rst Aol RPM Wgto] w2 uj7|7}
942 517 B35 date 459 9400t

vl 7] 7+~ 525 (m/s) = 0.010938 X RPM—0.818333 (4.37)

W 717k~ 525 (m/s) = 0.011186 X RPM—1.572421 (4.38)
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4.3.3.2 EHERYE F2U(CC.2)

Fig. 4.35% RPM Wiglo] mg fRsiet 2sie] wj7]7kA CO, 5% Walo]r),
TR5 AEjoA CO, HEE A4 RPM 600%-E] RPM 20007tx] 3# ol4} £7dst
o} 7} RPM9] E743ts Bosto A2 sttt £33t 48l RPM 60004
o] =% 2.09%, RPM 20000]4]% 3.49%=2 Z7}5t9r}. Hat AMEjoA] CO, 5%
L RPM 60001419] &% 2.09%, RPM 20000]A= 3.72%=2 Z7}stict.

4.0

OLoad ©Non-load

y=0.001123 x + 1.399405
R>=0.99

35 4

3.0 +

2.5 A

20 4 & -

15 | y=0.000921 x + 1.378175
R2=0.89

CO, (%)

1.0 4

0.5 4

00 +——v v v+ v v b
. T T T

Eq. (4.39)= 755t JHiolA RPM ®isto] g CO, 5=5 oH A 2y
2 AhEd gjf Ao, Eq. (4.40)2 F3} JEjo|lA RPM ®sto] g CO; 5=
2tz AbEd gl AolH

CO,5 5 (%) = 0.000921 X RPM-1.378175 (4.39)

CO,'5% (%) = 0.001123 X RPM4-1.399405 (4.40)
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Fig. 4.362 RPM #gto] u}2 Luste} Rato] vj7|7ka Lx wsto|ct. Lus}
AEfoll Al e=t A4 RPM 6005E| RPM 20007t 72Ae stict £2st
AE RPM 60094 9] &% 77.3°C, RPM 20009 += 177.0°C&2 2.298] Z7}st3
ot 2o} AEjoA 2= += RPM 600949] &% 77.3°C, RPM 20000fAl= 182.
1°C2 2.368] Z71st5ict.

200

180 4 T Load o Non-load
160 | ¥=10.068014 x +46.186111
%) R2=0.97
& 140 A
2]
; 120 A et
£ 100 . """y =0.068901 x + 33.562302
= - R>=0.99
2 80 A -
g O
[ 60 -
40
20 A
0 +—————f——— e
400 900 1,400 1,900 2,400

Fig. 4.36 Temperature due to RPM change(CC.2)

Mr
i
o
Y,
i)

Eq. (4.41)2 755t JHiolA RPM ®sto] 02 Fo 2=5 94
2 e oHAolH, Eq. (4.42)= F3t AJEiolA RPM ®isto] o =%
2 HEE e ot

(el
e
rfo
1
i

i)
Hu
>

AA2%=(C) =0.068901 X RPM+ 33.562302 (4.41)

AL (C)=0.068014 X RPM+46.186111 (4.42)
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Fig. 4.372 RPM 600:E] RPM 200071%] 874 w2 Rslel Bajo] ujs]
b WlE B4 wisfolth 2RSL JE|S] RPM 600014 B4 6.84m/s. RPM
20000 A= 31.57m/sg Z7}5t9ich B3} AMEfofA] =4S RPM 6000419 &4
6.84m/s, RPM 2000041+ 31.27m/s= Z7}5FAC.

35

OLoad ©Non-load

30 A
y=0.017388 x - 3.475833
25 H R>=0.99
20 ~

15 ~

Velocity(m/s)

y=0.017244 x - 3.727579

2 =
10 . R2=0.99

Fig. 4.37 Flow rate according to RPM change(CC.2)

Eq. (4.43)2 22} Aefolx RPM ¥ato] oi2 ujr|7ba 948 8l 243
Avtz 459 slPAolul, Eq. (4.44)= 2k AejolA RPM #ato] ot 7|}

A 94g 7] BANG AuE A5 8ot

v 7] 7} 64 (m/s) = 0.017244 X RPM— 3.727579 (4.43)

W 7] 7F2 545 (m/s) = 0.017388 X RPM— 3.475833 (4.44)
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4.3.3.3 E=IEX]d 32°1(CC.3)

Fig. 438 RPM #gjo] m}2 Rusiol wate] j7]7kA CO, & wstolct
Bt AEjolA CO, S & &4 RPM 600%E] RPM 20007Hx] 3% o]y &xst

of 7 RPMo| 33S Waslol SALHE alglrh PRa} AH) RPM 60004
o] 5% 1.58%, RPM 20000|4+= 2.54%= Z7totdct. Fot AdEjoA CO, 5%
+ RPM 6000|4]9] &%= 1.58%, RPM 200004+ 2.63%= 575 Ct.

3.0
OLoad ©ONon-load
25 1y=0.000733 x + 1.105516 _
R2=098 == =
20 =
e
s
% 15
8 y=0.000665 x + 1.169563
1.0 4 R2=0.99
05
00 +————————
400 900 1,400 1,900 2,400

Eq. (4.45)= 755t JeiolA RPM ®isto] g CO, 5=5 9H FAS 2Ax
2 AhEd gjf Ao, Eq. (4.46)2 F3} JEjo|lA RPM ®sto] g CO; 525
2tz AbEd gl AolH

CO, 5 5(%) = 0.0007 X RPM+1.1696 (4.45)

CO,’55(%) = 0.0007 < RPM+1.1055 (4.46)
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Fig. 4.39= RPM $iajo] o}2 22stel Rsjo] ujr|7ka &5 Wafo|ct. S}
JEiolA 2= Z4A RPM 600F-E RPM 20007FA] 3] H+#AS ottt F85t
AYE RPM 6000|419 &% 72.3°C, RPM 20009 += 147.9°C2 Z7}stgict. Y5}
AR &&= RPM 6009A49] &% 72.3°C, RPM 20009 A= 148.1°C& =7}
st9ct.

160
140 - OLoad ©Non-load
y=10.050296 x + 45.519841
O 120 - R?=0.97
T 100 |
g 57 y=0.054095 x + 37.801190
g 80 - R2=0.99
§ 60 -
# 40
20 -
0+ e
400 900 1,400 1,900 2,400
RPM
Fig. 4.39 Temperature due to RPM change(CC.3)
Eq. (4.47)2 FHs} dHoA RPM Wegto] O Hy 225 oY FAst 2y

2 42hEd elHAolt, Eq. (4.48)2 H3t JEfo]A RPM Wsto] mhg F+t 2=5
2

=]
u
B2 459 #7Aol
AALE(C) = 0.054095 X RPM+37.801190 (4.47)

A% (C) = 0.050296 X RPM+45.519841 (4.48)
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Fig. 4.40& RPM 600%-E RPM 20007}x] 3] HEA w2 L2510 H31o] Hf7|
ks WlE B4 wsfolct. 2Rel AEje] RPM 6000149 F4 8.04m/s, RPM
2000041 29.0m/s2 Z7}stct. Hah AtEjoA Z42 RPM 600049 =4
8.0m/s, RPM 2000041 29.7m/s& Z7151%i T

35

OLoad ©Non-load
30 A

25 4 y=0.015269x - 1.977421
R*=0.99
20 4

15 A

Velocity(m/s)

y=0.015301 x - 2.034365

10 1 R2=0.99

Fig. 4.40 Flow rate according to RPM change(CC.3)

Eq. (449 223} Aefolx] RPM ¥ato] oh2 ujr|7ka 948 8l 243
Avtz 459 sl9Aolnl, Eq. (4.50)S %k AEjolA RPM #ato] ot w77}
A 94 87 BAG Autz AEE 8l9Alolt

—

Jo
4

W 7] 7k 545 (m/s) = 0.015301 X RPM— 2.034365 (4.49)

Bi 7] 7k 545 (/s ) = 0.015269 X RPM—1.977421 (4.50)
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4.3.3.4 EHERYE F2U(CC.4)

Fig. 4412 RPM ®isto] nj2 2ustet wsto] wj7]7kA CO, & #gtolct
DH5t JEjolq CO, = &4 RPM 6005E| RPM 20007H1] 3% o]4} 54jat
ol 7 RPMO] 547te ®@sto] sARALS sttt 2uat AlEl RPM 6000]4]
9] =% 1.40%, RPM 20009|M+= 2.54%=2 Z7tstYct. HEat AMEjOA CO, =%
= RPM 600949 =% 1.40%, RPM 20000|A+= 2.61%=2 Z7}stgict.

3.0 f
OLoad ©Non-load
2.5 1y =0.000827 x + 0.995754 =
R2=10.98
20494 B
-~ 207 =
X ==
-’ =
~ 15 4 ===
) o y =0.000807 x + 0.965873
Q 2=0.
1.0 R2=10.98
0.5
0.0
400 900 1,400 1,900 2,400
RPM

Fig. 4.41 CO, concentration due to RPM change(CC.4)

Ba. (451 $25 Aejols RPM #sjo] me CO, 58 83 #4g 27
2 A5 SHAoI0, Ba (452 ¥ol HEjolH RPM wslo] e CO; 552
Aotz AeE siAAolct

i)
U
>

CO,5 = (%) = 0.000807 X RPM+0.965873 (4.51)

CO,'55(%) = 0.000827 < RPM+0.995754 (4.52)
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Fig. 4.42= RPM i3}
Nl 2l A4

stict.

()

Temperature(°C)

160

2 Dusiel wato] wjr|sta L8 Wato|t
RPM 6005E RPM 20007tx] &]EAS stact.
AE RPM 6000|A419] &% 83.2°C, RPM 200094 += 137.8°CE2 Z7}st9itt.
AR &&= RPM 6009419] &% 83.2°C, RPM 20009A]= 139.1°C&

140
120
100
80 -
60 -
40 -
20 -

OLoad © Non-load
y =0.042149 x + 50.469048
R2=0.96

o

y=0.039817 x + 52.245635
R>=0.94

Fig. 4.42 Temperature due to RPM

A
[e]

23}

=3l

—

FEJjolA] RPM ®i3}o]| w2

change(CC.4)
Bg e5g o9
q. (4.54)= RPM ®ig}of m&

31 4o]

2ot AbejolA
c}.

=0.039817 X RPM+52.245635

= 0.042148 X RPM+50.469048
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Fig. 4.432 RPM 600%E] RPM 20007}x] ] 724 w}2 L¥stel Bsto] ufy]
7t~ wlE E4 wgto|ot. fXs5E AEfe] RPM 60001419l &4 6.5m/s, RPM
2000014 27.0m/s2 Z7}stich. st Aejold E4-& RPM 600042 E4
6.5m/s, RPM 200094+ 27.5m/s=2 Z7}otith.

30

OLoad O Non-load

25 ~
y=0.014915 x - 2.650278

R2=0.99
20 y
’,f’o’
15 g

Velocity(m/s)

y=0.014387 x - 2.629484

10 A R2=0.99

Fig. 4.43 Flow rate according to RPM change(CC.4)

ol

Eq. (4.55) 22t Aefolx RPM ¥ato] ohe wjr|7ba 948 8l 243
Avtz 459 sl9Aolul, Eq. (4.56)2 %k AEjolA RPM #ato] ot w7}
A Autz AEY #7Alolnt

=

Eay

Jo
1
o
o
)

B 7] 7}~ 5-45 (m/s ) = 0.014387 X RPM— 2.629484 (4.55)

) 7] 7k~ 545 (m/ s ) = 0.014915 X RPM— 2.650278 (4.56)
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4.3.3.5 EHEAY |9

Fig. 4.44= RPM ®isto] nj2 2uste} wsto] wj7]7kA CO, & #gtolct

D135t AEoA CO;, 5 5= A4 RPM 600%E] RPM 20007}x] 3t o]AF &4 5}
of 2t RPM9| Z4%ts Baste gFldAs sttt £73t JEl RPM 60004
9] =% 1.72%, RPM 20000 = 2.75% 2 Z7}s5t3ith. Bt AEjoA CO, =%
= RPM 6000419 =% 1.72%, RPM 20000 A= 2.96%= Z7}ot3Ct.
35 -
OLoad O Non-load
3.0 -
5 | y=00009x+1.1782 e
e R2=0.99
X 20 -
5.1. s y=0.0007x + 1.2475
S ¥ R>=0.98
1.0 4
0.5
00 f—— T,
400 900 1,400 1,900 2,400

Fig. 4.44 Average CO, concentration by RPM change

Eq. (4.57)2 753t JEjolA RPM Hgto] g CO, =5 o A 23

2 459 2lPAoln, Eq. (4.58)2 %
Avtz AHEY 87140t

i)

CO, 5 5(%) = 0.0007 X RPM+1.2475

CO,'5%(%) = 0.0009 X RPM+1.1782
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Temperature(°C)

Fig. 4.45+= RPM w3}

180 +
160 -
140 A
120 4
100 4
80 -
60 -
40 4
20 A

Fig. 4.45 Average Temperature by RPM change

OLoad ©Non-load

y=0.0577x +43.129

& FRote} Bato] wrvtA 2k sto|ot
AEfol A &= &4 RPM 600%-E RPM 200071x] & HEAMS st9ict.
A+ RPM 60001419 2= 71.6°C, RPM 2000014+ 157.6°C2 Z7}51%ict.
Aol A &= RPM 60001419 2& 71.6°C, RPM 20000] 4% 160.03°C&

R2=0.97

Y =0.0589x + 36.687
R2=0.99

...................

Eq. (4.59)= 755t JHiolA RPM ®sto] 02 Fo 225 94
oo}, Eq. (4.60) T3t JEfolA]
Az AEE gy Aol

("C) = 0.0589 < RPM+ 36.687

(‘C) = 0.0577 < RPM+43.129
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Fig. 4.462 RPM 600%E RPM 20007}%] 3] Y&
7ta HiE F4 wgtot 7
200001]/\1% 27.2m/s=2 %7]’3]‘9&[}. —‘?—8} }\O]—Eﬂoﬂj\_]

Al g fRskeE 5] v
B35 AMEe] RPM 6000A4°] Z4 6.5m/s, RPM
RPM 6000|4129

i XN O
SET

I AN
aal

6.5m/s, RPM 200004 = 27.5m/s2 Z7}5Fict.

Velocity(m/s)

Fig.

30
OLoad © Non-load

25 A
y=0.0146x - 2.2305

20 A R2=0.99 ,
15 y =0.0145x - 2.491
R2=0.99

10 4

5 4

(I e B B

400 900 1,400 1,900 2,400

RPM

4.46 Average Flow rate according to RPM change

ArEfollA] RPM W3lo] w2 uj7|7tA 948 33 BAlsH
. Eq. (4.62)2 B3} AJEfolA RPM wWislo] whE uf7|7}

A 945 39 BAsH 2ut2 AbsE g Aol
W 7] 7k 45 (m/s) = 0.0145 X RPM— 2.491 (4.61)
W 7] 7F2 45 (m/s) = 0.0146 X RPM— 2.2305 (4.62)
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A5 AL71A1S] CO, viEF AH

5.1 A7 CO, vj&2k
5.1.1 ZA7](Kim & Lee, 2017)
5.1.1.2 2At7] L4t @ ZA+ &+l

1) 2-H25Ate

RPM #i3lo} Wlj7|71A &= WA RHE 18t 3| HA] Eq. (4.5)2 o] 8l A Al
Ztoll tist 7}15E4# RPM 11102 tfsto] Eq. (5.1)1} Zo] 134.3°C2 A& Y
ct.

134.3(°C ) = 0.046217 < 1110+ 82.975000 (5.1)

RPM Walol CO, 5= BARYE 23 3194 Eq. (43)2 ol 8s) A Al
het 7tEBF RPM 11102 thiste] Ea. (5.2)9 2ol CO, St 2.64%2 AlE
=it

2.64(%) = 0.002470 < 1110+ 0.799689 (5.2)
AHEE dAR2E9 CO; 5%=5 Eq. (2.8)0] tjdstod Eq. (5.3)aket o] ©¢]
S0 T2 CO, viE52 0.035g/L2 AFEE| Q)

273 « 1(atm)
273+134.3 " 1(atm)

10°° _ 44(g) _ 1(mol)
pm) 1(mol) "~ 22.4(L)

< ( ) (5.3)

RPM ®iste} vli7|7tA F&ab wAIZRE A9 9194 Eq. (4.7)2 ol&sl A9
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A|7ro]] st 7}EEF RPM 11108 thelsto] Eq. (5.4)9F 7ro] Hj7|7tA o240
7.82m/secE AMEEQICH 8j7|7FA {& ol wiv|Hk HAE 55to] Eq. (5.5)¢
o] "Hj7|7tA fEF2 0.074m/secE AFEE Q.

7.82(m/s) = 0.006008 > 1110+ 1.150000 (5.4)

0.074(m?/sec) = 7.82(m/sec) x 7w(m?) (5.5)

AEE AR Hi7P7ts fE EHRET CO; wEE uet & ghabet Ayt

Eq. (5.6)t o] AlRtE CO, vi&% 2 9.31kg/hrz AHEH QUG

0.074(m?/s) < 0. O43(g/L)><%><3600 9.31kg/hr (5.6)

2) Babge]
RPM #iste} ¥7]7bA 25 PZI29E 73t 394 Eq. (4.6)2 o3l A% A
ol ofat 1EWE RPM 11108 diistel Ea. (5.7 o] #j7)7ta emi
165.3°C&2 At&EE| Qi)
165.3°C =0.1317847 <1110+ 19.018671 (5.7)
RPM Walot CO, 5= BARYE 23 3194 Eq. (4412 ol 83) A Al
i3t 715HF RPM 11102 cjdsto] Eq. (5.8) o] CO; St 3.54%2 A%
it

3.54(%) = 0.002470 < 1110+ 0.799689 (5.8)

AEE ALLES CO, 55 Eq. (28) HiYstol Ea. (5.9)9F Zo] &9 &
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ol o2 CO, HiEd2 0.043g/L= AFEH

100 44 1(mol
35400 (ppm) X 0 — () (mol)

« < ( 273 ><1(atm))
(pm) ~ 1(mol) ~ 22.4(2) ~ " 273+165.3  1(atm)

=0.043g/L

RPM Wigle} w7]7bA G453 PA2RE 3 )94 Eq. (
AlZboll theth 7tsgwt RPM 11102 tidste] Eq. (5.10)
11.21m/sec2 AHEE QT vij7]7tA

Zol Bl717tA g4e
4 o w717

1} o] wjr|ka e

XS Hs5to] Eq. (5.11)
952 0.107m/secz AFEE At

11.21(m/s) = 0.015944 x 1110 — 6.492356 (5.10)
5 0.11% )
0.107(m’/sec) = 11.21 (m/sec) x w(m?) (5.11)
AHEE AR 87 IPtA g @R oY COo; =5 weh & gAtet Ayt
Eq. (5.12)9} o] At CO; &2 16.64kg/hr2 AHEE| QT
5 1000
0.107(m?/s) <O0. 043(g/L)><W><3600—16 .64kg/hr (5.12)

5.1.1.2 ZA7] dohaf At

1) 2RsPE

o

7

—

RPM istol ul7]7kA £ PARBE 28 3|74 Eq. (4.5)2 ol &8 & A
ol chat 7}EW@ RPM 10042 thlste] Eq. (5.13)7 7ol wj7|7ka L8t
165.4°C2 Ar&E|QITY.
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129.4(°C ) = 0.046217 %< 1004 + 82.975000 (5.13)

RPM #i3tet CO, 5= HAZTE 38 2 HY Eq. (4.3)5 °ol&sh Ad Al
tigt 75 Hd RPM 1004E tfdste] Eq. (5.14)9F Zo] CO; HEE 2.62%= At
5

2.62(%) = 0.002470 < 1110+ 0.799689 (5.14)

ArEd dae=e CO, =5 Eq. (2.8)0] tidste] Eq. (5.15)9F #Zo] &9 &
Fol g CO, HiEF2 0.035g/Lz AHEE AT

273 1(atm)

1076 44(g)  1(mol) «
273+129.4 " 1(atm)

(ppm) ~ 1(mol) ~ 22.4(L)

26200 (ppm) < = ( ) (5.15)

=0.035g/L

|

RPM w®stel vi7|7tA {43 A2 RE gk ol YAl Eq. (4.7)& ol&sl A<
AlZkoll Bigk M5 RPM 10045 tidsto] Eq. (5.16)aF o] 7|7} =
11.21m/sec® AFEE T} Hi7]7FA {4 gho] vj7|3 AAS Fsto] Eq. (5.17)
i o] vj7|7tA fEF2 0.068m/secg AHEE| I}

7.18(m/s) = 0.006008 < 1004 + 1.150000 (5.16)

0.068(m?/sec) = 7.18(m/sec) x 7(m?) (5.17)

e AR EIvtA a2 R ET CO; v=5 v F Eq. (5.18)1
g CO, B &%2 8.56kg/hrz AFEE Aot

N
>
el
i

N
st
!
i)
>
|

0.068(m?/s) =< 0.035(g/L) x %X%OO 8.56kg/ hr (5.18)

71 -



2) Botue

7

L

RPM wistol ul7]7bA 2 @A RE 23 5714 Bq. (4.6) ol &) 4]

o thEt stE®F RPM 10042 tjelste] Bq. (5.19)9 7ol wj7|7hA 2w
151.3°C2 At=E|9ict.

151.3°C = 0.1317847 <1004 + 19.018671 (5.19)
RPM W3lo} CO, 5= BARHE 23 3194 Eq. (4.4)2 ol 83) A Al

tish 7158+ RPM 10042 tfgsto] Eq. (5.20)2 #o] CO;, 5= 3.28%=
ZE

AF
3.28(%) = 0.002470 < 1004 + 0.799689 (5.20)
AEE dAaRzet CO; 5=5 Eq. (2.8)0] tidsto] Eq. (5.21)3F Zo] ©¢ &
Zol & CO; HiEg2 0.041g/LE AFEE T
107 44(g) _ 1(mol) 273 1(atm)
32800 (ppm) pm) Tmol) ~ 224(L) G+ 513° l(atm)) (5.21)
=0.041g/L

RPM ®iste} vli7|7tA F&ab WA RE A9 9|24 Eq. (4.8)2 ol &5l
AlZHol oot 7HEg~t RPM 10045 tidsto] Eq. (5.22)%

Zo] wi7|7tA 9452
9.52m/sec2 AFEE T} 7|t ®AZ Foto] Eq. (5.23)1 Zo] 52 0.090
m/secz AFEEACH
9.52(m/s) = 0.015944 %< 1004 — 6.492356 (5.22)
5 0.112 )
0.090(m?/sec) = 9.52(m/sec) x 7w(m?) (5.23)
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i i7)7bA Qekat welRme CO, sE2 B & Bq. (5.24)9

Atst At A7t CO, &2 13.49kg/hr2 AHEE|Qict

e =2

0.090(m3/s) < 0.041(g/L) < %x 3600 = 13.49kq/ hr (5.24)

5.1.1.3 Z417] CO2 vj&=F

P AR Al B4s

5.1.100A Ar&H gk

= At 24719 28F W =4 A
AAIZIG CO, viE2 9.31kg/hra At&EHCH Bs) A

)..
=
>

>

I
oo
1

>

r~

Me &
g CO; viEF2 16.64kg/hrz At==CH

|

o
2
i)
ol
o)
re
-
)
19
o2

5.1.2014 A&

YA CO; HiEF2 8.56kg/hrz 4AhEdnt. 83l JEjoA & DA CO,

Ul 552 13.49kg/hr2 AtEECh

2719 RRs) gEjet vat A

5o} Aol A =ets] gop gojujat

Table. 5.1 Excavator CO, Emission(Kim & Lee, 2017)

co y
Work Condition 2 CHISSIONs ber CO; Emission(kg/hr)
unit volume(g/L)
Non-load 0.035 9.31
Digging and moving
Load 0.043 16.64
Non-load 0.035 8.56
Rock crushing
Load 0.41 13.49
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RPM ®igte} wi7]7bA 2= HAZRE 23F 9|14 Eq. (4.11)2 o838l A
Aol oieh 7HE58~t RPM 9513 tiisto] Eq. (5.25)9F Zo] Hi7|7tA 2ks
112.8°C2 Atz Qict.

112.8(C) = 0.074463 < 951 +41.981106 (5.25)

RPM ®3}e}t CO, v A ZEE st 3] HA] Eq. (4.9 o]&35 A Al7Ho

st 7154+ RPM 9518 tidsto] Eq. (5.26) Zo] CO; 5=+ 1.85%= 4it=
S At

1.85(%) = 0.000875 < 951 + 0.992232 (5.26)

Ared Aae=e CO, =5 Eq. (2.8)0] tidsto] Eq. (5.27) 2ol &9 &
ol & CO, viEF2 0.026g/L2 AFHEH At

1079 44(g)  1(mol)
(ppm) = 1(mol) ~ 22.4(L)

273 1(atm)

« X
18500 (ppm) 273+112.8 " 1(atm)

x(

) (5.27)

=0.0269/L

RPM ®igte} wi7|7bA &b UA2RE 15t 9l Eq. (4.13)2 ol&sf A
Y Altoll Bigh 715~ RPM 9512 tidsto] Eq. (5.28)xt go] vi7|7tA {4
< 16.25m/sec2 APEHACE Bi7I7tA /4 o w74 ©A&S wdke Eq
(5.29)°t #ol vi7|7kA /F2 0.154m/sec2 AFEE AT
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16.25(m/s) = 0.016654 < 951 +0.369667 (5.28)

0.154(m?/sec) = 16.25(m/sec) x O‘il 7(m?) (5.29)

AEE A WPI7kA R BYREY CO, $EE B & Ea (5.30)7

2o] ghateh Aut AR CO; BiE2 14.28kg/hrz AHEH AT

0.154(m3/s) < 0.026(g/L) < %X%OO =14.28kg/hr (5.30)

2) FolJH

RPM wWste} vi7|7bA 2k WAZRE A9 9]HA] Eq. (4.12)5 o]&3sl A<

AlZFoll tigh 78+t RPM 9512 tijsto] Eq. (5.31)1 o] ®j7|7tA 2ee
121.2°C2 AH&E% At

121.2°C = 0.068059 <951 + 56.431816 (5.31)

RPM ®iste} CO; s= #AZRE A9t 9|2 Eq. (4.10)5 o]-&sf A AlRF

of thgt 7I5H+ RPM 9518 Tflsto] Eq. (5.32) Zo] CO, Bt 2.06%=
AHEE] QI

2.06(%) = 0.00968 < 951 + 1.106534 (5.32)

Ared da2=9 CO; =5 Eq. (2.8)0] tiY¥ste Eq. (5.33) go] &% &
ol o2 CO, vlEd2 0.028g/L& AFEE Q).
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10°%  44(g) _ 1(mol) 273 1(atm)
(o) 1(mol) ~ 22.4(L) 112 1(atm)> (5.33)

20600 (ppm) <
=0.028¢/L

RPM Wate} vi7|7tA F&53F HA=2RE 5t YA Eq. (4.14)5 o] &sf A

4 Aol oist 7FH5E+ RPM 9513 Tjjdsto] Eq. (5.34)°F Zo] wj7]7tA

AN
2 16.99m/sec2 AFEYHACt vi7]E WAS Jsto] Eq. (5.35)9F Ho] §H2
0.161m /sec2 AFEE|Qict.

16.99(m/s) = 0.017650 < 951 +0.154425 (5.34)

0.161(m?/sec) = 16.99(m/sec) x 7 (m?) (5.35)

AEE AN WPbA ST gYuNY CO, 5ES BF $ Eq (5.36)7
Absh A3} X7 CO, WIEAL 16.27ke/hr AEE Q0

1000
0.161(m?/s) %< 0.028(¢g/L) x Wx%oo =16.27kg/hr (5.36)

5.1.2.2 Z32]E YA EZ(CMT.2)

1) FRsHJH

RPM ®g}e} wj7|7bA 2= #A2RE b o)A Eq. (4.17)= o838l A9
Aol tieh 7He"g<t RPM 9512 ti)ysto] Eq. (5.37)a o] di7|7tA ==

91.4°C2 AF=5H At

91.4("C) = 0.041810 < 951 + 56.523810 (5.37)
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RPM ¥isle} CO, 55 WI24E 23 3714 Eq. (4.15)% o83 &Y A
of thgt 71EWF RPM 9513 cfeisto] Eq. (5.38)7 o] CO, H&t 1.77%2
ArzE 9t

1.77(%) = 0.001034 < 951 + 0.819960 (5.38)

AEE da2Ee CO, 525 Eq. (2.8)] i3t Eq. (5.39)9F ol &9 |
ol I CO, viEzd2 0.026g/L= AFEE Sl

1009  44(g)  1(mol) 273 1(atm)
L7700 (ppm) < s X T 24 < 2ot Tlatm)’ (5.39)

=0.0269/L

RPM Watet vj7]7ka g40b BAZRE 78 8|74 Eq. (4.19)5 ol&s &
A4 Aol tigt 715E RPM 9515 tidsto] Eq. (5.40)xF o] vi7]7ka -4
2 7.86m/sec® AFEE|QICE HIZIZEA R4 ol 7| WAE Joto Eq.
(5.41)2F o] vi7]7tA S3F2 0.096m/sec2 AFEE| Qict

7.86(m/s) = 0.013565 < 951 — 5.070675 (5.40)

1257
0.096 (m*/sec) = 7.86 (m/sec) x 0-125

w(m?) (5.41)

2
iy
(i
S

I Hi7)7bA Qo SelRmY CO, S5 B3 F Eq. (5.42)2)
2ol FAIE AW ARIY CO, &L 14.28kg/hre AT H Ak,

0.096 (m?/s) =< 0.026(g/ L) x %X%OO 9.05kg/hr (5.42)

- 77 -



2) FolH

RPM wWstet vi7|7bAs 2= WA ZRE A9 94 Eq. (4.18)2 o]&sl A
Aol oigh 7Hs8~t RPM 9512 tijsto] Eq. (5.43)x} go] 7Vt 2ks
96.7°C2 Atz ict.

96.7(°C) = 0.042217 < 951 4 56.523810 (5.43)

RPM ®iste} CO; &= #AIZRE A3t 9|94 Eq. (4.16)2 o83l A Al
of tiet 758« RPM 9515 T3t Eq. (5.44)°t 2ol CO; st 2.45%=
AFEE AT

2.45(%) = 0.001290 < 951+ 1.213631 (5.44)

Aed da2=9 CO, =5 Eq. (2.8)0] tiYste] Eq. (5.45)9F Zol ¢ &
ol & CO, HiEF2 0.036g/L2 AFHEE At

10°°  44(g) _ 1(mol)

> 273 1(atm)
(ppm) ~ 1(mol) ~ 22.4(L)

X
273+96.7  1(atm)

24500 (ppm) < x ( ) (5.45)

=0.0369/L

RPM wHolo} vi7[7tA f&ur HARRE 1t 9l HA] Eq. (4.20)05 ol&si A
4 AlZboll thigt 7ts@« RPM 9515 tiisto] Eq. (5.46)aF o] vj7]7FA &
o 7.75m/sec2 AFHYUCE wrlT WAL Fotel Eq. (5.47% Zo| 9%
0.095m/sec2 AF&EE|9ict.

A

flo 4

7.75(m/s) = 0.013280 < 951 — 4.900853 (5.46)

0.125

0.095(m?/sec) = 7.75(m/sec) x 7 (m?) (5.47)
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AEE ARG WA ST BRNY CO, 5ES B F Ea (5.48)%
ARt AT AIRFG CO, MlE%S 12.16ke/hr AHEE 9T,

1
0.095(m?/s) %< 0.036(g/L) x %x 3600 = 12.16kg/hr (5.48)

5.1.2.3 Z32]E WA E2(CMT.3)

1) F-HoHdE]

RPM W3gtel wi7|7tA 2= A2 HE 5t 3 HA Eq. (4.23)5 o]&df A<
AZHo Ot 715+ RPM 9513 df)dsto] Eq. (5.49)°F #o| HiZ7|7IA &+
90.8°C2 Ar&g|9ict.

90.8(°C) = 0.055522 < 951 + 38.000794 (5.49)

RPM Wiste} CO, 5% IAZHE L3t 24 Eq. (4.21)2 o]&al A< AlZh
of tist 715 H+ RPM 9515 TYste] Eq. (5.50) o] CO; sZ+ 2.37%=
AFEE AT}

2.37(%) = 0.001127 <951 + 1.326905 (5.50)

AEE AALEe} CO, 5ES Eq. (2.8)0 Tistel Ea. (5.51)7 ol @9 &
2o Te CO, UiETS 0.035g/L2 AFEE R

1075 44(g)  1(mol) 273 1(atm)
2700(pm) < S T oo 224(D) 2734908 < 1(atm) (5.51)

=0.0359/L

RPM wstet vi7|7bA R84} UA| 288 ot 9jH4] Eq. (4.25)8 o83l A

=79 -



AZHo] T 715HF RPM 9518 thistof Ea. (5.52)2F 2ol wj7|7hs
6.42m/sec? AFEIUCL WZI7bA §4 Rl w717 WRE Bk Eq
(5.53)2 20| WI7]7EA RS 0.084m/sec AHEE|QICE

flo 2

6.42(m/s) = 0.007202 < 951 — 0.423929 (5.52)

0.0822

0.084(m?/sec) = 6.42(m/sec) x ( 74+ 0.082 < 0.096 ) (m?) (5.53)

AtsE A Bi77tA R 92 oY CO, 525 &eF & Eq. (5.54)%%
2ol ghikst Aub At CO, &P 10.64kg/hr2 AHEE| QT
5 1000
0.084(m*/s) < 0.035(g/L) < 1000 < 3600 = 10.64kg/hr (5.54)

2) Hol/dH
RPM Wzgtel wi7|7tA 2= #AAIZ2HE st 3] Al Eq. (4.24)5 o]&df A
AZHol Tt 7H5 8+ RPM 9513 thdsto] Eq. (5.55)°F Zo] ®i7|7tA 2=
97.3°CE2 Ar&L|9ict.
97.3(°C) = 0.053954 %< 951 +45.971825 (5.55)
RPM W3}e} CO; 5= AR 5t 3] A] Eq. (4.22)5 o]&s A4 At
of dist 75"+ RPM 9513 T]Uste] Eq. (5.56)1 Zo] CO; 5%+ 2.66%=
AFEE AT

2.66(%) = 0.002346 % 951 + 0.477500 (5.56)

AEE daeE% CO, 525 Eq. (2.8)0] tidste Eq. (5.57)1 #Zo] &Y &
ol I CO, viEd2 0.039g/Lz AFEE Sl
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107° y 44(g) _ 1(mol) o 273 1(atm)

(ppm) = 1(mol) = 22.4(L) 273+97-3X1(atm)) (5.57)

26600 (ppm) <

=0.039g/L

RPM ©ia}e} vj7|7tA S4u DA ZHE 18F 3] PAl Eq. (4.26)2 o]&s) A
A Alboll tigh 7158« RPM 9512 Tffisto] Eq. (5.58)xf Zo] vi7|7kA [f-&
< 6.20m/sec2 AFEHAG. vi7]H wWAE Fsto] Eq. (5.59)% Zol §F
0.082m/sec2 AF&ELE|Qict.

~
A
=

O
L

6.20(m/s) = 0.007218 <951 — 0.649563 (5.58)

0.125>

0.082(m*/sec) = 6.20(m/sec) x ( 74 0.082>0.096)(m?) (5.59)

AEE A kA S B9lNmY CO, 52 B § Ba. (5.60)7
Zol AR AT Ak CO, 2 11.32ke/hr2 AHEE 9L,
1000

0.082(m?/s) < 0.039(g/L) < 000 3600 = 11.32kg/hr (5.60)

w
\§)
>~
0]
N
=~
=
U
> MW
T
ol
—
4%
£
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CO, (kg/hr)

Fig.

20.0
15.
5.0 o
10.0 Tell0
(@]
y = -0.3675x + 749.99
50 1 R2=0.7332
0.0 1 I 1 1 ; 1 1 1 L ; 1 1 1 1 I 1 1 1 L
2,000 2,005 2,010 2,015 2,020
RPM

5.1 CO, emissions per unit time of concrete mixer

truck by year at non-load

11.32(kg/hr) =—0.3675 %< 2010 + 749.99 (5.61)
2ob JEie] 232E YMEY AAE vjEHS oY 2AgH 2y Fig. 5.29
Zony, gPAS =EsHIct ARAS R0l 0.999 =&H gJHAS o] L5}
Eq. (5.62)°F Zo] Rs} el 2010dAe] F32]E TANEZQ CO; HIEFZ
13.27kg/hr= Ar&stict. FR231 JEjet o =27 ZAIe71 10 A Qo] 9l
+ 237 =E2E T
20.0 -
G-l
150 T
= T Oreee
5 =0
én 10.0
~ =-0.422x + 861.49
S ‘o | Y R 09031
00 +————
2,000 2,005 2,010 2,015 2,020
RPM
Fig. 5.2 CO, emissions per unit time of concrete mixer
truck by year at load
13.27 (kg/hrr) =— 0.4220 < 2010+ 861.49 (5.62)
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5.1.2.12 Aajely Z32]E WA EZ(CMT.1)Q &Y A] LHs} AHEjoAs o
HAIES CO; HIEF2 14.28kg/hr2 AbEE. Haol AJEoA= DA CO,
v &5 16.27kg/hr& AFEEch

512228 Hejsll £30lE YNEACMT.Y &Y A 293t Yelos @
SJAZIY CO, BREFS 9.05kg/hre ALEECE Bat gefol Ay BIAG CO,
W53 12.16kg/hre AFEHC

5.1.2.3% 7g2JstH FIE YAMEZ(CMT.3)Y Ar Al F823} JEoA= ©
HAREG CO; HiEH2 10.64kg/hr2 AtEHC) Hol AEjoA = @AY CO,
&2 13.27kg/hr2 4AHEE

o

201094 F32|E 9N E=Q] A Al B85} JEjoA = THAIE CO, vl
T2 11.32kg/hr2  AEED B35F AHoAN = SYARIE  CO; HiEg2
13.27kg/hr= At==c}

Table. 5.2 Concrete mixer truck CO, Emission

Construction Equipment | Condition CO, Emission(kg/hr)
Non-load 14.28
CMT.1
Load 16.27
Non-load 9.05
CMT.2
Load 12.16
Non-load 10.64
CMT.3
Load 11.32
Non-load 11.32
2010
Load 13.27
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51.3 E=ietR)y 229l

LY

5.1.3.1 E=lExd 39 91(CC.1)

RPM wigle} v]7]7bA 2= $AZRE 23 894 Eq. (435 ol§3] &<
AZYO] T3t 15 @ RPM 12102 cjYsto] Eq. (5.63)1 Zo] Hj7I7tA 2wt
111.3°C2 AF=E| QAT

111.3(C) = 0.072852 < 1210+ 23.138571 (5.63)

RPM ®iste} CO; &= #AZTE A9t 91924 Eq. (4.33)5 o]-&sf A AlRE

of thgt 7I5Ha RPM 12102 thdste] Eq. (5.64)9F Zo] CO, & 1.97%=
AEE A

1.97(%) = 0.000410 < 1210+ 1.476429 (5.64)

Ared Adae=e CO, =5 Eq. (2.8)0] tidsto] Eq. (5.65)9F 2ol &9 &
ol & CO, HiEF2 0.028g/L= AFEE Ut

273 1(atm)
273+111.3 . 1(atm) ) (5.65)

107° y 44(g) y 1(mol)

19700 () < s X T imal] < 22.4(Z)

< (

=0.028¢/L

RPM wste} vi7|7bA R84} UA| 288 Aot 9|42 Eq. (4.37)2 o83l A
4 AlIZFOl High 7H5-Ew RPM 12105 tidsto] Eq. (5.66)2 Zo] 8i7|17tA §4
< 11.96m/sec2 APEHAC Bi7|7FA /4 o w7l ©A8S wske Eq
(5.67)xF Zo] 8i7|7kA {332 0.114m/secE AFEE QI
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11.96(m/s) = 0.010938 < 1210 — 0.818333 (5.66)

0.114(m?/sec) = 11.96 (m/sec) x O‘il 7(m?) (5.67)

AEE A WPI7kA U BYREY CO, $EE B & Ea (5.68)2

2o] ghateh Aut AR CO; BiEd2 11.27kg/hrz AHEE AT

0.114(m?/s) > 0.028 (¢/ L) < %X%OO =11.27kg/hr (5.68)

2) FolJH

RPM wste} vi7|7bA 2 WAZRE A9 9]HA] Eq. (4.36)2 ©]&3l 2

AlZboll oigh 7Hs8 <t RPM 12102 tidste] Eq. (5.69)9F o] 8i7[7kA 2=
115.5°C2 AH&EE i}

115.5(°C ) = 0.070406 > 1210+ 30.339762 (5.69)

RPM ®iste} CO; s HAZRE A9t 9|2 Eq. (4.34)5 o]-&sl A AlRE

L

of thst 7H5E RPM 12102 thdste] Eq. (5.70)1 o] CO; vE+ 2.12%=
AHEE] QI

2.12(%) = 0.000751 X< 1210+ 1.212302 (5.70)

Ared da2=9 CO; =5 Eq. (2.8)0f] ti¥ste] Eq. (5.71)3 go] &% &
ol o2 CO, HlEd2 0.029g/L& AFEE Q).
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10°° _ 44(g) _ 1(mol)
pm) 1(mol) ~ 224(L)

273 1(atm)
X )
273+115.5 " 1(atm)

21200 (ppm,) X < ( (5.71)

=0.029¢/L

RPM wWiste} vl7]7ta f-&ut PAZRE gt ol YA Eq. (4.38)5 ol&sl A
4 AlRtoll tigh 7FsE <« RPM 12105 Hidsto] Eq. (5.72)eF o] vi7|7tA 54
& 12.42m/secZ AEE QUG HiZ7]F+ WAZ 55t Eq. (5.73)% #o] {3
0.118m/sec® AF&E|Qict

A
=

rlo

12.42(m/s) = 0.011186 < 1210 — 1.572421 (5.72)

0.118(m?/sec) = 12.42(m/sec) x w(m?) (5.73)

AEE ARG WA ST BREY CO, 5EE B F Ea (5749
2ol FAIE A ARIY CO, &L 11.32keg/hre AT2H A},

1
0.118(m?3/s) %< 0.029(¢g/L) < %X%OO =12.14kg/hr (5.74)

RPM wWste} 877k 2 WA RE A9 9|14 Eq. (4.41)2 ©]&3l A
AlZHoll tiet 7Hs~t RPM 12102 tidsto] Eq. (5.75)° Zo] vi7|7kA 2=
116.9°C2 At&EQict.

116.9(C ) = 0.068901 x 1210+ 33.562302 (5.75)
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RPM ®iste} CO; s HAIZEE 3T 9|4 Eq. (4.39)5 o838l A AR
of tish 7t&-8+ RPM 12108 tiysto] Eq. (5.76)1F o] CO, s=v 2.49%=
AFEE AT

2.49(%) = 0.000921 % 1210+ 1.378175 (5.76)

AEE daeEe CO, 525 Eq. (2.8)] tidste] Eq. (5.77)3 o] &9 |
ol Thg CO; Hi&Z2 0.034g/LE A& QIT).

1009  44(g)  1(mol) 273 1(atm)
24900 (pprm) X pm) T(mol) ~ 224(L) “(Gr3+1169 1(atm)

) (5.77)

=0.034g/L

RPM Watet vj7]7ka g430b BAZRE 78 8174 Eq. (4.43)5 ol&s &
o Al7tol]l thst 7FEE A RPM 12102 thQlsto] Eq. (5.78)1F o] wj7]7tA 9.4

J%

< 17.14m/sec2 AFEEAS. v7I7tA F&5 Yol wi7]++ ©A8S 5s5tod Eq.
(5.79)9} Zo] vi7|7tA {2 0.163m/secz AHEE T

17.14(m/s) = 0.017244 % 1210 — 3.727579 (5.78)

0.163(m?/sec) = 17.14(m/sec) x 7(m?) (5.79)

AEE AR EIPtA fE Y RET CO; w25 we ¥ Eq. (5.80)
#o| gttt Aut AR CO, BiEF2 20.10kg/hrz A QUG

0.163(m?/s) > 0.034(g/ L) < %X%OO 20.10kg/ hr (5.80)

- 87 -



2) P
RPM Wigjo} Hj7]7k4 25 BARDE 23 A Ea (442)F ol§) A
A7kl st 715 RPM 12102 ciiatol Ba. (5.81)7 2ol ul7l7bs et
128.5°C2 AF=E|QiTt.
128.5(°C) = 0.068014 X< 1210+ 46.186111 (5.81)
RPM #sio} CO, & BARVE 23 8A4 Fa (440)F ol&3) = AR
of chgt 7157 RPM 12102 chIsto] Ea. (5.82)2F 20| COp B 2.76%2
AHEE S

2.76(%) = 0.001123 X< 1210+ 1.399405 (5.82)

Ared dae=9 CO;, =5 Eq. (2.8)0f] tiYste] Eq. (5.83) go] &% &
ol o CO, HiEF2 0.037g/Lz AFHEE Aot

273 X1(atm)
273+128.5 " 1(atm)

107° y 44(q) y 1(mol)

27600 (ppm) < (pm) ~ 1(mol) ~~ 22.4(L)

x( ) (5.83)

=0.037g/L
RPM Wgket wi7|7tA 9450 HAZRE st 3]HA] Eq. (4.44)5 o]&sl Af
A Azt st 715+ RPM 12102 ti4sto] Eq. (5.84)F #o] vi7|7tA /-4
2 17.56m/sec2 AFEEACH 7| WAS F5to] Eq. (5.85)F o] Hj7|7tA

920 (0.167m/secE A&EE|QIC}.

17.56(m/s) = 0.017388 % 1210 — 3.475833 (5.84)
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0.167(m?/sec) = 17.56 (m/sec) x 0‘}1 7 (m?) (5.85)

AeE ARNE It R ROy CO, s=5 &9t & Eq. (5.86)%

Zol gileh Zat AT CO, ¥l EF2 22.14kg/hr2 AHEE ot

0.167(m%/s) < 0.037(g/L) < % X 3600 = 22.14kg/hr (5.86)

RPM ®ig}e} wj7|7bA 2 #A2EE b 9|HA Eq. (4.47)5 ol&sl A
AlZboll oigh 7Hs8~t RPM 12102 tidste] Eq. (5.87) o] 8i7[7kA ==
103.3°C2 At&E .

z?

103.3(°C) = 0.054095 > 1210+ 37.801190 (5.87)

RPM ®igtet CO; sk BARTE ¢t 9l A Eq. (4.45)5 ol&sl A A

of oigt 7158w RPM 12105 tiusto] Eq. (5.88)1} &o] CO; == 1.97%=2
AFEE A

1.97(%) = 0.0007 < 1210+ 1.1696 (5.88)

AEY A4Ee} CO, HES Eq. (2.8)0] chysto] Eq. (5.89)% o] ©¢) &
ol 112 CO, ulEFL 0.028g/LE AHEE ALY,
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10°° _ 44(g) _ 1(mol)
pm) 1(mol) ~ 224(L)

273 « 1(atm)
2734+103.3 " 1(atm)

19700 (ppm) < x ( ) (5.89)

=0.028¢/L
RPM wWistel wi7]7kA 43 WA RRE 5t 3|4 Eq. (4.49)5 o]&sh &
A AlZtoll thst 7H5E < RPM 1210& tiYdste] Eq. (5.90)1F 2o 8j7]7kA G4

16.48m/sec2 AMFEIGCE Wi7I7EA 4 Yol w717 WHE skl Ea
(5.91)2 o] wj7|7k4 {3 0.163m/sec? AHEE ALt

16.48(m/s) = 0.015301 < 1210 — 2.034365 (5.90)

0.157(m?/sec) = 16.48 (m/sec) x w(m?) (5.91)

AEE AN H7ILA ST BRNY CO, 5ES B F Ea (5.929%
2ol AN AW ARIY CO, &L 15.86ke/hre ATEH Ak,

0.157(m?3/s) < 0.028 (¢/L) < %X%OO =15.86kg/hr (5.92)

2) P

RPM Wigje} vj7]7k4 2 BARDE 23 SlHA Ea (448)2 olgd) A
AZtol ohgt 7MW@ RPM 12102 cRIsto] Ea. (5.93)7 2ol ul7)7ks grt
106.4°C2 At=E QI

106.4(°C ) = 0.050296 < 1210+ 45.519841 (5.93)

RPM Wigte} CO, 5= BARYE 23 74 Eq. (4.46)2 ol 83) &k A1
of tist 7I&H+ RPM 1210& TiUstY Eq. (5.94)2F o] CO;, s+ 1.99%=
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AFEE AL
1.99(%) = 0.0007 < 1210+ 1.1055 (5.94)

Ared da2=9 CO;, =5 Eq. (2.8)0] thYste] Eq. (5.95)9F go] &9 &
ol T2 CO, viEd2 0.028g/L= AFEE Sl

10°°  44(g) _ 1(mol)
(ppm,) . 1(mol) ~ 22.4(L)

273 1(atm)

< ( X
273+106.4 " 1(atm)

) (5.95)

19900 (ppm) <

=0.028¢/L

RPM w®igte} wi7]7kA R4t A 2R E oh 9lHA] Eq. (4.50)02 ol-&3f Af
A Albol|l tigh 7HSg+t RPM 12102 ®ifisto] Eq. (5.96)1F o] vi7|7kA [f-4%
< 16.50m/sec2 AFEEQAC vi7]#+ WAS H5to] Eq. (5.97)% #o] {3
0.157m/sec@ At=EQIct.

A
==

rlo

16.50(m/s) = 0.015269 < 1210 — 1.977421 (5.96)

0.157(m?*/sec) = 16.50(m/sec) x 2 (m?) (5.97)

AEE ARG H77kA S 99lNEY CO, 52 B3 F Ba. (5.98)7
2ol FAIF Ak ARG CO, &L 15.90ka/hre AHEH k.

0.157(m?3/s) < 0.028(g/L) < %X%OO =15.90kg/hr (5.98)
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5.1.3.4 E=ERE 38 91(CC.4)

1) 2o HE]

RPM ®3gte} vi7|7tA 2% WA ZHE 5t 3]HA] Eq. (4.53)& o]&al A
AlZHol tist 715 E+ RPM 12102 tidste] Eq. (5.99)9F Zo] wj7|7tA 2=
100.4°C2 AF&EE Q)

100.4(°C ) = 0.039817 %< 1210 + 52.245635 (5.99)

RPM ®i3}e} CO; 5% IAI=RE 5t 3]HA Eq. (4.51)F o]&sl A ATt

of gt 758+ RPM 12108 tidsto] Eq. (5.100)7 Zo] CO; =+ 1.94%
2 AFEE QI

1.94(%) = 0.000807 < 1210+ 0.965873 (5.100)
AHEE AAREet CO; 555 Eq. (2.8)0] tidste] Eq. (5.101)af o] &
ol T CO; HiEF2 0.028g/L=2 AFEE| Qi)
1075 44(g)  1(mol) 273 1(atm)
19400(]’]”7”””(ppm) 1(mol) 22.4(L)><(273+100.4><1(atm)) (5.101)
=0.028¢/L

RPM Wgfe} v]7]7ba @43 B9 73 894 Ea. (455)% ol &3] &
o A7t thgt 7FEWF RPM 12102 cfstol Eq. (5.102)9 2ol wj7]7ha &
42 14.78m/sec2 AEHYUTL W7I7LA 84 ol w717 WAL Fojel Eq.
(5.103) Zo] Hl7|7kA ke 0.140m/sec® AHEE Tt

14.78(m/s) = 0.014387 < 1210 — 2.629484 (5.102)
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3 0.112
0.140(m?/sec) = 14.78 (m/sec) x

w(m?) (5.103)
APEE ARG 7|7t A R g9 R oY CO, 555 &3 ¢ Eq. (5.104)%F
o] ghikst Auk At CO, HiEF2 14.10kg/hr2 AFEE QI
5 1000
0.140(m?/s) < 0.028(g/ L) x Tooo <3600 = 14.10kg/ hr (5.104)

2) FolJH

RPM wigle} v]7]7bA 2= WAZRE 23 94 Ea. (454 ol §3) &)
AZYO] Ofgt 715 E# RPM 12102 Cisto] Eq. (5.105)9% Zo] ul7|7ha emi
101.5°C=2 At=E| ot

AR

101.5(°C ) = 0.042148 %< 1210+ 50.469048

RPM ®isto} CO; &= #AIZRE A3t 9|2 Eq. (4.52)5 o83l A% Al
of thet 7ts8< RPM 12102 tidsto] Eq. (5.106)1} #o] CO; s== 2.00%
2 AFEEA

2.00(%) = 0.000827 > 1210+ 0.995754 (5.106)

S Eq. (2.8)0f] tidsto] Eq. (5.107) Zo] &Y
T30l T2 CO; BiE2 0.029g/L=2 AFEH AT

10°°  44(g) _ 1(mol)
20000 (ppm) Gom) ~ L(mol) ~ 22.4(L)

=0.029¢/L

273 1(atm)
><(273+101.5 X 1(atm) ) (5.107)
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RPM wiste} uj7]7ka Q&3 BARYE 78 8714 Eq. (4.56)2 o] &3} =
A AlZto] oist 71a-E+ RPM 12103 tidste] Eq. (5.108)x} o] wj7|7tA &
42 15.40m/sec2 AH=E A0}, vj7]5t ©AZ H5Fo] Eq. (5.109)2F #o] 52
0.146m/sec2 AF&EL|9ict
15.40(m/s)

=0.014915 X 1210 — 2.650278 (5.108)

0.146 (m*/sec) = 15.40(m/sec) x 7(m?)

7|7t A S g R oy CO, =
At A7HG CO, HiEFS 15.06kg/hrz Al

X 2O 3600 =

0.146 (m?3/s) < 0.029(¢g/L) 1000

15.06kg/hr (5.110)

Xto]7} ojoj
578 W 4
1000, 1400, 1600,

ACERCEIERS

1200,
shaict.

o
=

RPM ®ig}e} vi7|7bA 2= HA2RE b o)A Eq. (4.59)F o83l AY
Aol Bigh 7HE 8+t RPM 12102 ©sto] Eq. (5.111)2 go] vj7PtA 2es
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108.0°C2 Ar&E|9ict
108.0(°C ) = 0.0589 < 1210 + 36.687 (5.111)

RPM #ete} CO; &&= WARREH et of4 Eq. (4.57)& ol&sl A AIRY
of thgt 75 RPM 12108 thUsto] Eq. (5.112)9F Zo] CO; H=& 2.09%

2 AFEE A

2.09(%) = 0.0007 < 1210+ 1.2475 (5.112)
AHEEH AL 22 CO, S5 Eq. (2.8)0 tidsted Eq. (5.113)1F Zo] &9
SeFo] 2 CO; &L 0.029g/L= AFEL]9iTt,

273 « 1(atm)
273+108.0 ~ 1(atm)

—6
107 44lg)  1(mol)

ppm)  1(mol) 22.4(L)><(

20900 (ppm,) X ( ) (5.113)

RPM ®is}e} wi7|7bA R4t UA2RE S1oh 9l Eq. (4.61)& o83l A
@ Al gk 7Hs8w RPM 12102 tidsto] Eq. (5.114)9F &Zo] 87|17t &
&2 15.05m/sec2 AFEEUG. Hi7|7tA f5 ol 871+ ©AS &5t Eq
(5.115)9} o] vi7[7kA {32 0.143m/secz AHEE QT

15.05(m/s) = 0.0145 x 1210 — 2.491 (5.114)

0.143(m*/sec) = 15.05(m/sec) x O'i 7(m?) (5.115)
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0.143(m?/s) % 0.029(g/ L) < %x 3600 = 15.18kg/hr (5.116)

) Rt A
RPM Waje} vl7]7ba 2= @AZRE 23 274 Eq. (4.60)2 ol §3h &)
AEOl TSt 7HEE e RPM 12108 tielstel Eq. (5.117)8F o] wj7]7hs 2mt
112.9°C2 AL=E| QAT
112.9(°C) = 0.0577 x 1210+ 43.129 (5.117)
RPM #ate} CO, 5% BARYE 73 874 Ba. (4.58)2 ol 8ah &kl A7

of tist 7Hs@+ RPM 12102 tiYsto] Eq. (5.118)nF #o] CO; s=t 2.27%

2 AFEE A

2.27(%) = 0.0009 x 1210+ 1.1782 (5.118)
Ated AdAaReet CO, 555 Eq. (2.8)0 didste] Eq. (5.119)2F Zo] ¢

Tl ©E CO; BiEF2 0.032g/L2 &%

273 1(atm)

10°%  44(g)  1(mol) y
273+112.9 "~ 1(atm)

o) Tomol) ~ 22.4(2) <

) (5.119)

RPM wHato} vlj77ta f&5ur PARRE 1t 9|44 Eq. (4.62)5 ol&si A
4 Aol thet 7HsE <t RPM 12105 thdsto] Eq. (5.120)a #Zo] vj7|7kA &
£2 15.44m/sec® AFEE QI Hi7]4L WA |35to] Eq. (5.121)2 #Zo] /5
0.147m/secZ At&L]Qict,

rlo
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15.44(m/s) = 0.0146 < 1210 — 2.2305 (5.120)

0.11%

0.147(m*/sec) = 15.44(m/sec) x 7(m?) (5.121)

0.147(m?/s) %< 0.032(g/ L) x %x%@@ =16.64kg/hr (5.122)

2) EYAY 29 CO, HlEY
5.13.12 Mestel Ay TA(CC.1)9 &Y Al TR HelolHE Y

A CO, HlEF2 11.27kg/hr2 AbEdnt. 22]al Fob JejoM= DA
& 12.44kg/hr2 A&t

ofl
a
&
=
e
o

5.1.3.35 7delstd EEAY ZHA(CCI)Y A Al 753t FEjA= T
AT CO, HiEF2 15.86kg/hre AFEHTh 22| 85t HEjoA = TAIRE
< 15.90kg/hrz Ar=E Qi

ofl
!
S
=
L
ofy

5.1.3.45 25ty EHGAF 2 A(CC.4)e] Ad Al FH5F FHjoA= &4
AT CO, BlEE2 14.10kg/hr= AHEECE T2]11 Bsh e = THAIRE
g CO, Hi&=<& 15.06kg/hr= Ak

i
i
30
L



v &2F2 16.64kg/hra2 AFEEQIct

Egay 2eelo] RRst AEje} 2at AEIS vlasty CO, wjEHS sl

B Hop Fst JEiolA CO; siEFol ot woju] oF 2atE =Estitk(Table.

Table. 5.3 Cargocrane CO, Emission

Construction Equipment Condition CO, Emission(kg/hr)

Non-load 11.27

CC.1
Load 12.44
Non-load 20.10

CC.2
Load 22.14
Non-load 15.86

CC3
Load 15.90
Non-load 14.10

CC4
Load 15.06
Non-load 15.18

Average

Load 16.64
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52 712 A& A Al CO; HiEH

5.2.1 27|

A1) GG AP AN JIFE 496.25m2 YA AEE A7)0 GE
£ WA o], A gElol wheha L wich A|ute] Jefo] ma Az
bS o

o ul 4 g9lon} gro] Qi 7]x Alge] 3]

B AToAE 900m) A2 BIAE ANET AES sHgstel 247 CO, o
S AVgStAch Al AERQ] AlNE 2AF Rl 496.25m 2 AMEE 9lck,

olmba] AQl Bepo xlelAE] ZAL Mmle] 50%Ql 248.13me AAAIZHS 42.06
A7 AT 2Zoln, CO, WAIES 567.30kg0 2 ATZEQIT). QUF U ZAF 1o
o] 79 27| wjZlo] EAb @ upajo] mE Apzto] WrlE &7 AZEt EARe
RFRAAYERZ} obd B ERF A7l Hloe JpgE AN A PG
2 Botol AY BaFe 59550mE AEEQCH AY Bako] mE AJAIZRS
567.3247t0| 0}, CO, BjE%S 130.30kg0.2 APEE QT 7PYat £719] &Y 4|
ZA] & CO, H|E2S 703.62kgC.8 AP E|QICH(Table. 5.4).

Table. 5.4 Excavator working CO, Emission

Output result
Natural condition quantity (m) 496.25
Amount of rock crushing (m) 248.13
rock crushing time (hr) 42.06
Disturbed state Quantity(r) 595.50
Digging and moving work time(hr) 8.19
rock crushing CO; Emission(kg) 567.32
Digging and moving CO; Emission(kg) 136.30
Excavator CO; Emission(kg) 703.62
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£3e|E DM e Aeae B A7o] £71o] met k2 30m, AlZ 30m, &
o] Ime] £32E 7|£S AR A2 7Pt EI2E B 900mE A
Aot

r

EP4Y 900mo] EIES BAY A9 EANE YNES] AL o

183.67A]7t0] 1, CO, HlZE2FS 2437.35kg O & AR ]9k Table. 5.5).

Table. 5.5 Concrete mixer truck working CO, Emission

Output result
Amount of concrete pouring(mm) 900.00
Concrete mixer truck working hours(hr) 183.67
Concrete mixer truck CO; Emission(kg) 2,437.35

=
=
D= sPgsteion], ztzte] A2%e 114.86ke/mi,

900mo] F3I2E LR Put BT AREF2 120.14tono|H 2 ALoA A}
&8 EHEAY I B+ AT 11.58tong 7|Eoz FsleS AHEsH
10.75%]1 2 ARG 2RFslpo] T2 A AIRF P2 8.96hro|t] AT
CO, Bi&F= w5t E=EAY I Ao g CO, viEF 149.07kge =

AT E] 91t (Table. 5.6).
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Table. 5.6 Cargocrane working CO, Emission

A B C D Average
Amount of
reinforcing bar per 114.86 151.40 135.65 132.06 133.49
unit volume(kg)
A t of
mount of rebar |05 0 | 13606 | 12008 | 118.85 | 120.14
(ton)
Number of rebar 9.00 12.00 11.00 11.00 10.75
transports
Cargocrane
transportation 7.50 10.00 9.17 9.17 8.96
time(hr)
Cargocrane COz | 1)) a0 | 16640 | 15253 | 15253 | 149.07
Emission(kg)
5.2.4 712 Aldz A0 dist CO, vi&%
72 30m, A2 30m, 0] 1me] A ZIYE A|EF A& A] CO, HiEHFS

=247] of 703.62kg, F3E YMEHZ oF 2437.35kgo]l EHYAY A

< 149.07kgo2 APPE QL. TetA, A F3E 7]x 900mE AR Al Eq.

(5.123)x} #o] CO; FHi

52

CO; v &% 3.66kg/m= A& Q.

CO, BEmission(kg) = 703.62+2437.35+ 149.07

= 3290.04(kg)

3290.04kg < 900m* = 3.66kg/m’
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5.3.1.1 2A}7]

ZAb7]9] slakAl, [PCCO} A&
of T A7tY CO2 HiEge dmba) A

=]
=2

7}o]l =2l (MLTMA, 2011)
Z¥7F 30.68, 30.51, 30.08kg/hrz At=

EQlct. Table. 5.70fA et o] IMFEgYA o ot At 2 A4 AFEA
WAlo] ol5t 7147149 CO2 MiEZHKim & Lee, 2017)& U Hat A} A] A%
W vlwgt Aif o]@2Al 50 Qg CO2 HiEg 2ot ARSAAHA 95t A&
= CO2 wj&=o| IPCC 7]& 0.44, 0.5558&02 AA UEGTE
Table. 5.7 Excavator output result
. Hourly emissions .
Calculation method Normalized
(kg/hr)
Rock crushing 30.68 1.00
IPCC
Digging and moving 30.68 1.00
Chemical Rock crushing 30.51 0.99
formula Digging and moving 30.51 0.99
Rock crushing 30.08 0.98
Guideline
Digging and moving 30.08 0.98
Rock crushing 13.49 0.44
This study
Digging and moving 16.64 0.55
53.1.2 £32]E 9AE
£aejE 9jAER0] sjeby], IPCCOH AlMSW SLAwiEY A stolcefel
(MLTMA, 2011)of] @& A|7tE CO2 viE2 2+2F 34.30, 34.10, 34.10kg/hr=

AFEE]QICE Table. 5.80] A9t o] 7S
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Table. 5.8 Concrete mixer truck output result

Calculation method Hourly emissions (kg/hr) Normalized
IPCC 34.30 1.00
Chemical formula 34.10 0.99
Guideline 34.10 0.99
This study 13.27 0.39

5.3.1.3 EEHEAIY =9

Eoudgd 2e909) akehal, IPCCOH AMBE HadjEs A stoltetel
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Table. 5.9 Cargocrane output result

Calculation method Hourly emissions (kg/hr) Normalized
IPCC 34.60 1.00
Chemical formula 34.30 0.99
Guideline 34.30 0.99
This study 16.64 0.48
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Table. 5.10 Comparison of CO, emissions from work

AR =

A A o

Total CO; emissions | CO, emissions per unit .
from work(kg) workload(kg/m1) Normalized
IPCC 8151.51 9.06 1.00
Chemical formula 8103.55 9.00 0.99
Guideline 8081.94 8.98 0.99
This study 3290.04 3.66 0.40
5.3.2 IPCC Tier 2 7AA71A19] SHABEA S
Tier 29 A2 AR&sto] ZA7|9] A7 HauiEAaE AHEstcH(Table.
5.11). §3at AEoA SAaviEA s IPCC ty] 0.290]1, F55F JEjoA HAa
&A= [PCC tjy] 0.49% AHEE]|QITE
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Table. 5.11 Excavator emission factor

Emission factor(kg/TJ) Normalized

IPCC 74100 1.00
Digging and Non-load 22526 0.30
moving Load 40261 0.54
Non-load 20711 0.28
Rock crushing

Load 32639 0.44
Non-load 21618 0.29

Average
Load 36450 0.49

Tier 29] A2 ARgsto] E32E YMEO AL7A HavjEA+ZS &6t
%tHTable. 5.12). Hst JEjolA SAa8iEAS= [PCC tiv] 282F 0.47, 0.35,
0.330]31, RHst AEfoA Er4vjEA| L= [PCC tjd] 2HzF 0.47, 0.26, 0.31=2
AFEE|QITE [PCC tiy] Bt 2oF AJejollA] 0.39, F235} oA 0.3302 A7
AFEE A

Table. 5.12 Concrete mixer truck emission factor

Emission factor(kg/TJ) Normalized

IPCC 74100 1.00
Non-load 34551 0.47

CMT.1
Load 35126 0.47
Non-load 19539 0.26

CMT.2
Load 26253 0.35
Non-load 22971 0.31

CMT.3
Load 24439 0.33
Non-load 24439 0.33

2010

Load 28649 0.39
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Tier 29] A1 ARgsto] EZEAY FQ19 47| A &SHavjEA LS AHEst
HCHTable. 5.13). Y35t AMEjollA EraBjEA2E= [PCC thy] zHzb 0.36, 0.64,
0.46, 0.440|1, TH3} AEjo|A] EFAB|EASE [PCC tfs] zHzb 0.33, 0.58,
0.46, 0.412 AFzE|Qlct. IPCC tfu] o F5F JEIoIA 0.48, FH5t AJEjolA]
0.442 A7 AHEE At

Oll

Table. 5.13 Cargocrane emission factor

Emission factor(kg/TJ) | Normalized

IPCC 74100 1.00
Non-load 24146 0.33

CC.1
Load 26652 0.36
Non-load 43064 0.58

CC.2
Load 47434 0.64
Non-load 33980 0.46

CCJ3
Load 34065 0.46
Non-load 30209 0.41

CC4
Load 32266 0.44
Non-load 32523 0.44

Average

Load 35651 0.48
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