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(Development of a combined system of a combustor type
CO; generator and thermal storage/heating in a greenhouse
for planting fruits and vegetables)
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SUMMARY

[. Title : Development of a combined system of a combustor type CO. generator and
thermal storage/heating in a greenhouse for planting fruits and vegetables

II. Background and Objectives:

The rate of photosynthesis is affected by the conditions of luminous intensity, temperature,
and CO; concentration. Horticultural crops using the CO; in the atmosphere produce an
abolites for growth by photosynthesis. In winter, the ventilation in greenhouses is limited to
minimize heat loss, so the internal CO; concentration may be reduced during the day. When
the sun rises and plants start photosynthesis, the CO. concentration slowly decreases to a
minimum during the daytime, and increases at night due to the respiration of plants and the
dissolution activity of soil microbes.

Methods to supply CO; to horticultural crops mainly include combustor types, gasification by
liquid, and solid types (dry ice). The gasification method involves the storage of COZ2 in a
storage tank. Then, the is supplied to facilities by a connecting hose. This method can be
easily used to control the CO; concentration in a greenhouse, but it reduces the temperature
in the facility due to the energy required to gasify the liquid, which complicates storage,
because the boiling point of liquid CO. is -78 C, thus making the process expensive (0.3
$/kg). The fuel combustor type involves the burning of hydrocarbon fuels, including liquefied
petroleum gas (LPG), natural gas, light oil, kerosene. It features low installation cost compared
to using liquid CO,, but can emit harmful gases by incomplete combustion.

The combustor-type CO. supply methods, for the diffused-type system, harmful gases are
generated together with CO, gas, and the incomplete combustion ratio is increased as the
combustor ages. The exhaust gas may also damage crops. The combustor-type CO: supply is
also preferable with regard to energy savings over waste heating systems. In order to
increase energy efficiency and supply low-pollution CO,, thermal storage systems are
advantageous. It is appropriate to use kerosene as the fuel of the combustor, due to tax
exemptions in agricultural districts, but there are problems with the emission of exhaust
gases, especially hydrocarbons, CO, and PM (particulate matter) from the combustion of the
kerosene. In order to reduce exhaust gas emission from the combustor using diesel oil or
light oil, after-treatment devices such as oxidation catalysts (OC) and particulate filters for
diesel vehicles are required.

The purpose of this study is to develop a combustor-type CO. generator with the
after-treatment equipment and the thermal storage devices. The after-treatment device
reduces the harmful gases in the exhaust gases of the combustor. The thermal storage device
stores the heat of combustion, and the stored heat energy is available for the greenhouse
when heating is needed. And we will investigate of the effect of exhaust gases of the
developed combustor-type CO. generator on the horticultural crops, the optimization of
control of the combustor type CO. generator with thermal storage/heating system for the
suitable CO, atmosphere in the greenhouse.

[II. Research detalils:

- Development of a light oil fueled with combustor-type CO. generator with the
after-treatment equipment and the thermal storage devices

- Development of the after-treatment system for the light oil fueled with combustor-type



CO; generator, and development ofthe thermal recovery device of the exhaust gas has a
function of heat recovery, as well as the ability to remove the moisture contained in the
exhaust gas.

- Development of the control system for the CO, concentration by sunlight, temperature,
humidity

- The minimum concentration of hazardous gas monitoring and impact identified that inhibit
the growth of crop plants grown according to the exhaust gas concentration

- Research of crop growth characteristics of equipped with the combined system of low-cost
CO, greenhouse(fueled kerosene) with heat storage/heating system

- Optimization of control system of the combined system of low-cost CO, greenhouse(fueled
kerosene) with heat storage/heating system and environmental management of the
greenhouse

IV. Research Results:

1. 1st year results

- Designed and manufactured CO; generator of heat capacity of 146 MJ/h

- Analyzed the emissions of the combustor-type CO, generator

- Estimation of conversions of the developed oxidation catalyst, particulte filter

- Estimation of thermal recovery devices of CO: generator

- Final emission temperature below 40C by using 1% and 2™ heat exchangers

- Impact assessment of CO and ethylene on the chlorophyll of strawberries in a small
chamber (2 liters)

- Photosynthetic efficiency of the input according to the CO. concentration and absorption
analysis

- Impact assessment of PM particles on the plant photosynthesis

- Selection/installation of blower, heat exchangers and pipe line for CO; supply in the

greenhouse

2. 2" year results

- Development of control program of CO. generator according to CO; concentration of the
green houses

- Operating time of CO, generator needs 70 sec for the rising 1 degC of inside of the 600m?
green house.

- The stored heat in main tank from the exhaust heat is 77 % of the combustion heat.

- With about 69 % of the water vapor in the exhaust gas removed, it is possible to minimize
the effects of excessive humidity on crops in the greenhouse.

- Order of higher CO conversion : SiC(half plugging)> SiC(full plugging)> OC+MPF

- PM number of the SiC(full plugging) PF emitted almost same particulate number in air.

- Suggested after-treatment system of SiC(full plugging) PF to reduce of HC, CO and PM

- Compare the quantity and quality by measuring the sugar content of the fruit yield and
harvested periodically strawberries during 20 weeks

- Analysis of the rakoyi butyl content, rubisco analysis, photosynthesis of the plant leaves
according to the exposure time to CO, NOx, HC-based gas of the CH4, CsHs, and determine
degree of cell damage

- Analysis of the monthly monitoring data of inside and outside of the greenhouse to
change sun radiation and temperature by using CO. and heat stored water

- An operating system level of the environmental conditions to be considered for use in



illustrating provide optimum CO. concentration control by using a p-band
- Monitoring diurnal variation of CO. concentration on indoor hydroponic test of strawberry
- System redesign for modularity and on-board system design

3. 3" year results

- Change of the after-treatment system from SiC(pull plugged catalyzed particulate filter) to
half plugged CPF because of unstable combustion of CO, generator

- Superior CO and HC conversions of half plugged CPF for the Pt catalyst coated, but during
2 minutes the exhaust gas from starting combustor have to bypass to outside of
greenhouse, and the CPF have to clean up every 1 month by compressed air.

- If the supply of affordable CO; storage water tank capacity is 4 ton, the tank water
temperature reached 80Cat 3:00PM after starting time of 7:00AM

- Measured CO. concentration, solar radiation, temperature and humidity of the green house

- Operating time the CO. generator was from 7:00 to 7:30 after sunrise, and operating set
point was CO; concentrations up to 800 ppm, the lowest 600ppm, it was reached in about 5
- 10 minutes after the operation.

- According to the type 1800m’ greenhouse, CO, generator was a calorific value of about
500MJ/h, water tank volume was selected 3 tons FRP tank by the simulation results.

- In case of hydroponic strawberries in winter to lower the rate of opening of ventilation

windows, CO; enhanced the sweetness of the fruit was brought, does not affect
significantly the size of the fruit

- In case of CO. concentration enhanced strawberry, increase of the number of flowers per
plant not appeared, and the slight increase in the size of the fruit. While the slight
increase in the concentration of carbohydrates in fruit.

- In the case of paprika were able to be harvested and fruit setting and experiments show
significant differences, the vegetative growth is weak high.

- Increased the weight and volume of the summer fruit with melon cultivation by supply of
CO2 by combustion gas.

- NOx, CO, SO, gas concentrations in the treatment to increase the amount of HO»
concentration was increased oxidation of the leaves, the higher the concentration, the
sealing of the pores reduce the density of the plastid, the damage of the guard cells of
the pores.

V. Research Results and Utilization of Its

(1) Research results : SCI(E) journal publication : 2 papers, national journal publication: 1
paper, national patent : 1, submission patent : 1 , presentation in national conferences: 4
papers, educational results : Doctoral students : 3 person, master : 4 person, bachelor : 4
person

(2) Utilization of research results: Technology transfer (Patent 10-1361152, CO. generator) to
Daon Technology Co. on 1st April 2014, 4,000,000Won and 3% of production cost, and
promote the commercialization.
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AR AAD QA Al L} BEYAD ST £ AEAS A2
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- Fig. 1-3¢ 20 A, 48E) 39, 127 QARED A7 0] T ujEvls L5 el
o ohA AFE vlel 2ol 27] AaA alolA NEHE WEs FEE US Eow, Zu7)
B3 BASSE LR G715F S ) okl S)E WEY Bast gtk

- 300% ol F WiEvtx: =9 Wile darlel dud Ba Wi & 2571 60T o]
o A& A" Fo] &FEE ) o3 A= =&str] wZol LI

Table 1-2. Wl&7}12 §AE AAE 93 AL =u] AL

Item Cell density PM loading
400cpsi(5.66“%3") 60g/ft3(2.12g/L)
OC(Oxidation catalyst)
400cpsi(5.66“%2”) 50g/ft3(1.77g/L)
MPF(Metal Particulate Matter Filter) 300cpsi(5.66“+6") 15g/ft3(0.53g/1)

- Table 1-2&= 3l A47t2=9] A g o /\Pof& S ALSF-S YEM AT vl 7] S Al 2H 9
Aol 4ksl&w)(Oxidation Catalyst), F&toll JYAFEZA S AAL o+ A= F5%U ZSvf(Metal
Particulate Matter Filten & #-2+&} o).
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@] OCe CO ¥ THCO 4tst A7 JAGEH 4bstol] AREE NO, Aol A&-HH,

o] MPFell 3 %+ PM(Particulate matter, soot):= NO, % Zwj Hlg-of 93] Al3}e ),

- Fuje] 744 7 F FFE PR AL AFEY gAZFo| 7] Wil AAF AFA =
OC o] AwE HAFS FF3a, F9 =Z7]= 3incholA 2inch® &t

- r_>i

- Fig. 1-4= &7t AZde A% SuA2d FAH2 #5 ddo] Zu= MPFelH, ¢
ATEe OColt}. Canningd} vl Alol= GE &I} 53 EE ALEste] TdE3H I 7
o

¥e SuE ngd F e FHE 2A AFsAnh
Item Specifications
Material SUS310s
Pitch 4mm
Density 300cpsi
Corrugation angle 18°
Mesh 80
Wire 0.14

Fig. 1-5. MDF Zwjje] &/} Alek
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- Fig. 1-5+= MDF (Metal Particulate Matter Filter) Zvjo] &2 Fx9} ] A& ALYFS e
w3l
- ApE Aol A HH%H Y=L S Adste SEe Agy 22 FE7F AR ET, oF
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Fig. 1-6. Zv] ARG E79 F3o] B A44s4)

Pressure drop(kPa)

Fole B 2EoA w2 A sS Uetdolol stAT fF Aol £ BT I AE
of Aol AFAE FMEZAE ALgo] bssht davle] FuEA g HsHe B
g et gk,

AdaE f% FVIE FEste AY" A BW T Id wWE &F= Fan
1000mmH,0(9.8kPa), Blower: 1000-10000mmH;O, Compressor: 10000mmH,O o]’ do. 2 = o]s}
=d CO, BAE AT d&7]ol ArEHE WL Fsdo] ms 27 "o FsAFe] #

g AA st s

Fig. 1-6 (2> OCe 7% AAFEE ASa(AC, SIC, MetaD®] =HE4-E HEHALL (D)
= @ =47, laminar flow, 71231 blower $< o] &3 213t ZAHAXE el A Th

OC % MPF =ujo H$ iz o =z Full DPFAC, SiC)ol Hlsta] x}to] wqkom, Full
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DPF Zuje] 73-¢- 5L o]/do] Hojofql ARg 7hadh & A8t Full DPF+ 13
channelo] =& glo] flow’} WHe| 7| &E& Wt =25 722 PM ZHEA zstel A &
7tahe §Ao] Ut

wehA B AFoA s Agtel v, frEA el Aol ALdHIE % 0C8 MPFE &9
ate] ARgstglew, Full DPFe| 7% Aa/del7t g43HA4 ¢9stxo] CO ¥ THC/ o= &
AskE TRl o AHEE & (Ul

SMPS(model: 3080, TSI)

Description Specification
Particle size range Adjustable:
(L-DMA 3081) 10 to 1000nm

Upper concentration limit

105(particles/cm3)
(3025A CPC) particles/cm

Scanning time 30-300sec
Diluter(ejector type, CNU)
Diluter Dilution ratio
1st diluter 1:12
2nd diluter 1:11 (TDR 1:132)
Fig. 1-7. PATEE BX A A AY L Al2EH FAHAE

719 JAFEZAY AAFEE EZE A4S 93 AFAXE Fig 1-79 JeERACH
T YAFE S35 st FAAAH L FHoln, o|w 1st dilutere] 34 E3EH]
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Bl 2ton, Hi7|Y =gElaE ltonlo ® AASFoH, o

4 I

Fo| £3E = &8 2579 257 60Co =gstd +=%
2L o},
w=gEzol g#8S ALk 45L/min(2.7m3/M)ol Y FHAZ =AH3 A3} 1.8m3/holtt A4 d
w37 o) dpete] Lx9l e Lxx g1 3 FHoRE AT did wdHEFe
27,930kcal/h® 2324 9] 5,000kcal/h5ﬂ 80% 3ot}

H d8 AHE 9A 3.88L/hE 2394 4.68L/09 82%% S 7etslH )=
dEAE Al d2ade =dEe Ay

28y olw &
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o8 IR UdH

G dugr] 4A 2 A

(@ 53 dugr] (b AM2=3 A dushr)
Fig. 1-11. w71 dws)

- w71d duFA $EHFS AT dudr] A 2 AFA w7z Ak 21E 40T ]
S22 FASIH 7] Wi it dudr(FEER AA 5E UFT £ %3, dAuA
o] 7bs3t S]] Lol AU

- Fig. 1-11& 7] 345 93 50T i), Ax0d dudr) 948 dudris v
AT 538 dudre VY dAde] A AMSEHE dudtrlold, A2y 4
w7 wZIE SEAAE B dudrE F E ndEFS 15,000kcal/he] 7t~R U
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e 10027ppm 511ppm° -9~ = hohFig. 1- 13)
Aartze EFH F71Y HlEo] FobEFE #/3 7Pé«l = Zasn. aF A9

471 9 AESl wsh 2AE A A Assl AE 216l Eatulgol shobad oﬂ@_aﬂ
ol wEst FA8 Sl onFig 1-14), ol =yl AuelA] ol Ha kel

g7l A9 FE/EL o Fdol Fadvtn nugn ek (-D. i/\l*ﬁ“ﬂ/ﬂ«l
AAA hxo] FEE Folb AL $AAL AxdolAT Hfudels] AN wE LA
ngo] BHHALT Yol & 4 YOHE HH F EE 23 Aol AP BYW st 9y
2 WEHE BE0 WY otk W, By FAAMA L= FEol A A EA
AAH O A Ao] WAH AW 2B 2EYzo] wEo] H@ AW Yol 7}
S} BEe FrhAE WA WAl ZadE, AWMLt Fib A oFA sbxa B
Aol F7Fsithal B E I u(1-2)
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Print of window 38: Current Chromatogram(s)

Current Chromatogram(s)
FID1 A, FID1A, Front Signal (20120302\51G1000217.D)

PA { Air Oml : Combustion gas 10ml 10026:73ppm 511.04ppm |
2500
] | 636.23ppm c 2
2000 | £ ] Z 2 g
£ 1997.12ppm & £ Zz 2
1500 - £ © = = i £
- = [ 9 : 5
? ' [l o 1
1000 Lo o ‘ - a §
500 g 2 & ' & = i
L @ \ 2 ) )
0 T T o o I T,
25 5 10 125 15 175 min
FID1 A, FID1A, Front Signal (20120302\S1G1000216.D)
PA 1 Air 2ml : Combustion gas 8ml 5684.83ppm
2500 o
3
2000 =
1500
[\ 276.7ppm
1000 | 793.17ppm 39353ppm || - oy
] o 5 @ \ 3 & 8
500 | g © & I a i T
0- % s 2 I\ I b
25 5 ; 10 125 15 175 min
FIDT A, FIDTA, Front Signal (20120302\51G1000221.D)
A " "
P | Air 4ml : Combustion gas 6ml
2500
2000 35308 05ppm
1500 8
: - 187.12ppm
1000 - ASS0npR 29758ppm | 2
g 2 o | 2 2
500 g @ @ . o W
0 - 2 L i —
- 5 7 10 125 15 17.5 min
FID1 A, FID1A, Front Signal (20120302\S1G1000214.D)
BAT : |
2500 | AIF 6ml : Combustion gas 4ml|
2000 - 2962 65ppm
2]
1500 ]
1000 - 419 44ppm 248.36ppm f 1o oonm
500 | & 9 2 | 2 ks
w © o I\ 2] b
0 e . e S e
25 5 7.5 10 125 15 17.5 min
FID1 A, FID1A, Front Signal (20120302\SIG1000220.D)
PA ; 3 |
2500 Air 8ml : Combustion gas 2ml
2000 £ 2487 23ppm
1 =]
1500 - £ 2
, 106.46ppm
o] — T
1000 [ 456.80ppm 263.96ppm T+ - ©
s} ﬁ g | o] ]
500 2 ® 3 | = w
04 ur’ ‘(Ic‘vki 2 T IAd Xr .
] 25 5 75 10 125 15 175 min
FID1 A, FID1A, Front Signal (20120302\81G1000219.D)
A . . |
™ 1 Air 10ml ; Combustion gas 0m
2500
2000
1500 |
415.41ppm
1000 - 271.58ppm 146.08ppm T
1 (=} @ $
500 | g 2 I
| 1 : d -+
[ — — e 2 o L — — ‘
25 5 7.5 10 125 15 175 min

Fig. 1-13. Detection of several gases concentration of incomplete combustion light oil

at different mixture ratio of air and combustion gas.
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Fig. 1-14. CO, CO,, Methane and Ethylene concentration as function of fraction of incomplete

combustion gas of light oil. The fraction of combustion gas was computed with air volume.

oW sheol Aasteat Frle EFE S0l Hi 40% o4 Frafclol &, A
& Azdo el o™d AL M7 wrelmr Azwe] AA H ol F7e7
WEol U4swa FEo 4B ol§dtel tay TFH oW stro] FEES F3
@ 4 3le Aol

B oATol e dasaas o™il e vEE 27 BAAL o8l 24 2
3 oAU fae Qasess) sxe log gol WA Aoz YEhtthFig 1-15).
B AToAE ¥ AR5Ee 2 sgoy, 995 Ao Sojrte #AA
Grlo] Azwo] FhE5A Frle FHAugol mE WA A FEE WA FYsE 2
of eAHow WAsRA 247 oAU el Aol U ATE FAsnA D)
Gr)e MFEY FAoly] WEd MEHE AU A2 AdsUYs FHo H2
o Aot}
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Fig. 1-15. log relationship between CO and Ethylene concentration from
the incomplete combustion gas of light oil.
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NA= 7M AAZAJN 25 =4 "ol
olgsaae) A4S AF 2 42 BYALEE Z/6T BUADEL 0} HG B
57} Zhgel mek AdyRel 2% Zvbel ols) 8717k BastAl @

N EE AT 2 A5 Axdeld BRF solA AMSAT 423 =

o
< of=ZE ¥ 8mm=E A FE HiHo] oIEH AW R Alo]=+= L450*W530*H185=
AN E 2EREOR 30mm QT AWE ¥ HolBUE nRHol 2y gom,
A =& (W30* H30*L500)E F-dol| nAgsta nFa3 23 2F oo FAAE=S
& 1A PEMY HolZg nRHT WES MAAL FAste 5 ddAsd
PE Blglo® 348 AX2E o] okag AW Fu AFrw HolZE UAY £ 9

T AR FUE 353t CO9 H.0 B4 A< LI-840a
(LI-COR, USA)°l AH U 7I2E tdA AHYWE 3715 &A1 ZH Y. CO, sampler (+
e, A&)E ol &3t Ao F7]E LI-840a® o] FatA st FHE IV thA
AP R &394 gt CO, 5=+ 1000ppmS A AHste] 248 7t A 7
Ztol A TRE AU Y CO; 352 1029 AFE 449 LI-840a2 =A3te] 7]

i
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Peross: crop or plant gross photosynthesis rate, CO2 uptake rate

Cmay. maximum gross photosynthetic rate or maximum gross CO. uptake
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k: relative photosynthetic rate or relative CO, uptake

R: crop or plant respiration rate

o d75Y We 2L A
AES FFAEL BE, 25, oSS ENY FETAAE JHAL JoBR o]iths)
ga s Ut wE FFALE 4 2=EE EAEAY. FFAH S A ALY
Az A5 LAE HAEEHr] &) ©9 dHAT oltdtea FeeEtges fdo o
A FA B duAT olEEs FFEES £ 25 s Es FFES v
=4t A

ANAED7|= ZAEREH 278714 AA8 ALHEEH 83t ALEA A& =
Zldls w2 3843 FoRt 25 HAZE AFol AAs AT AedS v 384
Mg Ao =2HA gt & dTdAes 25 B9E 10, 20, 25°C x4 9 o]
At A FEL 205004 T wghom, 10°Cell A THE sk A olibste A F
F&L 20°C =4 di¥] 25°CAAME 9.7%57F sk, 10°C 2= 37.3% 2435t
oh. Wb A HCOFF &2 10°CoAlAM 71 &4 detwton, sHFS10°ColAM M =
o+ (Fig. 1-163 Table 1-3).

Table 1-3. Fitted parameters of maximum CO. uptake area per unit of specific leaf area
(SLA), Guar ( ppm m™ g s, relative CO, uptake, & (ppm™) and respiration rate per unit of

SLA, R (ppm m? g s

CmHX k R
Temperature PR 9 o 1
(ppm m~ g s ) (ppm ) (ppm m -~ g s)
10 33.7£0.5 0.0024+0.0002 -6.49£0.5822
20 53.812.9 0.0016+0.0002 -6.83+0.9626
25 59.0+2.3 0.0014+0.0001 -9.75+0.5949
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Fig. 1-16. CO. uptake of strawberry plant as function of CO, concentration. The CO;

uptake rate was calculated based on the unit of specific leaf area.
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Fig. 1-17. Maximum CO; uptake rate per unit of specific leaf area (SLA) at different level of
CO, concentration and air temperature of 10, 20 and 25°C.
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Fig. 1-18. CO, uptake rate per unit of specific leaf area (SLA) at different light
photosynthetically photon flux density (PPFD, umol m™ s™) level as function of CO,
concentration.
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Fig 1-19. Effect of temperature and light level on maximum CO; uptake rate (Cpay,
relative CO, uptake rate (k) and respiration (R) of strawberry plant.
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Fig. 1-20. Photosynthetic response curve as function of CO. concentration at different percentage of

particle matter (PM) of incomplete combustion light oil on strawberry leaves.
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Fig. 1-21 Maximum CO. uptake rate, relative CO, uptake rate and respiration rate as function of

percentage of particle matter (PM) of incomplete combustion light oil on strawberry leaves.
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Fig. 1-22. The level of Electronic conductivity (EC) and pH as function of level of PM
(particle matter) with quantity of distilled water.
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o 43} ol4ksteA(liquid CO)E AHESk= Aol Bkl AAH|7} ?ﬂ%‘o}‘%, B4 A4
(incomplete combustion)ell ¢J3l 73l 7} 2~(harmful gases)”7} WA -7} JAH2-6~2-71.

Table 2-1 Comparison of economic price by unit mass of CO. supply with various fuels and
liquid COq

o CER TdG CO, TAF [ CO, TAF |t
T (9 /kg) (kJ/kg) (kgC/GJ) (kg/fuel kg) | (9/CO, kg)
LPG 1280 50,160 17.2 3 427
Z5(AA) 950 46,000 19.6 3.18 300
a3l CO, 350 - - 1.0 350

- A4 COEFFHHE  FakA(diffused type heating system), ¥ Q3 (waste heating

system), 1&]1l =<4 3 (regenerative heating system) Al ~®lo] Qit} &aka] A~ @AY L S

24 o2 AH WESE WAoo, HEF AT FYES 24 Yoz BES)
o A

A)
3, FEY Az"ge #YddS I A A (heat storage tank)oll A AZste] HQ 3k

- A A z"e AT A CO8F B &0 Trf?H }Z: b 2ol B ARGAIZES] A

2} A& (combustor)®] d3sHaging) 2 B4 dAL&o] FUFst wjE7i2rt AEe I3

£ £ & Itk - wE7r = F FE(water vapor)©] i“f%ﬂoi Aol A FEFVIE

ol A=d/(due condensation)o] LAYt 2HEo] AW T E(disease incidence of plants)
ATt oA Hef S & of HIFR ik o] vz s

- o] A%e aHE 1 ouA =& “er Agsfel COE &Hsh Ashies =2

] ot s

A]

Olﬂ W

] =2 Aol A AAMH(tax exemption oi)E Al&3}=
S8 dAx A wWjE7lA, B3] €8l 4, CO, 182 PM(particulate matter)<]

d
-
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Y+ gA A5 Hdiesel vehicle)oll A3t AkalZ v (oxidation catalyst)[2-9~2-1012} =}
FEA AA A (particulate filter)[2-9, 2-1119} 22 x| 4] (after-treatment system)7} 2
f3ttH2-12]

o A2

D 247 COo; TA7] 2 Fd/dT EFA =

Exhai T pEN | HE (akEapge
a8 Vv Echaimt
-1 —tpl S fan
SE® o1
[F ]
" HIE {} —
iy i —
e ¥
] E : HE {a} --'I Cilsler
Xz IRFE OO0
R K-TH
: w

)
»

e S S

genertor

rom E——— e -

Fig. 2-1. Combustor-type CO. generator with emission after-treatment and regenerative
heating devices.

- Fig. 2-12 wj7] $A- X} SAA =S 7F2 d4718 CO, TAAAE

CO. generatore COp A A7), FAYAEH, FEA2H, T8 g5 JFA=Ho=
T/85 0]

- CO; A A&Vl THE ARE AMEstE EdEiolth. COp, HA7|AA wiEHE /3
W E7taE SuE AFESte] A AT

- FE AN2HE Zd®IABY CE FAEH da, CO; oA AAxV|ZRE I+d
=49z B, Hpr|de FHE"Wa Codl 747 HE¥Y. dudrdA AAR
IR Eate LRt g =

- A&7]e] AR FiE YT AEY sEEIAR, CuHuE i 4822 7H83tdn. &
2-22 CO WMA ArFS UER I Utk A4r]e] 7HY g8 tank A= 146.54MJ/ho] 11,
AZAREL 3.88 L/h ot}

- Axr)e dAg FUE FEFHFE W(EY 9.8 kPl s FIFEoh HirIEA g 9



AX & wj7]o| back pressure’} HAE7] wEe] HiZ|sEES A&E] M= v AGEF 120
m*h)S Axstgomn, 7199 &5 3 (&% 1.8mYh)ol o3 B3 Bl Rujzith

- AF 2E==K-type EAWHE ol &stq  FSAHsATE AP AHER MPFEH&=
A = 300cpsiol ™, AF4P) A #F2 0.53 g/Lolt.

- Eujo] s Aol AH83%F =v= advance cordierite (AC)2} SiC, metal particle filter
(MPP), oxidation catalyst (OC)o]t}.

- w71E FFE s AFES Fustr]= Ade] copper (a), Fholstainless steel (b)E
HE T ud] (a, bele $FTE Y 4 A& plategkdrain plugZt X =l Ut

Table 2-2. Specifications of combustor-type CO, generator

Specifications Quantity
Heating capacity with tank
146.54
A(MJ/h)
Tank A

Storage tank an 40

| L Tank B 1000
volume (L) Tank C 500
Weight (kg) 74
Fuel consumption(L/h) 3.88

b 2344
- AR dgAste HEY dHA S} lig AR oA FSAHSI A=, S Aol EEHE
2719 % 10 - 70 m}hz FFetn Zu) A/Sdo]A tExE2 laminar flow meter (Meriam
co)E ZA3A

A8t AL Sl E AR CO, T At w7l AR dusrE
25 CO, A7 9] mite AAF2) vitAl (Yakogawa)E ©]-&3te] A3t
A ZA e} dudr|E A2k CO, A7 ZA=etd wjgto] F7HstER o] wighs
A 7171 A w7 RS sk

BE AYLe =99a B, CY YTeErF 20+2C Y Wl AFET CO, A7 Zu) A
Sekel A CO, HC, COp, Op 1813 NOXO| F5E ujE7ki47] MRUE AHg3he] 34
=]

|

jus)
N
o

o

- PM9 =AL HWlEVtx 257} 245+5C Y w SAHSET PMe A V=
condensation particle counter (CPC, TSI, 3025A) ¢} scanning mobility particle sizer (SMPS, TSI,
L-DMA 308D)& =43}t

- ¥ 2-3& SMPS%} ejector typed] dilutere] AbFS YE I vk A471E CO, A7) oA
MEEE PMO QAfe BEExE CPCAA AASLE A & = e A7 107
(particles/cm®¢] 7] W&o 3= (diluten S Ea) w|&7125 F7]2 1328] 3148 & SMPS
£ o]&3t] 10 - 400 nm oA FASATE IXAAE 150CE 7tHLEste] w729 &
715 34 i AAEHE dAAE JAs L, Aol AHERE 371 Hepa filterE AR&3st ¢

7%

—
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Table 2-3. Specifications of SMPS and diluter of ejector type

SMPS (TSI 3080)

Description Specification

Particle size range Adjustable:

(L-DMA 3081) From 10 nm to 1000 nm

Upper concentration limit s )
10°(particles/cm3)

(3025A CPC)

Scanning time From 30 sec to 300 sec

Diluter (ejector type)

Diluter Dilution ratio

Ist diluter 1:12

2nd diluter 1:11 (TDR 1:132)

() COo: BHEE AT MUdLr] A & AF

- CO; S AT WY d&ar]e AA-ES BEHEIZ(LFA-35KE ARS8t E8 (&9
Hz AYIPY 168MJ/h(40,126kcal/h) Eo}k 2IMI/h v 147MJ/h(35,000kcal/h)E  AF-8-3F5 T
Hzx AYRT dL8HFS @& olfe= o Hop A4V A 200MIh(TE dL7DE =
of 29 HdY WY A&7l T /M &30 w2 & daT|E AASAHE 2-4).

Table 2-4. Specifications of Combustor type CO; generator

Specifications (model) LFA-35K
R kJ/h (kcal/h) 146,540(35,000)
W Ay dag % 87
A L 40
uj) 7] =] 7 mm 75
w2 A ik 32, 24 15
= kg 74(38%68+87)

AE AH & L/h 4.68

- HUda7)e] dEe2 L7 AAe Eudr] ARAl dudr] AAE, 2EH )0 o



7V A 71 o] REE o] AL E T
m Zuje] eEVl AiHoE He

2} 2Ebxt d A AFS AL ol f= Yul
A, AL7|AA HIZHE a3 EHARS A3}

Aol #elst7] wEolt

& of

(h 7] AsE A% S A

Flg 2-2. Catalytlc converter (MPF+OC)

- Fig. 2-2& WE7t2 AZE A% FuAsE FHOE H5 el Sujs MPRolm, §
gee OColth WY Zvl Aol BIAIL 53 WES Agstel BdsAT A
EulE WBY + A= FU WA AZSA

ok

- Fig. 2-3& wmgdAGEHD HS AFYS Uetd ok Fig. 2-4= SIiC Filterd] 2432 2&
< Yt ok Fig. 2-5+ w¥F &2174) SiC PFeF A &4 SIC PFY 23S Jehfal o
o] & ZE 9 TRl WE wigely PMY HiE SAS #FEIT
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Item Specifications
Material SUS310s
Pitch 4mm

Density 300cpsi
Corrugation angle 18°

Mesh 80

Wire 0.14

Fig. 2-3. MPF(metal particulate filter) shape and specifications

Fig. 2-4. SiC PF (full plugging)

o R rr— r |

(a) Half plugging SiC PF
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«1 >—._ ?“4:-

o~ wi 9.3'a, - Geqb

He % f:—:-%&". e ’i-.o‘:::

(b) Full pluggmg SiC PF
Fig. 2-5. Shape of half plugging(a) and full plugging SiC PF(b)

(2) CO. HZ3 8 98A 9 2 FHHE A% CO, W=

- Fig. 2-62 AR2AFFAAANA Aujetr U= AA AHsHe2oA 7] A2~ 9o &
= 9 CO, 5%, YAE 24 Aol
1000 @ ;
900 - 'A
. 20134 28 25
o ‘; A 012.:07:07, U 2:18:24
g 700 f
U .=
{0 o0 I HYEE
E - —olH2E
o 5% / —UpgE
m z. . 2
< 400 ) —-COEE
IH. b & 4 N i
) 300 j II
S + -“;\a.é'._
O 200 jf h
Kbt ..._-....-,‘.‘....__-.'.._.;._.‘.'..‘.._u_'._r";;. -"\"-e._.w SETTERETAREE RS FETLRARARARE
e W -
0 S e
-100
12:00:00 AM 4:48:00 AM 9:36:00 AM 2:24:00 PM 7:12:00 PM 12:00:00 AM 4:48:00 AM
Time
Fig. 2-6. Temperature profiles, CO, concentration, humidity and sunshine
- AZE 7000 %7] A3 Ul9] CO; 5= ¢F 800ppmelH, ol d&3 Al AH oA
7Y, 4= $ oF 2A%E ®F AR MAE] 2719] Bl od] oty dE F 2ARE W o] RE =
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X753t G2 "olAr, 1 F& ti7]9] = 380ppm A=F FAsk2 Utk
- YBAZ " 249] oF 3 AZE A 17305 FASA thA ke ol Roln gled), o] 24
HolEE 7|22 Adske2e] Co BF A Bl tal AEs) 2ok

- 542 71dsto CO; $58 TF3M g A7l= S T005E 17:307HA o

- A2 A7le & 6 m, Aol 100 m, I28a #o] 3 me ol P E HA AHL oF
1560 m* o]t} AlAMak$-2 el CO, TEE FAF AL skl 1000 ppm FHE =
Agch A2~ Yo 27 CO; %+ 380 ppm, 1 atm, AW 5= 0C=E 7F43ch Air
density= 1.286 kg/m’y 7% AAdat¢x Wl F71e] FAE 2,006 kg olth 59 WEE
0.82 kg/Lolty. & (CuH) 1L7F b d4E wf AAPEHE COe o ADodA A
AT

CuHog+ A (A7)X(O9+3.765N5) = 11COo+ 12H,0+ 17(A -1)Oo+17 A 3.765Ny ——--—- D
A% F wde$s e CO, 5EE B2 o w WeH CO, T AEYolMsH
e 2o

- A Aske2 AF = 1560 m®
- A8 Yo F7]e] A& = 1560 m® x 1.286 kg/m3 = 2,006 kg
- 5% (CyHzy) 1mol(156g, 0.19L)S ¢+ A A2 w MAEHE CO, = 24641.=0.2464m’

Sf 1g A&A CO, AT = 0.2464/156 = 0.00158 m’/g
56 1L A4&A CO, A = 1.2968 m’/L
&g oF 87%

- %7] 380ppmellA 1000ppm7+=], 620ppm “F5A71Edl HEad CO, #H=1560m° X620 X
10%/0.87 = 1.111m*
CO; L11Im*S AAst=d o3 SH3DL) = 156 x 1.111/(0.2464 x 820)= 0.86L
O, WAY719] A7 AH|E = 3.88L/h = 0.06467L/min (55 L==0.82 kg/L) =53.1g/min
CO, BA7] o] &9 A% CO, B4 % = 53.1 x 0.00158 =0.08374 m3/min
— 0.08374/1560 = 53.68 ppm/min
%7 380ppme] 1000ppmo. 2 &8=u] A8 A7k = 0.86L/3.88L/h = 0.222h, 13.3 &

S 1mol(1569)7F 4ddAx"E W WA= CO= 2464Lolth. & 1L AxAl wiE3he

CO.e 1.2968m°/LolH, ol= S 1g AAxA HIEZEE COFL 0.00158m*/gelth. CO,
7ol dALEE2 87T%elth wEkA AlHSE~ Wi CO, =5 Z7I4H 380

ppmel Al 1000 ppmeE & FLIF COFS ¢ 1lllm’elth. CO%F 1.111m*e

st Bad FHEHDLS 0.86 Lot

- CO, A7 dmAEE 388L/hYS HsHA, o AJAHSH-2oA CO, A7 CO;
HiE5 92 53.68ppm/minelth. WA CO, §%E X717l 380 ppmell4l 1000 ppmo =
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LY AQA T

CO7} wi==~7] o

13.3%°] o3ttt A7

o
woll on-off& A8t W &7k~

z27] NE A B

B2
HiE 988 S

co2 (ppm)

0 25 50 75 100 125 150
Time from 7:00AM (min)

&y =-5.2706% + 635.02

10 20 30

40 50 60

Time after 2.5 hours (min)

Fig. 2-7. CO, consumption rate of strawberry, (a) CO, consumption rate after sunrise, (b)

CO, consumption rate after sunrise 2.5 hours

- Fig. 2-7& 20133 2€ 25¢ d=E A|ZF 700 o]%o =
AREEE b}smm stk za m NEQE COp 48 SEE

- A3y 2719 CO; £&E2E& (DE7] 150
5.27ppm/min

_70_

7

&-¢+=0.89ppm/min,

(2) 150& ol%
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1200

1000

800
% y =-0.8935x + 803.85
— 600 r
[a]
8 ——CO2-exp' data y =-5.2706x + 635.92
400 —Simulation

——CO2 generator-1
&7 22%C02-790
200 F — L7425 C02-380
—CO2 generator-2

[ N

0 60 120 180 240 300
7:00AM 8:00AM 9:00AM 10:00AM 11:00Am 12:00PM

0

Time (min)
Fig. 2-8. Simulation results of CO; supply according to CO; consumption

- °o]/de] CO; WA CO, vlEF At Ao} A2 oA 2719 CO, ARE
EgE AAZ AMEFE2~ Yo CO, ®¥E=Z 1000ppm FAE7] 3 HHY WHS
ANEFolAd AFE Fig. 8o YeldATH

- 7] AAse2 e CO; 5 800ppme = & A5, = 3}

5RoZ 3td YR CO, %= oF 1000ppmell =g3th 18] €= AZ 247 i
COy, A% -&0°] 0.8935ppm/minE 7] W&o t© o] 7152 3tA &
A 5828 75853 A CO; 571 ¢F 1100ppme 2 A%dth 1 & 9
Azttt 584 CO, HA7E 7M€ 39 CO; =5 ¢ 1000ppme.=

- 7] A2 U CO; %7 380ppmY A+, ¢ AltalA U AAH oF 138 &<t
715S #FH CO, ®=7F ¢ 1000ppmel Z=23dth 8]l Y€2(7:.000 ¥ 247F wrEer
AA YL, wAZkeig 584 CO, HA7IE 7HeS dlFW CO, ¥=F <9F 1000ppmo.=
A = 5 A

Q) A&7tz HiE7tE ARE A% SHAX L Hs

FA A 2" L CO, EAY7] oA v =72 (CO, HC, PME
A A g A CO, FA7Ie ATl F7] = el It vyl W&ol
3]

| =
SAEA2H Y {5 AF(flow resistance)> 7lsdtH Yrolop i CO, A7 HWlE7F

0
n

Ir
Ho



FE Age] AAW Axslel FFHE FrFo] Folo] BHAAL Hol fal WEIAS
gol A

fa) o2
HAG #R 28
T o) e
.

% M 2L
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| h
=
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Al rata {riith)
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o4l i
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WFF3Enah HEFRE & Ex limn
Slale of Gy generatac
Fig. 2-9. Pressure drop depending on (a) the kinds of catalysts and (b) the state of the CO,
generator.

- w7 EAHYE FuE AT de F5AF Gihel 3Fe FuwE AAs|oF I
Uwrx o 2 PF(particulate filter)= 1% gk channele] E& ‘:‘0] & o] flow7l WA 73S
met 325 FRoloA PM A &E&L vl$ =t Whde] MPF(metal particulate filter)
i“ﬂ—‘: plate -zl %%3@4 b dERE X dﬂ TZ°|™, PM A7 &L Ut
o WHAI7]o) A2e T W Zuj= AC(advanced cordierite), SiC(silica carbite), MPF, —1g]al

OC(ox1dat10n catalyst)e] t}.

- Fig. 2-9(@%= 4% =vjo] #jt(back pressure)S lig testolAl =43 AxE el Qo
TF 3719 %0l FHEFE i WS e 37 FFFEe] 68 m/hd w ACe]
gt 0.211 kPa, SiCe wigk& 0.126 kPa, MPF2] w®jqhe 0.093 kPa, 1¥]x OCe| Hjgt-e
0.088 kPaolt}. MPF Zuj= AC % SiC Zwjo] H|s] wide] ot ACe SiC FHvwj=
HjE7F2~o] Z3E PME AEH o g2 AR/AYA 7| AN wigto] F7tste] F7] FE ol
FA3h7] wiZol] AL E 7 oSt o] A AR BA = F2 stk

- Fig. 2-9()= CO; A7) wi~] 2kl MPF Zul, dwgr]eb wj7]sle] EAojfo] w2 uj
ol WsE Yel ok MPF Sul& A2Hgk COp Ay 7]9] Hjk2 0.205 kPaolH, MPF =

93]

:d

Y o ¢
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= A3 CO, A 79 vide 0.412 kPaE =713ttt o]& A CO, A7) 9
gt Ao A&rY FVIEEFe TAEAA 73l vWlE7t2g F7IR ootk AsE W)
s AAaAFI7] fEA, CO, HAZIY wi7ief] Eof Hi7|E Fdste WE AFSHT. O
A3} vib2 0.237 kPa® A4Skt o] 2R RE XX MPF ZFulet wj7|d 348
37 E ZAES CO, A7 o= uigs AaA717] g wirz|ds Z&sr7| 2 g
- Fig. 2-102 A2 /Mg JAGEZ AA ZH9 1Ad =) /g MPF i ¢hS vlwstSd
o ek A& AR HAF AHOA SAHT Aot 1adE9] OC+MPFe] 22
0.31 kPa, M & 713k SiCthalf plugging)$h OC+MPFE 7o) e Szo] wigte yehfa ¢
ot 28 v SiC(full plugging)el A$E o ¥ FEejnth &e 036 kPag Ueun ot olet
Zro] full plugginge] ZE]= ®ide] =7] W&o o] wide TAslr] YaiMes wj7jde] &3F
< F7FAACE g

0.4

0.35

=
w

Pressure drop (kPa)
s B
(%] (5]

=
-
W,

0.1

OC+MPF SiC (half plugging) SiC (full plugging)

Fig. 2-10. Pressure drop of particulate filters
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Fig. 2-11. Temperature profiles of exhaust gas for CO, generator (a) without and (b) with heat
exchanger.

-] FAYE FUeEE fel WEvhs Azl gold WS Fad Axolth Fulo

<5 CO; A7 wir]e) 2E=o] w2t wWRith Figo 112 CO, 2A7]e wiE7tx
2EEAS JEl 2 ok Fronte Fwle] A, rears FHvle] ok, 183 ende i) 21l
) E W&t 2ERRE

W OE ANe £EE 27 venin 9ok €O, w4719l Axde
PN
T

= oFZt Faste] oF 240CE YehATH MPE =v] M eH(front)e] wiE7F2
<= AE % 60 °F 153C 120% o °F 204C 300% Fof °F 240ColA A9
LAgsA FASAL ATk MPF Su] Sthreand] &7t 25 120% Fo ¢F 130C 360%
Foll of 240Ce =<3t vt MPF Zwje] &7 wiEol Zmf dd, Faol] 2=x0]7}t
YeERdth CO; EA71e Hi7] 2kl Ed(endd 25+ dEHAE JlA m&7t=e 257
FAske] 600% o] %o 220CE fFAsta Atk 300% o]F WiErb: &9 ®W3e= COp
7] Wil e SEHA AY 2571 60T o] o] =
ol EAstE @Adolth. CO, A7 wWiErte: 5+ 240CE #FA8t7] wi&o| MPF
Zuj7b {3l wiE7k2~ (CO, HC, PM) & Az & & & 2= Addieh
- Fig. 2-11(b)= MPF Zwje} dwdr|E 713 CO, @AV 9 wE/ls &2 &
Attt CO, BHA7]e] wi7|E< 3ste] wj7] ol TFd 5715 SFAA AAstaL sA9

N

m]l‘.

=)
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g9 de 993 CE Bilel AAEHY] A dnB/E FHAAAT. MPF S0}
deche] 2%+ Fig. 11(@¢F vlssith. a8y CO, A ~7]e vj7] 24l €39 25+ 240%
o]% oF 30C fAIstA Hi7] & 5714 AAL} wj7]4d 3|7t 7HsskA
2} ] b
20 ng
= 0D T
T B8 | w3 RO {pisTe) 350 |
= e RO A PP
b= aa
E
-E 10a
§ a0
g .
a

{th
2 306 26
pr ]
. 16 E-
oG =
fmt]
{ 13 ok 155 " E
e 2
AT 8 iy T I:':- ¢ - iz u:._-.- § B
g DgritereTERne IRy o & B R -
120 240 8O 480 &0R TR0
Elansediims {seC) Ebpsed fins {sac]

Fig. 2-12. Emission characteristics of CO, generator in the front and the rear of the MPF
catalyst (12 =4).

- Fig. 2-12(a, b= MPF Zw|& #A23 CO, YA 7)(excess air ratio=1.6)e] A% & &7}~
T EAES Yz At MPF EFujdd @A #Ed CO v 30x71#A 3479
7Fsted 2200 ppm77}7<] Hl & 5] 2| 01 T Zrastr] AFEete] 240% $ EA S Hol oF 40
pm< HiE3th MPF Suj$w(bolA #&3 CO v+ 30577}11 HA F7FskARE, 3003
% MPF &Uﬁﬂ 95% ©]’e] CO éﬁ‘r%ﬂl Tgdt. MPF SvjddolA HCE <¢F 20ppm
HiEE AR, Sujsdo s #FEHA et AR =23 F CO 5+ oF 81%E
LR AT

- Fig. 2-12(c, d)= MPF Z=w¢} dusr|S A3 CO, HA7)(excess air ratio=1.6)¢)
Hi &7t W3 EA4S Yeta ok CO, A7 A wl&Est= CO: ¥+ ¢F 8.1% oltth
MPF SujA oA FHES CO == 30x71A |43 F71ste HU270 ppm7hA|
Wl EEH A, o] & ZAEy] AAStY 240% F st FHo] ¢F 40 ppme YERNI QAT
T MPF EulERHdNN BEE CO $E= 302744 A4 Z76iAw, 240% F MPF
Zujol A 95% o] CO AH3lLo =E3ich

- MPF ZmAg(olA &3 HCE oF 10 ppmolA| %, ZujIchoAE AZHx et

o[N

L=}
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HiH o] MPF v s A #&3 NOx 5+ 120 £ 9 50 ppm #]l&% ™, MPF v+
NOXE ABA7IA RRh CO, WAL AF E7ldl BEHW Ak W CO, HC
MEFEt A%, AF F o 30027 AUW Aagest Fa dgse] WEsts st

o [H

240C o] =23kl 90% o] AzEE EAo] gtk Y¥imos CO ®E7F 300 ppm U A%
AR AR XA FFES = F deH, AEodAE 7E FFE T W IAENES
=30 a8EE Aazr] of 30027 WE/tAS YT £ Y A7 Fastt

120
——SiC(Full Plugging)
100 F
——SIiC({Half Plugging)
E ~—OC+MPF
2 80 r
& ——Inlet
c
-
2 60 t
£
&
o 40
(&)
20 ] = =
f } {
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rrwmmvvmmmhhwmmggzggggzg
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Fig. 2-13. CO emission (May,1 measurement).

- Fig. 2-13%= CO, #4719 23} 3 %7] oF 150% S<F SiC filter 2%} OC+MPF ko] A 9]
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Fig. 2-14. PM number and size distribution of CO, generator with MPF catalyst.
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Fig. 2-15. PM number and size distribution of CO. generator with and without heat exchanger.
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Fig. 2-16 Particulate emission characteristics of several after-treatment equipments.
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Fig. 2-17 Experimental results of (a) temperature profiles and (b) stored heat values for water
tanks.
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Fig. 2-20. Main heat storage tank and heat balance.
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Fig. 2-21. Secondary heat storage tank and heat balance.
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Table 2-5. Merits and demerits comparison of CO; generators with combustion type.
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Fig. 2-6. Effect of CO; supplied from a direct combustion gases of light oil boiler on number

of fruit per plant and cumulated fruit fresh weight per plant of strawberry, cv. Seolhyang’

grown on soilless culture.
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Fig. 2-7. Effect of CO, supplied from a direct combustion gases of light oil boiler on soluble

sugar content of strawberry fruit, cv. Seolhyang’ grown on soilless culture.
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Fig. 2-9. Strawberry plants grown Rock wool Cube and put into plastic bottle (3 liters)
and inject CO, NOx, CH4, CsHs gases.
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Fig 2-10. Changes in photosynthetic parameters (a) photosynthesis rate at 600 zmol - m™ - s™

PPFD and 600 zmol - mol™" CO, (b) Fu/Fma, as affected by CO, NOx, CHs and CsHs for 24
(indicated by red line) and 48 (indicated by green line) HAT. Bars indicate standard error of
means with n=3.
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Fig 2-11. Representative images of stomata as affected by CO, NOy, CHs and CsHg for 1, 3,
9, 24 and 48 HAT. Thin layer of leaf outer covering were peeled off carefully and laid on a
glass slide, covered with cover slip and were observed under light microscope (Leica CME) at
40 X magnification.
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Fig 2-12. Determination of oxidative damage in leaves indicated by (a) H:0: (b) O, as
affected by CO, NOx, CHs and CsHs compared to control at 24 and 48 HAT. Vertical bars
indicate S.E. of means with n=3. Means denoted by the different letter are significantly
different at p < 0.05 according to the Tukey’s studentized range test.
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Fig 2-13. Changes in enzyme activities (a) RuBisCO (b) Sucrose synthetase as affected by CO,
NOx,CHs and CsHs for 24 and 48 HAT. Vertical bars indicate £SE of means with n=3. Means
denoted by the different letter are significantly different at p < 0.05 according to the
Tukey’ s studentized range test.
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Fig. 2-132 2#H & &7]Wel CO, CO, NOy,CHy and CsHg 7F2E FUAIZ & 24A13F3} 483
oF 7)o =" 9o Rubiscod A =(@9%F Sucrose &4 S #2435+t Rubiscoe] &4
v thE&Fol] HIg) 7t =F 24X 48AZE F w9 Yol Fom, 53] CHy CiHsoll Al 7}
wrorthFig. 2-13a, Fig. 2-14). a®=3} sucrose &4 =& CO, CO, NOy, CHs and C3Hg 7}
H 4L dAaEgen, CHy, GHgoll A 7Hd wol 24ttt (Fig. 2-13b)
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Fig 2-14. Analysis of thylakoid protein complex by BN-Page as affected by CO, NOx, CH4
and C3H8 for 24 and 48 HAT. Freshly thylakoid membranes from mature leaves were
solubilized in 1% BDM at chlorophyll concentration of 1xg 4«17, and the protein sample was
separated by 7-10% gradient BN-PAGE.

confrol co

1¥H vz

1¥H 8

il ; . " < __/ o o
Fig 2-15. The response of structure of stem as affected by CO, NOx, CH4 and C3HS8 for 24
and 48 HAT. Stems were fixed in distill water for 30 min for softening of tissues and were
cut transversely into thin section on glass slides and mounted with glycerin, covered with
cover slip. The glass slides were then observed carefully under microscope (10X). In figures
EP indicated epidermis, Cort indicates cortex and vas indicates vascular cambium.
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Fig. 2-16. Effect of light intensity from sunrise to midday on greenhouse temperature at the
different month (A) and effect of outside temperature on heat storage outlet temperature for
heating greenhouse (B) to grow strawberry plants.

AR eEE IR Fro YHI P weTh 53] IR vl e 29 T <l 29
2495 E 279 (y2=0.0168X+8.002] A% ¢]EF =7} 100W - m? Z7FA YE == 1.68°CH
7ttt 399 259 3¢ 9¥FH 3¥ 1299 A9 (y3=0.0236X+7.00& 2.36°CH F7}8lq

B APlA FEo| BE FA% W L= 3742 BYth 9% 25U} e 499 B AS
(y4=0.0068X+16.4)= 0.68°C # F7}etHom, 54 F<l 59 1295%E 15971419 dE4H
oA F= F7tel wet (y5=0.0172X+15.6)2 1.72°C# 7}0}"5"3} A=A 259 42
o exo) W kel FEo] tE LAYR LEE SURe) FoRrt SRR} AL 4ol

Fmo g3 e 2E 78S Uehdth ARURe SRR 9Re] FE Bulohel 9|
LEAE GFE W] WRo] AHUYR] HrFe] A=EH p-bande] FHE AP £
= Z7hge] #els] Ak

Co, A& A Fdze] ext Z7h stgout, Behag edo] BE Aade] 4X7} Hof
A B3 FEE A Br] W AR W QTR 9 LRt HESE B
et 9% 27} 524 olakE WolAA Hu Wi WA sde MEoE Y &4
zeRle] £57) 343 aRaon, 4 £xol ge Afudelel 5e 0@ Aoz

HA gty) HEe L4eEE de 129_ 4 1% tHFig. 2-16B).

Q@ FZA 27 ASaAd e dF HAF CO; v% ¥t RUHY B COo, 3= HH 3

_95_



Do) aamesadway abreso)s Jeay

1400

80

1200 -

1000
800 r
600
400

{.-1ow jown) 293

(D) aimesadway abeioys jeay

[T=] uwy =t (2] (]

200

1200

1000 |

800
600 |
400

{i-1ow jown) 209

200

39 310 311 M2

38

2024 2025 226 227 A28 3N

2123

Date and time

Date and time

={J=Heat storage outlet Temp.

=D 0Oz

={=Heat storage outlet Temp.

= CO2

Fig. 2-17. CO, concentration and heat storage outlet temperature on the end of February and

beginning of March in 2013.

—

29 244 7¥ 2¢ 287 34 92

| —
T—

Fig. 2-17

o] M=Ld wzk 2Ad CO,

=}

%}7]

ol
=

el 2=

J
=

~

N
M

i

debich AdU e olafes 5

il

Sl AU -2

3}

Al &

|
—~

FA T

J|

B
i

N

N
B

To
el

o

(Fig. 2-17B).

_96_



1200 0 L
Sl‘ 10 15 20 25 30
-100 \
1000
\ B
200 \
~ 800 | !
E - \
= E 300 \
E = \
2 600 | E
g £ -400 | |
: 3 ‘
g : \
400 ¢ & -s00 |- \
o
|
i L ]
200 F 600 i
]
-700 i
0 : A
0 5 10 15 20
-800
Hour Percentage of opened vent (%)

Fig. 2-19. Basic set point of supply CO. concentration for turn on boiler system (A) and CO; reduction
base percentage of opened vent (B).
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Fig. 2-20. Reduction of CO, concentration by light intensity (A) or wind speed for suppling CO, (B) by
boiler ssystem.
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Table 3-1 &8 CO; WAY7]o] AL7] ALY

Specifications (model) LFA-35K
/s kJ/h (kcal/h) | 146,540(35,000)
W das % 87

A L 40

H} 7] 32 7 mm 75

Hlj A ik 32, &4 15
T kg 74(38%68*87)
AZ A E L/h 4.68

Table 3-2 53 CO, &7 AL7] ALY
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—— T NO(ppm)
—=— 7 NO2(ppm)
—=— 3 NOx(ppm)
H co{ppm)
—— 7 02(%)
—o— 7 502{ppm)
—— % NO(ppm)
~——Z NO2{ppm)
Z NOx(ppm)
% CO{ppm)
-3 002(%)
. 02(%)
F 502(ppm)

AEEELE AT CO, FFAN TR AHH, 59 A5z AYSF /1ES
A AT Axrle] e =
AAEH-2 8 CO, FEAR

Aed Azl A

3-1 (146,000 kJ/h)oll YepdTE
A48}, 29 A5z AFLL )=
3 3-2 ((418,000 kJ/h)ell YEeERHATE,



Specifications (model) %4 1035RTD

W erEy kJ/h (kcal/h) | 418,320(100,000)
W 485 % 91.3

A e L 88

v} 7] 22 73 mm 200

v} A it 65, & 25
T kg 173(687%1,016%1,267)
AB 4N & L/h 13.57

=T TEE L/min 42

2) CO, BA7IE o]&7 A2 sh9-22 COF (&% LFA-35K)

A a2 AA 1560 m’
AAERS 2 e 2719 A& : 1560 m® x 1.286 kg/m® = 2,006 kg
S4 (CnHz 1mol(156g, 0.19L)S @ AAxAZ wf AAHEE CO, - 2464 L =0.2463 m®
S8 1g A Al CO, AT - 0.2464 / 156 =0.00158 m’/g
=4 1L 94 A CO, AAF - 1.2968 m’/L
A0S oF 87%
%7] 380 ppmel A 1000ppm 7+A], 620ppm A5Al7)=8H 3 COF
1560 m® x 620 x 10°/0.87 =1.111 m*
CO; L11Im*e AAsted BLd 5% (L) :156 x 1.111/(0.2464 x 820) =0.86 L
CO, HAY719] A& An§ : 3.88L/h =0.06467L/min(5& 2= : 0.82kg/L)=53.1g/min
CO, HAY719] w9 A7k CO, A% : 53.1 x 0.00158 =0.08374 m*/min
(0.08374 / 1560 = 53.68 ppm/min )
%7] 380 ppme] 1000 ppmo.& &&&=d 422 == Al7F : 0.86L/3.88L/h, 13.3%
z7] 380 ppmoll A s}-9-222] CO7} 1000 ppme2 A5 7] 93 =2 7:004 F8 132 7}

[

& F 25M%0] BE F S5&E 7hEStAL, olF 50&wnt 5&4 17:30&7+A ZhEstd COE

1000ppm e & FA & 4 AUt

3) CO, TA7IE o83 A sh¢2=2] COF (5& 1035RTD)

A B2 WA (Fig. 3-4) @ 660 = 2,181.82m°
A Eex 7B AYse2~ (7FA) ;- 50m x 6m = 300m2 X 7% =2,100 m®
32 olgi BBl A - 50m x 6m x 2.5m = 750m*

)=]
n
B~ QIR AA - (1/2 x 3.14 x 3m x Im ) x 50m = 235.5m°
A S~ = AA : (750m3 +235.5m3) x 7%= 6898.5m°
AABEe- 2 Yo Z7]9 A - 6,898.5m° x 1.286 kg/m® = 8,871.471 kg

S (CuHz) 1mol(156g, 0.19L)S -4 A2 o A== CO; @ 2464 L =0.2463 m’

- 126 -



56 1g 94 A CO, A - 0.2464 / 156 =0.00158 m’/g
%—% 1IL 924 Al CO, A - 1.2968 m’/L
- AAXE 0 9F 91.3%

- _%7] 380 pmeH A1 1000ppm 7}#], 630ppm Al 7= L83k COF :
6,898.5 m® x 620 x 107°/0.913 = 4.685m’
- COz 4.685 m3& A sted 23 S/F (L) : 156 x 4.685/(0.2464 x 820) = 3.617 L
- COp WA7]e A& 4¥E : 13.57L/h =0.22617L/min(5% 2= : 0.82kg/L) = 185.46g/min
- COp WA7]S] @] AZFE CO, A : 185.46 x 0.00158 =0.293 m3/min
(0.293 m*/min / 6898.5 m® = 42.47 ppm/min )
- %7] 380 ppmo] 1000 ppmo.E S2=u 285 E AlZF : 3.617L/13.57L/h, 15.99%

2m
‘ ‘ 2.3'm
50 m 6 m
Fig. 3-4 vd3}$-2 M=
- k2o ©717F &Rsks COx% —8— 600m” AF A At o] o 3ujE A4k
(TA~9A] ¥E7kA] 2.7ppm/min, 94] ¥+ ©] % 15.8ppm/min)
- Fig. 3-5& F% CO, A7 %X“] o Mg A2eg2= WY CO; §& dFAEFe|th
- 27] 380 ppmoll A 3F$-22] CO.7F 1000 ppme2 {2 =7 % Zéd% 7:004 5-Ef 15% 7t
=
[e]

T F AR 0%l B8 F 5&ES 7FEStA, olF 1ARE ¥ 11ES JhEdth ol % 30&Evth
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- 9 An=RE CO, BAele) B TO0RE 9% 54 30¥7HA eF10412
2 Ee

3AZE 40+
4) CO, LA 719 =®= 714 %

Table 3-3 CO, ¥A 7ol E® T 4

LFA-35K %3 1035RTD
dAGE K=0.22
K A= 7t R e T =7
0.5 ton 1000 720 5 1.5 ton 1252 1300 8
1 ton 1100 1150 6 3 ton 1620 1600 10
5 EE A AT AL
Table 3-4 &|F H+ F&5 (U14H AS)
BoEs (m/s)
28 3
1< 0.056667 | 0.056667
2 0.04 0.041667
3al 0.03 0.025
Table 3-5 FX|A4tel] ARESH F719] EAA
3712 =249 U
U = (kg/m3) L(m) W(N*s/m2) Re
12 1.06 0.000017 4600 4600
BHEAS ¢ H™EA$E m Pr k 3247.059 3382.353
0.193 0.618 0.71 | 0.0243 2435.294 2029.412
v
Rep = p = 1.2 kg/m3 x 0.056667 m/s x 1.15m / 0.000017 N*s/m2 = 4600

BAA S C, m2 Rep 4,000~40,000 AFo] #t A&

- A A4
hD
afFaeAs: Nu = — CRe,Pr'/?
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_ kCRe Pr'®,02430.193 % 4600°"® > 071"/
) 1.15
dEAF ¢ T2 2983 399 25, Te2 JH2E, (T1Y 255 2Ydrtsd wet HE
k)

=0.6675W/m2*K

T1& 60CE 7HA¥3sta, TE 10CE 7HAstar 9
- T, ) 60— 10
In (ry/r,) 1 In (0.575/0.569) » 1
omkl | h2mrg  20x0.22X 11 0.6675x 2mx 0.575% 1.1

=4.092 kJ/min

= 68.206 W

6) =¥ el &9 2= W3}
Table 3-6 <= WAl =9 &FH =2 <& 7%
s
A8 LFA-35K =8 1035RTD

s 243 2y S 293 8%

L/min kg L/min kg

12.37 iton | 0.5ton 42 3ton | 1.5ton
-CO, A7) 18 7H5 & 2o £x wsh
* lton tank : FEHE B9 2E 20T, §#&HE B9 &5 65C
(E®a Woll €9 & x 2 25) +(Fd8 =9 & x 29 22)/AA &9 &
=((987.63L x 20C) +(12.37L x 65T))/1000L=20.56C

* 0.5ton tank (W71 FF8): FEHE =9 &5 20T, fEHs 9 25 33C
S(F"HA Wl 9 & x =9 25) H7dE =9 ¥ x =
=((487.63L x 20C) +(12.37 x 33C)/500L = 20.32C

= =
=((F83 Wl 29 ¥ x £ 25 H(Fdd =9 ¥ x £ 25)/AA £ &
=((2958L x 20C) +(42L x 657 ))/3000L=20.63C
*1.5ton (M7]1E 3)58): FEHE Y 2% 20C, &5
=((F83a Wl 59 ¥ x 9 25 H(Fdd =9 ¥ x 9
=((1458L x 20C) +(42 x 337C))/500L = 20.364C

*3ton tank : FEEH= 59 2% 20C, F=5
X
X
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Fig. 3-9 Inside and outside of greenhouse temperature during the day time.
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Fig. 3-10 Inside (Temp._in) and outside (Temp._out) of greenhouse temperature during the
night time.
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Fig. 3-12. Variation of CO, concentration and globla radiation on 1% Novmber, 2013 .
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Fig. 3-13. Variation of CO, concentration and globla radiation on 1% March, 2014 .

- 138 -



450 1000
400 900
- 800
£ 700 £
£ 300 =
< 600 &
3 250 s
= 500 %
g 200 T
g 400 =
S 150 2
i, 300 2
L)
100 Cors% | og
—_— A
50 1 100
O L 1 1 1 O
0:00 2:00 400 600 800 10:00 12:00 14:00 16:00 18:00 20:00 22:00 0:00
Hour
Fig. 3-14. Variation of CO, concentration and globla radiation on 1% July, 2014 .
35
~ 30
)
=)
525
T
g 20 -
e
E
h 15 r
Q
j=)]
S 10 |
g -e-CON
I
5 1 -©-C02
0 | | | | | | |
0 10 20 30 40 50 60 70 80

Fig. 3-15. Averaged fruit weight

Days after first harvest

of strawberry grown with (CO,) and without (CON) CO:

supplement. The crops was grown by hygroscopically with coir substrate.
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Fig. 3-16. Averaged sugar content of strawberry grown with (CO2) and without (CON) CO,
supplement. The crops was grown by hygroscopically with coir substrate.
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Fig. 3-17. Averaged total carbohydrate content of strawberry fruit grown with (CO,) and
without (CON) CO; supplement. The crops was grown by hygroscopically with coir substrate.

|
—
e}
)
o
i
A
g
ofy
oft
2
O

wrsheel o
G AaE] Fol Aold o

o 195 E 49714 ZAFSE HH S 298 A9
Fo)d 2 A H(Fig 3-17).

ot

- 140 -



120 25
100
B s
= .
® 0T 5
(] =35
s 2
= 60 [~ >\
g [
& o 10 +
B 40 - “g’
2 2
v —4=—CON w g | i —t—CON
20 —-—C0?2
L —-—C02
0 | 0 | |
2/20 2/25 372 3/7 3/12 3/17 2/20 2/25 3/2 3/7 3/12 3/17
Date Date

Fig. 3-18. @7] A4Fs7ke] dAizts el 7o wxgTe 9] A4E AAF % ABF ¥

al

- SAAM B AW ThAAS HFEGANMS] ArE AE ABRAZ F ARYR
YA A5 AR olastait Zrlsg o, PHATEL e 240 A5 okt
o) ol4kahetazt W ket

- oA BANA AW olARBLE AgStel AME B YAFH AFFS Bh2TY
Aol7t YTk AL AME Byl Agol ) BRFASe F3 ol4BEA A} U=
Fuoh wskort mawel Welrt oy gstel Azdel Eahl e el wvlsiss

- e =T A9 jle o
ol mE ZIZtell AjujE AL

g gzg7t ‘Hgtg’ (Enza zaden, The Netherlands)S FAl3ted 2014 3€ 24

dHEF o] uFale] 2014d 5€ 26€ AN n wFAEASTU T Rzl 95
g Fekag 249 @*‘o}oiﬁ‘r(Flg 3-19). “EP‘F:] SAY Fol &8 24& ARSI, 2o
Weko 2 F 679E EEA T 13579 dERT 24679 ARrRdEe dAa JtAE

- 141 -



B4 H 2 Axdlo] AZFste] CO; A4 ol 93 B3 & 7H5d & o
A skt 24 Yol F AR Aul vl=E AX o] glo] 7 wWzol 1854
Aol A2ttt 89 149 79 554 AEAE FE ZASY 73E Ty
MAS, BY5S Z43te vl 9k 8¢9 793 949 1Y T © 53 o
Aol Mg 2 FF FFee AT dERTE v
- o)AtEErAel FFS A% AARS R FE, YR 3| H] NEE, T wet
AAS 2 ¥t 7182 AL AHFr]ol= 800ppmd P r]ol+= 500ppme A AR
A=go] 5% 10% A+sA ™ 200ppme A AR F=E 200W/m’el A 400W/m’
d w HgHOE 200ppme HAaIE=E HAAHIAL.
- o] FFE BC25 mSlemz AAG o, w9l gl det F 114 9 FAG
= 2A3HA ggoy v pHE 6.0-6.501Ath &% 2571 w2 AV
el s SHA @okon, SEEFA 2T 2R A5t HEge] 4% AR
=2

AN e

BN 2
=
ol i
M o Of

A

o Ji

A 2ogu P>

ot
e

7

o

¢

b

o o

filo
B
"
okt
S8
41
9
T
rl

2
30
bl
Jhu
X
Jo
[z
4
i)
fo
N
oift
>~
r-\|1—'
o
B
B~
ot
ob
£
re
b~
it
S
[
it
rlo
>
=
1

E :'.'!'.!!-u..; ;J.l.il 4

o e

w, - -
. i o

Fig. 3-19. Sweet pepper crop at planting (A) and 39 days after planting (B)
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Fig. 3-20. Leaf, stem and total vegetative fresh weight (FW) and dry weight (DW) of sweet pepper
grown with (COz) and without (CON) CO: supplement. The crops was grown by hygroscopically with
coir substrate.
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Fig. 3-21. Yield per plant and averaged fruit weight amd number of harvested fruit per plant of sweet
pepper grown with (COz) and without (CON) CO, supplement. The crops was grown by hygroscopically
with coir substrate.
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Fig. 3-23. Averaged fruit weight and fruit volume of muskmelon grown with (CO,) and
without (CON) CO, supplement. The crops was grown by hygroscopically with coir substrate.
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Fig. 3-24. Averaged seed weight and sugar content of muskmelon fruit grown with (CO2) and
without (CON) CO; supplement. The crops was grown by hygroscopically with coir substrate.
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Fig. 3-25. Visualized H;O. localized in leaf tissues, leaves from the four treatments after 24
HAT. Leaves were illuminated until appearance of brown spots characteristic of the reaction
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to control plants with different concentration of CO, NOy, and SO,.
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Fig. 3-33. Set point of CO; concentration influenced by light intensity(Kamp and Timmerman,
1996).
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Fig. 3-34. Set point of CO: concentration influenced by vent position(Kamp and Timmerman,
1996).
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Fig. 3-36. Leaf photosynthesis to leaf temperature at saturated light condition (PTC", 2005)
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A6 ATANEHRAANA = AT eFE

- 2nd Joint Workshop of US-ASIA TransTech R&D Cluster

July 11th - 12th, 2013

Argonne National Laboratory, 9700 South Cass Avenue,
Bldg. 401/E1100, Argonne, IL 60439, USA

FA7bste] A58 PM-NOx A A7 A4 24X &3

@ Avg B,

r S
il

July 11w (Thursday)

Topic: PM Emissions Characterization and Aftertreatment Systems
(Moderator: Kyeong Lee, Principal Research Engineer, Argonne)

8:30 AM Pick up Gate Pass (Bldg. 224 at North gate - Visitor Reception Center)
Coffee with Refreshment

9:00 AM Welcome speech

- Argonne Introduction: Pam Sydelko, Deputy Associate Laboratory Director, Argonne
- DOE Aftertreatment System Program: Ken Howden, Manager, U.S. DOE Office of
Vehicle Technologies

- Argonne’ s Transportation R&D: Larry Johnson, Former Director of Transportation
Technology R&D Center

9:35 AM INVITED TALK
- David Kittelson, Professor, University of Minnesota

10:20 AM  “Morphological and Nanostructural Examinations of Particulates from
Gasoline Direct Injection Engines: Effects of Fuel, Injection Timing and Air/Fuel
Ratio” (35 minutes)

- Heeje Seong, Research Staff, Argonne

10:55 AM Coffee Break with Refreshment

11:10 AM “Progress of DME Fuel Standardization with Investigation of PM Emitted
from a DME Powered Diesel Engine”

- Mitsuharu Oguma, Combustion and Engine Research Team Lead, Advanced Industrial
Science and Technology (AIST)

11:45 AM “Development of Electric Heating System to Melt the Frozen Urea Solution
for the Urea-SCR System on Commercial Vehicles” (35 minutes)

- Chunhwan Lee, Director of Diesel Hybrid Research Center, Korea Automotive
Technology Institute (KATECH)

12:20 PM Lunch and Poster Session

1:50 PM “Characteristics of Spark-Ignition Engine Particulates”
- David Rothamer, Professor, University of Wisconsin-Madison

2:25 PM  “Simultaneous Removal of NOx and PM by Using a Combined System of
LNT/CDPF and SCR/CDPF for Diesel Engines”
- Byungchul Chol, Professor, Chonnam National University

3:00 PM “Visualization of Soot Trapping and Oxidation in Particulate Filters for GDI

Engine Application”
- Seungmok Choi, Research Staff, Argonne
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3:35 PM Coffee Break with Refreshment and Poster Session

4:05 PM “Oxidation of Soot on the Surface of Membrane Filter made of SiC
Nanoparticles with a Thin Oxide Layer including a Pt Nanoparticle”
- Katsunori Hanamura, Professor, Tokyo Institute of Technology

4:40 PM “Introduction of KATECH’ s Exhaust Gas Simulator and its Application to
Development of Aftertreatment System”

- Chunbeom Lee, Executive Director, Korea Automotive Technology Institute
(KATECH)

5:15 PM DISCUSSIONS - Discuss research directions with comments from industry
(Moderator: Kyeong Lee, Principal Research Engineer, Argonne)

6:00 PM End of first day meeting
July 12t (Friday)

Topic: Fuel Sprays and Engine Combustion
(Moderator: Thomas Wallner, Principal Mechanical Engineer, Argonne)
Coffee with Refreshment

9:00 AM “Fuel Injection Studies using X-Ray Diagnostics”
- Christopher Powell, Principal Engine Research Scientist, Argonne

9:30 AM “Consideration of Direct Injection for Thermal Efficiency Improvement in a
Compressed Natural Gas Engine” (30 minutes)
- Seoksu Moon, Research Scientist, Advanced Industrial Science and Technology (AIST)

10:00 AM “Gasoline Compression Ignition - A Promising Technology for High
Efficiency, Low Emission Power for Transportation”
- Stephen Ciatti, Principal Mechanical Engineer, Argonne

10:30 AM Coffee Break with Refreshment and Poster Session

11:00 A%\/[ “Emission Characteristics of Dual-Fuel Combustion in a CI Engine” (30
minutes
- Kyoungdoug Min, Professor, Seoul National University

11:30 AM “Effect of Fuel Molecular Structure on NOx and Soot Emissions in
Flames” (30 minutes)

- Suresh Aggarwal, Professor, University of [lllinois-Chicago

Noon Lunch and Poster Session

1:30 PM) DISCUSSIONS - Discuss research directions with comments from industry (45
minutes
(Moderator: Kyeong Lee, Principal Research Engineer, Argonne)

2:15 PM LAB TOURS

Advanced Photon Source (APS)

- Christopher Powell

Center for Transportation Research (CTR)

- Ann Schilenker; Stephen Ciatti; Steven McConnell: Thomas Wallner; Kyeong Lee

et AFA)] #E ARE BA AR EVr S T AAGEEAA ZX(CDPF,
catalyzed diesel particulate filter)oll &3+ HZ HAHE A

o
i=1
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