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Abstract

In recent years, the implementation of various measures has further promoted the effective
use of energy produced by waste incineration and improved the efficiency of waste power
generation using steam turbines. Specifically, the average value of the efficiency of electric
power generation in facilities where power generation systems are installed was 10.93% in
FY 2006 and increased to 12.81% in FY 2016. However, compact steam turbines produce
relatively large energy losses, and the efficiency of electric power generation is reduced in
Municipal Solid Waste Incineration Facilities (MSWIFs) with small power generation
output. Therefore, little electricity is generated in small- and medium-sized MSWIFs with a
capacity of less than 100 t/day.

On the other hand, the gas engines installed in methane gasification facilities can establish
highly efficient waste power generation processes because they can ensure higher power
generation efficiency than steam turbines even if they have a capacity of less than 100
t/day.

Since the biogas, which is generated by the methane gasification of waste, contains
methane (CH4) at a concentration of 50-55% and carbon dioxide (CO2) at a concentration
of 45-50%, the gas engines dedicated for biogas are used for power generation. The power
generation efficiency of gas engines dedicated for biogas is lower than that of
general-purpose gas engines for city gas. In addition, there are only limited domestic-made
gas engines compatible with the concentration of CH4, which is contained in the biogas
generated by current system. As a result, the situation is such that there is no choice but to
introduce foreign-made gas engines, which require high initial and maintenance costs.

Increasing the concentration of CH4 contained in the biogas to approximately 90%
enables the use of domestic-made general-purpose gas engines for city gas. This not only
realizes a reduction of CO2 emissions due to an increase in the power generation efficiency
of biogas power generation system but also creates a system with lower initial and
maintenance costs. As a result, the introduction of methane gasification facilities in small-
and medium-sized MSWIFs is promoted, leading to an increase in waste energy that is used
effectively.

The methods for separating CO2 contained in the biogas include the separation methods
using an absorbent or sorbent (such as chemical absorption method and PSA method), the
membrane separation methods for performing separation according to the difference in
molecular size and affinity for the membrane material, and the cryogenic distillation
method for performing separation by using the difference in boiling point from CO2. From
the perspective of the reduction of CO2 emissions, the separation through the membrane is

an energy-saving process and is appropriate as a method for separating CO2 contained in
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the biogas.

Separating CO2 contained in the biogas using a membrane separation method and
increasing the concentration of CH4 to approximately 90% enable the application of the gas
engines for city gas. In the case of facilities with a capacity of approximately 50 t/day, the
power generation efficiency of engine generators for biogas (300 kW class) is
approximately 33%, but that of engine generators for city gas is approximately 38%.
Therefore, the power generation amount is expected to be increased by approximately 15%
(System I).

If the high concentration of CO2 separated and collected could be fixed (carbonated) to
the bottom ash and fly ash generated from an incinerator, which is located at the same site,
without releasing into the atmosphere, carbon negative would be realized. Since the
carbonation of ash reduces the elution of heavy metals, utilizing bottom ash effectively as
civil engineering material, as well as reducing the usage of heavy metals fixing agents for
fly ash, would enable a reduction in running costs. In addition, using the separated and
collected CO2 for other applications, further carbon negative is expected to be realized
(System II).

The exhaust gas from gas engines contains a low level of oxygen. Therefore, the same
effect as exhaust gas recirculation system can be expected by injecting this exhaust gas into
an incinerator located at the same site. In other words, since the nitrogen oxides (NOx) both
in the incinerator and the exhaust gas from the gas engine are reduced simultaneously, and
the amount of exhaust gas decreases due to low air-ratio combustion, the power

consumption of ventilation devices, such as induced draft fan can be reduced (System III).
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Biogas=CH, : 50~55%+CO, : 45~50%

o o
(+)

CH, : 90% CH,

3% Utilization of CO,

Membr?ne,q)ffu“ mﬁi‘mw\\‘
CO, separation membrane
Increasing CH, concentration

Utilization of exhaust gas
from gas engine

SYSTEM:II SYSTEM I
— N w . .
Gas engine generator Incinerator Utilization of CO,
@ Improvement of power ® Denitration of NOx in the exhaust ®Reduction of CO, emissions
generation efficiency gas from incinerator + Fixation CO, to bottom
®Enables to apply domestic-made  and gas engine and fly ash

general-purpose city-gas engines ®Reduction of power consumption * Consider other available
by reducing exhaust gas quantity applications
Fig.1  Next-generation low-carbon highly efficient biogas power generation system and

combined system

As described above, adopting the CO2 separation membrane in a combined system
consisting of methane gasification facilities and incineration facilities makes it possible to
perform biogas power generation more efficiently. Furthermore, utilizing separated and
collected CO2 and exhaust gas from gas engines in the incineration facility located at the
same site effectively reduces CO2 emissions. Therefore, the CO2 emissions and life cycle
cost of the biogas power generation system in which the CO2 separation membrane was
adopted were evaluated and verified in comparison with conventional system, starting from
FY 2017.

For System I, simulated gas adjusted to the composition of biogas was used to obtain
basic data on the optimal operating conditions of CO2 separation membranes in laboratory
tests and to design and fabricate the testing device for a verification test in FY 2017. In FY
2018, the verification test with real biogas was conducted to verify the applicability of CO2
separation membranes.

For System II, the measurement of the amount of CO2 that could be fixed to ash and the
determination of the reduction of the elution amount of heavy metals by the fixation to ash
were performed in FY 2017. Other applications of CO2 were also investigated and
summarized. In FY 2018, additional investigations of elution behaviors of heavy metals

with the fixation of CO2 to ash were performed. In addition, other applications of CO2
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were considered, including a production test of sodium bicarbonate (NaHCO3) that could
be used as an acid gas treatment agent for the incinerator located at the same site and a
study on the use of CO2 by methanation.

For System III, a combustion simulation was performed to determine the reduction of the
amount of NOx and exhaust gas from the incinerator located at the same site and the
exhaust gas from a gas engine and verification was performed in a small experimental
incinerator in FY 2017. In FY 2018, combustion simulation and verification in a small
experimental incinerator were performed to verify conditions to achieve further reduction.

The achievements of FY 2017 and 2018 are summarized as follows:

[System I]

(1) The CO2 permeation rate of the membranes was measured under each gas pressure,
temperature, and humidity in the basic tests using a simulated gas, and the permeation
rate dependence formula was derived. The operating conditions of the CO2 separation
membranes for increasing the concentration of CH4 to 90% in the biogas were
determined from the permeation rate dependence formula.

(2) Based on the results obtained in the basic tests, the testing device for a verification test
was fabricated. The verification test with real biogas was performed to reexamine the
optimal operating conditions of the CO2 separation membrane. The operating
conditions at the inlet of the CO2 separation membrane reexamined are as follows:

* QGas flow rate : 15 m3N-dry/h (set conditions)
* CH4 concentration : 52.5%-dry (set conditions)
* (CO2 concentration : 47.5%-dry (set conditions)

* Gas pressure : 443 kPa (A) (optimal conditions)
* Gas temperature  : 110 degrees centigrade (optimal conditions)
* Gas humidity : 70% RH (optimal conditions)

* Area of membrane : Two membrane modules (optimal conditions)

[System II]

(I) When the CO2 separated and collected in System I was fixed to ash, the amount of
CO2 that could be fixed to ash was 55.4 [kg-CO2/t-dry ash] in the case of bottom ash
and 28.6 [kg-CO2/t-dry ash] in the case of fly ash.

(2) It was confirmed that fixing CO2 to fly ash decreased the elution amount of lead
stipulated in the Notification No. 13 of the Ministry of the Environment (MOE) to the
level lower than the regulation without using any heavy metal fixing agent.

(3) As is the case with fly ash, fixing CO2 to bottom ash also decreased the elution amount

of lead stipulated in the Notification No. 46 of the MOE. However, the elution amount
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(6)

of lead stipulated in the Notification No. 19 of the MOE (the amount of lead dissolved
in hydrochloric acid) could not be reduced.

A pH dependence study was performed to determine long-term stability of elution
behaviors of lead with fixation of CO2 to ash. The elution amount of lead was below
the lower limit of quantification at pH values ranging from 7 to 10, but increased at
other pH values. The elution amount of lead exceeded the standard value at pH values
not higher than 6 but not lower than 11 when fly ash was used, highlighting the
necessity of adding a heavy metal fixing agent. However, fly ash with a fixation of
CO2 reduces the elution amounts compared with fly ash without fixation of CO2,
potentially reducing the usage of heavy metal fixing agents.

When slaked lime used as an acid gas treatment agent in the incinerator located at the
same site was replaced with sodium bicarbonate (NaHCO3) manufactured using
separated and collected CO2, it was estimated that running costs could be reduced, but
CO2 emissions would be increased in the entire system because CO2 emissions
associated with the manufacture of caustic soda (NaOH) as a raw material for NaHCO3
are higher than those for slaked lime.

A system in which separated and collected CO2 was used to produce synthetic CH4 by
methanation for electric power generation was considered and conditions under which

the system was economically viable were analyzed.

[System III]

(1)

()

3)

Through the combustion simulation (numerical analysis), it was shown that injecting
the exhaust gas from a gas engine into the incinerator enabled to reduce the NOx both
in the incinerator and the exhaust gas from the gas engine simultaneously in the same
manner as an exhaust gas re-circulation system and also realized low air-ratio
combustion.

It was clarified that injecting a gas simulating the exhaust gas from a gas engine into a
small experimental incinerator reduced the NOx contained in the exhaust gas from the
experimental incinerator and the simulated gas in the same manner as an exhaust gas
recirculation system and realized low air-ratio combustion.

The effect of injection conditions of exhaust gas from a gas engine (injection flow rate
and injection position) on the amount of NOx generated was examined to determine

optimal injection conditions.
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[Entire system]
(1) In the case of MSWIFs with a capacity of 50 t/day (14,000 t/year), it was estimated
that the application of the suggested system could reduce CO2 emissions by 986
ton-CO2 more than conventional simple incineration system per year.

(2) It was also estimated that the life cycle cost could be reduced by 57 million yen in ten

years.
Tablel  Reductions in CO2 emissions and costs in the systems®
Item Conventional combined Highly efficient combined
. .CO.2 A 849 t-CO2/year —
Conventional emissions
combined Costs A 30.5 million yen/10 years —
.Co.z - A 59 t-CO2/year

System emissions
= ! Costs — + 9.7 million yen/10 years
()
= CO2
'\fb System emissions - A 22 t-CO2/year
= I -
g Costs — A 17.0 million yen/10 years
[¢]
2 .Co.z - A 56 t-CO2/year
8 System emissions
?.: 1 Costs - A 19.2 million yen/10 years
j=]
(¢
e . .CO.2 A 849 t-CO2/year A 986 t-CO2/year

Entire emissions

system Costs A 30.5 million yen/10 years | A57.1 million yen/10 years

*The values in the table are based on the comparison with conventional simple incineration

system.
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LTW5, FEIERER CIERE A OFlF ) DARESRMFTIT o 72, Wil A K FE O
RIZHIET D7D H 2-1-5 ICRTEY 2= VNOAR—F —BELEHEL L TE
D, 1ARYTZDOFEY 22— VBEmEBEITA 23 IZHED L TVnD,

X 2-1-5 A XA T CO, BT Y 2 — A S DO &
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1-2. RIAHBREHN

NRAFTHADAER T o RATEMKIETH D720, BAETDHHADESS CHy B
TEINH D, ZOEETE > T CO, DEEE TR L7 A 4T AD CH,
W@H’ék%x%ﬂ HAZY VU EROHNICEETLILOEEZ LN

>T¢HT¢%

)

o

Z 2T, BMELBITEHEBHADOA Y T AR PO HRAET D4 FTAD
—HlZ gl EikE . CO, WHERET CHy IREZ M LSBT RIZ, H AT P REEMK
(AR L TRE 21T O ERERBR 21TV, EEED A A H X T %5 CO, srBERED
A E BT %,

1-3. REHBRAE

(1) SERFERBRY A b

FEE R BR gcﬁﬁfarfgﬁﬁfﬁz%f%ﬁéﬂA@%&VﬁNIﬁﬁ’@%’“ (B 2-1-6, 2-1-7) THT
W FRERR D DT D N A AT A D —H & ERERBUE E IS L CRBR & F
T 5, [Ahiex O 7 v — 2% 2-1-8 12”7 T, FEiElR T ijyx:n/y/%a:”’r%%l
N (L KFE, BEAEWRER) oA AT A gl ks, EiERBRIEEIC
a4 %,

B 2-1-6 15 20 2. JRUPR RH ] Y e 53 A3 X 2-1-7 EHIRER A X T

29/139



RERREEN |

%]

- SRARERR SBRELERN
- el — !

BACHEY b

B

CHY L—

BHSHA Y/

5y bik—LA

maamy R

T . o
FRAR M [tz A > b EUEHE] == CHOFN K- R O

DA G EROFh == SAFHROFN| |
G BAROTN == EROFN !
G BHAKOTN o REMBREOTN

2-1-8 AZ U H A a4 v Ry AT A7 o0 —

(2) EAERBREE 7 o —

FAERBREE O 7 0 — %X 2-1-9 (289, FEFERER Tk, BIHLIRITE $#
BHAE DAL AR THRET DINA T T AO e &hE, TAFRET
2 U CKHEESETHESR, NG - INREE CRTEORE &R EICHTHE L. Co,
IHERR L = > MR LT,

FIERER TH W CO, 5 %ﬁﬂ%:l%/ ME, B 2-1-10 D X 5 IZ A4 T8 CO,

%ﬁ%yl~wﬂ5$ﬁﬂ HAE IR E > TWVD, CO, DL = v

RS S NTCJREBE T 21X 5 ROBRBIZ /I L, TZh D COy R E Y = —

B SN D, CO,NHERE Y 2 — ik CO,BBESNT-RBICETRL.,
ATV URERICHIREINDIEBEDO CHy Z G ATKE T ARG LD,

CO, BN E Y = — L OFRMICIZ, AL —TH AL L TAF— 20T
ODMELR>TWND, AA—THAZMETHZLITEoT, ZMDO CO, wE
FRBSEAZ LT, WO RIA L T 74+ —AThHD CO, N EEERE
L2 ENTEDL, AA—THAFHEESI NI CO, &I RA~ SN 5,

CO, BT Y 2 — VTR INTZ A A0 AT, BRiE - INEEE CRIE L T
ﬁx¢®mﬂ%%£ﬁ FiR L CEAREL BT LI, HAT Y U8 EK

Eohbd, BELZENTIAMKIG CHET S,

FRERBRICEN T2 W A oV o RERIT. B TH 572 DIZHB T A AR
DY TIERL, N%iﬁ%%@%@%%%bf%éﬁ\%ﬂ@cmﬁﬁﬁ
75~100%IZxf s TE D kDb D & LTz,
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MHRLEE SR IEE THE T 248503, EMMEOT 7 hTIET AT V%

BIOBERAR A 70 bBHT 5 2 & 2B LTV B A, EiE

HEBRIEFE O AT

VUREBRITNIERETHYD BEARA TRRE TSR, TOH, EIERART

HRBR OKR KA T & RE L TR A £ LT,
% 2-1-11~2-1-17 I F RBREBE O FEE 2574,

o

A—THZ .
Co+ES€ 2 TAZ | mekas
FRAHZ HARE BSE - BOSE TNo_ 4C0;
CH,+CO, ®iE 9 ®iE 9 -"<‘\
(CH,=50~55%) CH Y ~~<
CO, P BEEEE
RE - AR
Fr > BE
CH,+ &S +co,
X 2-1-9 ZEFEFBRAL @A 7 v —
Z{—=FHAAD

1
< { <
2
) 3
)
le——o-u <
V
3 { <
—
v
.
—

CHj+co,

HALSS>
ET 1

AA—=FHABO

2-1-10 CO, =~ = > ~ ORI
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X 2-1-13 CO, W HffE =L = > k X 2-1-14 BRpigiEE

il At

4 v
X 2-1-17 7ZRKAA T
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1-4. REEABRKER

2-1-18 IZEFFRBR TOFE A AHE - W AES LR A 20 CH, 1EE O RIf%
BIRT,

100 200
BRI O RBUHSEEEHIE=25 %

90 \ ‘ EECH,,%EE:BO"? 180
'E @HRE : 15m3N/h —
° HRE-:-150kPa(A) 2
X o
S, 80 wr—— 160 g
% P ]
T H
G 70 140 K
% BEDACHARE 2
) fog

£ 60 s RRBRAED 1 120

____________ RENAAY BE=51.9 ~ 57.5 % (ave.53.6 %) |
50 100
0 15 20

10
R R i [m3N/h]
2-1-18  JFURL T A i B « W AET) & KERT A CH, i O B R

BT A DM EEZHD L TCHAE 2 EFHZ LT, MET 2D CHy BED E
FALTEBY ., HAED 8m’N/h LLF Tl 85%LL D CH, B E DRI A R34 5T
W5, CO, WEEDEHEFEZ — EIC L CHAREEWD T D i, VATEL
—EIC L TREMBZ T Z L ICHY T 5, CO, Bl E I ftia L7 OB R
DIET & CO, rBEZEE 1N CHy IR E DO BRR TIE, JEI R @ W ER T 2 0 CH,
BENREHLTWS, TR ZAOEDDEIEE ., LMo SEEO N5
AT T4 —ATHD CO,BENEML DD THD,

LRI, EFEARIEE Y 2 — v, EEOASAL AT A EZHWT, HIE CHy IR
EEEMRTIEICRILEZ, E-F000% BTN TEZ, £
7. ERAV AT ATEAT AT A D UoMEEZHAE L., EHMERTIZILD
MBEOFmDNINEREZHATE2 208 o, ZOFTUYWOBE LY LE
Bz /Mt K= X MEARIE TH HFEZ R L TE Y | 3-1.JH T EEmE

(o BEE Y = — VA ORER/RE =T,
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4 2-1-19 (2R 29 4B o FLAERUBRAE SR R U7 CO, 23 BEIEE O IR i i & K
T AD CHy R E DR E R

JFR A A& 15m°N/h, IBE 110°C OB A, 90%Lh o> CHy I E R3S Hh 5 it
BfER L o TV, EHERBR TIE 90%LL Lo CHL B E RS SN 5D O L5 R
ZWHESMNW L FTOBETH 72, ZHIFFIRD L 512, Y 2 — R L JFE
H AL DIEFEAICHE) I ARE -V DEY 2 — LOFEEHOWD DEETH
b5, Flpido X5 ICEMAERETIE., TV FEOHWINESREEZRATE 5,
COFITHYPORE LV LEFEmE L /N T, K2 X MEFTRBTH D F 4R
LTW5b,

ERHRFEE=15m3N/h, EH=150kPa(A). EE=70%Rh

100
L
BRI ABEECH,BE =90 % // I
— 90
o 2
°
2 |
S 80
Ly e
]
T 70 / |
(O] _
X )% “
3 o BBHAEE=105C
% 60 | FRERHXBE=110C
| j REE=120°C
| BeARcHmE=s2ls % | | |LZERAAEESL
50 r | ® | 7
0 1 2 3 a4 5 6

CO BB NEmE [xiE]
X 2-1-19 EfRBRAE ENOEH Lo HmE & B U 2 CH, 2 E o %
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F2- 13 WCH AT D UIRREREILT — X O—Fl %2, X 2-1-20 |27 T % E s R
DEHEZRT,
HAT D R BEHEOBBENERK (25kW) D 20%55 & D=, FEEHR
(EMSIF 33.0%) X 13.3~13.7% LK< o TWDHN, BELIEREEITH Z &M
T&T,

£2-13 HAZ VU RERERT — ¥

IR B ET—4
J? RE m*N/h 6.98 7.05
j;it £ 5 kPa (A) 172 171
% CH, B %-dry 51.2 51.4
Ko %-wet 0.6 0.6
;i RE m*N-dry/h 4.13 4.19
7| CH, R %—dry 87. 1 87.0
8 Ko %-wet 1.2 1.2
CH, i 2 m*N-CH,/h 3.56 3. 60
REE kW 35.3 35.7
®EE kW 4.7 4.9
REHE % 13.3 13.7

- _
X 2-1-20 H ATV U3EK GEER)
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1-5. CO, HMEDEREETFIZOLT

2-1-211

CHEFERBR T — & (BT AR BT A ET) KT A CH, R L

SrBEBL RS T ARE) oAb ERT, £, BRBRT—2 0O EH L CO,
SEERE D CO, F I HEJE DR A2 2-1-22 GEEEBYIH O CO, % JE %
100% & L72REDOEALSE) 2R T, CO BT Freo KL v HEH L,

CO, @i@ﬁg[mol/mz sec kPa]
= (Qi_co2—Q0_co2) x10° [NL/m'N] +22.4 [NL/mol] +3600 [sec/h]

Qi_COZ

Qo_co2

Pfi_cog

PfO_C02

PSi_Coz

PSO_COZ

+A+{(Pfi_co>—Pfo_c02)/2— (Pso_co>— Psi_co2)/2}

C B A CO, i & [m®N/h)

= Jﬁi*’l’ﬁz {}:ﬁ% [m*N-dry/h] xCO, /);%}E [%-dry]

: *%%’%732 CO, {}:ﬁ% [m*N/h]

= *jﬁaﬁzi:%ﬁ A {}:ﬁ% [m*N-dry/h] xCO, /);%}E [%-dry]

2 CO, 7 B T FE [m?]
D B A CO, 3 IE [kPa(A)]

= JE B A £ ) kpaa) < JFUEF A CO, I BE [%-dry]

DR A CO, /3 E [kPa(a)]

=R 8 T 2 E S kpaa) K5 8L T 2 CO, 12 BE [%-dry]

: EEEAR A B CO, 43 JE [kPa(A)]

= A A — T HAE S kPaA)x A A — 7 H ANH CO, I B [%-dry]
=0 [kPa(A)]

s B CO, 43 JE [kPa(A)]

=2 A — 7 H AE S [kPaA)x A A — 7 H AH A CO, I FE [%-dry]
=101.3[kPa(A)]x A A — 7 H ZH 1 CO, I [%-dry]
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- RENACHAEE - FRRAHRAEN —DHERBENARE = RNHSARE

CH,BE[%-dry]. HRAEH[KPa(A)].
BSfE[hr]

140

120

100

80

60

40

20

CO,EBEEEDHHAED 5 DZEILHR[ %]

200 om278 20
1 80 \—REFRBEMR 1 8
160 A4 16
140 14 —
120 ; 12 2
100 i ’ d 10 £
80 ] / i - %2
. BESED SSEEP . BEE By
40 - 4
20 i 2
0 r"’f 0
8/23 9/2 9/12 9/22 10/2 10/12
a4
2-1-21 ZEIERBRT — ¥ O AL
o COJBBRET(LE  —DEREREEH RN
140
]} 9AH27H |
IN—REFEEHEK
120
1y
- 100 —
9 =
% ., 80 g
L]+ I8 X
T\ R R
'8 60 ,
L Q D 40
[ \ ) & 20
7 N
0
8/23 9/2 9/12 9/22 10/2 10/12
Bt

2-1-22  CO, 75 1t 3 £ D R 2 1L

37/139



REBU YL L T AR TO CO B ENEAD L TW\WD, ZividiEE
N—FRLEOWIM N T TN THDL, BEY 22— L2 —HEIYH L CHERLT-
é::ax4»—7°7f17\u CIHEI A O A — VT 5 O0-U L IREEL TV,

O-V Y 7 DOWHEIZED, CO, EHBEEY 2 — NI T AL =T HAREY 2 — )L
DOJFEHANZ N IAT Z & T, Y 2 — /LB E M &méh5X4~7wzgﬁﬁ
DL, AL =T HACLDZBHBRMO CO, BERTHHENTTE D . CO, 7 ith ik 23
KT L7,

9H 27 BIZO-V v 7 OEEXKZFEM L., CO, DEMMEREZ MR Lz, wH
OHEEETIIRERL -T2, ZTORKICOW T, CO, /B2 W33 2 7 E e
BRI NANATHAPIZEEN TV DA EBERSD D & B T, REFEARHR T
L7 CO, ZBfEMEix MEdEmEf ) SMFIEN O TH Y . CO, &BINAY « FIHRYIC
FIE3 5 [CO,Fx VT ) #FEPIZEATLHETH LD (K 1-4-2 M), CO, & CO,
X U 7IXECRHME CINJEM) THUG L. COy & COp v U 7 OSSR 2§51
L. ZlEfM T CO, NS ND, BT DEBEIZLD, CO L CO,FY T
DORISHEDE T L, COy BiMEENE T Lo/ iEMRH 5 &E 27, KEiTA
A F T APEER Y DEBZONTHE LEHEREZ T,
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2. NAAHAPEBER S DEERE

FEREDONA A H A% AV EERR T, CO, BHEMEOER FARONT, £0
JRRE LTS AT RACEENDEEHER T DOELETHD AIRBERENEE D
nNb, 2T, "M AT ADWER D Z 0T T 5 & & b, BEHERERS ZIRML
TR AR BEEDO A A H A %K 2-1-1 1278 L 72 CO, 4y Bt 5 BE 5 F i 2 & o>
BRI HEAA L. IER R A 2 CO, BIBMEREIC RIT T B A MR T 5,

2-1. NAAHAPHER ST

7% 2-2-1 (FFE A IRATECE S A DO A # v AU, THRET 5341 4 H A (5
AERBRAEE A O B, MEBAEWRER) 297U 7 L THMERD Z o
LR THD, BELHNIH D OO, CO, Bl xT L CHE 2 hifk/k#E (H,S)
L TR (SO,) &R L CL MR E oL/ FE (HCD & Hifky * F L (DMS)
DREHEINTWD, "B, 7VE=7 (NH;y) AR DOENRZNLORELD
LEEETHLN, RO & DRISHER W e O CO, FilPERRIC X5
LR,

# 2-2-1 /\4’ A H AR ERR Y Wff*%

. H29 H29 H29 H30 H30 H30 H30
10.23 1 10.23 | 12.6 | 10.4 | 10.5 | 10.11 | 11.2
H,S ppm 0.1 N.D. <0.1 N.D. <0. 01 - <0. 01
S0, ppm 0.1 N.D. <0.1 0.19 0.027 | <0.01 <0. 01
NH, ppm | <1 — <1 - <1 — | <o.1
HCI ppm 0.4 — 0.4 - 0.1 <0. 01 <0.03
Cl, ppm 0.1 — <0.1 — 0.1 — —
DMS* 1 ppm — — — — — — 0. 41
EWES*2 mg/m* | — - - - - - 69

¥1: DMS=Ri1t & A F L. (CH,),S
X2 BB T MLIVUBE (PR NV, 2-T42 70, YO YERY
N |E)
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DMS [ CO, 7y BEEEIC A F 72 HoS % SO, & FAERICH LA TH Y . DMS D iR
EEBIZOWTHELEZIT>7-, DMS OEELE %X 2-2-1 1[5,

FRERERIEE MG T oA AT AT, B 2-18 IR LTI, AF TR
Ehifx D A X RO T ARIZEENDIHT AT VU RBHOERICEE S
HE25WEERELEHZOLOTHY, BHEECTH,S &, MEAFEWHREEE
Ty U ELRELTVD, REASLHEAFHERER (TEMER) 1ZEBH
WAL TBY | WAZ VU REROERICEEN VL) ICEH I TN D,

MEAEYRELEE (EEREEE) 200 B2 mE#IT. FEiERBREE AN
JTAH O DMS ILE & FIRMERT & 0o Th 0, MEAEWERKRELELE T DMS M
frESATVD A, BB T 2 BHZICIEREEND EO2ICRh-TEY,
CO, BEMRIC B EZ 52 D2 RN DREICETEA LTS, /B, 2H7H

DOFFERTA X CREEMN O & EERREEAD (MEGEDEREEBH D)
O DMS BENFHERL TWVWDHA, K2-1-8 IR LI L) ICMEAEMERELEED
BRI ARFEBERREBESINLTED, 2Oy 7 7IRIcIsb0E bbb,

WERSWRERENE(EERREIE)

o
®

o A RBEGO
0.7 A EIERBREEAD ]
0.6 -
= 0.5 7,‘
3 /
— 0.4 A
o LA
%I}% 0.3 4
2 /
Q0.2
Vi

10/1 10/21 11/10 11/30 12/20 1/9 1/29 2/18 3/10
B4

X 2-2-1 FHifbo A F L (DMS) O 24k,
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2-2. CO, MBI THIEILKFRDEERIDHAR

CO, 7TBEE D HClLIZKI T DB LA IR T HT20 . NAF T A Z LR T
22 HClL ZW U, X 2-1-1 1278 L 7= CO, 4y B Bst i fE FE Al 2 & o SER I e L ¢
CO, BiEEDELZRE L, REBEMFIEITROBBY THD,

o kS A HCL R : 0.4ppm

o iU A= : 100ml/min (dry-base)

o HEKE A AIET : 150kPa(A)

o LS N i

o FRHI AT A AL =T HAL L TAF—AZHB
o UBRIEEE : 110°C

o AUBRIE FE : 70%Rh

FRBRAE R A 2-2-2 12”7 F, CO, B E B 1T g HAMERE & bl L T, 250 H [
A CTESBREETEFTLTEY., HClL 28 CO, ZiEMREICEHEL RITT 2 L 05
ﬁﬂ)éﬂf:o

120

100 [GRRE N
[ ) BIEKFDHIGEL
(BIEKFRZEEFLL

g0 |
[ HRIZEYEZ)

60 |
40

20 |

CO2:iEBREDFEAEA 5 D
ZiEE (%)

Time (h)
X 2-2-2 CO, Z i E D HCL T %1 5 2
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2-3. CO, N RERICRTHIMIEDAFILDOEEHERRER

CO, 77 BEEED DMS 1233 2 B2 MR T 5 72 HCLIZ Xt~ 2 52 8 e sd il Bk &
FHICHRBREIT ) PEL LTWD, L, AT 2 4 R 13T 2 &39I,
EEONA AT AEZRCERBRET D, ZIEAA T TRCEENDHMHELED
73 DMS UAMZHFET D RREENH LD TH D,

DMS O 45#ridH A7 n~ k275 7 (FPD) THT-» TW5 D, FHEMELAEY D
UTrrvarZAn (BREEREME) BEEIL TEB Y, fEbE Yo 50BN E A K
Th5HI RV OWHEEIC L > TEE R EL Y OEAEY T N E 72 E O H
TEETERVWEANDY ., MELEHOEN - EEOHICITEELZET 5, it
FHALEMOEN - BEOITIE AL A HAHOEFE ST L O TITV, 21k
BWOEN - EREBITZTVWDINE, SBMBRFEZERL TONEITO TEL LT
W5,

2-4, SHBDFTE
EEDONRA AT A HWT-EIEREBR T, CO, DBEAZ i TH T Dk BN NA A T A
WWEENTWDEZ ENH LT, 5%ITNAAFH 2O ERR SISOV TEEM

(ZHHT2ATV BRI 9% CO, RO B 2 BT 25 & & b, B
BT ERETDHIEORNZITI TEL LTS,
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3. CO, 7 Mt IX OO & B ¥n & 4 D 1R 5

SAEEICER L EIERBRIL, HEM DU EABHEL WD, RED X
IV — DRI R AE ) &2 150kPa(A)FRE E THIEL T CO, By~ = v
MR Lz, BESBEICRB W TIX, BB T RAENIRESWIE EESEEO KT 1 B
T7—ATHDH CO,DEENREL DD, CO, DEBITEITFH{KRT 5,
oo ERAEI AT ATERHATAI I A DU BB 2 HE L., EHACBEETIZLY
MBOBMWIMERFEZEHATE D Z & mhoT,

Z T, AT T CO, B mEDIKIZ B E LT, EitRrcion
FREZEIS, MEMT A D NZHEB SN TV DI AFEROREB I ZEE L
443kPa(A) L 300kPa(A)ICHE LT 2 DD — XA THERESEEE D 2 — VA %
WE LT,

3-1. HAENE2FAELEBAORLERSBMES 12— LEARORHE

BTy 2 — VA EZRAT21CH720, 2L —FX—ITHB AT FioK
BRDNT A—H—A 2T, BHERBOBERDT 1 — Ko 7 547 CTT 4
YT AV I L, T4y T4V OHER, A OEEEATYIalb—varE
T, Y Ialb—va v OMNETH IS 2D CH, BN, EIERR THS
Nl CHy Y —HT 5 ETHVIEL, A ZIET 5LV HETHS, B, C.
D. E Ok, Wk 20 4 0 B REE B A7 % V7=,

CO, i £ = A x exp(-B/T) x (Pco2)” x (RHE)" x (RHg)"

T DR

Pcor 1 COy yJEE
RHp  : JEUBHANR B2
RHs  : ZiAIEE

KR 2D CHLRIEN 90% & 72 2 72 O O MY BT ¥ 2 — VAR B O R E R
BF2-3-1WRT, B WEVa— NV I AV OmEMIT, ¥ AZHELZEME
ETHTEOICAKFEFRABEEY 22—V ERIUEmBEE LTWD, 7z, BT X135
AERBR D SN TdH D CHy B2 52.5%-dry, CO, 2 B 47.5%-dry, H A i & 15m’N-dry/h,
H AR 110°C, H A 70%Rh & L 7=,

BHIDH AT 151kPa(A)D ML LT, WAENZ EFHZ LIk -T
KIBICHEE Y 2 — VABEZHIR CTE D Z ER” o7, 5 ETHFT 5 FS 1354
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ADr—ATREZIT-T=,
#*2-3-1 JFEEET AJENC L DM EE ST Y = — VAR ORERE R

RN EHA £HB
kPa (A) 151 441 301
BEHAREA
kPa (G) 50 340 200
EES 21— LA V.3 11 2 4
SHROFE

JEBE T ADRET) 2 BT % Z & T CO B LB FE 2 KigIZHIMTE 5 2 &
Doy To, RAFFITMEE L TR E KD O BRRR ATV, F B
NORERBREIT> T, KRVAT LOHFRMEFIEMT S,

FRET AT L0 CO HEHE E a2 MEHIBEI R D FS 2170, HhEOH 5 v
AT AZEDbE T, %m#ﬁﬁﬁ% FHRLA IR E LT 2 EiE il B & ol &
1TV, COy B DPERE & el B 2 R T 5 TETH D,

44/139



EIE VATLI:HHENRLIZCO,DEMFASRTLA

VAT LT THBEEIN L7 CO, Z#AFMT 52 LT, RRMHT 5H CO, ZHl
W %Y AT AOFHG 21T - 7=, FRk 29 4 FE I BRI L 72 CO, 2 OfF ik 3 2 BEAH
M 7 HRAET HIRICEET H 2 & T, CO, HFHHEOHIEAZITH & & bz, K
DRBAIZ L > CTHEHSBHOBHEMGI T 5 AT L0 ME T o7, £,
D CO FHABIZHOWTIHAE « FtzFEhE L7,

Wk 30 AEFE T CO, [EEALALVERLK O B A B IR B O X Ec oW CGEINFEE %
Tolee o CO,FIAMESE LT, EHZHET LI AT AoV THER %
TV, VAT ADOFMliZ £ L7Z, I5I1C2 CO,ZHWEAX X =T a AT A
DIFT =T > T2,

1. SBEEIRLT- CO,DFARARIZTOLVTORE

1-1. FH29OEEDHEBE

A 2 BRI U ER IR B AL B B L2 kF L. 2030 4RI 2013 4 B 26%. 2050 4 12
[l 80%DIRE RN R A ZHI Pz B T TW\WD, BEERICITRER = 3L F—
BURBRHOE N S A LETHY , AR EBELE L TOHENRERZ X LT —B LY
CO, ZHEHI L2 WAKFOFAILRNERE LTHEDLN LY ELTWDE, i,
KDFEEICEIF 72 LD CO, HEHMEFE & OHEHT AHIZEHE £ 5D CO, % 43 B[R] IL
THHEMLGALHAINTEY (BN L7 CO, Z P IZIFE T 5 H . \Wbww b CCS
(Carbon dioxide Capture & Storage) (XA BICHAMBERE N ED LTV D,

S BEEI L 7= CO, # R 3 % Z &1L CCU(Carbon dioxide Capture & Utilization)
EIRFIEN, fEx OB NED LN TEY, TNOLOHExSGE L THRAEL
7o COFIHMEDFH 2K 3-1-1 1277,
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#3-1-1 CO, FIHM&EDOHER (1/2)

B B o n %
| @] mx 2NH, +C0, — CONH,), +H,0, FE7) : 15~25WPa, SEEE : 180~200°C
% (VR IL—YFPTHATSY b (SHETH)
2 RFEMEER 4575 b2, AR 3575 b2 (2006)
AR =)L 00, 3H,—CH,0H+H,0. FEF : 3~10MPa, SBEE : 200~300°C
FARSYFTEATSY b (ORI 4, 2012 6)
A5/ —LBAR 1835 kY (001), £BHA
TR/ —)L 200, + 6H,—CHOH + 3H,0
AR —LEY HERE GERID AIEL
TH/—LHAR 155K (2015), 2BHA
B CO, + NaOH — NaHCO, |

BEL-EEZ CHANERENTHATES

RYH—HRr— bk

EXT7z/—ILOPH—IEELCO,NDESTEE
RUh—Rr—FEREEE : 295 >

PEF [F#4

RUZFLUTLIEZL—FPEDDREELGEZRIVIFLUYIZ/I—FPERDRBMTHE IV OHILKRUEE

(FDCA) Z&i&
Ny bR MLERRTEE 565 Y

RIS kY

THRACITUEC,DESTHE
BEEWPRAYT— b2+ 20ER®E L TFHIETTRE
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# 3-1-1 CO, FIHMH&EDOHER (2/2)

IH H A & N B
# | ® | CO+H, CH,+C0,—2C0+2H, (K54 Y I7+—3 %)
= A—Roa—F U EMHTDHY T+—S U IMBORREANEEL BEHY
© | CH, C0,+4H,~CH,+2H,0 (* 2 FR—> 3 V)
BRM Z P CHEETMREI AL E—TEELKE KOBERSMR) &AL -RIERR
@ | fEBERHERER FERAEEMNSHE SNtz C0, ZEUR L THEDMBICHEYAA, HTFICE>TLSHFEMZEUR (EOR)
BERTEILE CO,ARLEATHASATL AR
i @ | E#E. bk BRISGHARN SIEFERICETHBEIRL = C0, ZILMRBEB (FREXHUF ) LUy MM LG LESE

EEBRICHE (EETERIS)
NAFHADERBFICHEEIND 0, ZREKE L TEEISICHG, BRIV H,EHRT D (6kW) THA,
ARTIUDUDHAARAFCO, & b7 FTHICHEE (BNFEE22—)
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PEFEW BRI T K BT 72 & LT 2 L/NBE DI OHiFR T 5
=, P En D CO, EIFILE MDAy, 207D, [ L7 CO, & IR sk i &
THET DI L BN EL 257200 T, MEHEE AN T2 Co, &b K
TERLS LD, E>T, AT L1 THEEEIN L7 CO,y %, Mgk N E 7o 1T hi R 8
WCHA (MPEHME) 722N EELWVWEEZD, TZTCOMAMABE LT,
HW 2GS 22T A3, PFRBEANFE OB ME T A LPRIER L L TRIAT L 2 &
MTEXDL, FEAXARX—2 gy ATATHRHELE CHy X, AT 45 1 OWHAE
AR DO T AT TREEITIZENTED, FRIOFEIZIZD2 D50
VAT DIZOW TR 24T o T,
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2. SEEERLT= CO,DIRADEFEILI AT L

AT A1 THBERIYL L7 CO, & PR BEARE R 20 B3 AT DK (LK - TRIK)
~EET D2 LT RABET S Co, ZHIET 5 L &b, IKOKRIRILIZK -
THERBHOBEHZMEIT5 2 T, E@BECLEAOMEMELHIRT L Z L
MWTED, TOVAT LAOFHEIZAT 5 72012, B E "l 68 & & &40 8B o & il
R DR & M LTz,

2-1. TR 29EEOREHE "

JROD CO, [EEFTRERIZ DWW T, EREHE O KM A2 EE L TR L, £
72 CO, BRI DK D B BB L EEO S 21T, EIROAZFIH O AT
REME RO TR K o F 4 & [ E AL FE A DAR T & 72 SN D W THER A 1T - 72,

3-2-1, 3221t RBEEZ VW CEBRBREER LZ, 727 U ABOK
J& 717 A (P 104mm) (ZJK & 250g-dry B L, ATE & D CO, Z AT &R 4 7
LIEE D DR LTz, JKROKD M 10~20%D&iFHIZ B VT CO, DFETEENE L 7
Do, RIRICOWTIIAEKEZRML TKRD % 15%ICTHE LTz, EKITEKE
Anazw, AEOFEFRBRICELZ, FLRBPICKP PRI 5220 <k
DIZ, BRT D CO T RAK M2 L TS 7 MTbfa LT,

> KSR

REHZ L

FIRFEIEFREK

mEE

KIS AAIE copfon il KSR

3-2-1  CO, [# E b ik Bt & 3-2-2  CO, [EH T ik ritE 5 H
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(1) JKD CO, [H JE Al fig &

X 3-2-3 IZJK D co2 E%@uﬁﬁ#%%r? HWREEM 2Y 30 2 & Tl At E
DENEE COEEENEL L > TWNDHN, \J//LJ:“C SRR/ (S S R Y
IZELTWD, BRFEHN 60 3128125 Co, HERE (BERHRE) OFHHEIX
F K TIE 28.6kg-CO,/t-dry JK, FEJK Tl 55.4kg-CO,/t-dry JK ThH - 7=,

a0 FROCO,EEE 70 RIRDCO,EEE
35 [ //A\ 60
N — | I I~ y ———
£30 Fy
£ 5 50
€25 &
3 / 3140
Q20 9
) /X )
= =30
i 15 e o T e .
# - BSFE : 0.88L/min iy -+ BSFE : 0.88L/min
10 20 |
8" o ESHE : 1.76L/min 8N o ESHE : 1.76L/min
10 |
5 = BRFE : 3.52L/min | = ESTHE : 3.52L/min
1] I I 0 |
0 60 120 180 240 300 360 0 60 120 180 240
BESREFRE[min] BB [min]

3-2-3 KD CO, [ E 7 e &

TIRKBIORIKD CO,EERREILZ. 2V VAT LAOEM AU E
214,000 DA, LLFD XD :iﬁéo

TR 1 14,000t/4F x8%- T JK x28.6kg-CO,/t-JK =32.0t-CO,/4F
TEPK = 14,000t/4F x2%-T1& K x55.4kg-CO,/t-K =15.5t-CO,/4F
&5 =47.5t-CO,/4F

ZhHIZ, VAT AT THBERIINT S CO, & (9 1,000t-CO/4E) DK 5% & 72 5,
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(2) RIKD CO, BEEALIT K 5 H 4w FE I H & il 20

ARERICEB T D CO, AT ED 0.88, 3.52L/min DA D, K D CO, [H &1k AL
AT O HBBRRS R (R 13 51E) 2K 324 10077 (BHENE= FRIME
ROLHEIEL, FIRIED 50%DE TR/RLTWD),

RR WBEHE(RE13S)

1000
FL— MRmE
45.0%
100 %
e [)
$ . 04.5%
+4.0%
10 e
=0 L 2 A3.5%
~N
g 03.0%
e 1 u
5 A ERE n *2.5%
B 2.0 %
L] L] -
2 o1 4 f,} _—
A e, °1.5%
L 2 » . [ N
0.01 vEETIRE 4 = oL0%
.v‘ ™ 0.5 %
= 0.0 %
0.001
0 10 20 30 40 50 60

CO,EIEE[kg-CO,/t-dryfk]

X 3-2-4 FRIK D CO, [EH & &2 K 2 SpiaH & o w2

FIK D CO, [H E & DM - TERE H &3 WA L TR Y . RIK o §h A8 fx
& (PbCO3;) ENBHZ LT, AfbLizboetEZLND, JFIK (CO,[HER=
0kg-COy/t-JK) DOSRRHBEZEEMLU T LT 57200 FE R F L — MRIMEIT 4%
PLEEZeoTHD N, CO, H BN ZIT O Z &I X - T, [HEEDHK 50kg-COy/t-
JKCL E DS A st &2 KL T 727200 F L — MR ARE L o7,
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(3) EIK D CO, [HEACIZ X % HE 4B FEEE &I 20 F

FEJK D CO, FEEACAERL T O A HEBRFE R (R 46 5i6) LohE A 2R
R (BRE 19 5iE) 2K 3-2-510737 (hiEHENERE FTRERBOSRAIX. T
FRAE D 50%DfE TR L TW25),

o4 TRABHE (RE465) 10000 TRUEHR(BEL9S)
|
— 0.01 [VEXEE g 1000
> " ) u B
£ - g
i E [ ]
| | n
o - o vEsE i =™
go.om VERTIRE - !ﬁ 100 L
- | ] n LB Bl N | ]
0.0001 | 10
40 ) 40

10 20 30 10 20 30
CO,EER[kg-CO,/t-dryiX] CO,EEE[Kkg-CO,/t-dryB]

3-2-5 EJKD CO,HEEICLIMNEHEDKE

FIKIE CO, B EALLIE 21T 072 < TH S #1X HIBBREE R EELL T Th 5 23,
IR & [FERIZ COy [EE ' DM - T EN/ A LTy | HE&ENZ <
725 & EREMRE T IRMEARNM E 2o TWND,

—HOMEAREITCO, ZEEML THIRMT 2 LN TERN-T, BE 19
T L 2MEAREE T, 1 BECHEBICENT2MOEE SN TEILOTHY
EEAREREITERD, Lo T RE 13 508RE 46 50O KIC X 2 HRBR CTIX.
WA BRI RN B 22, BE 19 50T L 53R CIXREEL LI-mnK
fRLl=bDEEZD,

@) F£&8
Rk 29 AEFE O FEERBAERIT TR OEY TH D,

e JK®D CO,[EHE A HER L. JK lton-dry 7=V . FEJK TIX 28.6kg-CO,. TRIK T
I% 55.4kg-CO, TH > 7=,

o TRIKIZ CO, ZBEET DI L TRE 13 FICL2MEBEHENHD L, ECR
BELEAZHEH L2 CTHOMBRHENEEMBL TIZRD 2B L,

o FKIZCO, ZBEET DI LT, MK EFMRITES 46 712 X 2 &2
WAL, L, BE 19FICXsnEHFE (ERICENT 28) ICiEm
HI R T2 Dy o T2,

Rk 30 AEFE I COy DR ~DEEAL Y 2T ATHB VT, ORI 2B I >\ T
BIHEZAZIT- 72,
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2-2. CO,BEIE{LNBIRNDEEEBEEAHED

AR D K 912 Fpk 29 4F B o JLp ﬁ?ﬁ’( K, RIKE HIT CO, ZEELT D
LT, ENENERS 46 R, BRE 13 5HRICB U 2HBEHENKET S Z
AR Lo, SERKL 30 AR R, COzlﬂiﬂ: LA EMA 2o zEElc oW T
AT 5 HA T, pHIRTFMRBR V21T 72,

(1) pH EFHERBRICOWT

pH K FFIEERER & 13, BEEW S pH O R/e Dk 4 2RI HEfL L -GG OB N &
AREL, WHEE pH OB AR T 5720 0RMTH 5, BELHHITHD
VTONTEEEYOESRBFHEHBEICROEET IRERN 71X, pHOZELE B X
BB, UERBII KOG ISR DEED» L OEEBEEIFEHED
EWIM 2L EEORMICH NN T WD, MIKEZ Pl & L&Ay Tk,
T EORHAKICEMT B AEEMEN B, — 5, BRI o BETBED
KIZEMT 2 E L H D, Z D7D, WHIKO pH % 5~12 FRE F TEH) S &,
ZOFPAD pH ICH T2 ESBEOBEMHELRE L CREAEIT 5.

A WIEM L7 pH KFEMERBR TIZ, 78 VMR oI Y — & Bk
MO FEN NI 2 T W7o, BUBE 30g & B 300mL (B R 23 BT & @ pH
W25 X pH A ZHRM LIS O, B E=10) % 500ml &F#&FIC AL, 2 K
MOEATIE E 5 Lz, €& 9%, 3,000rpm T 20 47 Mmooy B L 7=tk . LA % fL
B10um A>T T 27 4V H —TWEAE L, LEARIEO pH B X OG5 E %2 1 &
L7z, pH IRTFMHERER 21T - 72 30BN

O CO, # @ ECLIEET HRTOEK (BLF, COy RKEHE(LEKX)
@ CO, Z[EEAME L7 EJK (LLF, CO, [ EMEK)
@ CO, Z [HELE T HRTORIK (LA T, COy A [ EALFRIK)
@ CO, Z [HEAMLIE L 72K (LLF. CO, [H &AL REIK)

D 4 FEEEZ W=, CO, ZEEAL LIZIRIZIE., Rk 29 45 o BB 26
JK 250g 12 CO, I 100% D A A % 1.76L/min T 60 /7@K L7zb D& HW =,
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(2) EJK OV HZE)

CO, REFEAFIK & CO, HEALTIRIZONWT, $piEHED pH KIEME R %2 &
M U 7o fE R A2 B 3-2-6 (12 (E& FIRME (0.01mg/L) AR Of5 R Ix, & & FRIE
D 50%DfE (0.005mg/L) & L TRI/RLTWD),

m CO2REE(LER (pHREERD) 0 CO2REIE(LER (pHREER)
10 o CO2EIE{LER (pHREERD) o CO2EIE{LER (pHREER)
=)
o]
(] 1+
—
~N
- s S 7= U N N N AU IS S SO SO VR ERE
-
i 0.1 =
& 5
=]
O
0.01 VEERTRE
o0 O a o0 opge
0.001 | I I
4 5 6 7 8 9 10 11 12 13 14
pH

¥ 3-2-6  pH K AFPERERRE R (F2IK)

pH FEERTOSRTEH EIX, CO, REE(LFEIKA 0.08mg/L (pH12.0), CO, [EE1L
FIK A 0.01mg/L K (pH11.3) TH o7, pH iiEE% DO HZEEIL, pHT~12
OHIPH TIX CO, KEEAL, BEMTIK E I EITEHEM (0.3mg/L) Kl TH
ST, pH6 LA F &7 0 LM EMAHEMT 2 & 720 pHS OSKMETIEL CO, &K
& E AL KA 4.0mg/L, CO, [E EAL IR 2N 2.4mg/L D FEYEAE % 18 2 5 $niR H B0 b
mEhTz,

CO, K[EEAL., FEMHMEIK & b IZ pHIKFHEDOEEITFER TH 528, CO, Z [HE
b2 Z &Ik, hEHEOMEINRENRD LT,
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(3) K D $p s iz 8h
CO, REEALMIK & CO, [ EALTIKIZ DWW T, iR & O pH R 77 kR 2 5
i U7 R 2 B 3-2-7 123 (GE& FIRME (0.01mg/L) AR Ofs R i%, &&= FIRIE
D 50%DfE (0.005mg/L) & LTE/RLTWD), 2B, CO, REH ELIIK Tix pH6
UTHEICpHIL YL ETORBRNS | SHEHAEEIER T 2 2 LA ER Lk
B, pH7~10 TOREBRITEAM LT,

A CO2KREIE(LRIK (pHEAEER) A CO2KREIE(LRIR (pHIAEER)
100 o CO2EIE{LRIR (pHIREERT) o CO2BEITE{LRIR (pHIAEER)
A
o
10 © = A
s >
=
3 1 "
E A
; ____________________________________________________ VR HE A
H
® 0.1 o
0.01 VERTRIE
o > S .
0.001
4 5 6 7 8 9 10 11 12 13 14
pH

4 3-2-7 pH KA MR R (RIK)

pH ST O SR¥E HH &1L, CO, REELTEIK A 42mg/L (pH12.3) . CO, [E E L7
JK75 0.01lmg/L (pH10.2) Kiifi Th o7z, RIKIX CO, Z [HET HZ & THEEH=
DY KBEIZHNH & 0T WD, pH FHEE % O 8h O VA H 28X, CO, R EH E(LTRIK Tik pH6
LT LU pHII BLED & X CO, [EEALTIK T pH6 UL T L O pHI2 @ & X (2
ThENEHENSEREE 2B Lz, COyREE., BEMMIK L HIT pH (X
LA ZEEZ R L TWDH2, AL pH TOMBHEZRET S L, T )@JJT“
X CO, ZEEAL L7ZTRIK DT D e EITA 72 < > TEB Y | CO, HEIZ X
e & oI B TR bz,

CO,#BEEMLTH pHAELB I LMEHENEEELBRT LMD,
CO, ZETELLZMKIZH L THF L —AIZDEBIML TBL Z &0, BY%
EMNEMERT LI ETHEE LV EEDND, HL, CO,ZEE(LARVEGA XY
LX L — MHIORMELZEIT 208035 5,
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3. SEEERL=CO,ZAVW-EENHEHER

VAT AT THEEREI L7 CO, ORMMME L LT, ¥Rk 29 4 TIK~D[EE
&Mt L7z23, CO, [EE ATHE 7R &Y CO, RN & & Hh# L THI 5% & D 7e 2 &R
FI L7, IR~OREELIAT CO, [EERZMIE 572D O HM % MF4 5 H
BT, B L7 CO, ZHHWTHEZRET 5 AT LI OWTEBERBR ATV,
ARSI 2R L7z, EE IO T BRI ISR W T, BT AP O T A BRE
AL L THERATHZENTE D,

B RGO KSR E FRRIZrRd, CO, 2wtk Y — 4 (NaOH) (i I i & &
%L HEYE (NaHCO;) WNAEKT 5,

2NaOH + CO, — Na,CO; (¥Afi#)
Na,CO; + CO, + H,0 — 2NaHCOs| (JL %)

REET R U A (Na,CO;) & EE DOKLIREICK T DIEME 42X 3-3-1 1ITRT,

60

50
B hUD L (Na,CO,)
o e
40
~
¥
E Na,CO5—NaHCO,([CRISHHED &
S 30 NaHCO,(&AM@EE FEIDHET 5.
~
= %‘Eﬁﬂ% NaI‘%CO;ﬁk;\EE’ (3.0moI/L)O
- P y \ E (NaHCO,)
8
SIRBS Na,CO,BAE HEWmVU<Z::i__——"‘—————
/
" [
A—-‘/
0
0 10 20 30 40 50 60 70 80
BE [C]

3-3-1 fREEFT b U AL EE O R

AEHMERROLMIL. KRBT M) U LOREBTIIEERML, RSN EEAE
RE CHEDE EEHORMELZ B CEENLET I25ETITHORLERD D, —H
ELT, K331 12EE LR EECTo, BT RN v ABXOEEOREMEE
R~ L7, BRBRTIL 3mol/L @ Wik Y — X KIEIR &2 W7z, minal o 3 A pl SOE 2 &
V. RPEY — % 3mol/L 7 CO, &S L CaENREET U 7 AICHR# LTz & IE
TL L REET FY U AT 1LSmol/LAEKT D, 2 ORFOKEET B Y T A (106g/mol)
DYER AT, 1.5mol/Lx106g/mol=159g/L=15.9g/100ml & 72 % ([ 3-3-1 HO), #
BRI S0~60C CHEML TRV, Z OWRMEFPATITREET MU 7 L OFEE MR (X
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3-3-1 H#) LHEBLTRET N v A0BEMEII oK RENES ICHEMT
Zax8

SHITRET MY TN CO, ERIGL, REDEHFICEHMBM LI ERET D L.
BEEIXEE ARSI Y 3mol/L AT 2, 2D L X DOEE (84g/mol) D&
%, 3mol/Lx84g/mol=252g/L=25.2¢/100ml & 7¢ % (X 3-3-1 7Ro), 50~60C TDHE
HOWRME (4 3-3-1 R 13 15g/100ml FEETHDH DT, KEEFT MU 7 AN E
RN, WREEZB X726 O T 5, (ZEOBESG TIX, EE XM
TMCHEMLIIREE 2D HARA TR T 5,)

3-1. EEHEHR

(1) ARSI

EHRERBREEO 70— %K 3-3-2 1277, RBRICHT D Cco, TAIX, v A
T A1 EFERBREED CO, N2 =y b THBELT CO, 2B DAL =T TAD
PER & oyl L CE %2R > 7 (DA120S, ULVAC) Z AW THl &4k, BEmEI L
72 CO, IImMBTERDEZLL EENTNDHID, TABHAREFRZ FLU KRy b
ZERELCEM LK EZRELENOFIRE CHA L, EERERBRIEEA
Ao CO, HAYEIEL, 7 r— FJiEE (RK1650-10A1, KOFLOK) TH#IE L
BEHELE, AV E Y ICRE LAY — X KB & EERMA (WBX-90,
ASONE) IZ AN THIEDIREIZHFRF L, CO, TAZMG L CEHEFLME L, 1
YRV HAOTARE, BT A A —F%— (WN-K-5, SHINAGAWA) THEH
MEERE Lz, RREMEE K 3-3-1 IR T, itk Y — X KBEIROIRE X 50, 55,
60°C D 3 Iz W THEME L 7=,

AEFB ¥ /

CO,HRBE

CO, &4 B

My EURGES

[COA PO S
SV —SKERITHE)

N W :
—> @ —> K&K
BRHRA—H—
(FBEREAE)

PD‘J—N-II I

FLURYb (HRAHEE) m

/N
KEK

fEiaE RLUmRybk
(Y —F S AMRBIRS L)

] 3-3-2 EHERERREE T o0 —
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# 3-3-1 EHEERBRSM

EH &4
HEYV—SKBREE 3mol/L
RUNT  60°C
HEYV—SKBREE RUN2 55°C
RUN3 50°C

V- KBABRFTESE | 200ml  (FHEY—4H:0.6mol)

CO,HARE 1.0L/min
CO,HREBE iR

(2) ABRRE R
RO (RUN1) %X 3-3-3127-7, AOGEET@EAT L 72> TV EHE N
AT L, LB L-IREETH B,

HERBIIRE &
X 3-3-3 EEHEERBR O T
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RUN2 #BRIC B 1T 25 Hitk Y — KB D pH ORELELB LI APy A
A J:Hjm@ CO, A AR BEZ K 3-3-4 IZ-T, Witk — X KEKD pH 1% CO,
o i@ WS TICF L, AT S TR U 7= GER T ARER 75 43) Tid pH IX
87 F T TN L/, RUNI BEL O3 b [AED pH ZE(LTh o 70, & ISERETO pH

OHBEMEIZKOEY TH D,

* 3mol/L Witk Y — ¥ KK D pH= 14
o WY —FMNEEMSLTKRET M) ULAREMRL TWDHYLEO pH=12.3
o WIZMIGMIES, REEENEML TV DH5A O pH=28.3

LMo T, zlzuit%ﬁ@pﬂzzmotfoﬁtwotoﬁﬁﬁﬁb NIZHL D ERHEE SN D,
O Wtk Yy —Fix@m g A% 10/\F‘?%J“TFE&7LBJT7A EER AN
@ WAT L TR X ICREET N U 7 L & B (2 R 3
@ AR, "@H#ﬁ*@é%i%ifﬁmﬁ%mlj CEHE DS ERE 2B X
SERURINAPING 73»%%/% (AT

—o—-pH -& CO2AOEERE -o CO2HOEHRE
14 3.5
A
Pd A,

13 \\ = 3.0
INg S
12 - 25 8
\ & o g
11 Y & 2.0 g
L \ A7 ’ red =
o : e 0
2 10 N 4 - 15 &
N~z R S)
-~ M ©

9 ! d - —o 1.0

A -
o & °~o
- pRed
8 — 5 0.5
~&” 5 T
7 G == 0 ) 0.0
0 10 20 30 40 50 60 70 80
EH A [min]

3-3-4 HME Y — Z KB O pH B L Y CO, BRI & DO REZ (L (RUN2)
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B U7 b o s a3 3-3-2 1237, oW BB EE (I x—
) THELE, £ T RUN TIEBWOREET b U 7 ARK 90%E @<, El
T 10%RM CTH-oTo, —FH. ARITEEDN 95%LL EE 72> Tz,

#3-3-2 WEWME ABROGHTRER

& 5 RUNT RUN2 RUN3
X EY 9.4% 9.9% 7.8%
B
| mEEFRUYL 90.6% 90.1% 92.2%
2 gE 95.5% 97.0% 96.9%
"
T REBFrIYL 4.5% 3.0% 3.1%

WD OBEEARENSEELY ENo 72720, O FIEICOWTHREZIT-
7o WEROFER, BB E 0N ORILEE TR CIkE®%Z 105SC TR L TR Y,
ZORICEEOL I DML TRET N U ANAER LI AaREMEN & W 2 & AV
L7z,

2NaHCO; 4 Q=Na,CO;+ H,0 4 CO,

HEMERBREHET>C, WEMPET Lo L2BRT I TETH-
Teid, VAT AT OFEFERBRA W (CO, HBEEOMRIRTICE D) ol
W, HRBREITY) LN TE LMo,

10SCCHEENRGMINT-ATRRELHERT 270, EHRIEICKEZRML T
105C TR L 7= A L. 40CTRIER B LA 4k L7z, 105CTHzME L 72
Lo, EEANPHO 63%FE THELZDICK L, 40C TRUERE L2 H D134
HOIZE 100%DHEETH o7, EENGMLTRET N v LB T 556,
AL O HEHBEESIIHEA L 63.1% THHIDOTATIERENRET MU U LITHHE S
NleeBZBZbND, o ZBEBERHREEMTICK 2B% o BEEHEI G, 105Ci
TIX 14% TH o7 DITxt LT, 40CHIEHZETIX 963% Th o7z, L7eh-> T,
HEELREBT N D LAORMELZERT L L, EEMERBR CERLZILEDIX,
FE 100%ICIEVWEBE R AR L TWeb O LHEETE S,
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KRB TH LN OEELYF 3-3-3 10, RRICBITA2WEIN X %% 3-3-4 1T
R,

*3-3-3 EYMoOEE

5 E RUN1 RUN2 RUN3
HERERTERILBRY™ | g-dry 2.46 8.07 10.94
HBEAHEZEBEMS? | g-dry 13.54 10.78 7.74
AFtEE g—dry 16.00 18.85 18.68

X1 HEBERTH (REFIHBREE) CHHLTLWITIRMOEE
X2 HHKEREE (20C) FTAHAMLAERICHTELEZEABRYOEE

3% 3-3-4  EERLERER O W - I L

) E 8
V-4 3mol/L 24¢g
7K 200ml 200g
Y oL coa BHEICHTS
= = mo 4g
(L BRIG-BHIE) EES
RUNT 16.0 31.7%
(&8 60°C) e e
E¥ RUN2 18.9 37.5%
= = x o s o g .
(HBRTOERE) | (&E 55°C) '
RUN3 18.7 37.1%
(&8 50°C) e ot

XHBRTOERE (R3-3-4) FLBEUL LTHE

# 3-3-4 L0, EHEIUEIL 30~40% LK<, ZLIFELRICHEMLIZRIET
boloZ Enbmrolz, EAMLICEE L TiX, riiz s ks, B L
LAY — L CO, bl TR T 2 2 Ll LD EEEIEIL 100%IT 5T
HTEMTEDELEEZEZD, witEY — X RKBERDOIRE LR TiX, %4 RUN TOIRESE
RIZB T 2 EEHEX, BEMIUWIREL REERER ST,

61/139



3-2. EEHREARTLDFS

(1) RELM

HERLE I CHOWTO

REDORHRESM 2 £ 3-3-5 1277,

#3-3-5 BEEEIES 2T A0 FS RE LM

HA &
FERCHNEES 14,000 t/4&
3t B BEEN KR IR HE S 50 t/H
BEBa % 238 B/%
AR AR | Mg S 20 t/H
BEaBE#% 350 BH/#=E
NAFTHREES 150 m*N-dry/h
NAFTHRCH,BE 52.5 %-dry
INA XA HR CO,EE 47.5 Y%-dry
CO, PHEMEERE | Hppritee GRIRE) 999  C0,/CH,
BRAHRCH,EBE 90.0 %-dry
C0, [ I I 87.7 %
C0,mR & 62.5 m°N/h
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(2) AZ T AeMigk COEERE TRER & OFRPEAF TORER D LK
VAT LD THBERE L7 CO, DR E AW CEEA*MET 556, £ 3-3-5
KV SA A A RAFEAEE 150m’N/h, CO, R 47.5%., FEHA A CHy IR 90%7 &
B CO, RlE 62.5m°N/h & 725, 20k &, FRD CO, AT &L
62.5[m*N/h],” 22 .4[m*N/kmol]X44[kg-CO,/kmol]x 24[h/ A 1350 A /41, 1,000[kg/t]
=1,031[t-CO,/4]
L%, ZTOEDCO,ZMNTHRHIETE 2 HE T
1,031[t-CO,/4F 1,/ 44[kg-COs/kmol]* 84[kg-NaHCO3/kmol]
=1,969[t-NaHCO./4E ]
Eip b, AL T AERER A R T D BEANE A3 50t/ H T, & 3-3-6 (2T KM TOR
RPEHF OB AREFEFE L TEELMEN T 256, EHOHEEEIT
12,000[m*N/h]x {(300 — 30)[ppm] + (50 — 30)[ppm]*2 } +10°+22.4 [m*N/kmol]
x84 [kg-NaHCOs/kmol] x24 [h/A] %238 [H/4] /1,000 [kgt] x1.2
=095.6 [t-NaHCO:/4]
L2 b, LEENR-T, BRI LT CO, REND O EHRE &I LT, JFahE
HFECHEMT2HEEHRREOREIZ49%L 725,
DFERBEAIF CIHE T EEH A RIET L2 DIC L ER WY — X BEIFUTO X D
2%,

95.6 [t-NaHCO3/4E1+84[kg-NaHCO3/kmol]X40[kg-NaOH/kmol] = 45.5[kg-NaOH/4E ]

# 3-3-6 HEE OFERME N AR ZEIRFME 44

HE s
A0 28 8k 50 t/H
BEBa® 238 HBH/#=E
HHARE 12,000 m°N-dry/h
HCI 300—30 ppm
BN RABRE
SOx 50—30 ppm
EELEN 1.2
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(3) CO, HEH & DA

NAFH A HEEI L7z CO, 2RI L CHEE 2 8k U, JFsBERIF o Bk
HABREEFNE L THEATE2V AT LD CO, JEHBOREEZITH, Wk 2T A
WCBWT, PR BEAE CREA T 2B ME D ABREREF & LT HRUITANLR T
HWEAREERT 256, SOICEHEZHEATL2HALOHMEBEITo, £ A
ThT7r—%K3-3-512, REFMHEEZEK3-3-TICRT,

/" (a) HBEERLI=CO,h SOEERIES 25 /s ™\
. CO, 5 EHE (a-2]
S AADA L EELEH
SHEES
HEEIR |
CO, HEERRT — sEHS
i e S5
=y BEL bty PN
AR = co,
Y —4
- 4
(" (b-1) RS 2T 1 (RS RGEER CH AR EER) h
““““““ 1
o [ CHmE | i HERE |
B T e " COMRERL |
e oo o = - - 1
\\
(" (b-2) {ERSRF L2 (B RIREIER (CEE#ER)
(b-2] —— (b-3]
BAR L%ﬁfﬂ | mERGE
E - CO,HEH
\\ J

X 3-3-5 EEHHUES AT LARORER AT LD 70—
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#* 3-3-7 COHEHH EDRFE LM

IEH E s
FHCHULEE 14,000 t/4
5t SR BEAN KR WIERE S 50 t/A
BEBXK 238 B/fF
BEARE 12,000 m°N-dry/h
HCI 300—30 ppm
BHARABRE
SOx 50—30 ppm
HARKEL 1.5
EELEL 1.2
CoO, nREERE CO, [E 4R = 62.5 mN/h
CO, FI A= 4.9 %
EENERE HEBS 1.0 kWx?
CO, BEHH R & watEY—4 0.56 t-C0,/t”
E 0.1 t-C0,/t"
HABIK 0.092 t-C0,/t¥
BN 0.579 t-C0,/MWh

¥1:00,5/EHRET 7 0.1k, EERXZ Y —HHARL T 1.5kW, &FE 60%& KE

STBEEIN L7z CO, 2RI Lo EEME S AT A8 W T, wifk Y — Z 2 b
EHWDEEICE, witEY — X OREICRD CO, HEHEN ERE SN D, Witk Y
— XD CO, PEH R IR 1T E 3-3-7 2> 5 0.56t-CO,/t-NaOH % 5, NaCl O &5 5 fig
XDty — ARG ERENICHAERREZ RV —CRELZENDEH
LA, BT AN Y EHEHT2HE6IC CO,BHEIIEr L A+ 2 LN T
5o

Flo. SBEENT L7 CO, b EE 280 L TRt ABREFAI L LT T2
L, BHE BT AL ONIT LY RIEIZHEHA L7z COy ERED COy 3 FAE L,
B PE S 2 Ll KRR SR 5,

CO, HEHIEHIEZ B L LTIE, RO AT A THMA L TV BT 2 REIK
FORIEIZARD COHEHEN A LIz L3RI D, BEMET ABREIRA & LTI,
—RAICHAKP WL TEY | HAKOEMEIC CO, #EHF£%H (0.092
t-CO,/t-Ca(OH),) ZF U= BNHIE L 25, 72, MRV AT LA TEEEZMHEHL
TWAHHEAE, FAAICES O FEIZ 0.1t-CO,/t-NaHCO; % 3 U 7= &3 HIE & & 72
%,
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HA K O 21X
12,000[m*N/h] X {(300 - 30)[ppm] + (50 - 30)[ppm]><2} +106+22.4 [ m*N/kmol]

X74 [kg-Ca(OH),/kmol] x24 [h/A 1 x238 [H/4] 1,000 [kg/t] x1.5

=105.3 [t-Ca(OH)./4]

L mEEOMAEIZRTIED X 9 IZ 95.6t-NaHCO/4F & 72 5,

PLEX OB UAEEZHWTEE L7 CO, HEH &HI 2 A2 3% 3-3-8 12”7,

BEHKY AT A CTHAKR ZERT 585G TEIER R85 59, 19.1t-COL/4FE D BN
Lol ERVATLATEEZEHT 854,
JAERIZ R AT D 501D CO, BENHI S, Z OFIEE RN K& <, 30.8t-CO,/

B AN LToEHE &Pt 2 & D

EOHIBDERHF DD AER & 2o T,
% 3-3-8 EERES XT LD COHEHE
BH &8 CO, BEH &
H a-1 |FMY—4ERAE 45.5 t/F +25.5  t-C0,/&
5 | Eoo
4 a-2 |HEEBHE 5.71  MWh/# +3.31 t-C0,/%&
% BIES | b-1 | BAHBRE 105.3 t/#F A9.69 t-CO,/%
&5 | +19.1  t-C0,/&
2} a-1 |HHY—4ERHE 45.5 t/%F +25.5 t-C0,/%
E | #Ema
& a-2 |HBEHE 5.71  MWh/£ +3.31 t-00,/%
i b-2 |BAEE= 95.6 t/F A9 56 t-C0,/%&
Al 5
b-3 | EAEE CO,HEHHE | 50.1 t/ % A50.1 t-C0,/%&
&5t | A30.8  t-CO0,/%

XIEBEBM®D a-1~b-3 XX 3-3-5 FICEEH L -EHE
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4) 22 FDORE

# 339 [CEHEHEHFOS = S axA N IoOnWTRELEREREY T, 4=
XN ARMIONTIE, EEFMREEBEOMAKEZHEEL TN OREEZITS
*’C{,\foel,\o

#3-3-9 EERLES ZXT A0 CO, P&

15 B B i &= Co, e =

H HEY—4X 30 H/kg 94.9 t/%& +2,846 FH/&

5 | #Bnoy

7q HEEAH 15 M /kWh 571  MWh/&E +86 FH/&E

% Bl s | BAEABIR 43  HM/kg 105.3 t/%& A4 528 FH/FE
&5 | A1,596 FH/&F

] Ty —4X 30 HM/kg 94.9 t/#F +2,846 FH/&

= | #mmny

Ed HEEAH 15 H/kWh 571 MWh/£ +86 FM/&F

ﬁq Bl |EBAEE 120 HM/kg 95.6 t/F Al11,474 FH/&
A5t | A8,542 FH/&E

KTV —F (T 48WBBRTHEAT 5. BAE =45 5t-NaOH/&F +-48%=94. 9t-48%NaOH/&F

BEWRES AT ATHNT ST =07 ax e LT, WY —ZOBAEL
HERENINOTOND, WPEY — X 48%/KIFE THEA L, /K THR L T 3mol/L
(12%) THEHAT LI DO LT 5, HEENITIT CO, HEHH~=y FTHEEEND
COy ZIGHICRE AL DI T 7 7 &, kLT AT Y —ROEEHZ
T 2R TOWHBE N Z iAty, EEMES AT LA CTRE L-EE 28Ik T
ABREFE L THWDIHE, ATV —TCHEFETLIZENAERTHD (—HOICIX
MIEEEZET D08, TOHAEITIEIMK « B TRENNIELE L2 D),

Fr=v T aA NREORER, Mk AT A THRET ABRERICHGIK (AKX
IS AR, HE 1.5) NI 256, EEMEES 2T ATIIHEMQ 1.6 55H
DaAALAY vy FRELND, WKV ATLATEYE (YEL12) 2FHAT2854
LT DL FEMNSEHEITHDOAY v RGN LT, T =07
a2 FOHIER LY, EWRE S 2T AOEE 3R T, BMERERE 10 £
LT HE, WAKBARNKRBOLAIZITN 16 EMLLT, EEBEALNREOYLEIC
L8 HAHUTETOIREND D,
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3-3. F&H

o NAFHAPDyEERII L7z CO, z ikt & L THEE 2 80&E+ 25 Al z

Tole, BOLNTZENY DR & T LTofE R, REET R U D L703 90%
. EER 10%RECREEWTHY, HELY BEVWKERTH-TZ, Zh
XA OB THRIZH T DR ICEHEENSM L, KRBT U TN
ALz tlick b0 b, EERICEIMEOSWEE N LKL TV
b LRI,

NAF I ADDS BEER L2 COy Z ke L CHEEZME L, Ok
BT DM AALERIEH & LT LR CO, HEH &1, 4F[ 24
HE 14,000t O L, RV AT ATHAKEZHERL TV EHAICIE
19.1t-CO,/AEFE ML, EH 2 L TV DA 30.8t-COL/4EHE H A3 Bl 5
ENHERLIRoT, EEME AT LAORHCHWD WY -2 % F
Axpr X —Z2HWTHET LT, FREET A EZERT L2 L
T CO, HF H & D BIlEZh B X N+ %,

NAFTADPDSEEREIR Lz CO, ke L CHEEARIE L, JFERBEHF
BT DMMET ALBIEF E L THERH LD 7 =7 a X ME, #Ek
VAT LATHAKEZEA L TWD5EICE 1.6 B M/, BEE LN LT
WA EICIESSHITM/FEOaZARNAY v EBRELNDLFERE R oT,
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4. HEEEWLT- CO,ZRANAZR—aV I R T LDOKE

SYBEENIR L7 CO,FIAMBEDH T, KRED CO, ZHMT 5 nTx, Hin
BEIZHESL SN TWA A X R = a U E B AR (LLF, Bl A X y) il
ETAHYATAIONWTRE LT,

4-1. AR—LaVRIGICEDER A D E

INAFTAND A EEEI L7 CO, DRI MEE LT, KED CO, 2AFIH " HE T
by, MELIOMAICOW TN CHIGAIER A X X —Ya VN ER IR
TW5,

A= a UVRISE COy EAKRFE (Hy) MOHAEMA X (CHy) HAERT 2K
IS TH D,

CO, + 4H, —» CH; + 2H,0

CO, EIET HREFEDBMLETH DM, KEMERFO CO,HFHEZERICT 57
D, KFBIIHAEFMEZ XL —CRELEZER (LT, BAERMEREN) &AW T,
KOBR M CHRET 2 Z BRI LD, 20D, REMITEZ2KES A
B2l ED T ATERHLT D E M T [Powerto gas| & FFIZALTER Y, EU & LTS
LB AED STV 5,

I DI, KOBEBRDHRIIKLERE &, ENICHONILERAZ 2 REE
LTHAZ U TREBLELEZIIHBONLIE N EZ BT 5 & 2T —)F N
0% F EIEWZ0 Y KOBKDRICITHAEAMEENORRS ZHNVD Z LNK
VAT LADOULBEFELEZLND,

BAE, SUMH G AL IcB W T, Kt EOFENRTE R LF —ICX
WBELIZEIORFNBEICRD 2ob Y HAEFMREHOEME & bHIZ, 5%
FIZRFEIHML TN b0 L PRIND, REWNITHAEFREE N ORES
DEBHMELTHHHFINTVD,

AAF—vary TCRELEERAZ VT, PAZ VOB BIEMTRET 2
BRELA B oM, B LTI A RAICEEEATLIHERS S, Lo LBROE
PTIE, BT A DOEEEACONTOZALERFHELL D A A Z Ok =
ZMNEE R DT DERNEAL TR, 2D, KikE TIE AL T T A0
HEUL L7 COy &, FARREENORFE LV KOBER 5 CRE LI2KE
MHAZF—=va IS EVERAZ 20EL, e A AT AFICEEN
HABLERGDETHAZ L U THREBTDHV AT AZOVWTHRFZITo 72,

v
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4-2. SRATLOBHEH

(1) »A2AF s 781—

NAFTTANPGEIR L7 CO,ZFHALIEAX X —Ta DV AT A7 — %[
3-4-1 127 (P OFEF 13K 3-4-2 DHBICKHIET D)o XA T T A0 5 CO, 77 B
%%ﬁfﬂbtcmk\K@QQQMT@%Ltmf#% AL F— g VG
RV EMAZ 2 /ET D, KOBRDMRAMIZIE, 7V KEMRTA, FH
& 53 B R IR 5 =X mmm%ﬁ%%ﬁﬁﬁkﬂﬁo % FRicB W T RAE
DREMEALTHND 'Y, Zodm T, AREICBOTIRAEA LT, Bk A
=V N ARANRRLBEMTHDLIT VI Y KEMRGFRNEHEEL TS,

AZ T IR TIAE LT ANA T T AR D CO, & CO, 77 BEN R T oy Bt L .
AR URENA ELTEERITALAERA XV EZRELTHT AV TRET D
7u—k L7,

YEPZEIN:! N\

(d) : +EEI XK
(e) DEECH4EE|§E

| ortranz f=>{ commmmi —>{ emmnz ]—)[ HRZTH
. 4 J

SAFLI © \\

AIX—23ADS AT A
OBMAT >

®[EURCO,

| Kemnmam —> ok

BETRE
@ 9%

3-4-1 BRI L7Z CO, ZFH LI AX R —V a VI AT AT 00—
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(2) MR &AT

ABRFHZI T D FS AR A R 34-1 17T,

#3-4-1 AZFX—3 3 AT A FS RELM,
IHH 54
FRCHNES 14,000 t/4
AR UH RS 32 B 5 20 t/H
BEBa % 350 HB/&F
NAATHRAEREE 150 miN-dry/h
INA XA HRCHEE 52.5 Y%-dry
INAFHRCO,BE 47.5 %-dry
HAI VO UREME 38.0 %
C0, P REIREE SEElERE (BIRE) 999 €0,/CH,
BRAHRCH,EBE 90.0 %-dry
C0, [ 4 = 87.7 %
C0, [ 4x £ 62.5 m°N/h
AEFR—TaAVEE | WEREG 16.35  kWh/m*N-CH,'"
BimEX 234 B A/ mN-CH,/h) "
FHEGLEERE HEEO 4%

X1 BEUAZVEZHETHOITRELGRAIRILY—

X 2 {BENEAM 20 &R
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4-3. TRANTGVR-IRILF—NSURFE

3-4-1 7 v — 2o T, Ml ZAHLBLED 14,000 h > DOLGAE D, A X K —
VAUV ATADIANT UZABIRNZRXIALE—AS U RAFRELEER YN
3-4-2 12, RERME K 3-4-2 ([ZRT,

AAR—a VAT MZEANT HHAEFREE (1,022kW) ZxtT 5, A
TV UTRELEENON, SEERIN L7 CO, b RELEZAKRAZ VHKD
BB (236kW) O =R /UFX —hF (X 23.1%TH V. HAEFRRRE N BEEFHT
HGE BT HERELSKTETDH, Z0ZEnbh, LI L HIT, K
VAT AIRFOFAEFRENEHND Z EREIRER D,

SRFAI N\

297kW : FERH B3R
236kW : &FCH, B
150m3N/h(CH,=52.5%) 87.4m3N/h(CH,=90.0%) 533kW : &5t

| ortranz f—>{ conmmam |—>{ ommnz || »zxzan |
A

.

SAFTALI

62.5m3N/h(C0,=99.9%)
AFX—23AVS AT A

J
\

OBMALT >
62.5m3N/h(CH,=100%)

| Kesmomam —>{  ox=

250m3N/h

FEAEE
K 1,022kW /

342 AHXF—3 a LV VATADTANT LA « TRILE—NF R
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#3422 AFX—TALUVATLADTANRT LR « TRALXF—NTF R

1EH e
ERCHNEE 14,000 ton/4F
ARy NAFTHR | ©® HRRE 150.0  m®N/h
H R CH, B E 52.5 %
C0, = £ 47.5 %
CH, i E 78.75  m°N/h
C0, RE 71.25  mN/h
co, CO, /7 Bt IE EIRE 999 C0,/CH,
73 B E B C0, [E14x 2 87.7 %
FRRAR @ HRAEKEE 87.44  m°N/h
CH, B & 90.0 %
CO, = 10.0 %
CH, i E 78.69  m°N/h
C0, RE 8.75 m®N/h
@ 4% CO, @ HRAKE 62.56  m°N/h
CH, iR & 0.1 %
Co, iR E 99.9 %
CH, i £ 0.06 m®N/h
C0, R E 62.50  m°N/h
AR pr—ay | KFEF @ HRAKE 250.00 m°N/h
Bl B ARy | ® HRARE 62.50  m°N/h
CH, B 100.0 %
B &R B 16.35  kWh/m°N-CH,
(a) HEBEBIRILFX— 1,022 kW
HREER REHE 38.0 %
CHE I R EE 35.80  MJ/mN
(b) HEARRE 2,187  MJ/h
(¢c) &R CHRE 2,238 MJ/h
(d HBUHIREEE 297 kW
(e) BAMCHREREE 236 kW
BHHRE=E 533 kW

XEBHORSIER 3-4-1 FICEE&H L -IEH
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4-4. DRATLOD CO, HHE

AAF = a VAT LD COHEHEIZOVWTORERBEE K 3-4-3 IT7-7,
AR —va VAT AOFEMER BT, £3-4-1 KV 3500 L35,

STBERIL L7z COIF—HERA X T IND N, AT VU THU CO,
b, BINE EHEHBIIMEEESNS, B A X L OREICLE LT R LF
—X, BAVRENEZMEAT LI LE2AEE L TNDD, ZHUTHKRD CO, N
BlIEe R, AFZR—2 a0 AT ARKTIZAKRAZ L HEOREREITE
% COp BENHIB ESND Z & 720 1,148t-CO/FEDHIBBN RN E S N DR R & 7

> 77,

#3433 AEZF—a LY AT LD CO,HEH &
HE &E Co, Hri &
BRI CHBEE 0 kW +0 t-C0,/ 4
1% 0 5
ERCHHEETVSUHAR 62.5 m°N/h +1,031  t-C0,/%&
4> Bt @ 4R CO, 62.5 mN/h A1,031 t-C0,/%
Bl 5
B CH HEREE 236 kW A1, 148 t-C0,/%
&t A1, 148  t-C0,/%

XEHD CO, HEH &% =0. 579t-C0,/Mh

4-5. Y XATLDIARF

1) A1 =¥ /Lraxkh

AZF = a VRERMOA =2 v b3 A RE, % 3-4-1 £ D 234 5 [1/(m°N-CHy/h)
£ %, AXF=va VAT AEIRFMOBAENEENDFEEL TODL5E DR
ICHEERZAT O 720, BERICK > TRIOA = v Va3 A MIRESEEIND,
344 UIBBFEILDA = v L a X P ERT,

F 344 AEAR—Ta UVREOA =Ty R b

BARE RS

% 10 20 50 80
BRA%VE (1Y) m*N/h 62.5 — - —
BHAR VE GEIRE) m°N/h 625.0 312.5 125 78.1
RiwE BAH 1,463 131 293 183
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2) FA47HA 73Rk
AR AZ Y Im'N %720 OEHHE 20 FROBEDTA 7 A 7 a3 A b
(LCC) 1. # 3-4-1 OBEFENAL (16.35kWh/m°N-CH,) . &M% (234 7 1
/(m’N-CHy/h)) | 4EREEEHRE (REEO 4%) 26, UTO LI TR EN S,
T =v T aR Ny
16.35[kWh/m’N-CH,]x % Tl - 4= 7] GE 78 /) HL A 79 /kwn)
A=V x/VaX gy
23477 [ /(m*N-CHa/h) 1+~ F5 18 F [%]+24[h/ B 1+365[ H /42 1+20[ 4]
R A Sy
23477 [9/(m*N-CHa/h) 1= F5 18 Z [%]+24[h/ B 1+365[ H /4 1% 4[%]

343 I LR OXRTHE LEBEHR, HATTEENDEMIC L2684 % o ofilig
aAMERT, BAEFRERENDHEMAELS RD1FE, TR MBEHENKLS 2 51T
ELARAZ CED LCCHREL R, FRIBBENMMEWFETIERE LS EHT
éo

— BEEEAGE : 7F/kWh — LB AR : 5F/kWh — BB 84 : 3F/kWh
200

<
6 180 |
Z 160 SEWNRRELAION/IWh_
£ \ \
< 140 AN
T
: 120 |
¥ 100 ~~_
(o]
g 8o | \\\\\\\\~_~_~
B 60 | SEENTELL3M/kWh
4
,Q\\ 40
x 20 |
0 1 Y 1 1
0% 20% 40% 60% 80% 100%
A5 > BEFBORREER

343 BRAX L DOTA TV A )R b

—F. A AZ v Im’N H7- 0 O EEIT.

35.8[MJ/m*N-CH,]+3.6[MI/kWh]x 5& T8 ) 2 [%]
Thy, BEDHREZ 38%E T 5 & 3.78kWh/m°N-CH, & 72 %, ZDOREE % FIT
ik (39 H/kWh) THRATE 55A1%. 39 H/KkWhx3.78kWh/m’N-CH,= 147 4
/m*N-CHy L F O A K A 4 v 5l LCC TRIFMICHENLT H 2 LIk b, K 3-4-3 &
DA RTRETE D O FHERAMI A 5 F/kWh O A . A Z 2 B O B A 37%LL
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EThHiiE, A A2 o 5E LCC 28 147 M/ m°N-CH, ML F & 725 Z &5, L
DL, BRAZ CHKROEERMN ZAFEELEFEFED 13 M/kWh O5EIT. AR
A A HLTE LCC A 49 H/m’N-CHy & 720 | A AT HEE A Bl 28 3 M/kWh & L
THARY AT MIRFEHIT AL LR,

4-6. F&H

o VAT LI THBEEIR L7 CO,DFHMEL LT, A=y a VI AT
LZgE A U AR S LB Y 14,000t B OO Jifi 5% T CO, BEHI & &
1,148t-CO/4FHI CE 2 LA SNz, AL, A ¥ Fx—v a3 V& CIHE
THENE CO,HENEr THLIHAEFMNEENLETHZ ENMIRETHD

¢ AAX—vaAVVATAEREMOH DL LD ET HEOITIE, LLTFOEME
METHLDLZ EDNbhrol,
> AA X L DEEEM A 39 H/KWhFIT)E 25 &, AA X D
i 2 A N & 147 FH/m’N-CH, LT & 2 %ERNH D5 (FENE 38%)
> LRlo%a, REBFAFEE D OMEMEEZ 5 H/KkWh &5 &, A
A —a VR OMMAELZ 3T%U LE T HMERH D
> AR A X AL DFEBEBEMA 13 H/AWh(Z AEEBE)OH AT, A A
VAP ES 32 ST VA A
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FA4E S RATFLI - #HEBEENFTCOHTRIVCUEFTRAOEDF AL AT L

VAT LAMTIE, A7 A1 Tl &2t U7 7 A kg oo = 8GR T T 2
TV UMBOPEHT A (LU, GEHET R) OoFBFIAIC O THREFZIT -7,

GE #EH A NOx JREIX— MBI m <. PEHAHEZ R S 25 72 0 1Tl %
I X DB N NERIBAENEZ N, ¥ 2T AN TIE GE HEW 228, Ky O, i fiE
EEWNOXRETHDFMICEH L. GEHENT X & (F5% 3 2 BE R N IZWRGA A |
Bk 3 B BEHFIZ BT D NOx K F T 2 4 A {8~ A 7 A (BLFLEGR)
ERISGEDOMPAFFI-EDZ EICX 0, GE HEH A L BEHIFPES A D NOx %)% X
KHERICERM S ED Z LN E R D, Fio, BEHMEGR COIRZE KU RBEL 23 X
BATHA A EGIRBETE, Fol@EEMER & @ RGRHIZ T 5 1HEE KRR
£5 Co, e BEDHEINL & . By IEAEH &I L 2K 2 Mea@E L T2
NA VRV AT LAOBEMNMEZEO D Z L AEERD,

EGR (2L % NOx (KA = A L &L FIZRT,

o O, REDEWEENIFIEN X 28R S & THREAFWNICWRIAZ, FHNZ i
HCREATOIZEICEoTH—RBBES L L, BEREMREAIC LY EAL
72 NOx & A DOFLME - IRBEEE B W THRET HE TS A (NH; - HCN
RE) ERISSENOX 2R 5,

s BEEREAKM T2 LICED, BT ADORALMEEL, NOx O
R AT 5,

EHEH LT GEHET ADKMEL U | GE T A DBEHIF N ~DWIA A Eik > EGR
IZ X2 NOx RN R L AR O R EZRT Z LRI TE D,

SRR 29 4EEE I PR BEEIST T GE HEH 2 DA RFH O A EEMEIZ W THETT S
TLEHEABMELT, BRESVI 2L —var i EtE s~ (KETIIUT., ¥4
) A O/NLEBRIFICE T D EIERBR B L O FS 217> 72, HEEIF~D GE HEA
AMRIAFZIZ XV EGR & [AARIC NOx 28EJ L. EGR & [RIFE O NOx B &) ] 4 R~
FTEWIRR LG,

Z 2 TR 30 4EFETIE, PR 29 AR OEER SR A B L IC, S HIC NOx JBE L
PeH A B AR S 2RS4 AT 2 2B E L, SERk 29 2 & RIERICH
BEv I ab—va e/ NIERIFIZE T S EERR, BEXOFS 217o72, B,
VAT LADFSIZONWTIEESETHRETLHDOT, KETITERKT S,
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1. NOx BELHEARAEDEFDNREZM LB BE A EDKRE

NOx ST ICI1E, £ 4-1-1 (2R & 912 DEFRMEH O O 7 % FIEBRE (U
T. EGR). OBRBEMIHEIE (IREFREE (IRZERELREE & R . FKESE), 3K
Fl 259 2 @M UL, @ AR L, OB ES S Y . GE HE 7 Ak
IABIIDOIZHEYE T 5,

# 4-1-1 NOx KR

52 4 A A
0 D HHARBEEEA (EGR) ® BRRIE
X
_ @ P @ AL A A
16 B S "
(EB R, FRKES) © iR

X575 NOx KO 7= HICiX, GE 7 AHM THIAAL T EE S 5 kL
GE Pk H AMGAIH L Q~@D FIEE AT HiEERBEx NS,

WHTiX, EGR L IRZERILRBEZ M A S DETZ EGR VAT AL LTHEMHALTE
V. GE #EH AMIAZTH EGR 1278 b » TIRZER A BEZ A G DY AT A
E LT EITo T2,

GE HEH AMIA I L IR ZER R BELIN O LRO~O D FiEZFHL-LA L5
2605 0, Y A BOBIMLHA OB, WAL H RO, FERQAER S
MBLBELR), KREEOAKOBNTHD CO, BEHEFIP & 2 A M TS 7%
MBIV, 2T GE PN ABMTHGAL FIEEEIZ XL D I 5785 NOx K % i
Tz,

P2 BEZEBSEDHiEE L TRESEBENEZ 5D, Bk X 951
GE HE W AMIAZ L IR ZERHREEZ R T 2 AT 0528 AL TWD, 67258
HABHIWOT-OIZ, EXRE LD FTTH2ZEIXAETHLIN, BREDRLE L
720 COFEBRDBMPLZDMORE (728 213, RA FAREORFEWA) Wbk
COBNRHDZ ENnD, ER[EHITFER 29 FE LR —L Lic BREIZZR),
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2. RESSaAL—3Y

2-1. MY

DFRRBEAIIF ~ GE P A B R AT 6 0 BEEVFEHE T 2 O PERZE b (TR EE .
NOx, CO, 0,72 &) 22OV T, FE229FEICHELNIZMARLE D LIT,
O NOx D& LR HEBEN NG LN D EIRGFM LM - T2 2 &
@ EKBBEL EGR, GEHEV AMGAL THRER Z b+ 25 Z &
FHBIE LBRBES R 2 L — 3 v (BEMNT) %217 -7,

SHEMEE L LCiT, BB S 2 b — 3 g O RIS T A REAE A L AT A
O/PNIEBRIFTIT 5 720 (GEMIIE 4 = 2 ), DNRIERFOFERE H W,

2-2. BIAE

(1) BRIEL S 2L —Y g U E
RBES R 2 b— 3 g VIR BGRIEIEST Y 7 b D = 7 “ANSYS CFX”Z ] L,
HEETTVEOLEMEETER 4-2-1 & Lz, NOx Ak « MIRFHE IS, ATl 0T >~
7 RICHH SN TS NOx EF L& vy, NOx Ak « IR EH % %2 UL o FIE 1T
of:o
o BMBEVIalL—arEITH (NOx AR - HIBGEHEIZE £20),
o BREELV I L —varORBRICBITHIRE, O BEE H V., NOx DR -
HWBEHE 2175 (KA ML),
FEEMBERNZ BT DR BEIC L o THRAT 2 NOx D T~8FNIREHICE LD N
HISKE D“Fuel-NOx” L EbNTHEY D, ZONBWE & 725 b D% NH; & HCN T
b, TDED, THH2WENLDONOXx A EEET 50, AREEIZEBIT S
ERNT Y DM AR S O EBRIFOEBETHON - EAMICE S L% L
= EE Wi,

*4-2-1 FE=ETL

BB &
@iy 7 ANSYS  CFX

R T 3R

B Pl EE
ARETIL k-¢ ETIL
BIEETIL BHEBMETIL
BHETIL HMEEZEETIL DT ETIL)
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(2) BEEY 2 2L — 3 V&Mt

DF X BEENAF ~ GE #E 4 A 2 WGA AL TE8HE O NOx IR R &4 g3 57212, 1t
RIRBE & EGR ICH T DN © 1T o 7o, TERABE L EGR ORRBERH &1, #
Z I DB 2R RT3 D M AL O BRBESR AR & L T,

GE HEH AMGAZ DBRBES M 1X, TAHNBERER BN 50 N /HZ T AD a3 N
AV RYRAT L (AZ TR+ BEAIMERR) (B0 5 GE HET A & & B AdE D
ABEDOWMENGHRE L, GEHET ADOMMRCRE T, AT A1 THR LA
A7 A (CHy B E =90%-dry) ZBREE L7280 E2 AW, =Y A —h~
DTV THERNOERE LT,

UL TFIZ BRI 22 R ERMFIT O W TIRT,

O I (BB MRS

IR CIE, ZHOMREREE L TCRDFZHWT WD, ZDH, By
Sal—Ya BT ABREEIR S RDF & L7z, BREHZH V7= RDF Ok 2 %
4-2-2 1277,

#4220 BRBES I 2L —3 g VITHWEBREL (RDF) MR

HH B I T4 4K
K %-wet 50.6
. % %-dry 9.1
BRELRR D |- e
a] R 5
n %—dry 90.9
(ExRS+EERFR)
C %—dry 50.16
H %—dry 7.09
0 %—dry 32.18
BIBR IR |
N %—dry 0.84
S %-dry 0.04
Cl %—dry 0.58
BERHE MJ/kg-wet 9.37
BAEMRRER=E m®N/kg-wet 2.62
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@ HAZME (RBEZEXLL,
J;ﬁ(}:ﬁ/\ll/%f/a/

WRIA T A PR
BITAHHALMEEZFE 423173 FT (TRIART A &1T

HEBREN A EZIXGEHET A2 1),

F 423 BREBEV I 2 bL—va LITBIT DT ASM
15 H B T Sk R 15t EGR GE BEH R
—RERL — 0.94 0.81 0.81
ZRERL — 0.6 0.46 0.39
LR — 1.54 1.32 1.32
ERRE °C 20°C (®iR 20°C (&R 20°Cc (&R
FHOFEARE m°N-wet/h 1700 1600 1600
WAHHRAE m*N-wet/h — 140 185%2
WA & H RE|E*° % — 9.0 12.0
WAHH RBE °C — 140 300
0, %-dry — 8.5 12.0
WA | c, | h=dry | - | 0.9 | 5.9
Hz | N, | h=dry | - | 80.6 | 821
MK | MO | bwet | o— | a8 | 73
""" Nox | ppmdry** |  — | s | 250

X1

%2

%3

CBRBRHARELFGEHARICEEFLIBRIMELELZESRE

MERHE S0 Fo/BOAVNA VRV RATFL (AZUHALHHRIENBES) ITHLT.,
GEHI N RELBEHIFHAREDLENSRE

WAHARENE =
0,=12%# 5 {E

WAHHRAEX100/FHAHEHRE

TERBEBE & EGR 1T, # i A O FEIRG 2 PRI 92 Brb D RBERME L L, &

B2

ﬂ%ﬁ;—: [/7L\—O

GE #E# A % ff %
*  GEHET AWIA B S D—
BLO132) &L,

o PFERBEHIIF ~MRIATe GE

BEDOLMEITLL T

tb & EGR OMGAF AT A ENA (JFHHOPET A &IZxt9 % EGR T A &lk) %
REENE ~WRGA A T2 55

nThHo,

WZER B L e 28 & X EGR & [Al— (0.81

HET A &%,

%}'L
DX

HELSO /B T ADa v

NA VRV AT AHIZEBITS GE i A& EBEHAFET A ED RN

FE L,

o GE HEHN A DWGA A A AR JE 1T, STHR

AP XA —H e T U TG

BonN AT HODO GEHET ABEE AT D0 b PFik
BERVF £ COMBHENSHT LT,
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o GEHEHZAOMRIZ, XWHE D'V A =T ~DET VT, HA
TUVUVDERNE 22D ETORBESET AR E LT, TAZ Y
Y OBREHE . NSRRI T O EFERBRIC IV T GE Pk R DL T A {E
FIZfEH L7 LPG & L7=,

e GEHEHAH D NOx EIX, X&' AT~ T Y T h
O, iR E L CHEHSh A BRADORREE Lz (KKRIGY1EE
\ZE D % H AKERE D HEH L HE)

@ A AWKIA I G

BB R 2 L— v 3 VO ERWRGA BN E & FEM 21T 5 Wik & X 4-2-1 1283,
SRR BETIE., DREREEIREE E o ) X)LV & TIRBRBESR O RITRE « %EED L OA T
H DL L7z, EGR & GE #EH AMKIAZ TIL, KRR % _IRIRBEB DL LHBEN D
WGATe b D & LT, ed, TRIAES) X, BHFICBWTIABAO Li» o T
MErREZLEEOHFHERT,

PESRIRBE T IRZER DMIAHRNLE DS EGR « GE HEHT AMGA R L Bie D01, Zh
T CONERF COERERBICB N T, RERELEFBENLVRADLEA L I
NT, RTEE C BBENSUGALEAD TN NOx BEZ K TEAHAN R b
OThHDH,

B, BB T HHEMBICB T DT AR OREITFEH OWE T, WEZ K
PR I8 =5 1 0 T CREA L 72

TESIRIGE EGR GEHFH X
s
PN Bt | i
: TIRES
— 17m/s
—RZES 1 =z
20m/s 17m/s
R =R
| | ] L
e RO
@ @
T =R T =R
e e
—RES —RZES

X 2 b— ¥ g U DZERWKGA AL E & R AT
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WO HK (X575 NOx K) %729 GE HE 7 A OWGA R 51k % R4 7=
(. WOABRIESCMIARNEE B2 T GAEDOREEY S 2L —va vV &{To 7T,
%*#@% I OWGA B8 e 3R 4-2-4, X 4-2-2 1T T, SRR 29 4 JE DO IRGA
Bl FeHE (LR, 77— 0) L, RUMGAANE CHRIAARIMEEZELS Lizr
— 21 Ee#HL Ly —R 2% et Lz, FERAANMELELESETLr—RA L L
T, BB EEBEBEOLAMNOWAT 7y — A 3 (R 2AR), B bk b #%aE
DEFRENDWRIATr — A 4 (R 3A), B b o BBELM, ZRIRBE=SE T A
M BWiATer—RA 5 (RR2AR, BE1IAR) O3 75— RA%ZMmitL7, EGR Lk
BT 2722, EGR TH GE 0 AMGAZ & [FFE L O WA i il CHRBES R = L
— v aryEiToi,
EGR & GE kW AMRKIAZIZENT, —#H DO —ZATIER L7 — A THWRIAL T
A DFEHENP —E L RWA L Z AT FEBRIE TYGAF /7 XV B 8
ERAT AL EBRELIEEDTHD,

T 4-2-4 K — ADWKIARSN:

F—2A
J X)L 0 1-1 1-2 2-1 2-2 3 4 5*
A 3
2 3
(X) 1 1 1 1 1 (Rl
(R#) (R#&)
BE1)
E WA &
38
G i 43 30 — 59 79 35 40
(25)
R (m/s)
G
E WA &
40
B IR 48 20 32 56 79 41 42
(25)
vl (m/s)
R

¥ WAHATRAEODHERIG
EGRTREZE : EE=3:1, GEHHAWAATRAE : EE=6:1TH 5,
RPENNORFEIER/ AINLORAAFRETH S,
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RIAH R = —¢=k_
> ==>

G

o—A0-1:2 -3 T—R4 —

|:" H i )mﬂ
HX

4-2-2  WRIATEH A DWRIA T+ &

3) BIEL I =L —v a3 v OFEKEHA

FEA I A 2 BERNE I D IZ 31T D NOx IR, CO R, O, —RBRBEEREH N
WEE (LT, BE) L, 2hozaBEyIal—ra vk, GEHET AR
ABTTEIZ LD NOx RN BRI OWTHM AT > 72, £72. GE HEH AMKIAH D
fEH % EGR & el L7z,

NOx DAL - HIEMEITEMETH Y BB I 2L —32 3 VIT KD NOx A&
DOEFEITINETORBREI D EJHEESHZ LN ENZ N, ZOTOREEY
a2 lb— gl kD NOx BE O Tl #xE Tixze <. M 218 TIT

277,
2-3. RITHR
PEFRABE., EGR, GE N AMRIABLDBREEL I 2 L — v a3 URERZFR 4-2-5 1TR

T, WELAMIFHEOWEICB T2 EHETH Y . BT T WIBREEE H D Wiz
B 2EHETHD (X 4-2-1),
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#4-2-5 BRBES S 2L —3 g VR

. ek EGR GE HE 7 X WA &
EH =K iv) -
R 45t 0 1 2-1 2-2 3 4 5 0 1-1 1-2 2-1 2-2 3 4 5
W 3A A 38 40
. m/s — 43 30 59 79 35 40 48 20 32 56 79 41 42
FRE (25) (25)
NOx ppm
. 165 56 IA 69 69 73 71 12 95 93 96 78 83 90 90 83
=E —dry
(M) ppm
. 1 4 1 3 2 1 2 2 2 1 1 5 8 1 1 1
=E —dry
0, %
8 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
=E -dry
BEHR
_ mN/h | 1700 | 1600 1600 1600 1600 1600 1600 1600 1600 1600 1600 1600 1600 1600 1600 1600
=
mE °C 890 880 890 860 870 880 890 900 850 900 880 850 840 890 890 910

X1 RPFAMADBERIEE/ AIVORAARRETH D,
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(1) NOx i

423 IZFHFOWHEICH T D NOX i mnd, WREILFT <M<HE<HKRERDLLIIZ
ALTWD (LIBEDOSHTHR L), fERAEE TIE—RIABESE T NOx 2 &EIRE CHET
Lk (FRWESY) MBSO, EGR & GE HEH A TIEARWE 1372 <, KK LR BE
IZE > TNOx ERBHIfl SN TWnWDH EE XIS, EGR & GE HE 7 AMIA K % ik 4 5
& . EGR @5 T NOx PMEJRE CHET 25 (FWEsy) 2Zv, ZORKIE, WIAH
A EHEEND NOX JEE & O, I L HEH AIREE N EGR O 5 MK < NOx (K 8 %h F 23 i
FolbDEfERIND,
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fiE R 1A

1-2 2-1

2-2

PR BE St

NO.Molar Fraction

NQ shamen
4.0e-04
3.6e-04
3.2e-04
2.8e-04
2.4e-04
2 0e-04
1.6e-04
1.2e-04
8.0e-05
4.0e-05
0.0e+00

EGR

GE HEH R

4-2-3  JEHRLEIENIZ ST D NOX 45 A
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¥ 4-2-4 (27— A 2T & D NOx IREHEE (0,=12%) OFFHEKRKEZTT (Kho
FEIMN DOEFIIWRGA BRI T D), ERIRBE & -~ EGR & GE #F U AMIAZ D
W7 OB A T NOx BENEF Lz,

EGR TlZ, 7— 2 0 TNOx IRENK HIMWAER &L 2o 7,

GE W AMIAZDIFETIL, r—A0 LR, EEm LS r—22 tHE
%&ﬂﬁlﬁm) WiAie 77— A 3~5 T NOx IRENPEWVWF R THoT2, LIeBn->T, K

B EELS THIEEICLY S LR NOX K EE2HEOND Z ENTHIS

s,

EGR & GE kW AKIALOMEME L &, / A 1 KTRIARLZAToTehE (7
— A O~ —RA2) I HFEORIAHTIE T NOx IBENK LIRS o2 b,
NOx I EEARI I % Ui 72 WOA AR NP ET DA BEMER B 2 6 b,

180
160 | .
EGR GEHEA R

o
AN

o
1

o
N

o
1

NOxEEIREE
(ppm-dry, 0,=12%)
'_I.
o
o
|

(00}
o
I

(o))
o
I

40 |
20
0

—20 (43)

o —2X1 (30)
o—X2-1 (56)

g —2R2-2 (79)

o —2X3 (35)

sr—24 (40)
TTA3.3825)

o —2R0 (48)
—2X1-1 (20)

o—21-2 (32)

o—X2-1 (56)

T—2R2-2 (79)

o—2X3 (41)

4-2-4 —AZT LD NOx EBEMHEM (0,=12%) DFHE
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(2) CO B

4-2-5 2 LTI BT D CO Doy & T, TERIABE TIX EGR & GE #E
AMRIA T L R —RZEREDBZVND T, —IRRBEET CO OFEAENMEI S T
%, 75, EGR & GE HEH AWKIAAZ Tlx, KR LRBEIC L 0V IFNIGE TR
HR &R TWDHIEEZRL TS, FKA42-5C/RLEEXIITHFH OO COREIL,
TERIRBETIE 1ppm-dry, EGR Tl I~4ppm-dry TH Y . GE HEH AMRIAAL TiE 1
~8ppm-dry TH YV (T b 0= 12%MEfE) . TNZEhDr—ATIEDL DX NH
b, LA LZOREL X EFHEOHEEIILILZb DO EEIOND, [ THMEIC
LA LT B ESILET A RT 4 (BREEA) ) T, BREEHRME LT
CO M % 30ppm LL T (O=12% B H D 4 B EHE) ¢+ 52 LnlEn<
Wh, BRES I a2 —va VIZBWTHFHAD CO RBENRT XTDTS — AT
10ppm-dry & FE > 72D T, LERBED RSN EWVWR D,
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it Sk PR 15t

1-1

1-2

2-1

2-2

PR BE St

CO.Molar Fraction

0.050
H 0.045
0.040

0.035
0.030
0.025
0.020
0.015
0.010
0.005
0.000

EGR

>

GE #EH X

4-2-5

AL EIC BT S CO 45 Ah
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(3) O iRJE
B 4-2-6 IZIF LB ICEIT D O, iz ~d ., EGR & GE HE AMGAAZ TiE—
WIRBEER IC B W T T O I RNE WK (FUVWiE) DR LN, 202 &
—RRBEECECFEHKINER SN LXK, Bu W AORENMEES L,
NOx KB IZ SN o= EZEZ BN D,

4) PeH A&

e 2 9 B 0E KB BE T 1700m°N/h, EGR & GE HEH A WKGA T 1600m°N/h T
»H ol

GE HEH AWiAZ & EGR 1E & IR 2R BETH D5 D T, K2R LR BEIC
LYeHTABEHIWPR REINT, 2O b, ﬁkﬁx%‘ﬁw@u:;éﬁmxmfiﬁm
BT 28O E . ZoEB EIRIC L D COo, HEHEHIRA I FTE 5, L
L. AIRD X 912, GE HEH AMIAZIZ BT 5 ZEK i EGR (Z{it> TW5H D T,
OB ABOEIILALIAD N,
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it Sk PR 15t

1-1

1-2

2-1

2-2

PR BE St

02 Molar Fraction

0z
1.0e-04

= 9.0e-05
8.0e-05
7.0e-05
6.0e-05
5.0e-05
4.0e-05
3.0e-05
2.0e-05
1.0e-05
0.0e+00

EGR

GE #EH X

4-2-6

P LWErmEmIZEB T D 0,50 40
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(5) IRJE

4-2-7 \ZIFE LW ISR T DIRES M AT, WERRBEL L5 L EGR &
GE #EH AMKIA 7 TIE 1200°CLL E D FEIE /N S < (WRGAB T A X W IFN DS S
NTWDZ ERnbnd, “IWREEHOTE, Eor—2THHE 850°C~900C
Tholz, EO O IFTHEBREICLIDLDEEZLND, EGR & GE HEH ARIA
FIZBWTIHRIARN B[R —D7r— A 0~2 i35 &, WIAAREEZ \ L&
HIEETARENMET T DM N AT,
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PR BE St

EGR

GE HEH R

[ [

] |

o e

A e

2-2

IR T

2-1

o

1-2

I [

1-1

[ [

Ao

TiE K 1R 15

|

Tmperara

g8 ARR1XERE

x

A eR L T T 0D 3R EE O AT

4-2-7

94/139



2-4. #E3H

BREEL R 2 b — a VICK DTSR L V. GE HEH 2 OWMGA B i %2 Rk 29
FEOWEELY bHE LIEHGE ERIALETEZE BRI LIy —2A0OW T, &6
725 NOX KIS RN RENTZ, ZDORNTH ) AL 1 K TRIARTHEEZHS L
=22 b NOX RN RPN & 5 & DR REZFT,

T ZC/RIERRIFICBIT A EIERBRTIE, B I 2 —2 a3 VIR N T
NOX RIHNEN LV RE Doy — 22D TRBREITI Z L & LT,

3. MERERFTORIAR

3-1. AEBRBEW

YRk 29 FEORERN D . GE HEH A DO PFEBEHIF N ~DOWGA L i A FAE
B A7 A (EGR) ELRERDOZNRIZE D,

e BWEHIWFB IO GE HEATAH D NOx # RIFRFICHM T 25 2 &2 rlgEIC L, Bimys
FIEH mOHIIC SN D Z &

o RZERHRBEN FHEL 720 | PEH A BB S Av, #F oA 72 & o i R R
BT 2HEEN IR TEL L

DREINTWD,

VR 30 FEEDOBREEY R 2 L—Y a3 VIC K DT D GE JEH A &K 29 4EJE
DMIAFFER L D H O TWRIATe Z Lk, 5725 NOxKEAELND
AIREME S R ST,

FAE R TUX B OWGA B il 2 8 < L 72 e CRBR 21T\, GE HE A A RGA Z
DRBEY R 2 b— a ORI R & i 21T > 72, 72, £% & LT EGR
THMIALJRHZ WS LTl E1T o 72, 2B, %RiBD EGR (7 — R 2-1), fifE
TA (r—A 2-1), BT A (Fr—2A 2-1, 2-2) ONFEIF., BIEOXEIZR LT
T ALMORNFLERILTTH D,
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3-2. REAH*

(1) /NRISEBRAF O WREE & R BE SR

FIERBR ICB W TBRELE LT L 7= RDF ORIk & 5 4-3-1 [2779, RDF (X[A
CA=BPBHALTWD R, RMEREFEDZFEE L TREL TR o nE
BT 50T R I 2 —2a r THWERA22 OBREMER ERZ2 D, L L,
AR D X DT BEY X = b— 3 3 » OfEHT#E R ITHE R T ORI CTix 2 <. A%
B 72 5RA 24T 5 O TRIBED 72 EHIBE Lz, Rl 3 2 06 KB BE 1, BB X (7 —
Z 2-1), EGR (7 — % 2-1) TIX RDFO %, fERMAREE 2. BT R (7 — 2 2-2)
TlX RDF@ % H W CEHGERBR 21T - 72,

INVIFEBRIFCIE—REREE —REREZRIEY I a2 b — a3 v EE UEICH
L, FHOO O BENREY S 2L —a VoRERKELRILCERD XS
RDF O fitff & & i L 7=,

%% 4-3-1 RDF #4k

S _
= B ’ HEHE
RDF®D RDF®)
JIS 77302-3 (1999)
S K5 h-wet 42.5 45.0 i
# LEEIZK S
f\ R4 Y-dry 8.7 6.5 JIS 27302-4 (2009)
B %-dry 82.0 84. 1 JIS M8812(2006) -7
C Y-dry 49.9 51.0 JIS 77302-8 (2002)
H Y-dry 7.0 7.3 JIS 77302-8 (2002)
0 Y-dry 32.9 33.4 HEZLD
N Y-dry 1.1 1.3 JIS 77302-8 (2002)
7
1 2HR Y%-dry 0.1 0.1 JIS 77302-7(2002)
@ (T-9)
5 | WEERR %-dry 0.1 0. 1 JIS 773027 (2002)
(B-S)
15 %
SE* Y-dry 0.8 0.7 JIS 27302-6 (1999)
(T-Cl)
PR IGE 14 18
B iE R Y-dry 0.5 0.7 JIS 27302-6 (1999)
(B~ Cl)
ErRNE MJ/kg-dry 20. 8 21. 8 JIS 27302-2(2009)
BEFRHEX MJ/kg-wet 10.9 10.9 -
BRMEERE m°N/kg-wet 3.0 3.0 -

HKEMERE (ZAN—R) -26x (IxKFREEG (Z~A—X) +8KE () OFEIE
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(2) GE $E# =&

INRRBRIFIZ I 1T 5 FAERBR TIX. CH4 IRE DY 90%-dry D /8o A 70 A & kL&
L7 GEHEH ADOFRIAMN T/, £ TLPG #BRELE L72RIEYEN X % GE #E
HADKEEH AL L THWE, £ 4-3-2 12737 LPG OBBEHE S AR IZ. CHy 2
90%-dry DA A H A ZWELE LTc GE HET A H D O, IREE L [F CIREEIZ 72 5 22K
ORI S T RETH D, EibB ik, K 4-3-1 &K 432 1ZRTERRAE
AR NOx AR EZHWNT, UTICARTHIECLVRES I 21— a VTHE
LToBE T AD O Y FE, NOx R, R, VAEERD LD ICHEL . (HFRE
RILITH 4 3 2-2-2)@ L),

# 4-3-2 LT A L GE HEH A Ok

e BEE AR GE BEH X
EH =K iv)
(LPG) (CH,=90%-dry)
0, %—dry 12.0 12.0
Go, %—dry 5.9 5.5
Y N T B B R
. N, %—dry 82.1 82.5
p I i ) S e T
H,0 b-wet 7.3 9.2
NOx ppm-dry*’ 250 250
WA & 4 R B EX? °C 300 300
WIAHHEHRE mN-wet/h 185 185
X1: 0, =12% & {E
X2 WAAHMEBEIZBITHEE
F
NOXx
BRIBHEN RIS > ) €
(zBE /N T
W (ERE RRZS
> NBISRERIFA

RN RS )
(zE#E X)

RS BN KEE

4-3-1  BNECR A IE AL NOx %6 A4 3 @ i mg ~7 v —
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4-3-2  ENJEFE AR R NOx 36 A4 45 18 4 81

O BT AT Oy L

BRI AR NOx BAEBEH O CTLPGRREET AT O, BEA2HE L, HiH
B (12%-dry) &72b X ICHREREZRMLT-,

H AR BT 5% E AR L
e XHAFHE., A=A T VLTI, HAZ UV UOBREBEZER N 2.2 2
ETHD,

e CO,NBEMZER LT-HAEDNAFH AR O CH EED 90% Th 5,
o LEKMHTHONDIBBEIET AL 0,=12%-dry & 725,

@ FEEE T AT NOx B E

O, M FE L RIAEIC . LPG #RBE N AT oD NOx 2 FE A & L. B A= E (250ppm,

O, =12%MHAE) &702 KO ICHRBEER ELZFIE Lz, S5, BRF AR

NOx FEAEED N —F — kKT NH; Z AL, BERELRD L IMHEL

7o Rk 29 AR R T AT E EN DR NHy; O FoHr 217 - 7265 % lppm

R TH O, I AKIARIZ L D NOx KBICEEN W2 & 2 REHAT

% CFRL 29 FEHEE p.87 2 M),

B AR R 3% E AR L

o XA, A—HEeT VT EVBE, GE HET A (BmHmERL) ©
BAME LT,
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@ iy A&
LPG R BE R Z ot B EICHHE T 2 2 LIc kv  BIEHD 2 & (185m’N/h) & 157,
FELfE A B R E AR L
e JERXHFL 50 h/HIZ T ADIA U NRA U RV AT AIBIT DI AT Y
VHET A B EBEHIFEN A B DR D/ ERIFOPET A BIZFE LT
KOTFEMESE L,

@ RS AESE

WA Fr ) R)VIEEE D LPG BRIEHT A DR EZJIE L, HERE (300C) &7

DX, BEAEEN L TBRBET A2 mA L (K 4-3-1),

A% IR 3% T AR L

s XMREELA—HET VT LXVE GE iH A (BEERRNRL) OFH)
fEIX 400CTH 5,

o FEHMHBIIBITOINTAZ UV UNLHRBERFETOT ALY 7 N TORK
B HEAEE/m LU, GHESM : £27 ME 50m, ¥ 7 NEEIRE 70°CLL
)

o MEGHE LV OFERBEEF A D COHEHT AEEE 300C & LT,
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3)

RBRARIEE & O

AR DIRBESAT ITUERIRBE, EGR, BN AMOAZ D 3 FIH L Lz, K 4-3-3
(2 3B ORBREIFICHIT 222K EVOAL T A&, WE, #HE7R7T, EGR &

Bilg W ADOR R AR T 572010, 2EKLERZRBREZIT- 12,
# 4-3-3 ABR&AF
15 H =R (72 TE K R EGR BEAR

—RZELL — 0.94 0.81 0. 81
ZRZERL — 0.60 0.46 0.39
EREE °Cc R SRR SRR
SR EX - 1.54 1.32 1.32
WAHHRENE % — 9.0 12.0
WAHHTRE mN-wet/h — 140 185
WA #HH R
e - - 0.04 0.12
WA H T RBE °Cc — 140 300

e 0, %-dry — 8. 5% 12.0

O M X M

A L WO LA N s i T3

18 NOx ppm-dry** — 50%3 250

L N, | %dry | — | other | other
¥1: WAHFHTRICEFNI2BREIMELLERLE
X2 WAHHRABEELRLL

= (RAHFHRAEXRAAHT R 0,BE %-dry) 21} ~EBHTEKRE

%3: MAEDEGT—2%3&ICLyIal—2a TRV :#E
X4 0,712% B &
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(4) AR E

B 4-3-3 |[ZRREEE 7 0 — %23 NERIFE O A b — I XBEHIF 2K DO RDF
ERAL, FTEELD —RELKZMGE L, HERBREOCLRAICT, mEBE E (X
4-3-3 13%¢1) & TIRIRBESE ORITEE - %hE ([ 4-3-3 F13%2) D TIREREERAL
7=

EGR 0% 121X, AL LA (LU, BE) AL =5 WEHET 2 %2
BRI AL L, SEBE ENOWRIAR, TIRZER & IRIABESE O RIEE ) 5 IRIA A
72,

FEHET A D& 126 EGR & [RERIC, BRI AR NOx FE A 4L 18 TR L 72 #E
BN A BB E B RAL, SIRZERE ZIRIRBEE OMIBED HIRGA AT,

I EIE ] ® [ pEEEE
AR _ ,
NOXFEAESEE & 1 % 1 r@
R
BERI 7>
®®
N N
7 7
—> %1 |
@ —> %2
— R
R 2B
£ AR
3 EAm R
9
RIS

4-3-3 ABREEE 7o —
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(5) MEHEHA

INHIEBRIFDET IV TIT o TR BEY 2 =2 L — 3 3 VIRNTRE SR & b EE 3 % 7=
WIT, RAERBRTHF AT AT D O, IRENE 4-2-5 IR LIEBRES I 2L —v s
VAER ERIERIC D L O BRBEREE 21TV kTR A2 W T BF O Ao
NOx £ COREL LY H M O R EZ /54T L7-, % L TBF i 1 4 2 HdD NOx,
CO, O BEENR 425 1T R LIEBMEY I 2 b— 3 VIR ERBROMEM & 725 0
P32 S GG A AT o 7o HE T BIRE A T A H @ O iR EE & BF H A 7 A 1 NOx
WRIE., CORE. “WHREEHNTRARETHY . K 4-3-3 125 L7505 M1 E &
Ficdd,

BF i 1 7 2 o1 NOx 1% NOx-0, 73 #r 51 (NOA7000, 5 & AFEfT) . CO 1% CO-CO,
LyHFER (CGT7000, BEBUMERT) O A 2 d o 0, B X 0, 347 EF (POT8000,
BHRER) 2V TERERRIE Lz, WE LT —ZIX 10 BHERTr T —I
FLEk L7,

3-3. AEBR&R

(1) PV RTF—%

43-4 NHX 438 ICHKHMEHB D L > FF—& (BREEL) 22557, (a)
I% BF i 1 NOx R & (0,=12%¥ R fH) . CORE (O,=12%#EHE) . JFiiH Oy iR
FEOBERE ORI ZLTH Y . (b) 1T RGBS DR, JFH DR, BF MO
WA ZBOBRFEORIEELTH D, ML RTF— TRHRMEICHEES AW
FALTWDT —XiX, SHEOKREREICEDZ2EDOTHY . BREEHET A DR
ZaRLTZHDTIEERD,

JFH O D O IRENFREM & 725 K 512, BB O HLfs & 2 % L T/ EBRIF O
IR ZIT > 7208, REOH®GEETT Y v T 250 8 LB ERES L-0
T, FHOO O, BECHEMLAEB L, TOD, FHOO O, E L H %
KOBEMIZI 3RERI O T —Z i LT — % ST ic vz,

TWBRBEEHOEE L - - AO 3T THIEEITo TV D, JEMENIZ
E—%T50T, UBEOT—EZ 0N TIE 3O EHEEZREMHBE L TT —4 %
Bric v,

k. B X 5 IZEBRICHE ] L 72 RDE oM, fERREE 1 - D 2 (7
— A 2-1) * EGR (7 —A2) TIEF 4-3-1 123 L7 RDFOZEMH L., ERKEEE2 -
Wi AT A (r—A2-2) TIXRDFQTH D,
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7 4-3-4 WEHEHE OFEHE
€ k& 18 5t EGR B AWAH
3 4 . ERE 29 FRE 29
EH i:-E v ERE 29 =X r—2x =X
1 2 FE FE
FE 2-1 2-1 2-2
(5F—2X0) (r—=x0)
WA & i 3R m/s — — — 59 43 56 79 48
3 FA A — RDF®D RDF® 1 RDF(D X1 RDFD RDF® 1
BF 0O
— ppm-dry 94 106 89 69 54 64 58 55
X i=E™
BF 2 O
00 i i 2 ppm-dry 15 1 9 14 9 14 0 0
=ET
FH O
0 %—dry Ji Ji i 5 5 5 5 5
) IR IX%
B A R 3
- = m*N-wet/h 3300 3500 3000 2800 2700 3000 3000 2700
Nl E
ZRERBEE
HORE °C 1060 910 940 1000 960 1020 910 1000
T iE

X1: FTHR2OFEHREEp. ISR
¥2: 0, 12% 8 & fE
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BF 0@ NOx {REOYHEIX. 1ERAEE 1 T 94ppm-dry, KB EE 2 T
106ppm-dry T - 72, EGR (/7*—2 2-1) TlX 69ppm-dry TdH ¥ | HLHEE T A RIA S
Tid, BT A (7 — A 2-1) T 64ppm-dry, #HE AT A (7 — A 2-2) T 58ppm-dry
Tholz, VR 29 FEDORER & [FARIS, BLHE T 2 KIA 5 EGR & A& IC NOx (K
BWE R EZRTZEBNP LN E o T,

BLHE AT AWGAZ TIX, BF HA COREMES A b TH Y | EGR LRI
ZERWRBENR AR TH DL I Ehbrole, FZWRREEHOREIZONTD,
MG R B BT DR oTo, LIz o T, BT AKIAL TS EGR & FAMRIZ%E
ELTBRBEAITADZ ENRRE T,

(2) NOx 15 Jak zh

AR D L D2, BT ADORIAAJ KL HE LHE TH NOx (K L 7228,
NOx BEICHE H T2 &Rk 29 £ (55ppm-dry) K0 HARWIEE CTlEo iz,

LU, R UBRBESRIECh HIERRBED NOXx IBEEE A b3 5 & £ 4-3-4 LV
Rk 29 4B 89ppm-dry, FRK 30 AR ITRERAREE 1 T 94ppm-dry TERBRIE 2 T
106ppm-dry TdH D . NOx JREEN LA L7z, Ak D X 512, BEEMBER THRAET D
NOx @ 7~8 E| T EHH K D Fuel-NOx & SN TH Y 12’\ BB O N 4y DR %
EETOHVEND D,

Fo, O O BN 8~15% Tl Fuel-NOx ~DHEHHFIT 1.7~9.3% &\ ) #
G B 5, M 4-3-10 I A O, L L Fuel-NOx 5RO MR Z 7T (BE
MR 18 Bl H) . Z D 900°C D AT ELELRR 2> B 3R & 7= RFBR 12 35 1T D 6 R BE T D iin
BEIT 22%LRkDBND,

Y=-48+1.0X =10

8- ° 730¢C

o 900

conversion rate of Fuel NOx
FY
1

Y=-6.3+098X 7 =1.0

0 T T T T
6 8 10 12 14 16

Q2 concentration %

4-3-10 fFH O O, B & Fuel-NOx AR D BAftR (&5 @k 18 551 H)

I TCHsHAR A 2.2% L R E L. RDF O #LAL A #7552 FH V> T Fuel-NOx 12 )&
%Hja“é & R 29 AEE O ERIREE T 22ppm-dry. AL 30 AEERERIREE 1 Tl
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30ppm-dry. FERBRBE 2 TIE 35ppm-dry (W FiLd 0,=12%Hi%R ) & 720 . RDF
HONZOEEIZLY Fuell NOX IBEN EH LWz D, LER->T, KRR T
D NOx IR R & i3 2 720 12id, ZOZ L 2B ETHLENH Y, NOx
R R OFAM I (1) 20F M L7 NOxIRBELZH WL Z & & L,

G -0

NOx fE I8 =5 (%) = c
0

X100 - (1)

Z 2T Co: [A— B D 1E SRR BEIZ 35 1T 5 BF H 1 NOx 52 £ #2 %A (ppm-dry) .
C : fifEH AKIAZ F 7213 EGR Bf O BF H 0 NOx B EWH R E (ppm-dry) TH 5,

¥ 4-3-11(a)lZ EGR 125 1F 2 KIA A Jii i & NOx IKIBE O REMFE %2, K 4-3-11(b)IC
GE HE 7 2 (BEfE T A) 1231 5 WA Bt & NOx (K3 D B4R & SRk 29 4F L
R E & BITRT,
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4-3-11 WA B JfE & NOx 1K I8 =R o B f%

EGR & GE #EH A (BT R ) RIAZIZI T D NOx IR Rz ik 4 5 & | RE
v ab—v 3 Y TCTIEEGR T 60~70%, GE HEH A (FifiE 7 A ) MRIA F T 40~50%
THO., GEHEH X (BN R) MIABDHFRNE LR TH - 1-, —FH TEIAERR
TIEELDLH 30~40%FEETH Y, F%ED NOx KBIRETHDLZ LR ohoTz,

F 72 GE HET AMGIAZTIL, WiIAAZMEHZ H L7722 L2 XD NOx (K== 23 1m =
L7,

EGR Ti, NOxfEE?@‘z%@m“ HEAALE DD, PREEL S 2 L— 3 3 o b EIa AR
DS THIARRIEZ IE L T 5 & NOx RBEPK T M %2R LTz,

GE HEH A WRSA T MM;E VIalb—y g d EIERBR T NOx KB RO E]
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BN, RIARGREZ RS 725 2 LI LD NOx IR M 32 & v 5 EH [ X[F
CThoi,

EGR & GEHEH AMIA AL TEZR HEM AR 72812 L THEZ 23 A 5, NOx
IR IEMGA R T AN K DIFN O & E wz@%% ABNEE LTS EE
Z B, WRGA PR D F NI &2 . WRGA F A A O 3t 14 Wi 1 R 23 3 oo 0 & D & X GA
HEXELTWD EHERA SIS, EGR & GE HEH AMWGA H D Z 1 E 1 TRIA
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