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S um m ary

Nowadays we have exhausted a lot of Carbon Dioxide in various conditions—temperature, 
concentration, component, pressure, and so on—, and it comes from our culture based on 

fossil energy. To utilize and/or sequestrate Carbon Dioxide, the separation and purification 

processes are essential. And many physical and chemical CO2 capture technologies are 
developing now.

These CO2 separation and purification technologies are influenced by the CO2 exhausted 

conditions. Hence, it is important to select the CO2 capture technology which fits user’s 

purpose. We have studied the possibility of high temperature CO2 fixation and utilization 
technology in comparison with others. The content was as follows:

(1) We have investigated the develpoment trends on absorption, membrane, adsorption,and 

cryogenic separation. And about the separation technologies which are in phase 2 

(stage of performance test by actual gas), the questionnaire was done.

(2) We have investigated bacterial/algae based CO2 fixation and utilization technology, and

CO2 fixation and utilization technology using catalytic hydrogenation reaction.
(3) Carbon dioxide disposal by the carbonation of concrete waste has been studied. The

concept was designed.
(4) The exhausted gas processes of LNG power generation and coal fired power 

generation were simulated, the concept of high temperature CO2 separation was 

designed, and the results were compared with the questionnaires.

(5) The above-mentioned processes are simulated by ASPEN PLUS developed by 

ASPENTECH Inc. in USA. ASPENTECH Inc. was born from the research 
organization in MIT requested by US DOE. Since this simulation model is generally 
used for the study of CO2 reduction technologies, in ASPEN user meeting we gathered 

and exchanged the informations and experiences.
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h \tffi% icj&Tt5 *e$> 5 7 o icccy? y h^6©c

—;5\ CB^ ##6 V f 4" ^;i/C 02©m-^#^T

o. L%#oT\

<5 C titmizm-o Tt'3 ct 9 te&t>tl%o C ©###2USD/GJT& 0 s C B 6DLHV 
^32. 5USD/GJT& 5 tfcfettuf, C B©m#@#(i65USD/t6^5 9o @1-2-2 
-4^b. :®cb«t\ *#
ktCB&HT"otXKck 00. 075USD/Nm^CAAT#6 C
##

x^^'x^fijfflu/cco27 v-7jcs^Stix smc:^ u<u m
co2^m<&#7#$#*#&#

st7'>3 y61o x rusD/Gj^TTyKs^^st-^ ^

1-2-3. c o 2B&&###&##%# - y 7 y -;i/^m^$;i/f-(iGMS)
y%TA"

y h tizx^xco 2mitimin&mx£
$6coz&iw:u. »icMt5:iiaot®^w
§ &Q • y ^ y —;l/-S‘S(Integrated Gasification and Methanol
Synthesis)^b|7°7 y His £-E#X©-SP£y 7 /-;W::EglU cn^h°- 
f c (tcT, A# e ^ - H'x Rim c ^ a /:

M*'x^bco20-^iii, igms%
my? y H* @i-2-3-i 1:^-#-9 (c^xfxfbgPF9CCGS). y^;-;^« 
P! (MSS) jo «k # S&mM (PGS)& e, % a. CGST^^Xlb^C j; cT^m, MS&J;

^ - am&fl. X^-AT-i&fnSilT, ^©-stiMSSK£ tl 3 0 MSSTiiGP
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j; y J

/<-s>#x(PG)t
iSfnx^-A(j:N y y-y#x(CG)

6 6W:m#PGS(:#*&3:h. m 
mwmmm izmm $ ti ^ 0 —
IrS^ftfcy y y -;HilW %PGS&

hTkr-y

->7 h
c O 2^*7°D-trX^6>^:

%y V ->Xfxm#^X^AT,

Kssc#a&&fi&'&5%#x(Dmm
li # ® ft H 2/CO/CO 2 ^ JV it }CH m 
$tl§o '>7 h£i£f§-e£j£Lfc C 02©— mtc 0 2^*'>X-^A(Rectisol7pn 
-feXMcJ; oT77 h#X&6 Wr3fl&„ PGSfr £ ^7" 7 > h W\ W» 

X y — E' 7 £ 2 E^J V'OBIlliK.Xf- — A%HS(Heat Recovery Steam 
Generator)^-^ —X }Cf"5lSyn"9*vf y7l/(CC)##y7 7 ht^§o

01-2-3-2(1 C 0 IGMS^my7 7 hMSS©®g£^to GPHypt
X(a)©#iS% '>7 C 0 2^*7"o-lrX&m/czk#U y 9^yfX(± A ©#K#
o TPGs^y y y y y y -;i/^0^(:7 ^ - K^n
a*# v y f h2/c o/c 0 2^jt£M'fb-r3fc£>K\ M^s©y v 
-7#X(CG)^m^$^l^o LPHyotX(b)0#^ C0y7h(!:C02E&&7DtX 

{±PGSiit^o^:^^o

MSS

C G S

PGS

01-2-3-1 IGMS#m7°7yKD##A4-A

7k 7k 7f-i

7k#wa"% CO. 5<g7k

(a)

«/-* 7k 7k

7k$'J.f»"7 CO. 7k 7f-A

(b)

01-2-3-2 C 02|&£ttt IGMS^m7D7 > hMSSCD® 
GPH70 n -fer X (a) £ LPHX n-feX(b)

mi-2-3-i(±x y>, y yy-;i/.
> h@ c 0 2#ai7 > h (i±%E#^

t^y;i/cc%m^7>h, #^xm@###*»#m(PCFmmy7>h. %&

<71C«^(BTD), mm^(FLD), X7 y ^>y"EB^(FXS)^'Xtbr^"<-XiCl-
5 3-7©IGCCBmTp7 > b-C$,^o 5Kli “Pittsburg Nag" T\ ^©LHVC^-f

—18 —



Hi){±27. 5MJ/kgT'&50 ^-X0CO2taiM(M,co2)iI*^/;!)©CO2i
ma(M"co:X 9 © C 0 2S£BS(Mcco2)^W^$ $t>S
gg^M'cozCML, y^yjojcCf/f 7-/l/^7^- K$tT,%2-D0CC#my5 
y h©Meco2S(j:^n€tl> Pcmm7°7 y h0M"CO2#0#45%jgckC^SSXK:#U^

iGccmEy^yHiwawv:#,
KStiSPCFy Mci *) t)Mec02^^1-‘^^/jN$^o

:1“2_3_1 7 y h © c o

CC PCF
ETD

IGCC
FID FXS

Fuel Methane Methanol Coal Coal Coal Coal
H, [MJ/kg] 50.0 19.96 27.5 27.5 27.5 27.5
Mfco2 [kg/kgfl 2.75 1.375 2.585 2.585 2.585 2.585
Mcco2 [g/MJ] 55.0 68.9 94.0 94.0 94.0 94.0
n [%] 50.0 50.7 38.0 41.1 43.4 41.8
Meco-> wmi\ 396.0 489.2 889.2 823.4 779.8 809.6

iGCC^my? y hoc o2#m#(±, ^fhcc Oz&E&a -

=k -3 tifirfiit'^ 5 o GPHT’a-^x^^-yfc-r-s IGMS70 -7 y h T'5k

m-2-3-2
©#-&© IGMS#&E7 7 y h ©A^##^^fo f 7 -/I/AAli, MSS
K7 4 - F$#6^^#%/CGSIC j; -oTASS tlS'g-Etf'XOJt A ^#A#©
m&Kj&zzo iGMs^my^ y ho##?? ->7 isi5ft©cogft$
( C 0 )c ilWt'0 C 0 2&i:mftt tC90% (C^ U' bTth^$ ftfc0

mi-2-3-2l:a<f «k-?C, GPH7pnIGMS^ET^ y hO A maxi*
l«k9W\$L'<!:l'7MW&ao GPHyot%TA#$^a/^y-

;l/MM(±LPH7°0-kX0#'^0#2. 0—2. 5#T& t) , jetlfcttJ&lsT'*—i?&Xik 
mMpeltm'tit'-yl&MizftZo %(Dt $ ;-Jiwvu c c%etp7 y h(? cc= 

50. 7%. mi-2-3-l)T#m$tl6#^. IGMS^my 7 y h (DB&zhm v t;m30~3 

2%(GPH)& J; <y*37~39%(LPH)T& 3 0 C 0 MiSTl&A

C 02(Mco2)(i^MKSffldti, C Oz#ai##M'co2(±*fE:-#-^IGCC%m7' 

7 y h(Sl-2-3-l)©^nbcfc *)*tl30~38%(GPH)jo «fc tflO~m(LPH)* < t£%0 
IGMS^my? y hT, C 02^=iyfUy^-iZ^ «9 60bar^-CE|g$tlT^:^^

Kft’g-znztib, m^M^cv c o2#m#m(M'co2)R(j:w
tz> igcc%stp7 y ho-eftck D &mo~20%ffi< *5 csa m« : y -/i/A
mm, Mpc: Ms: Xf-Ai^t) o
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1-2-3-2 A „.:©#-&© IGMSmgl/x 7

GPH LPH
ETD FLD FXS ETD FLD FXS

Mcoal gas [kg/kgcoal} 1.726 1.629 1.666 1.726 1.629 1.666
Am ox 0.850 0.920 0.755 1.0 1.0 1.0
Mm [kg/kgcoaH 0.767 0.738 0.623 0.305 0.360 0.329
Mpg [kg/kgcoal] 0.041 0.147 0.122 1.422 1.269 1.338
Ms [kg/kgcoaH 1.193 1.228 1.017 - - -
Mco, [kg/kgcoaii 1.145 1.025 0.909 - - -
n m 29.84 31.90 31.90 37.17 39.31 37.39
Meco7 \z/kWh\ 1134.0 1060.8 1060.8 910.4 860.8 905.0
(i>R [%] 28.43 30.63 30.78 - - - -
(Mecoih [g/kWh] 663.2 666.9 713.0 - - -

C 0 IGMS%%7^7 y bom&i^yj -?-(D^X*i$i/ 7 h&S^T©
C 0&Yb#(C 0)c##&mg?&3o

FLD# Xftjp t GPH£ tz (iLPHy $ J — /!"&•$ 7° P — IGHS

y ht\ Xf - A<^7 ^ - Kt*3 C < (Ms = OT-)'y 7
(C 0)c(j:#/J\#K%a(^X©^%7l('^mK:ck^^60-62%)o 

y7 h&0#CXf-A&#AU(C O)c#i#anLTPm##90%K:%& 6^ Rco:
C %AC 03m©jt)(j:55-75%(GPH)io «tu:

65~75%(LPH)(=%&. ZtltzCC OMmcM UT>
Msi RcoaOW^i fe®T-T^o ETD& <£ tfFXStfX'fbr ©# 

(mi-2-3-3#m).

Ms (kg/kgc) Ms (kg/kgc)

El-2-3-3 C 0 IGMS%S7°X y l'©C02|if R^
EJflXf-AMss C OElb^CC 0)c©E#

igns%etpxy Mac Ozi&*6#mg#a#&im#K:fT7 -<t^-e§30 ^© 
mm, *t>sg&-rata7 7y-/i/£jSMM, c Os#m#mM=co;a)
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h©###x CO2E&&X
tH-fbt* S £ t K 4: O X — i 3fc#T £ £ o

1-2-4. > h-e©c o2m4)

> h##x&& c oa^nuR-r£*§£-x m#w@4x% L©#-edb
9 ~27%1STL, ^13X h^l. 3~2. 3§C±^t5. Ishidabti C 02©

SLTl'So C©CLSAyx^A©4r-6^S<b#%;l/-y###^^^-#'S i 69 

-Cx j\'--?U(Dfcmmmjpm'wtem-tzm%„ &xxjMTtmmx-©#-*■> 
(D&WKm-tib#69;i/-y#m#?©K^(±^( i )<t(2 )& 
bM0&##4r+ U T-6'#-S<b#69;l/-y^0'C&So =S( 1 

^#BK#600-1000K)TmcS6m#lb#MO©m7C^m(##)T&Dx 5$(2) 
tiAtz^SlBBl(S9800-1700K)TE^S^RM©S-fbSS(%m)'efeSo MSB 

C4: cT#^©##x^&^Ux HV/g-gBf S/c)6^^J

RH+MO^mCOz+nHzO+M Cl) 

M + 0. 5 0 2-^-M 0 - (2)

c CTx MiiMO©i!5BM«^U

^(2#< 3#)x -y/r;l/, ?>#:/

&MESM£B^-B£^-tNiO/YSZ
Uym-e&MJtzntc r j^-tysz^s# l fc 
M-yfrK m#jt3:2)«b#©;l/-y### 

Fe,0,/YSZx NiO/AliO*©S69##^ 
7tfetifco Elb^STnSSoSSjSE®^ 
tiBS*^^frKTGA)^ffi^TllS$tL/c 

(01-2-4-Do
^IttRH OmL/s

5 Vent

1 Air cylinder, 2 CH4 cylinder, 3 N% cylinder, 4 Platinum pan 
5 Mass flow controller 6 Four-port switch valve, 7 Saturator 
8 Micro-balance, 9 Reaction tube, 10 Electric furnace

01-2-4-1 ##mm©«0

KMfeisti, R H <biTMzkSWffldti/Co 
_t is 3 m © ji'- fu<o htu t mkfcmMM © stm&01-2-4-21 0 1-2-4-3 k & 

to -tib©0T'(imib^x^S0B#^}->^bT7pn >y hStiTtr'So ::tx
= 0&4;tf X= 1 {i^ti€'ftx MUiO'MOiC^t^o Hte;I4:873K-£:\ gfcmtt 
(il273KTfi:^tl/Co

01-2-4-2j;Ox Nio/Yszm-f
#x Ni0/Al,0,%f (@#B )6Fe,0,/YSZ%f C##C)?(i#%jgm:(Kjt#69/J^ 
< H7t;^60~80%L^fe-01-2-4-34: Ox Ni0/Al,0,#f ^

cnkhcysz^m-tst, m
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S^©30wtMEACDS^-Kj:b^TffiT-r5o ttz, %E^X h T'y y^SOfftMEA© 
C O W:jt^50%#T&%LTx 50wt%MEAT(i25%ig, 70wt%

MEAT-|j;16%i|-e$,D> ±$m(:i&Tl/T^So

1-2-5-1 KEAmmt: =k 3 itt£%nx hCDE4fc

C0 2##%L COz^-m&D
30wt% 50wt% 70wt%

mw 500 700 613 584
Sk&w^x hx $/kW 1058 1842 1462 1348

hx W:?$ 528.9 921.2 731 674
#A0#x % 0 74.2 38.2 27.4

%i^7 y k -g^$ 464.2 617. 5 552.9 529.4
#Ao#x % 0 33 19 14

coz^my? y k - 246. 3 134.3 102. 3
*130wt%MEAS^Sx % - 0 45.5 58. 5

so^mmyx y hx 64.7 56.5 43.9 42.3
#30wt%MEAM^$x % - 0 22 25

##3X h#ao#^ % 0 50 25 16

*K C©«k 9 6^

2) Chakmate^M^tl^T’a-feXxIf-f y £ LT, :/]/3 yx ^ ^ -®E@ 
£MS^cd«x^-A&A^-Y ycDEg£m$LT^56)(El-2-5-l#E)=

^^irnfacD-c. %mu#<Da3&/j\*<i,, ^y=M#©^hA£hyy^EA

& 6KX ChakmabmMi LTI^T ^ ycDM£*£t bT<^30 
m^r i ymmKX^o, c £% < x m^nmm
ZMl&TgZ tit'io y 1/3 X f-CD#^x SI? X ^ - A © E A & <£ Z>7B -£
T $ yoM^Mirftbfx f ti3cD#^#mCckcTs

&#$®MBA7otXf:jt^T30%(3^{aMT#&^##LTMo

3) €©#
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SWEET GAS WATER WASH

STEAM

STRIPPERABSORBER

LEAN SOLVENT

STEAM REBOILER
BLOWER PRE

CONTACTOR

El-2-5-1

1-2-6. C
1) BrachtShU 7jcB^'X'>7 hEU T ^ ^-(WGS-HR)<&^^ L/c IGCC^n-fe X

ME£El-2-6 -ltc^-To E © MJ ic BE A ft b to, i/7 b EU&tfi&g Z „ 
fkJ&7m\±Wk&MML, COiliSflUK

El-2-6-1 7jcB*"X'>7 hEV 77;?-©ME

v*Eti, ^##6#^%©^?^^=^?#

##©%7 V f U T Fe-Cr/Zr02:!o J; <7Pt/Zr02
^iiRLti'5. c02M
$&mi-2-6-H:^'7o WGS-MRE^IGCC© C 0 2 D
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1-2-6-1 c o2®«
IGCCSS C 02@JRS[%]1

C ft L 46.7 —

#^0 0 2^*^ 40.5 88
WGS-MR+#^Mf;^J-zyr 42.8 80
WGS-MR+^^;Ji"7/'j--yr' 43.4 80

' ^4" h%#
2 RectisoliStCj:^ C O2B*

Bracht £> K <£ *lk£N WGS-MRE^ IGCC:/tH? X © —J1 ©%JjS^#tdX ®Xf- 
- A/C OJ:b£—J11S < -es ^MScDgfm. feiJ/dil'J 7/ ^-CD'^fg^#}C
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S1-2-6-3 ICCDR-3l65:S(D#ac Oz^gltifiT

ftS&Bffift
#*5CiSc 10 10 11 12 13 14 15 16 17
8f3SBaSSL"<JU A-f ny h /W □ "J h /Wn v h 9*RB ^*1*1* 7*1*1* /W P'Vh 7*1*1*
mn 5E8fiti'X sm
:?n-feX SHA**;£ SHA**;£ T 5 >;£* MEA, DEAS* AMP;£* PISA* PSA* **'H5KBS*
ssB^i/Msaomo 600 900 265

COM*#
e$^;g@S(m3N/h)

(t/h)
ES;g8S(t/h) 308 757 0. 25

570.6 545.9
29.4 54.1

42. 3* 40.5*
RffrtB* (MW)
CO2^®0f^S* (MW) 2.7 6.5
G02;"$(bBr^S* (MW) 29.3 72.9
msam±m^m(Mw) 61.4 133.6
iMSSSli)* (MW) 538.6 466.4
msuam*) 42.1* 40.0*
ms@%^(%) (Baft) 39. 9* 34. 6*
C02»Sil]JRfi(t/h) 245.0 611.0
C02»KHalJK^(?6) 90 90 90 90 66. 7 (90) **
min%co2#@E(%%) 99 46.4(89.1)
®S(4(kWh/t-C02)

C02##(3I|X 131 99
C02iSft 119 119
ft 251 219 J

**X
EE S±*X tMX ##X 002/air 002/air t-T/U^fX** fe t?;u*'x** 002/Air C02/N2 (10/90)
3fcB(m8N/h) 1, 622, 000 2, 600, 000 1,000 2.5 0. 3~0. 6 0. 02 0.4-4 1.6

(t/h)
£M I

C02 (%) 8. 55 13.3 11
^ 24.9

3-40 10
H20 (%)
N2(%) (Ar#Bt-') 90
02(%)
H2(%)
NOx (ppm)
SOx (ppm)

;££(°c) i 25
C025*E10kPa ! 1.05kgf/cm2

*1349.1MW&S *1349.1MWSS *S02(DB@^ L *CFCMS *>§14/k Polypropene *Cardo§9
**±##375:/ **±#(11375/ 1000MW**SgS **002/02, N2 tCORAL 2##

C02|l]iteS90%T:
C024E#%%_

**CH4/C02 i._ - Cross flow
C02®JlX7“ i'A 1SAQ 5S«XfiEI5 (2/1) I **( ) A(£2gg
SSttiiBE 1
170mx 110m i i 1
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D : #L_k##f 
E :^mtlb(D
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©S'S-tir^M • TfE©7>'7- h HmteJ: *) 7 >*r - hm&&ft
•pfco r©7>7- ms^/c^Tte,

1 — 3 — 2. 7 y *T — h ® @
RT(:7>y- h^B^ie-To

-Wfc^s^SM trgg-ts 7 >>r- ms

^A l//</I/(^#X//<^ n y h l/^<;l/)jo JzEFB
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1.
Hilts HT0ili:o^triiT^'o
(DBmtcggfssi (#mB "<#(igij^rn^-##;: itr

c? i"*)
## : ______________________________

= ________________________

####m : _______________ m_3N/hs t/h
t/h : _________________________

MO#*#, MW : __________________________
% : _______________________________

MSfr*(C0 2#jt®« L). MW : ____________________
mm@*#(co2##M%Ws ww: _________________

% : _____________________

CO zfrmisik: ________________________________________

c 0 2^-mmmm^j, mw : __________________________________
c o 2-mtpmmti, mw : __________________________________
IIM(CO 2»EUR& OX MW : _________ ■
mmm##(co2#sm4%&ox % = ___________________
C 0 2%&a, t/h : ________________
COzMIis t/h"

c 0 2^mm##s % : ___________
HURC 02MSx mol% :

--C02«iAP^#ttl#- 
°C : _________
MPa($>3HiEScDSffct;-) : ______________

I^XSis m3N/h: __________________________
-MJ&n mol%-

N 2 : ______ 0 2 : C 0 2 : H 2 0 : _________
N 0 x(ppm) : SOx(ppm):
¥'X h (mg/m 3N) :

(t $> o T ^ ~i~~~
% ■ ___________________

mmirZ>$>(D%:Otl^'
T^t') : (it'' t'-t'-X

% : _________________

c)^M0^#'f-^(H,C,N,S,AsX
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H*0rSli(kWh/t-COg) : _
Xf-AMi(t/t-C02) :
— co 2 jSiESJ —

£S(M) : ______________
$M(M/kg) : _____________

m#tk(kg/t-C02) : _______

©Mo/ >x#m(M/t-C02)

mm#:
#R

@%l(fl/t-C02) : ____________
(#) : __________________________

Tcmrnrn#®####(#) : ________________

'tfro

psa, ptsa, mm,
: )

##:KEm0#'&(m3fa&0&OT@Z,TT3W : 
4b¥M&s MM&, PSA, P T S A, m&,
(f : )

(®^-r3&©£ 0-effl/^T£^) : tel,', t,H^
rsm:
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ft*?, $7>#- hHSltNEDO^b©SIEE%©-W<l: LT'tti $><D7\ CTffi

15 u^-ru j:

cgts-r*feo^owersi') : «r, #«r

%±

rsF^er'^i,^ bfc£, mmti < ra»T$i'0
^ftUL'gf, UTmK&t)3(r(69 Uto

1 — 3 — 3 . 7 y *r — h
r>7- m±i 4tt (mm cm#L, m^it 111± oao 4: Dmwc. r

>4r- ;C'«k 0%%* b±
^a%#T&ao co2^t«iico
-CtfoTfctK 2. CD^^CD^KBl^U

fco
cn^yy#- ms© 1. ©ef^m^smsiiicmb? )££ £&>5 t, 

gl-3-3-l©ck9 KtZZo fiMikjjtDm
'&fcm&LTt'fcf£l,'fcEM(D&tiT7!-?l$Km'Xlt&l-3-3-2iz£ b&tz0 £ 
%, &«I'fciEtr'fcCih, Eth, Fthfe.hD'GthoC O2^iyo-k70lg!i 
El-3-3-l~4tceS1-5o

T>4r- ©-##, D-fex^lfr

^|J $tl§o

8#
P T S A 1 # 
f©#©^& 0#

4b#%nm 4#
P T S A 3#
f©#©^m 0#

%@mmm o# 
mm i#

#m#mm o# 
mm o#

PSA o# 
8!#m(Tssm) 2#

PSA 2#

m#m(Tssm) i#

©miMT# w^Ti'a 6fia;&^:&m6:&mm©m'&-d-
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$1-3-3-1 7Xr— HfflSfSSdW-bib

a»a
Att Bit Ct D*t E*t F*fc Gti

## T«S**X *ra aim 5% 5% ##*'X
TSS**XiS$ *»»£ mmmmm mBaas

mmma.tfm 125
t/h 100 0. 006 100. 8 (;lSt) 67(;Sf£) 86.49

msssm fi.t/h 1860 840 590 (**{!) 784
%$5Stti*.MW 600 265 250 175 250

% 42 39.8 37.8 38.3 38.59
fijrpgii* (C02#%#QHX% L). MW 18.0 12. 33 16.6 14
i£®SiStB* (C OziMSEUBlS L). MW 582.0 238 158.4 236
m@^#(co2^man%%L).% 39 37.8 34.7 36. 43
cozaaaa 1k9#HX;a PSA1 ® PTSAtilSR) PSAOV-fD-yl-) TSS;£
co2^SS0rES*.MW 32.1 . j^ais aW*
C025S-|bRfr®a*.MW 29.3 sais aw*
afe®sam*(co2»*siHiiiRfcy).Mw 520. 6 aw*
as««K«(c 02ttm®vsi&y). % 28. 9(£&1fc) aw*
cozMfi. t/h 272 0.02 160(175MWB$) 0.0147 0. 0024
coz^miaiiixm. t/h 245 0. 009 0.0132 0. 0023
C 02#8£|imx2£. % 90 90 90(8#) 90(8#) 90W± 99ti.±
@HKC02$i6S.mol% 99. 9 99 (^km) 99tiUt(B#) 9915Lk(B#) 99JU± 991*1—t
c 02^tteiBAP#xi9ttnffi
as. °c IS50 ma

0. 11 MPa
40~50 100 50 O z 0 100

ii* to 1 SUE SE *SiE 1 SiE 0.1MPa 0. 1MPa
S*'Xg$a. m3N/h 1,622. 000 40 10 0.5 1,700 50(drv) 40
IlliE, mo 195

N2 71 67 A* 7>X 74 69 96~97
02 3 10 5 3 5 3
002 8. 55 13 13 13 13 0~1
H2O 17 1~3 11 10 13
NO* (ppm) 10W.T 70 110 250 140
SOx (ppm) 0 0 20 35 50

X h (mg/nf'N) 0 0 el 15 2
® &m6i=m&]88

a*m^fl(kWh/t-C02) 13 80 500 450 190(#C0z%4k)
XT—A0®a(t/t-CO2) 1.3 2. 2 0

_ C021P _ ______
__ =SM9.Si) _____ Oa-Xt* t54h * feCOaSttSttift Na-xr*5-fr ^.'J-rtvU F-9*

_ Sft(H/kgl _ _____ ____&S*$as .................. sr—‘.9 t£ L 1,700 0
®Sti(ke/t-C02) ............... T-5tiU 8, 600 0

VTT>Xgffl(n/t-C02) *%*$&& ................ $aw
@C 0 2^lStt(Di$iSS^fc .. aw*
®gf%K«<o^M»ft»(a«gC). %. ... 75 (S*) 80

s % ____%smn±3.
H=fc

j to 9 ^ 300 B
;I*S&«S©TiS3iS#£Sim a ft ; $awm *Na-X Tvoe



1-3-3-2

D*± E*± F}±
12—13 7(;S#) 9

iWp&AfifcEgilieiS LX USA' LU'X. \tl' Itl'
2(^;K#)

H 3—6 3. 6—5. 7
C 74-77 50. 6-73. 7

N 1.2-1.5 p <o C
D

S 0. 3—6. 0 0.7 0.2—1. 1
Ash 8—15 15 2. 9—15. 6

50—55 34. 0—59. 2
me# 30—45 27. 1-47. 6
###, kcal/kg 6500— 6700 6130—

7000 7380

Bench plant (Honeycomb type adsorbent) commas

(Start: Oct. 1997)
MaW82«E*«

• smxzm-. IONm3/H 
*##§#&: 2% I 
•ea*ia«:4o~so*c
• 55MIEtl- l.l~l.2atm
• 85ti*i&$:50~l00'C
• BftflfE* :0.l~0.3atm

•Volume of treated gas: 10Nm3/H
• Equipment: 2 towers, 1 stage
• Adsorption temp.: 40-50‘C
• Adsorption press.: l.l-1.2atm
• Desorption temp.: 50-100°C
• Desorption press.: 0.1-0.3atm

El-3-3-1 > Kca)
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X'l y mtfx fr bmmmm, mnmmu z v
XfAti^ -tftf 7^f h§-fiJfflL^PSABtcj:
vcoz&^-mt & ^6orf.

puJine"ot^OzgReroo¥at:System

CO? removal syste^.¥#r Mng. '•' 
reiti<?ve<f$Qx, S^Ox^M du^^ore'it^na 'th^icdz-gas as- --

System flow diagram of CO2 removal system

s

_______________ ^]:EAMS#
MNB&WStM Specification of apparatus

COzB^SS COzremover

Quantity of flue gas l,700nfN/h

CO2 HI 4% # CO2 recovery ratio 90%

CO2 HI 42 3 Quantity of CO2 recovery 400kg/h

B6 3W imUS! Tower temperature 40~60°C

M EE ft Adsorption pressure 1. latm

K M J± t) Desorption pressure 0.2atm

CO2 M /§: COzconcentration 99%

El-3-3-2 P S A C 02^'>XfA’>Xf A? o — (E%h)
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• rrx K
* ittit energy penalty©!^#11 b 3So *Ir1%B©

&£K1 < 3 &©£ IT>

2020# 2#
2040# 2#
2060# 2#

2080#
2100#

s#
telBA 1#

4b#M&x psA. p

m2m?&ac6#0<©%m"?&#6fiT^a#x mm^^a^#x©#m

at&K#m -a&fbcnx

m d# .&-cm & ® ti x ^ s <t & # x. © % m# & t #m& © a£-■£ (s ra©) c-o ^
T(is #10# 3 6^9^6 M#^©r5T%n >4z>#x*<#btLT^
V3:ir'«k-5“Cfet)x < ±T.

X T fc b ft & (,^;fri t$ <E /V jfT- $> -O 7c o fc*:\ ^filTC02^i-Ml^
ofco m#^#-fb^@©#m©#%m6LT&(fbtiA^©

c*mm&-s-#T202o
~2060#fCft^ft*:£ft t'ftic UTklH®#©#* (iN C 0

1) s# ss, T# s, es iE#, 7fe® mm :
m 12 7-1, P. 203-208, (1993)

2) EH s-6p, 5# ss, xm es ie# = m,
Vol.45, (8), P882-886, (1994)

3)
a) |JL|lW BE : Vol.45, (4), p405~409, (1994)
b) Barchas, R., R. Davis : Energy Convers. Mgmt., Vol. 33, (5-8), 

p. 333—340, (1992)
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a) EJU m?, m&, xm w%, m m, mm ss, mm mm
: 2 1(312, (1994)

b) HJn inn, a# m$l, xm nyt, mm, m m.
mm eb, mm mm ■. 2 s
S 205, (1995)

5) Mimura, T., H. Simayoshi, T. Suda, M. Iijima, S. Mituoka :
Energy Convers. Mgmt., Vol. 38, Suppl., pS57~S62, (1997)

6) Arashi, N., N. Oda, M. Yamada, H. Ota, S. Umeda, M. Tajika :

Energy Convers. Mgmt., Vol.38,Suppl., pS63—S68, (1997)

7) Erga, 0., 0. Juliussen, H. Lidal : Energy Convers. Mgmt., Vol. 36, (6-9), 
P387-392, (1995)

8) Buzek, J., J. Podkanski, K. Warmuzinski : Energy Convers. Mgmt., Vol. 38, 

Suppl., pS69~S74, (1997)
9) Aroonwilas A., P. Tontiwachwuthikul : Energy Convers. Mgmt., Vol. 38, 

Suppl., PS75~S80, (1997)
10)

a) Ein mn, s# mm, xm m, & j®, ngs, mm n,
M\h #5% : K314,
(1994)

b) ft% xm wit, mxm mm, ml j®, sss ssm,
#0 2 S 204,
(1995)

id mm : mmwm, (3), p32~37, (1994)

12) ¥0j #¥, mu sebb, mm ml j®, -n
: • MM, Vol. 14, (1), p62—67, (1993)

13) Diagne, D., M. Goto, T. Hirose : Energy Convers. Mgmt., Vol. 36, (6-9), 

p431—434, (1995)
14) Burchell, T. D., R. R. Judkins : Energy Convers. Mgmt., Vol. 38, Suppl., 

pS99~S104, (1997)
15) Sarkar, S. C., A. Bose : Energy Convers. Mgmt., Vol. 38, Suppl., pS105~ 

S110, (1997)
16) mm tubs, ss ss, mx #- =

- f 1 9-2, pl67—172, (1996)
17) Feron, P. H. M. , A. E. Jansen : Energy Convers. Mgmt., Vol. 38, Suppl. , 

PS93-S98, (1997)
18) Tokuda, Y., E. Fujisawa, N. Okabayashi, N. Matsumiya, K. Takagi,

H. Mano, K. Haraya, M. Sato : Energy Convers. Mgmt., Vol. 38, Suppl., 
pSlll—S116, (1997)
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2-1.

8 <b LTLNG^iUMxlO^nt^t
ZLCDiMx

(2) ^mc#m $ a a yz^c &.
o. mc0 < @#m - #m& 

m. %^&#)
(3) Cfl30jt# " #m&?T9 ---------m$#y=##XS/XfA^g,

amBMem?%##%&##a.
(4) #^ g 69 \f&%i‘XtiXtbZ> fix ft-fltm D L N G ir> £>*&& ao
?&&„

C 6C 6KckcT^ATRDmmoT TA^mEBr##

x^am-#-ai^o^m - em&0jt%^pr#B6^a.

2-2.

9M3G(:#u#?0tf;!/"?&c y=0T. HEm*mS^5§ 
Em©%E€S*AtiTSlEU^T©SM^#^ Lfc0

a. EH-SBFWtfmBp-£, Stream Name EX-GAS5®^^(±#^^##&mai&/L/c#^
(±350^^6fao

b. mmx t-r a„
c. EX-GASSTOBWES^tedryS^-riKtiU stack* □ (EX-GAS8)1:2%tif (CE^t"

a.

e. 7 - ^ LT93%m#0 a ck 9 a„

2 — 3 . nt
(1) ^7-I©7n-i;o^T

E2-3-HCSEL/-cFlow Diagram£^t*o ##m^m(F-AIRl)(±@m##X?? 
B(GAH)Stl, L N G(F-LNG)6 6 t^mm^FURNACEKm^tiao m##'X(±EH- 
SSH2. HP. EH-SSHirS^^^^S-ti-. EH-SBFWT*V ##

A7n-rii. EH-SBFW* 0 6##^^®?#® C 0 2&

irsMta/cMa-y h^ma&^fiTuao bpSs EH-sBFw*o@m##x

EX-GAS5(±E^S(lstMCONP)-eiOkg/cm2G^inESn. ^S^m###(CER-MEMl)^ 
I§nc 02(±^MJ^Jff< o ##mm#X(±EXPANDlT#^iam#EX-GAS5D6 u

cm*(Ex-GAS8)$fiao

S S n y-c C 0 2 tC s tr ^ X (HTEMPC02) (i 350°C TS ^ (C export ^ tl a o ^- X T-
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>LT&a:(rk 2^g(±##$#

Th'tlh'o
C 0 9 at Xu -feX'>;al/-^-i LX.

yjtB Aspen Technology, Inc. L/c V 7 h ASPEN PLUSES-U/c0

t(tfc) B$77^>t7 = y^

WNz^oo, 820/002=10

/Co Rk $m^WG^i±0$If-^i^of^©t^^o 
BJ2-3-l©Flow DiagramlCEAdn/c^SN BA.

<&^to m2-3-2(±mm#6^^%/^>y-0#m-e&ao
^^JT1i±5E©$n<#^bn/c®ii#Ei:bTi69t1-5 C 0 2Mg^#bii/c©

-c2ms©#^mmm#(±#m lt^/e^o # c % 2 m g©mm#2ndMcoNP,
2Ei ©1W^^-SEE@(CER-MEM2), 2EB ©»^H]iR(EXPAND2)(im^^V ft
L-C©&mBLTUa

^#m©m0-i&0-%. 103%:©stack#M#X (EX-GAS8)&^##@IC
#< LOtL. M##m©#um#©@am© Flow Diagram^B2-3-2{C^-r 
(j^n^ UTIi±EEI2-3-lT-W^S-SSA'^/N0x(cms) o c:<dy-xx\ZP 

(REACT)m^m/)#2ooo°c6##Km^T&6o mm©mm±(i##x#@m#-e
#2-3-3Km#©@mm©LN

B2-3-3tC^^-f ^-#mm©Flow Diagram^^^-o #103°C®stack#m#X(EX 
-GAS8)(i (E2-3-3-r-©SStream NametiCOLDFLUE) X"x h ^gg(C-SEPOR)TX"

(l-V-PUMP)T5l^tl^o m^^>y%m#X(j:#tl02°C(:^#(COOLERl)$#/c#, 
S 2 EW^-?^SS(P0LYMEM2)KSAd tl^o >79(2-V-PUMP)-e§|^tl. 
#|102°C(C^#(C00LER2) $ tl tc^, !£^ (C export $ ft § 0

6: l/TC0,/N2=35 &#(,'/:. R I T E t LXU-? /cQ

@A#EltH20/C02(j:^m/E©T##?77«k^9 L &. #btl5 C 02#X
©#m(idry/<-X?%85%?&%o #2-3-41:*^^^##^©#^^^ •
• M^#£S1-= m2-3-5(±%^^>y6X-7-©##?&% o

2 - 4.
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#2-3-1

ma##;%a<D w(%2 - - me&#

Stream Name AF-1 AF-2 EX-GAS1 EX-GAS2 EX-GAS3 EX-GAS4 EX-GAS5 EX-GAS5D EX-GAS6 EX-GAS7 EX-GAS8 F-A-MIX
Temnerature C 71.2 71.2 1991.3 1435.6 1165.0 570.8 351.0 158.7 155.3 105.0 101.9 64.6
Pressure KG/SQCM 1.2880 1.2880 1.2680 1.2580 1.2480 1.2380 1.2280 1.0480 1.0430 1.0380 1.0330 1.2880
Mass Flow KG/HR 3.5331E+06 3.4095E+06 3.6006E+06 3.6006E+06 3.6006E+06 3.6006E+06 3.6006E+06 3.0464E+06 3.1701E+06 3.1701E+06 3.2982E+06 3.6006E+06
Volume Flow CUM/HR 2.7748E+06 2.6777E+06 1.9679E+07 1.4969E+07 1.2700E+07 7.5127E+06 5.6008E+06 3.6368E+06 3.7752E+06 3.3471E+06 3.4728E+06 2.8755E+06
Enthalov MMKCAL/HR 39.2540 37.8800 -166.7810 -870.8900 -1201.4310 -1885.2450 -2118.9510 -748.1590 -746.7850 -786.3390 -786.3490 -166.7810
Density KG/CUM 1.2730 1.2730 0.1830 0.2410 0.2840 0.4790 0.6430 0.8380 0.8400 0.9470 0.9500 1.2520
Mole Flow KMOL/HR

H2 0.00 0.00 358.32 358.32 358.32 358.32 358.32 358.32 358.32 358.32 358.32 0.00
02 25717.42 24817.31 1169.24 1169.24 1169.24 1169.24 1169.24 869.92 1770.03 1770.03 2702.78 24817.31
CH4 0. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10663.66
C2H6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 336.75
C3H8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 224.50
CO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C02 0.00 0.00 12010.65 12010.65 12010.65 12010.65 12010.65 8779.79 8779.79 8779.79 8779.79 0.00
N2 96746.48 93360.36 93161.61 93161.61 93161.61 93161.61 93161.61 93155.92 96542.05 96542.05 100050.99 93360.36
N02 0.00 0.00 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.00
NO 0.00 0.00 397.41 397.41 397.41 397.41 397.41 397.41 397.41 397.41 397.41 0.00
H20 0.00 0.00 22877.23 22877.23 22877.23 22877.23 22877.23 549.08 549.08 549.08 549.08 0.00
AR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Mole Flow 122463.90 118177.67 129974.57 129974.57 129974.57 129974.57 129974.57 104110.54 108396.77 108396.77 112838.47 129402.58
Mole Frac

H2 0.0000 0.0000 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0030 0.0000
02 0.2100 0.2100 0.0090 0.0090 0.0090 0.0090 0.0090 0.0080 0.0160 0.0160 0.0240 0.1920
CH4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0820
C2H6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0030
C3H8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0020
CO 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
C02 0.0000 0.0000 0.0920 0.0920 0.0920 0.0920 0.0920 0.0840 0.0810 0.0810 0.0780 0.0000
N2 0.7900 0.7900 0.7170 0.7170 0.7170 0.7170 0.7170 0.8950 0.8910 0.8910 0.8870 0.7210
N02 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
NO 0.0000 0.0000 0.0030 0.0030 0.0030 0.0030 0.0030 0.0040 0.0040 0.0040 0.0040 0.0000
H20 0.0000 0.0000 0.1760 0.1760 0.1760 0.1760 0.1760 0.0050 0.0050 0.0050 0.0050 0.0000
AR 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
C 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.0000 0.0000 0.0000



(continued)
F-AIR1 F-AIR2 F-LNG HP-EXG5 HP-R-C02 HTEMPC02 L-C02-1 L-C02-1D L-C02-2 L-C02-2D LEAK1 LEAK2 R-C02

25.0 25.0 25.0 350.0 350.0 350.0 350.0 158.7 350.0 178.2 25.0 71.2 350.0
1.2980 1.2980 30.0000 10.0000 10.0000 1.0330 10.0000 1.2330 10.0000 1.2330 1.2980 1.2880 1.0330

3.6613E+06 3.5331E+06 1.9110E+05 3.6006E+06 5.5418E+05 5.5417E+05 3.0464E+06 3.0464E+06 5.5400E-01 5.5400E-01 1.2814E+05 1.2366E+05 5.5418E+05
2.4694E+06 2.3829E+06 8.7893E+03 6.8741E+05 1.3449E+05 1.3204E+06 5.5176E+05 3.0919E+06 1.3400E-01 7.9800E-01 8.6428E+04 9.7117E+04 1.3207E+06

-0.3100 -0.2990 -204.6610 -2121.0400 -1522.6870 -1521.1600 -599.0350 -748.1580 -0.0020 -0.0020 -0.0110 1.3740 -1521.1610
1.4830 1.4830 21.7420 5.2380 4.1210 0.4200 5.5210 0.9850 4.1210 0.6940 1.4830 1.2730 0.4200

0.00 0.00 0.00 358.32 0.00 0.00 358.32 358.32 0.00 0.00 0.00 0.00 0.00
26650.18 25717.42 0.00 1169.24 299.33 299.33 869.92 869.92 0.00 0.00 932.76 900.11 299.33

0.00 0.00 10663.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 336.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 224.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 12010.65 3230.87 3230.86 8779.78 8779.78 0.00 0.00 0.00 0.00 3230.87

100255.43 96746.48 0.00 93161.61 5.68 5.68 93155.92 93155.92 0.00 0.00 3508.94 3386.13 5.68
0.00 0.00 0.00 0.10 0.00 0.00 0.10 0.10 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 397.41 0.00 0.00 397.41 397.41 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 22877.23 22328.18 22328.16 549.05 549.05 0.02 0.02 0.00 0.00 22328.18
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

126905.61 122463.90 11224.91 129974.57 25864.05 25864.03 104110.51 104110.51 0.03 0.03 4441.70 4286.24 25864.05

0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0030 0.0030 0.0000 0.0000 0.0000 0.0000 0.0000
0.2100 0.2100 0.0000 0.0090 0.0120 0.0120 0.0080 0.0080 0.0120 0.0120 0.2100 0.2100 0.0120
0.0000 0.0000 0.9500 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0300 0.0000 0.0000 0.0000 0.0000 0.0000 0. oooo 0.oooo 0.0000 0.0000 0. OOOO
0.0000 0.0000 0.0200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. OOOO
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. OOOO
0.0000 0.0000 0.0000 0.0920 0.1250 0.1250 0.0840 0.0840 0.1250 0.1250 0.oooo 0.0000 0.1250
0.7900 0.7900 0.0000 0.7170 0.0002 0.0002 0.8950 0.8950 0.0002 0.0002 0.7900 0.7900 0.0002
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0040 0.0040 0. oooo 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.1760 0.8630 0.8630 0.0050 0.0050 0.8630 0.8630 0.0000 0.0000 0.8630
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.OOOO0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. OOOO 0. oooo 0.0000 0.0000 0.OOOO

l$linF"C027N2» 99.77
iSiS&iJt H20/C02(MEM1 10.01



2-3-2

Item:IstMCOMP

Stage Suction Temp 
C

Discharge Temp 
C

Discharge Pres 
KG/SQCM

Cooling Duty 
MMKCAL/HR

Requured Work 
KW

1 350. 00 445. 47 1. 87 -100. 05 1. 15E+05
2 350. 00 444. 33 2.84 -98.89 1. 15E+05
3 350. 00 444. 34 4.32 -98.97 1. 15E+05
4 350. 00 444. 35 6. 57 -99. 09 1. 15E+05
5 350. 00 444. 37 10. 00 -99. 27 1. 15E+05
Total -496.27 5. 75E+05

Item:EXPANDl

Suction Temp 
C

Discharge Temp 
C

Suction Pres 
KG/SQCM

Discharge Pres 
KG/SQCM

Requured Work 
KW

350. 00 158. 70 10. 00 1. 233 1. 73E+05



( 2000 ) ( 1377 )
2.033 EH-SSH2 1.933 HP

3375599 3375599

EX-GAS2
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3375599 .
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t> 3375599 < V 3375599 <

F-A-MIX EH-SSH1 EX-GAS4
•181850

EH-SBFW

2.133 '•
: 3193749

3375599 .
EX-GAS5

GAH-C1AIROUT1
/ 2.133 >

> 3309585 ( AIROUT2
2.533 >

> 3429621 ■: > 3309585

F-AIB2

-• 120037 115835\
GAHLEAK1 LEAK2

< 0.933 >0.933 /
3491435 \ > 3491435 <

F-LNG

F-AIR1

EX-GAS8

EX-GAS1

EX-GAS6EX-GAS7

Temperature (C) 

Pressure (KG/SQCM) 

Flow rate (KG/HR)

AIRIN1
GAH-H1 AIRIN2

El2-3-2 Flow Diagram



2-3-3

Stream Name AF-1 AF-2 EX-GAS1 EX-GAS2 EX-GAS3 EX-GAS4 EX-GAS5
Temperature C 112.1 112.1 1999.7 1376. 9 1071.6 425.0 181.4
Pressure KG/SQCM 2.1330 2.1330 2. 0330 1. 9330 1.8330 1.5330 1. 2330
Mass Flow KG/HR 3. 309580E+06 3.193750E+06 3.375600E+06 3. 375600E+06 3. 375600E+06 3. 375600E+06 3. 375600E+06
Volume Flow CUM/HR 1. 756910E+06 1. 695420E+06 1.159440E+07 8. 853420E+06 7. 609080E+06 4. 722740E+06 3. 820470E+06
Enthalpy MMKCAL/HR 69. 6590 67. 2210 -127. 5340 -866. 8480 -1213.9160 -1897.7300 -2131.4360
Density KG/CUM 1.8840 1. 8840 0.2910 0. 3810 0.4440 0.7150 0. 8840
Mole Flow KMOL/HR

H2 0. 00 0. 00 282.77 282. 77 282. 77 282.77 282. 77
02 24090. 23 23247.07 1108.26 1108. 26 1108.26 1108.26 1108. 26
CH4 0. 00 0.00 0.00 0. 00 0.00 0.00 0.00
C2H6 0. 00 0.00 0.00 0. 00 0.00 0.00 0. 00
C3H8 0. 00 0.00 0.00 0. 00 0. 00 0.00 0. 00
CO 0. 00 0.00 790.49 790.49 790.49 790.49 790.49
C02 0. 00 0.00 10638.79 10638.79 10638.79 10638.79 10638.79
N2 90625.15 87453.27 87262.60 87262.60 87262.60 87262.60 87262.60
N02 0. 00 0. 00 0.12 0.12 0.12 0.12 0.12
NO 0. 00 0. 00 381.23 381. 23 381.23 381.23 381. 23
H20 0. 00 0.00 21828.09 21828.09 21828.09 21828.09 21828. 09
AR 0. 00 0.00 0.00 0. 00 0.00 0.00 0.00
C 0. 00 0.00 0.00 0. 00 0.00 0.00 0.00

Total Mole Flow 114715. 38 110700.35 122292.35 122292. 35 122292.35 122292. 35 122292. 35
Mole Frac

H2 0. 0000 0. 0000 0. 0020 0. 0020 0.0020 0.0020 0. 0020
02 0. 2100 0. 2100 0. 0090 0. 0090 0.0090 0.0090 0. 0090
CH4 0. 0000 0. 0000 0. 0000 0.0000 0.0000 0. 0000 0. 0000
C2H6 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000
C3H8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
CO 0.0000 0.0000 0. 0060 0.0060 0.0060 0. 0060 0.0060
C02 0. 0000 0. 0000 0.0870 0.0870 0.0870 0.0870 0. 0870
N2 0.7900 0.7900 0.7140 0.7140 0.7140 0.7140 0. 7140
N02 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0. 0000
NO 0.0000 0.0000 0.0030 0. 0030 0.0030 0.0030 0.0030
H20 0. 0000 0.0000 0.1780 0.1780 0.1780 0.1780 0.1780
AR 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000
C 0.0000 0.0000 0. 0000 0.0000 0.0000 0. 0000 0.0000



(continued)
EX-GAS6 EX-GAS7 EX-GAS8 F-A-MIX F-AIR1 F-AIR2 F-LNG LEAK1 LEAK2

179.3 105.0 102.6 100.8 25.0 25.0 25.0 25.0 112.1
1. 2330 0. 9330 0.9330 2.1330 2.5330 2. 5330 30. 0000 2.5330 2.1330

3. 491430E+06 3.491430E+06 3. 611470E+06 3. 375600E+06 3.429620E+06 3. 309580E+06 1. 818500E+05 1.200367E+05 1.158354E+05
3. 928030E+06 4.336760E+06 4.450970E+06 1. 804010E+06 1. 184760E+06 1.143290E+06 8363. 897000 41466.457000 61491.879000

-2128. 9980 -2199.2030 -2199. 2230 -127. 5340 -0.5660 -0. 5460 -194. 7550 -0. 0200 2. 4380
0. 8890 0. 8050 0.8110 1. 8710 2.8950 2. 8950 21. 7420 2. 8950 1. 8840

282.77 282.77 282.77 0. 00 0. 00 0.00 0. 00 0. 00 0.00
1951.42 1951.42 2825.15 23247.07 24963.97 24090.23 0.00 873. 74 843.16

0.00 0.00 0.00 10147.50 0. 00 0.00 10147.50 0. 00 0. 00
0.00 0. 00 0.00 320.45 0. 00 0.00 320.45 0.00 0. 00
0.00 0. 00 0.00 213. 63 0.00 0.00 213. 63 0. 00 0. 00

790.49 790.49 790.49 0. 00 0.00 0.00 0.00 0.00 0.00
10638.79 10638.79 10638.79 0.00 0.00 0.00 0.00 0. 00 0.00
90434.48 90434.48 93721.40 87453.27 93912.07 90625.15 0.00 3286.92 3171.88

0.12 0.12 0.12 0. 00 0.00 0.00 0.00 0.00 0.00
381.23 381.23 381.23 0. 00 0. 00 0.00 0.00 0. 00 0. 00

21828.09 21828.09 21828.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0. 00 0.00 0.00 0.00 0. 00
0.00 0. 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

126307. 38 126307. 38 130468.04 121381. 92 118876. 04 114715. 38 10681.58 4160. 66 4015. 04

0. 0020 0. 0020 0. 0020 0. 0000 0.0000 0.0000 0. 0000 0. 0000 0. 0000
0. 0150 0. 0150 0.0220 0.1920 0.2100 0.2100 0. 0000 0. 2100 0. 2100
0. 0000 0.0000 0.0000 0. 0840 0. 0000 0.0000 0. 9500 0. 0000 0. 0000
0. 0000 0.0000 0.0000 0.0030 0.0000 0.0000 0. 0300 0.0000 0.0000
0. 0000 0.0000 0.0000 0.0020 0.0000 0.0000 0. 0200 0.0000 0.0000
0.0060 0.0060 0. 0060 0. 0000 0.0000 0.0000 0. 0000 0.0000 0.0000
0.0840 0.0840 0.0820 0.0000 0.0000 0.0000 0. 0000 0. 0000 0.0000
0.7160 0.7160 0.7180 0.7200 0.7900 0.7900 0. 0000 0.7900 0.7900
0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000
0.0030 0.0030 0. 0030 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000
0.1730 0.1730 0.1670 0. 0000 0.0000 0.0000 0. 0000 0.0000 0.0000
0.0000 0.0000 0.0000 0. 0000 0. 0000 0.0000 0. 0000 0. 0000 0. 0000
0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0. 0000 0.0000
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02-3-3 Diagram



2-3-4

s

Stream Name C COLDFLUE FLUE1 FLUE2 NON-DUST V-C02-R2 V-C02-R3 V-C02-R4 V-C02-R5 V-C02-R6 V-C02-RI
Temperature C 102.6 102.6 102.2 101.4 102.6 504.5 102.0 101.4 503.6 102.0 102.2
Pressure KG/SQCH 1. 0330 1. 0330 0.1000 0.1000 1. 0330 1.0330 1. 0330 0.1000 1. 0330 1. 0330 0.1000
Hole Flow KHOL/HR 0.00 130467.92 106381.35 17679.18 130467.92 24086.57 24086. 57 6407.38 6407.38 6407. 38 24086.57
Mass Flow KG/HR 0.01 3611470. 00 2830350. 00 633024.38 3611470.00 781119.94 781119. 94 148095.59 148095.59 148095. 59 781119. 94
Volume Flow CUH/HR 0.00 4019970. 00 33855100. 00 5613870.00 4019970. 00 1537550. 00 740106.44 2033490.00 408218.28 195968. 63 7664360. 00
Enthalpy MHKCAL/HR 0. 0000 -2199.3330 -1004.5900 -798.6460 -2199.3330 -1106. 9330 -1194.9090 -396.2640 -373. 0270 -396. 3120 -1194.7450
Mole Flow KHOL/HR

H2 0.00 282.77 282.77 0.00 282.77 0.00 0.00 0.00 0. 00 0. 00 0. 00
02 0.00 2825.15 2825.15 0.00 2825.15 0.00 0. 00 0.00 0. 00 0. 00 0. 00
CO 0.00 790.49 790.49 0. 00 790.49 0.00 0. 00 0.00 0. 00 0. 00 0.00
C02 0.00 10638.79 851.10 8613.16 10638.79 9787.69 9787. 69 1174.52 1174.52 1174. 52 9787. 69
N2 0.00 93721.40 84442. 98 9065.02 93721.40 9278.42 9278.42 213.40 213.40 213. 40 9278.42
NO 0.00 . 381.23 381.23 0.00 381.23 0.00 0. 00 0.00 0. 00 0.00 0.00
H20 0.00 21828. 09 16807. 63 1.00 21828.09 5020.46 5020.46 5019.46 5019.46 5019. 46 5020.46
C 0.00 0. 00 0. 00 0.00 0. 00 0.00 0. 00 0.00 0. 00 0. 00 0.00

34.4 P0LYMEM2= 34.7
77.4 P0LYHEH2= 77.7

aa##&(co2/N2)
aa#wt(B2o/coz)

P0LYMEM1=
P0LYMEM1=
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35O"C61O2"C0J:4;;l/^-m^#3(n6#^^0^#^4O 
%^LT## (##X0it#W1.38KJ/mWK»<!:fa)

1. 38KWN/K x (350-102) x 25864k-mol/hr x 22. 4 x 0. 2389=47. 37MMKcal/hr 
—-55, 080KW^IHft©iJj*(i22, OOOKWift <0 

f 6 t> © "C (3 ££ lx 0

#2-3-5

Item Suction Temp. Discharge Temp. Suction Press. Discharge Press Required Work
1- V-PUMP
2- V-PUMP

102.2 °C
101.4 °C

504.5 °C
503.6 °C

0.10 KG/CM2
0.10 KG/CM2

1.033 KG/GM2
1.033 KG/CM2

102100 KW
27000 KW

Item Cooling Duty
Cooler 1 
Cooler 2

87.98 MMKcal/hr 
23.29 MMKcal/hr

>2-4-1

iS^HE a#?*##
mmmti mo 
mwMti (kw)
@llXB (MMKcal/hr)

(-)
mte&roi&rt&gte mo

575.000
173.000 

496.3
0.40

231.000

129,100
0

111.27
0.40

51,800
mvmmmti am 171.000 77,300

1) NEDO, RITE : 8 ¥mi«ir#(NED0-GET-9641) K
fctf* C 0 2>7->Xi:it§l« pp41-44(1997¥3^)

2) PPB6-44 1990#5J931Bmr)
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3-2. n-&£if?±T<DMm&fr

: 7jc^2. 7%, K^-16. 6%, ##^32. 6%. EBMS48.1%, 
TcS^-yfSCSTkV-X) : C68. 8%, H4.1%, 07.8%, Nl. 6%, SO. 6%, ashl7. 1% 

### 6,600kcal/kg"C&&)
b.em#'C0^m-#-#zk^(±i5%'rx a.
b. EH-SBFWiimeP’B, Stream Name EX-GAS5 ©S^tt350tJ t f % » 

d. EX-GAS5T-©MES#-(idry-gas$i|m. 2%tiHZ&M?Zo

LTmmikcDm^tetez i -5 izmMvtz0

3-3. j)-W7-I0 7D-COK
E 3-3-1 M^UfcFlow Diagram^^f . £©Mo fctfltCWET-COADM:
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J; DSDBdST-INTOdtl, DRY-REAC^SA S *15 = 
m#mEm(F-AIRl)(d:@m##X-C?#(GAH)^tt, ±mRY-FLSHaiClE#^6 

(C C"C hmti-#± 0f^-77ibT DECOMP 6 FURNACE Kfr \}t>tl
Tu%) mmma![]SEPERATE?F(^<!:#x^^mf's. #m#x#

EH-SSH2. HP. EH-SSH1 -eSM£%£3-tir. EH-SBFWT#^7-d&zk&?#3#.

$7D-T(i. EH-SBFfftBP(Stream Name EX-GAS5)^SME^CGAH)©^!©
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Stream Name C-N2-1 C-N2-2 C-N2-3 COLDN2 DRYCOAL EX-GAS1 EX-GAS2
Temperature C 25.0 56.3 56.3 25.0 77.4 1921.4 1373.2
Pressure KG/SQCH 1.2980 1.2980 1.2980 1.2980 1.2880 1.2880 1.2580
Hass Flow KG/HR 2.000000E106 2.000000E106 2. OOOOOOE106 2. 000000EI06 3.595591E+05 4.136240E+06 4.136240E106

Volume Flow CUM/HR 1.389420E106 1.535990E106 1.535990E106 1.389420E106 267.756000 2.012630E107 1.545970E+07
Enthalpy HHKCAL/BR -0.165000 15.437000 15.437000 -0.165000 -210.952000 -179.427000 -918.742000
Density GH/CC 0.001000 0.001000 0.001000 0. 001000 1. 343000 0. 000000 0. 000000
Hass Flow KG/HR

U20 0.00 0.00 0.00 0.00 0.00 188249.27 188249.27
N2 1997720.00 1997720.00 1997720.00 1997720.00 0.00 2918330.00 2918330.00
02 2284.20 2284.20 2284.20 2284.20 0.00 92727.27 92727.27
N02 0.00 0.00 0.00 0.00 0.00 10.78 10.78
NO 0.00 0.00 0.00 0.00 0.00 16929.37 16929.37
S 0.00 0.00 0.00 0.00 0.00 0.01 0.01
S02 0.00 0.00 0.00 0.00 0.00 2670.84 2670.84

803 0.00 0.00 0.00 0.00 0.00 1.83 1.83
B2 0.00 0.00 0.00 0.00 0.00 143.05 143.05
CL2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BCL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO 0.00 0.00 0.00 0.00 0.00 20231.96 20231.96
C02 0.00 0.00 0.00 0.00 0.00 896948.56 896948.56
COAL 0.00 0.00 0.00 0.00 359559.13 0.00 0.00
ASH 0.00 0.00 0.00 0.00 0.00 0.00 0.00

# COAL&ASH Properties #
COAL PROXANAL (X)

HOISTURE 7.00
FC 55.40
VM 35.30
ASB 9.30

GOAL BLTANAL (X)
ASH 9.30
CARBON 75.80
HYDROGEN 5.50
NITROGEN 1.60
CHLORINE 0.00
SULFUR 0.40
OXYGEN 7.40

COAL SULFANAL (X)
PYRITIC 0.15
SULFATE 0.10
ORGANIC 0.15

ASH PROXANAL (X)
HOISTURE
FC
YH
ASH

ASH ULTANAL (X)
ASB
CARBON
HYDROGEN
NITROGEN

CHLORINE
SULFUR
OXYGEN

ASH SULFANAL (X)
PYRITIC
SULFATE
ORGANIC

Gas Mole Flow Kg-mole/hr
H20 0.00 0.00 0.00 0.00 0.00 10446.69 10446.69
N2 71321.67 71321.67 71321.67 71321.67 0.00 104188.86 104188.86
02 71.38 71.38 71.38 71.38 0.00 2897.73 2897.73
N02 0.00 0.00 0.00 0.00 0.00 0.23 0.23
NO 0.00 0.00 0.00 0.00 0.00 564.12 564. 12
S02 0.00 0.00 0.00 0.00 0.00 41.69 41.69
SOS 0.00 0.00 0.00 0.00 0.00 0.02 0.02
H2 0.00 0.00 0.00 0.00 0.00 70.96 70.96
CL2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BCL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CO 0.00 0.00 0.00 0.00 0.00 722.31 722.31
C02 0.00 0.00 0.00 0.00 0.00 20380.56 20380.56

Total Hole Flow Xg-mole/hr 71393.05 71393.05 71393.05 71393.05 0.00 139313.18 139313.18
Mole Fraction

H20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0750 0.0750
N2 0. 9990 0. 9990 0.9990 0.9990 0.0000 0.7479 0.7479
02 0.0010 0.0010 0.0010 0.0010 0.0000 0.0208 0.0208
N02 0.0000 0.0000 o: oooo 0. 0000 0. 0000 0. 0000 0.0000
NO 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0040 0.0040
S02 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.0003
SOS 0. 0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000
H2 0. 0000 0. 0000 0. 0000 0. 0000 0.0000 0.0005 0.0005
CL2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
BCL 0.0000 0.0000 0.0000 0.0000 0. 0000 0. 0000 0.0000
CO 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0052 0.0052
C02 0.0000 0.0000 0.0000 0.0000 0.0000 0.1463 0.1463
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(continued)
EX-GAS3 EX-GA&4 EX-GAS5 EX-GAS5D EX-GAS6 EX-GAS7 EX-GAS8 F-A-H1X

1107.9 555.0 350.1 162.2 159.2 113.0 110.0 54.9
1.2480 1.2380 1.2280 1.1330 1.1330 1.0330 1.0330 1.2880

4.13G240E+06 4.136240E+06 4.136240E106 3.916310E+06 4.054410E106 4.054410E106 4.197530E106 4.167340E106
1.307330E107 7.903520E+06 5.995660E106 4.207330E106 4.333370E406 4.243650E+06 4.366890Et06 3.096740E+06
-1265.810000 -1949.624000 -2183.330000 -1761.546000 -1759.943000 -1806.095000 -1806.107000 -53.726000

0. 000000 0.001000 0. 001000 0.001000 0.001000 0.001000 0.001000 0.001000

188249.27 
2918330.00 

92727.27 
10.78 

16929.37 
0.01 

2670.84 
1.83 

143.05 
0.00 
0.00 
0.00 

20231.96 
896948.56 

0.00 
0.00

188249.27 
2918330.00 

92727.27 
10.78 

16929.37 
0.01 

2670.84 
1.83 

143.05 
0.00 
0.00 
0.00 

20231.96 
896948.56 

0.00 
0.00

188249.27
2918330.00 

92727.27 
10.78 

16929.37 
0.01 

2670.84 
1.83 

143.05 
0.00 
0.00 
0.00 

20231.96 
896948.56 

0.00 
0.00

30873.04
2917660.00 

92727.27 
10.78 

16929.37 
0.01 

2670.84 
1.83 

143.05 
0.00 
0.00 
0.00 

20231.96 
835059.19 

0.00 
0.00

30873.04
3023600.00 

124894.49 
10.78 

16929.37 
0.01 

2670.84 
1.83 

143.05 
0.00 
0.00 
0.00 

20231.96 
835059.19 

0.00 
0.00

30873.04
3023600.00 

124894.49 
10.78 

16929.37 
0.01 

2670.84 
1.83 

143.05 
0.00 
0.00 
0.00 

20231.96 
835059.19 

0.00 
0.00

30873.04
3133380.00 

158228.41 
10.78 

16929.37 
0.01 

2670.84 
1.83 

143.05 
0.00 
0.00 
0.00 

20231.96 
835059.19 

0.00 
0.00

25169.14
2926230.00 
911641.31 

0.00 

0.00 
1337.56 

0.00 
0.00 

18391.45 
0.00 
0.00 

253467.63 
0.00 
0.00 
0.00 

31098.27

0.00
0.00
0.00

100.00

100.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

10446.69 
104188.86 

2897.73 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
20380.56

10446.69 
104188.86 

2897.73 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
20380.56

10446.69
104188.86 

2897.73 
0.23 

564. 12 
41.69 

0.02 
70.96 
0.00 
0.00 

722.31 
20380.56

1713.27
104164.94 

2897.73 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
18974.31

1713.27
107947.16 

3902.95 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
18974.31

1713.27
107947.16 

3902.95 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
18974.31

1713.27
111866.48 

4944.64 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
18974.31

1396.73
104470.90 
28488.79 

0.00 
0.00 
0.00 
0.00

9122.74 
0.00 
0.00 
0.00 
0.00

139313.18 139313.18 139313.18 129149.58 133937.03 133937.03 138898.03 143479.17

0.0750 
0.7479 
0.0208 
0.0000 
0.0040 
0.0003 
0.0000 
0.0005 
0.0000 
0. 0000 
0.0052 
0.1463

0.0750 
0.7479 
0.0208 
0.0000 
0.0040 
0.0003 
0.0000 
0.0005 
0.0000 
0.0000 
0.0052 
0.1463

0.0750
0.7479 
0.0208 
0.0000 
0.0040 
0.0003 
0.0000 
0.0005 
0. 0000 
0.0000 
0.0052 
0.1463

0.0133
0.8065 
0.0224 
0.0000 
0.0044 
0.0003 
0.0000 
0. 0005 
0. 0000 
0.0000 
0.0056 
0.1469

0.0128
0.8060 
0.0291 
0.0000 
0.0042 
0.0003 
0.0000 
0. 0005 
0. 0000 
0.0000 
0.0054 
0.1417

0.0128
0.8060 
0.0291 
0.0000 
0.0042 
0. 0003 
0. 0000 
0. 0005 
0. 0000 
0.0000 
0.0054 
0.1417

0.0123
0.8054 
0.0356 
0.0000 
0.0041 
0.0003 
0.0000 
0.0005 
0.0000 
0.0000 
0.0052 
0.1366

0.0097
0.7281 
0.1986 
0.0000 
0.0000 
0.0000 
0.0000 
0.0636 
0.0000 
0.0000 
0.0000 
0.0000
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(continued)
F-A1R1 F-A1R2 F-AIR3 F-A1R4 F-COAL norm HP-EXG5 HP-R-C02

25.0 25.0 73.3 73.3 25.0 132.0 350.0 350.0
1.2980 1.2980 1.2880 1.2880 1.2880 1.2880 10.0000 9.9000

4.089000E+06 3.945890E106 3.945890E106 3.807780E106 3.595591E105 2. OOOOOOE106 4.136240E+06 2.199341E+05
2.758270E+06 2.661730E+06 3.118150E106 3.009010Et06 2.022386E+05 1.904140E+06 7.375269E105 53404.402000

-0.346000 -0.334000 45.818000 44.215000 -97.940000 53.157000 -2184.106000 -608.942000
0.001000 0.001000 0.001000 0. 001000 0.002000 0.001000 0. 006000 0.004000

0.00 
3136600.00 
952397.63 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

0.00 

3026820.00 
919063.69 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

0.00 
3026820.00 
919063.69 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

0.00 

2920880.00 
886896.50 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

25169.14 
5350.24 

24744.86 
0.00 
0.00 

1337.56 
0.00 
0.00 

18391.45 
0.00 
0.00 

253467.63 
0.00 
0.00 
0.00 

31098.27

0.00 

1997720.00 
2284.20 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

188249.27 

2918330.00 
92727.27 

10.78 
16929.37 

0.01 
2670.84 

1.83 
143.05 

0.00 
0.00 
0.00 

20231.96 
896948.56 

0.00 
0.00

157376.39 

668.30 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

61889.45 
0.00 
0.00

0.00 
0.00 
0.00 

100.00

100.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

0.00
0.00
0.00

0.00
111981.44
29762.43

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
108062.12 
28720.74 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

0.00
108062.12 
28720.74 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

0.00 
104279.90 
27715.52 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

1396.73 
191.01 
773.28

0.00
0.00
0.00
0.00

9122.74 
0.00 
0.00 
0.00 
0.00

0.00 
71321.67 

71.38 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

10446.69 
104188.86 

2897.73 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
20380.56

8733.43 
23.86 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1406.26
141743.86 136782.86 136782.86 131995.42 11483.76 71393.05 139313.18 10163.55

0.0000
0.7900 
0.2100 
0.0000 
0. 0000 

' 0.0000 
0.0000 
0. 0000 
0. 0000 
0.0000 
0. 0000 
0. 0000

0.0000 
0.7900 
0.2100 
0. 0000 
0. 0000 
0. 0000 
0. 0000 
0. 0000 
0. 0000 
0.0000 
0.0000 
0.0000

0.0000 
0.7900 
0.2100 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0. 0000 
0. 0000 
0. 0000 
0. 0000

0.0000 
0.7900 
0.2100 
0. 0000 
0. 0000 
0. 0000 
0. 0000 
0. 0000 
0. 0000 
0.0000 
0.0000 
0.0000

0.1216 
0.0166 
0.0673 
0. 0000 
0.0000 
0.0000 
0.0000 
0.7944 
0.0000 
0.0000 
0.0000 
0. 0000

0. 0000 
0.9990 
0.0010 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

0.0750 
0.7479 
0.0208 
0. 0000 
0.0040 
0.0003 
0. 0000 
0. 0005 
0. 0000 
0.0000 
0.0052 
0.1463

0.8593 
0.0023 
0.0000 
0. 0000 
0.0000 
0. 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0.1384

mama# C02/N2CMEH1) 99.69
820/C02CMEM1) 9.99
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(continued)
UTEKFC02 1N-DRYEK L-C02-1 L-C02-1D L-C02-2 L-C02-2D LEAK1 LEXK2

350.0 77.4 350.0 162.2 350.0 179.1 25.0 73.3
9. 9000 1.2880 10.0000 1.2330 9.9000 1.2330 1.2980 1.2880

2. 199339E105 2.393400EI06 3.916310E106 3.916310E106 0.220000 0.220000 1.431150E105 1.381060E105
53404.348000 1.690650E106 6.841713E105 3.866250E106 0.053000 0.314000 96539.484000 1.091351E105
-608.941000 -292.731000 -1575.446000 -1761.546000 -0.00100C -0.001000 -0.012000 1.604000

0.004000 0.001000 0.006000 0.001000 0.004000 0.001000 0.001000 0.001000

157376.23
668. 30 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

61889.39 
0.00 
0.00

33840.84
1997720.00 

2284.20 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

359559.13 
0.00

30872.88
2917660.00 

92727.27 
10.78 

16929.37 
0.01 

2670.84 

1.83 
143.05 

0.00 
0.00 
0.00 

20231.96 
835059.13 

0.00 
0.00

30872.88
2917660.00 

92727.27 
10.78 

16929.37 
0.01 

2670.84 

1.83 
143.05 

0.00 
0.00 
0.00 

20231.96 
835059.13 

0.00 
0.00

0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.00
0.00

0.16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.06
0.00
0.00

0.00 
109781.09 
33333.92 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

0.00
105938.74
32167.23

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

7.00
55.40 
35.30 
9.30

9.30
75.80 
5.50 
1.60 
0.00 
0.40 
7.40

0.15
0.10
0.15

-

8733.42
23.86 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1406.26

1877.96
71321.67 

71.38 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

1713.26
104164.94 

2897.73 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
18974.30

1713.26
104164.94 

2897.73 
0.23 

564.12 
41.69 
0.02 

70.96 
0.00 
0.00 

722.31 
18974.30

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 
3919.35 
1041.68 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

0.00 
3782.18 
1005.23 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

10163.54 73271.01 129149.57 129149.57 0.01 0.01 4961.04 4787.40

0.8593
0.0023 
0. 0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0.1384

0.0256
0.9734 
0.0010 
0.0000 
0.0000 
0. 0000 
0. 0000 
0.0000 
0.0000 
0. 0000 
0. 0000 
0.0000

0.0133
0.8065 
0.0224 
0. 0000 
0.0044 
0.0003 
0. 0000 
0. 0005 
0.0000 
0.0000 
0.0056 
0.1469

0.0133
0.8065 
0.0224 
0. 0000 
0.0044 
0.0003 
0.0000 
0.0005 
0.0000 
0.0000 
0.0056 
0.1469

0.8578
0.0035 
0. 0000 
0. 0000 
0.0000 
0.0000 
0. 0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0.1387

0.8578 
0.0035 
0.0000 
0. 0000 
0.0000 
0.0000 
0. 0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0.1387

0.0000 
0.7900 
0.2100 
0.0000 
0. 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.0000 
0.7900 
0.2100 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000
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(continued)
LEAKS leXk? PRODUCTS R-C02 SlM WET-COAL WETN2-1 WETN2-2

0.0 0.0 1921.4 350.0 1921.4 25.0 77.4 77.4
0.0000 0. 0000 1.2880 10. 0000 1.2880 1.0330 1.2880 1.2380

0.000000 0.000000 4.167340E106 2.199341E105 31098.270000 3.934000E105 2.033840E+06 2.033840E106

0.000000 0.000000 2.012630E107 52861.848000 8.919000 292.956000 1.690380E106 1.758620E106

0.000000 0.000000 -166.746000 -608.948000 12.681000 -345.889000 -81.779000 -81.779000

0. 000000 0.000000 0. 000000 0.004000 3.487000 1.343000 0. 001000 0. 001000

0.00 0.00 188249.27 157376.39 0.00 0.00 33840.84 33840.84
0.00 0.00 2918330.00 668.30 0.00 0.00 1997720.00 1997720.00
0.00 0.00 92727.27 0.00 0.00 0.00 2284.20 2284.20
0.00 0.00 10.78 0.00 0.00 0.00 0.00 0.00
0.00 0.00 16929.37 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
0.00 0.00 2670.84 0.00 0.00 0.00 0.00 0.00

0.00 0.00 1.83 0.00 0.00 0.00 0.00 0.00

0.00 0.00 143.05 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 20231.96 0.00 0.00 0.00 0.00 0.00
0.00 0.00 896948.56 61889.45 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 393400.00 0.00 0.00
0.00 0.00 31098.27 0.00 31098.27 0.00 0.00 0.00

15.00
55.40
35.30
9.30

9.30
75.80
5.50
1.60
0.00
0.40
7.40

0.15
0.10
0.15

0.00 0.00
0.00 0.00
0.00 0.00

100.00 100.00

100.00 100.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00
0.00 0.00
0.00 0.00

0.00 0.00 10446.69 8733.43 0.00 0.00 1877.96 1877.96
0.00 0.00 104188.86 23.86 0.00 0.00 71321.67 71321.67
0.00 0.00 2897.73 0.00 0.00 0.00 71.38 71.38

0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00
0.00 0.00 564.12 0.00 0.00 0.00 0.00 0.00
0.00 0.00 41.69 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
0.00 0.00 70.96 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 722.31 0.00 0.00 0.00 0.00 0.00
0.00 0.00 20380.56 1406.26 0.00 0.00 0.00 0.00
0.00 0.00 139313.18 10163.55 0.00 0.00 73271.01 73271.01

0. 0000 0. 0000 0.0750 0.8593 0.0000 0.0000 0.0256 0.0256
0.0000 0. 0000 0.7479 0.0023 0. 0000 0. 0000 0.9734 0.9734
0.0000 0.0000 0.0208 0.0000 0.0000 0. 0000 0.0010 0.0010
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0. 0000
0. 0000 0.0000 0.0040 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0. 0000 0.0003 0. 0000 0.0000 0.0000 0.0000 0.0000

0.0000 Q. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0.0000
0.0000 0.0000 0.0005 0.0000 0. 0000 0.0000 0. 0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000
0. 0000 0. 0000 0.0052 0. 0000 0. 0000 0. 0000 0.0000 0.0000
0.0000 0.0000 0.1463 0.1384 0. 0000 0.0000 0. 0000 0.0000
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(continued)
»eM-3 HETN2-4

47.0 47.0
1.1330 1.0330

2.033840E106 2.033840E106
1.754400E106 1.924150E106

-97.381000 -97.381000
0.001000 0.001000

33840.84 
1997720.00 

2284.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

33840.84 
1997720.00 

2284.20 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

1877.96
71321.67

71.38
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1877.96 
71321.67 

71.38 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00

73271.01 73271.01

0.0256 
0.9734 
0.0010 
0. 0000 
0. 0000 
0. 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

0.0256 
0.9734 
0.0010 
0. 0000 
0. 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000



Itern:IstMCOMP

Stage Suction Temp Discharge Temp Discharge Pres Cooling Duty Requured Work
C C KG/SQCM MMKCAL/HR KW

1 350. 00 444. 34 1. 87 -106. 04 1. 23E+05
2 350. 00 444. 23 2.84 -105.97 1. 23E+05
3 350. 00 444.25 4. 32 -106. 04 1.23E+05
4 350. 00 444.26 6. 57 -106.14 1. 23E+05
5 350. 00 444. 27 10. 00 -106. 30 1. 23E+05
Total -530.49 6.16E+05

Item:EXPANDl

Suction Temp Discharge Temp Suction Pres Discharge Pres Requured Work
C C KG/SQCM KG/SQCM KW

350. 00 162. 25 10. 00 1. 233 2.16E+05

c EStimMc
Heat Duty 

MMKcal/HR
56 132 37. 72



13-4-1 CEbk>t-x)

mg#* (%w)
mumti (kw)
HIM (MMKcal/hr) 

(MMKcal/hr)
ZEB^UMKfi (MMKcal/hr;
biwibpf (-)

(KW:

616,000 
216, 000 

530.5 
37.7 

492.8 
0.40 

229,200
(KW) 170,800

i) PP1022
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Kfo'?v±X(Dm&t LX it, ^© 2-^^#Xbtl^ =
(l) m#©#^ y^ y - b 6m#co2&m#Tib-s-$e6o

— 68 —



(2) yo-kXo

4 - 3 - i.
(1)

^800°ctT'ltME'fbESMIrt-^o 500°C 
EST-tHM# ;i/'>•> A&#Mt5 ftfiiWUtfcmitmfTt5 = -3\ ty > HD

4oo~5oo°cTm*##L. mm***/ 
V J»ti£v-C&feftirZ<D-eaiC02t<DB.J&lt^ M&\ c < <45„ %cT. c

300~400°CEE^Et U't>©<bS;ib;ft5o

(2) M0M
gsamscj&T. n>^ v - hmuco^m^Kit^xm^Kno^, &mt

(a) &]£: & J: tfSBd I® £M U ^E-fbSS^^B#rS-'24B#rS^S

(b) j;

9> hftfS^srio

©B5Wea U < , XHES<b LTMm$tiXi,'%5Lm%s<Dm^frt>MlKirZ>£

(4) lira4’

(d)

4-3-2.

(1)
@^&^-emm4b&0*%#%c?f 3 lx,

#=^#X. t> tl& o
(a) 7k£S#:£4E5£lhilh^ C 02£7j<igE£ L, MtCiE-MEtitSTS:

0£-tir5o l-o©^^ LT(i.
iEz&C Oz©##©#6%E(Cg-f

zt&amm 2oo"c
E* 15kg/cm2G

(b) K0M
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(4) d-- hX 1/-^
mm -ft jv '> x a 7icfn^ ©k jb ^ z n & n 
u^u%^e,m^0©#^, Kt>tz&tz&, ^ne.

'4-4. yntxoii
^n-frxtis coaossK®#, #B^%mfaca^mg-r&a. 

^#%%m-#-S#<&#m(=yntX7o-^#x.S^^3(r(6So ^BS©#^,

3 > X U - bmtt(DMq]-t£f&mK~?l,'T%M'tZ)0

4-4-1. SBtcJ^nyx V- hS#©fltlB
ms,- #m0^m6UT^%mmcoam(±, ioomw^m^±#mBr^b©#ai 

COaT, ^®#(m24,000t/BT&^o C0COa^##@m$#SI:gf%3> 
XU- h##(3, 152, 950ton/BT*%A<#^^^S C 0:(j\ 350°(X lkg/cm2G ft 

%o C©#$^C O aK j: C TanB#&'C# S 3 >X V - hEti"©’^E^:E4-4-ltc^
to

mu, mm%%w&tz>tMzw&tz>^co2©tim^m;fc, ^ssat=5
°c t -eB^T # s fe © t m^-r & o

4-4-1 M$tl5ilzaC02{a53I©^>^ V - hS**©^E±#
rr 7 x u - h s#

(##&)
#^COa

#^#(ton/B) 152,950 24, 000
^gCC) An 20 350

am 65 70

S4-4-lJ:D C02^roi-5SS©3yx V- hSti"^iDBf CO20S

m^350"C^e70T(:%6$K«t!), 20"C^665'CK#mf 6®a-T&^o

0 2©mB^#'#^Jm-#-a^)6(:(i, 3 > x V -

3gm, (3^100%ise"es, tuMttuf, coztBtm
f U- Km#, ^#3>x V-
io^^ii5°c^-e#^T-#^o ^/c, %-M=iy? v - hmtttmfefticmHtz 
£-tntfc a o©^-ws^s< d, ^g^^m©3 >x v - hmfimttzcD
T, Sgl:#*tl^o f ©#-&©##/<? >X^m4-4-21:a<-#-o
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4-4-2

&Mn y ^ V -h## W&CO2

#$q#(ton/B ) 59, 208 24,000

AP 20 350

am 115 120

^ft^SMieff afca&N TE©MmW5Era^£^.$-h#£fk*:i-5 =

Ca(0H)2+C02->CaC03+H20 (A H = - 68kJ/mol
A Q =114kJ/mol)

CCT. AH. AQ(±. ^€tl298k^m$m[6Ly:#^0mG:#joj:U:Ca(OH)2

A Q = 114kJ/molT&a^e. C a (0 H )2©#jS¥f 3 Tfat/^to

44X0. 223X (t-298) = 114X 0. 239 
t=300.8K ^^±# = 2.78°C

::?s C O g : 44g/mole. C O 2©.fcb#?i : 0. 223kcal/kg°Cfc4;Uft =
a&Eg'crmwimao em3>^u-i'm#(±ii5T

tx«©*eN c a (o&©£&*>ii5o

4 — 4 — 2. J' 5> ©i?^kii'$t

n>^ v- y- hgg#^©#

6*13.111 Lit. — TtoSo
#A##©^jmK-DUT©m%-r. ^©ftEto^yn-fex©—fiJ^E4-4-HC 

^t"7)o A©7°o-kXC^T. . 3 y^ V - h####©#A##K:i5(,''A:

#A##©^MA(i. #mK%7K#©%^7K%#^@#U'C^3#T\ —^69 
tcti-fey y h7KfO^/^10~20%t-^tl. ©7jc^(i4~8%imt)tl§o #cT. A 
©££Tliny^ V- hffiM©JIsm2)lc^$ti^®7jcW%RT^ESbT

(r'ft(f'8,o
#tt©®7ic^©^:/jN{±. m%K^3g%7ka©0#E3(r(. ffi4ki^©4eifeJRiffi43«tat

L. y h7K##^:##L. -^7((#©^^^.%©##(C'#-
Sut^-etSo t/c. c©mc#mwc#7]/yT>Ammm#. yvt
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5f^IgIj|ti§9)o

-f 'S>\ £ h 5 v V ■'r

7 a — 4? y 7 ■V'

04-4-1

4-5. mmibmm©m± 

4r 04-5-1 f^/jN't' o

350°C 
C 02

V- h##

m
7o-yy^
(#3R)

04-5-1 3 >f v - bmuiz£ % c o zmM'>I*®?*v v ? m
04-5-1©yn y x(dm^s co2im(coM, tmz-btiz
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tntni <(mra)^i^S=0

2raai/gjjg -Q% =* o ^(,mm/3)0 |@#^g =' d

(3,rao/s>D££3-|aS=d
(tntn)^fl^ =:

M::

~ , d2'I- k'* 002 -,
J ad

°coi

°4-^^Z-S-t®^r-a £Q)%m vniaf ^
°§-4-SEii85'i^r ?mi ^#02

ran = m6'9l=q vfr09‘92=MX$02XZ(0I)-|-

z-t-wwa-w i mz%n$pfam5>mrn9£ 'nmmzw?
0/^05 ‘92 =

(6T0S *0- T )Z I x£ra/S3i002 ‘8/1 x B MOT x 802 I

f' a/XD^6 #

B/0 I
T — (3,013/3)0 3m
021 SIT dm j
098 02 □ Y |(0=)^^
000‘^2 802‘69 (B/uo;)#^#

"0 0^# ##4 -n
i-s-^

°4-S

i0iiii0^#i& - n ^ < c

0 °9rUeirs^^@B^CZ)a-El:^
ci)

‘ I - 9 -f

°^^i#ivic;iinwari^ ?am



Q£3&> -az:^@M3oZ-S-m

rniFHHW ## Wi zoosa



zvcDBJj&mst’fciittZo

B^tj-SS = 3,200kg/m3x(l-0. 3010) = 2, 234kg/m3 
36^iES = 20m<!:lRS
EpPTOE* = Pb=2, 234kg/m3x 20m=44, 680kg/m2 

= 4.468kg/cm2 = 4.5kg/cm2 
P = Pb+ 1 = 5. 5 = 6kg/cm2Gi~§r<5 

C6)CIO, 000)
200x 10. 5x 0. 95- 1. 2x6 
50,000 ,

-------------- h 1
1,989 

= 31.18
t= 32mmT#gf'#" 5 0

ES«©mMSS#^E4-5-3tc^-ro

(2)

Sfc&x C bfrbft
3^6, ES^©B#rST-^T-t^*^ES^ri >/n°^ h cf 3

#^bn^©T\ ifitbtllt^^#^T!5(^to

(1) v- a.
(2) C O zEBfc J:tfmsmcDMfiJ/B (C J: D , V-

"t* -5 o
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(3)
&>±<DWW?M%tmz-t>tiZ>mmt Ltiis «$£|r]±Zl£Z>tz&K*t 

y S P (Suspension preheateiO^iJJH Us >? 'J — h

±^(±^%y:6s #mM(c^T5UAs
x.5 = EthcD®lE^E4-5-4(c^1-0

x %$<D i=i±<Dfcto

j3i) SP: Suspension preheater

CaC03

E4-5-4 mm^^cog 7 n- «e^)
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4-5-2.
04-5-5^1-0 mantLth\ :n

^Ca(HC03)2iUs LTirfc® $><D t

Ca(0H)2+2C02->Ca2++2HC03- (4-5-1)
H C 0 ,-0#m%;ta0#zk&#3#K:«k 9UT

C ckcT%. C 02©MI££
(04-5-5).

($ A:«Ca(OH),)

2C0z+HzO+CaSiOs —*—

Ca2"+2(HC03)'+Si02---------

04-5-5 co2®%jRm@

C a 2+-n*> 1 molC^L. C 0 2&2 moli&JR-?# § j£n W?U t
BX.^o

CaS i02+2C02 + H20^Ca2 + +2HC03-+S i02 (4-5-2)

4-6. -ky >
c o2cD@^%^E©BES^i)CDCDitiT\ > hAm-c#m$fiaaw\ h

^BASt.aj»cD5.7%nmsi-s.

m&ztitz-izj > brnm^m-cmm^ti^ c
Mi~5 z. tltm#>TMLl'$><Dt&t)tiZ>0

4-6-1. •&/>\'MWzlsWZCOattm<DmVt 
■tej y bmMlC&lj-Z C02MMmme)£mt£i>CD£fflmLTJ£<DliLm~3ll£:

mx > MiC^H'tlSCO 2©n y ^ v -
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4-6-1 y hm&KjsllZ C 023§M(1990¥)

m B emit mstiE
(H^t/C) (%) (kg-C/t-cem)

-X- 7" )Y — m# -fey y h#mm 6.4 35 68
0.4 2 4

/h ft* C
73 oo 37 72

#A#.13 0. 8 4 8
tf- 7. 6 42 80

10. 6 58 113
-£- # 18.2 100 193

c CTX -fey > bm'M'7u-texK&VZ>mm^*J\'3r-£WMtz&-ixmtk1r 
&c02/&mBmcx co2#mR#^#m-f a

UlSu -fey > hSS^M-Tx C 02^-#%#6 1: tlT3fc
/cV^^TEtc^-to

(i)

(3) #JL4VH2-
1)

-fey > hMit^n-fex-es c ozvm&mtmptturn 
#ai#T&^o

EoTjE^^bsaidti^ c 0 2£mmi-5te(is iTfimi-a^K^

(1) ^;i/ h y y K-fey > h 6#®-fey y m-^-fey y h £f a =
K^-fey > 7 74T’yv/i-fey > K 7o-ty 71

(2) m#m#©mm

#)©#m. #^K#m#m^-(-fey y h ? v y#-*©h)©

4 Y V)V? * 7 i ^ - h-fey y h 14)
tyyi©#ttifis s iwr

77-TTy yzL#©M#mmK:^My#@E3(r(<a^6^^^6o
2)

*4 fri/ a y tyyliltttlt MM(D%^^^m
<Dmt,

citui. ^yyiii©!^ tK%T#a c 6*
s^i-^o co2©#m&BWfat#,
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o t> ®tt0^D-fe7t?MM0lKj|KioTC 0

I'o
3) #—

> hjis^wssx^yi/^-tix c02#mm®mmcmmuT*)Dx

Sx^;l/^'-KSMScD32%icBUT

to

4-6-2 S jc^;V^'-SSSA '>i* V^-<b^©StoW«

E # a # m%©#%$ (try y h? y y*S0) 
Stic : kcal/kg-kl

^X^qr^gfi*2 
Peal(10 kcal)

1. S P/N S P4-/l/y*3®100%#% 98% Pk/y b ©20 1. 4/75. 3*4

2.%%%3©100%#%. 52% » 55 3.8
?me%5/i/©ioo%#% tt.h©5% " 19 1.4
=lx* 5>©100%#% E#37%

ft±6%

%

’ VI 4.6

4S£A'i'>-ih-f ? n y©51£-ffc; 20%

3. BAT(NS P)©100%#£ #%$# p-t/y h ©130 10.4
4.m-A-ty y hoiKlssi:* 18% At/y h©

35%#A 49 5. I*5
55% * A 118 12.2*5

d.^mfe&OD&FB R%*« Pt/y 1- ©290 
(Eil : ?%MNS P)

2. 0*6

Ei$S 6.tv y$ • ?-9#ap#$8.k*7 mm Pt/>h© 15 1.0
m&m Pt/y P ©285 19.8

*1: —%%#
*2:#/l/ h5 y K? U y*80%> iSFx 5/20%. &SE:8. COOP? h y£auil 
*3:1990¥l$OX h y ^^-XTOT^KiS P/N S P©EStic£Si£
*4:i990¥©*y >
*5: B A T©#&£-tf n £ Ltem<D&-£lMM&A' &©91^463 
*6:S/l/ h5 y h'-by y hBH@©10%#%tEB 
*7:^-7<D*d3%$ta6®60%A'e,80%aAl=|8|±
*8:<E-©4S:P =#/!/ h5 y K-by y h©%, P-by > V y ftEStiC = 968kcal/kg-kl

#4-6-2Kck 0. ffiKJ£<f&btfe^ ttz, W

Ltr'i&frtlSo

&£>tlZ>o

S-X. b>tl%o
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tv C o*0ggi<2 %t 2 0 96©gtBa^TT?®JRHi^*fTl'x ii£S£04-6-lK:
CO20%iRm(±gm#^d:U:CO2^0^#kM#(C&6#^ 

^Lx w^^iciitv Oz0%iR(±mfr^m

-ett c Oa£iRJK&aufck©©:£iWiO'afe&&^ iti^o 
L^Uti/frib, mtt#?LE«tt#^S^SE©SfflMTt:-s 2%tfcfi2 0%

4-6-3. TSBiTBQ&J&tftiktfX 
^K%5 It mm fijl'is'} t L/n &425kcal/kg(lf 779kJ/kg)©MES

T:9-BU M(Ca0)iC02M^t§16)o ^^©fMtiXSFTM 
^#6 Lt0SIv

#XfX0^e^m4-6-3K^f'"o

4-6-3 -fey > hSStcWS^E^OiMtfx
m i

&mcc) 360CN S ?©*§£-)
348(8 ?©#-&)

#E(mmAq) 650—660
c Ozmmcvoi^) 32
0 2 " (vol% ) 2

#K:E©05E#x&&©co,©#mmw\ %©c 02©^-
cog^^memuy:#©^

y<? y - hm#^©@%c-D^T(±i##cm^a t)©6#^b^6o

4-7. tr-rtK 
%K#e$^Tl^Mg 0-^C a

V - h©^E4b$EatC-o^T©E%J: D, C 02£n V-h
muK t. <o mm? zumt, s&j;tfS£i£©£T+#wstt^&5o

8 #^7:'©##©#^, O2&X n y ^ V - h S

iiTt/'So
^©/ci6s c©m^K4:6co2mmm#6LTx

X*;l/4r-£iiS^BgrW®£ 3 TI2S -? T t, Vj: (, v -e©

4#j;o
tkm&m&zK(*> ^nb©SEx-^©jRs^'EojX7:-s.^o
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D-fey > (tk)-fey y h%^-fey > H4l:##P9#A^, t y y
h • n > ? v - h No. 574, Dec. 1994 26-32.

2) -fey > h - V - Hk#^f00m(1987)-fey y h%#.

3) mmx7;i/^^AzK##®m^###(i994)Mmia^/mm###45, i26-i4i.
4) 5f5K^> K7y ^(1972)^#^E##.

y K7 y ? (1996)####^.
6) mm -
7) -fey > h • -fe y 3 t7 • ^BE^ > K7" y >7 ii7f'JT;l/^i 

JR 713-714.
8) MSJE, Jll##$a, Sgfn£, #0#A, n >^ V - h%#, 20,

m ,83 (1982).

9) ##:AgB, -fe y > h - 3 > ^ V - h, No. 318, 37 (1973).
10) mm#xmm#m# S23^o$cir® 4i4(i996).
11) EjM — (1994). “-fey y MiilMI” , -fey y h - n y - h, (56

3), 37-46.
12) mm #(1993). "-fey > ,-fey y h-3y

? V - h, 556, 49-59.
13) mf^B,mm #* E(i993). h^;i/1? y k

-fey y h --fey y • E56S3 yy V - h^cDUffl-",
3 y ^ v - h %#, 31, No. 9,18-27.

14) fflOTA, 6MS, BEB3E$, /BttASI-d1, ^H,B9S£-6|K1995). " C 2 S - C 4
A,?-C4AF-C V +

46,56-66.
15) /j^u#%, m #(1994). ,

-fey y h • 3 y ^ v - h, 568, 12-16.
16) ##7TV7/i/##m, ty y h - ty 3^ »^p(/\y ryy^.me^mjR 

(1995#!!^) 448-471.
17) tk@^A-fey > hma,

#g(1996#9^) 80-85.
18) ^$^, EW^EE, No. 248,65(1994).
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5- 1 t I rg?M7kS4fc£Sfim-®Hfc
HSSS'fk • ©®g£. 5-3t4fTli:f0f-7i
SWJiCiKt^yD-feXCo^TOL C A&f¥ffi£. 5 - 5MVltZtlb>

s -1.
1990#7 u^o sssE-fb^Mtcwr

^IWW»0-oilt> RITE# r®M7j<S4b£j£;pm-Wfc0t
(<b#%c Ozem^yn^^y h)j

2 b 10#rs©^^miUT^50 C©g%#. 1992#©'j# • tS 7 h
T/&:£ L*©*0IzmirZ>^

z.t\zhz>0 c Oz©#m*#. 1994##%%,
^lilft 3 It 3 =f-75 h >/###L'\ c OzlM^OM^lS bti

U C 0 a4IT^5 5
K^HM^iai$)n§co2^i^iibTi,^o at, #^-e#. ^

XA-x^S^T#S#5SB^^3to0 Hi. 1994#M©4I^M
wt»n. $EE%EitT©gs^ab/c<i:ES$n/c©T\ -e©mmcm^# 
Ky^'fyy h£MLT. #%. f©»iIbTi^o 

-fb#69C02@^byn^x^ h \ifrW • EUR L/c C 0 z^SKi® <!: LTW/8/i
4b##mcKm#^R#'rjbO. #:S/XTA#. ®^(±%mm^©0^%Aag/n
L#^x^©co2^m^fm©^m#Tmm%(:^m-mat ©mb

C O 2:fe JcO'g-J&L tz* $ J-jU<Dm±m&tJ ZtiZVn-rj >y":fccfcO*T 
yn-T^ 'y?\ (DEURL/cC 02£7.Klt<!:££j£$-tf. y y y-;!/££-j&#5 
in. #0#u:®m#K#ayc#H2#m©4%@/,^#^$iiT^ao c©#? 
#EUR$ft/c c 0 2£y y y -;wc#;b ##**©7j<SM'g*e. tKS©#^#-^ 
##mm©^$;i/#-(:j;6^ix *m^©gs^#7u#-©fim^sn

<!:#&.

5 - 2 . C 02/D-/<7UV ## y 7Uyx#A(D##lR3t
r i Tco2ya-/<;i/v##y;uyxTA0m±t. c©yx

fA^ll L/C«^©^K • JC#7l/#'-JRS^^. ^il€'il. H5-2-1&#0*5-2
-22) ###0

£/c. 05-2-3#. ##©ycmmm##m##yx^A<e#^$if/:mmm©
yx#AT\ #. 05-2-4#^#gB^SM©y##y;i/'>xxA^g
#6 LTUS3,o ##. :©'>7fA^ PC 02y'n-/Hl/V IM y 7H>X#AJ
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ioo75kw$£5gyd} 
tiXfi :3007mm3

©7 ; 780MW

>■ C0a;

4"-)
;WZco

1020MW-coa:
4681/hCO2;

4681/h

CO2; 
444t/h

-\ MeOH y4L. 

MeOH : 14751/0 MeOH;
3231/h

113MW

H2O : !82t/h

H2O : 423t/h

@5-2-3 RITEi#©'>^fA7D-y'-F (SffISE)

\ C*$gx*^'-®sua?K?]x*;i/

1570MWMeOI 
323t/h 1790MW

CO2: 
780t/h13MW 312t/h

H2O; 182t/h

H20 ; 423t/h

CO2; 
468t/h

CO2; 
468t/h

@5-2-4 R I TEi#'>7fA7P“'>- h
(S V 3;[/ = C02^n-x,uVlN2;i/v%fA)
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^'-ESSTC 0 2^13 JR U, ^ cc
TM3;h.*:7j<S<?:ES£-ti-, J ? J -Jl'Z&lS.-tZo Cfi&zcjul/jf-mgm 
cmmu, m • <k¥i%wt Lxnm-tz>o ^©y%^A(ic o2#a;m©mm

<, ####©em#© mmc & o

5-2-1.
4k#% C O2@^b'>7fA^®0/;fe, S/X^A(D^#m#6^% 3o©I 

mm# (5-is©©©©terns) 6A#y%^A0#m<b©m^m#^m6T 
ir'So m#AT\ jRT©ck9^mm<&#T^ao
(1) i#m#sco2##mm#©;im

10-20%@m© C 0 C 0 2#m^60-90%@K$

^©T&o,

#%, M-P© 3@E©E^E^TE^1-0
a. %^E

4. #71/ K#%M >M 5 KE
n. mmmmm

b.

4. {smmmE
f^E^&t^Ttt C 0 2©jiiiiSS5x 10-4cmVcm2. sec. cmHgjR±. &tfC02/N2©

^###%35R±©##^#-#-s f ^E©mmm#©ma:& sm u, m^©#m
#mE(:fc^TliCO 2©mmmm X l(r4cm3/cm2. sec. cmHgjR±, RVC02/N2©#
MmioojR±©t©^B#6 u^m#©^^^mmu-cue.

-O|^05-2-5K:^to

(2) m##bkm#mmm#©;m

#^M07o-&X©M#&4Tc Tt'&o SSS 

E10, 000/hr, ^iSM250°C(CT, JRS650g-MeOH/l-cat. hrR±, ttJ-frM 
iR$99.8%^±tV\9
^#m6f-a%mm#©mm©#m&g#LT^^.

ffl^LTl'Zo f TCmm^miOOA/drn2T\ #^###4. 20kWh/m3-H2RT, jl*

t'lllil. 6m2<bS^L, -e©*t#^©0. 75m2©l$fp£ Hi 
m&O. 25m2x 10t7l/©m##©#m%^ iTl'So
(4)

1, 000HW©^##^%mBrT%mf ^ C 02© 60% £ EURf* 3 (:::£'> X
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8
<R

cm3(STP)/cm2s cmHg

05-2-5 m^#BIB©^#^ia]6B#

f A&mm L&#0M#5&#N8:l,T(,'S. ^ / -;!/&%%
*:%mLTL'%o /

xf %tx c
©#(j:*t30%t%%. OXf A£jL*/l/^-ilsli>Xf A^ifZfth^ z.n\t

1 Z 3 £$fj xk-fz ->XfA tfrt£ltz>0 
^ZXf A^#Ab/:#4'6, C 0 ftlf'ti

497g-C02/kffh®:i^780g-C02/kWhT:\ C 0 2©|iJ«(i. &36% £ tl £ 4)o

5-2-2. Of K#©#g
*S/Xf A©####©#—#6 LT. 3o©gfgiC”i(^ Of Xf- 

;l/TZXf Amm^#^frcTL^o ^-XotX©#J:$;l/4r—fbx jg#
DxA#:6LT©^4;;l/f-&A#^#/^mc^Sy=%)©K#^#mH/x

•>Xf A©§M£0 3fH®-e&3o 3-0©###^#^^-#-6 0f#^#©A 
S^5nS.O'f ©ito^E5-2-2-liC^1-5)0

5-2-3. ^#©mm

TMbx R I T E^m*© c O2Z0-/<;!/IJ iff Afi, #g#
K#KM UT^Xf K#^%mbT(,^#l#-e&^o '>XfA0^^0fc6C
(±. 4-#, #g#&Sr<!;tcBf&|6j±^Znf xftMOESEM'g-e&So
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5-2-2-1 < > f 6 B K
m c 0 2^#m

A#

#7C

mm#X& 1. 6m3/h

—]V 770 X500mm

m#4R

05mm 0

mS# 8m2

/^V—A-SiiSS 50kg/d

Ef50

38.4 <j> X4,000mm

EJSS.S 200~300‘C

EJSAEXl S* 120kg/cm2

7kSS5aS 10Nm3/h

mSW 25dm2X10-fe/y

2.5dm2 XlOO-fe/U

ills $.6 100‘CJEIT

iSEEXl 5kg/cm25T

#8 p-fexoSiS-fk;

• iSftjfiSOftlfll

• yy-4 —'>a>

--a-^ypt^oa^'fb

■ —jut7) §3^

■■^mwmm.<o^mit

CO^'b^y - )\sft'B.xL^ tioo 

h z> o # '> x f- a a< jffiSet* § & © g# &±m *- * j\/-¥- © « Kj *c3&m ft * ftl 
MS<dBaz:-C&5o

^ ^C 02/0 -/<;!/

V 4M # JH/ZTA&mffi&OjzM&iis&Tii'Zo LfrL&ffi<DM&£$kfem% 
etj-r7icj;oT^L/x^Aos^cD^isjo'ttw^n^^^-Ki*x * 
CDS«(*^S < , 6MftC6 cT. XA-XW
^Pl#0 < t»©tSt)tl5o iU'fi^Ox

T'&3 i#i^o

1) mmtmm. 1997# g^#s

P31—38.

<Dmnwrm{pi%KMirzm&mm, c 1997
#3jix Pi62

mm### (1997#3£X P777

it • ^mcozmM^yu$?x* h c^>yuy
h)

5) j; 5 c ozi&mt, n y^4
7#%^/## (1997#)
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5 — 3 . L C A&M

5-3-1. (±
^^©##^#^^@##6 -gtnc o2®jR'>xxA^ii^$n

Tt'So ^tlbC02@JR'>X-rA{Co^T7'1,7-y--f^yl/iCt)/c^^^yl/^-
j;c;co2#a;mjm#^m#:i/, $#

T'fcU C OzElJR/^ AKOO^T, x*;b
02SajllJMCD^StoSS^fi17 (^TOMT'liR I TE^

<0, >&-?#c%, #

©A^tt^Mf^-XOC 0 2®JR/y ^/-/I/MS/X-rAfCO^TfF

«lT5) o

5-3-2. :t*;M*-JK3fc 
( 1 ) W«:fr&
^cd(2

A^$;i/^-6Am#-c66y f y -;i/©mai^$;i/^-^m#:l/x
4%3[jt&^a6%o j;

ti/;#yat7^oSAx^;l/f-1)2)^^TlIb/Co

EA-x^ 

ces • mm]
Esf'>XtA

[y x y -;H

^©jL^;l/4f-JR$j:b^bVA^MvX^A©Stz:'B^WffiU/Co

ik> 1 £tl% C tX'&Zo
(2) ##f^XTA(#^R#/<-x©c OzBiiR/y ^y-;i/A#yx-rA)

Ayj^E^rC^^s LN G)tzt'frt>m$LLfcC Ozlt' 5 s
;5#©#mim4%(E0R)iiw
^-cmmuiry ^yc^-rv-y-^^

So -c-e^tt-rs'>xAAT(i. ^#^©^*-em#^%Kyi^Ai#yb

© c 6 6 U, e-sanr s c o2£## • m
jRl/T, #^M:mE$^A:*yj%mBr^j;^AI#^mBr#'rc 02^^ >^7-

T#mUx f0itCO2^y^y-;H:^b/;f> m?J ? J - WCB^:
ir1Zt>%^ $MyxfA|i05-3-2-liC/7

■t c o2[siR~y ^ y “;i/M©^l'>xfAtfe5o c©c o2 v f-f ^;i/7x
fACol'Ti^;^-iR^io cb tfx. A ;Mr - j&£ J: b £!t# U X^;^-IRS 
bb©#A^bx A^MvXAA©j^tjr-B^WtoL/c0 

$ilt'>XfA0Mii UTSs cbi^E^totcC 02@JR^St)S
^1‘Xtimwm^m/vfio f ©^-et)^^©E##m 6LNc

i>c0 #m7x> b©#ma;yi(j:ioo^kw?&Dx #^©
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bflSM^jilSL/Cc, LNGWi:5!tLTIifS2PSA(£E
S^^C*LT(±02/C02mmmT&%.

05-3-2-1 C02y^^ (CO20lR/y^y—yV^S) C/^TA(D##7D—

mwiy/ccoziicoz^ ^,0 @

JR L/c C 02(i1M h £—iWMtcraLWft^/j: b/U'o C O2i*20^,Ex -20
"c-camLx afm^m^cozimiR^#®##. ^>/7-©###jo«ku:@%B 

%/rb^$b/:o co2^>X7-(ie#^co2^mu(, #0(a#mTA#L&yf 

J H <5 t> © £ L/c0
y ^ y 5 2m&&3£z.tz0

7jc*M3nT(^-5*/-y^-7jc*%E{c <£ 5 y ^ y -;i/£SSife£ L,
MLTIi. BM&mc'Stu h7 V 7^^#
i^iifco y^y-/W3\ c o2y>/7-rs(fti/cco2<k7jc©mST#bti 
/C7jcS<by ^ y -7l/#E(i^©SS(c =b 50
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3 H2 + CO, C H 3 0 H + H 2 0 - 11. 93 kcal/mol

c o2^e»©y y y -Ji'&j&izit.
gTjba. ^EKDMfT#, ^Xfx^6yyy-;i/^^mfa##M©^ 
tfxfiEISXgiyiDW> M

^6^9 s/%TAK
y ^/-/!/£$©«&95%£ bTfh#b/c0 7j(SSBSSli 

7jc*SSLT7lcS^SiS-#-57jcSMi6-e^,5o SS^OTk(COV^Tti, * Ay"©

% E K 1£ 7j< £ A © ie im IS t- £ a /^\ 7h-x h a y

7©AM©#^(ax

< x %mmjjKmtiT\,'Zo AAy"-e©7k;b%m©^ 

FSESfiJMia H;£©1. 5i§gs<h#x bits ^©1S£67. 5% <!: Ufco Ifcs *

-X h 7 V TTCDjfcmft^mt, 20%
comm^jmm^m:vs^(B^-c(ti2%mm)o u^u m

y ^ ^a K 6 % a,
@L^©#^(±, y y y-ji'^mmasom&itMrmcDmrs^tzifv, y y y -;i/ 
&i&mm®mMmi$*fi-&iTKtii9, 2±©esib*^^^0 <e©y= 
#x my7emK#©#^(a?pTX?&a6#^6aia. ccTta^n&^m'e# 
m$ti^sM©¥^-^SEBT-esu> %^xt>y y y-yy^mmm^mmx#
a &©<b W:o /c/cL. #Em©3iS%m##(a70% <b L/Co 

7Ky7 6±M%E77> h. ^7K<b77> h^^Cfy yy-;i/^mM©^!# 
mmia^ %EE^b©iiiJRc o2a^y x y -;i/K v im y yi'-raoM^sg 
yj^bSffi u/co ESt^yjia. LNGA,±6^mAy]©@mco2acMLi:3ij 
* tcSSL/Co 7kSMit^^g/j:EyjiES^ia4kffh/Nin3-H2, y y y -;l/^m
©E±m##(a800kWh/ h >-MeOH(0. 38kWh/Nm3-H2X £ fc^TMtCEAK 
##(i28kWh/ h >-H20(0.0211kWh/Nm3-H2)<h UTthSL/Co #5-3-2-l(€© 1 - 
3)Kx #miLy:C02vif-^y;i/yxTA©mm^fl=j5j;U:^4;yi/f-###m 
&LNGkjJtfi$Z!ktlK-o^T&to 
( 3 ) JL^7l/^'-iRS;

m5-3-2-i©mmau4=&6, c o2 y-y--ryjii/xv- 
-eta0 LNcy<y3<b5Ry<yj'>x7A^-D^T, LA6#
© C 0 2 V 1M y ;l/y%7A©J:%y|/^-iR%©##:#M^#5-3-2-2K^'#-o 
&. y y y-;l/©^ms(a5, 400kcal/kg<!: Ltttlbfco 

ms-3-2-2^6. i ^©x.Tfe?9s mm
Y) $>0 < N x^;^-ft^yxfAibt0i4

u^Lx A#^%E^j;aco2uif'i'y;i/yxT 

A©i^;l/^'-JR^it(l. 36-1. 61)(a. tHA^E© b (2. 87-3. 57) 6 it# L 
T#^^Tr&a. ^tua, #5-3-2-K^©3)^b%b^%j;9^x
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85-3-2-1 co2
COz £fn —/ \; U'J UvX^r A <0x^;udr—iR$:^|f(^ro 1)

-cOgtoisiiixiSIb+cOg/MeOKrosfjK-Slii-

a a a g'J
Sii

LNG** 0 #

-tisukli F-ACG tfxib&S

MW 1000 1000 1000 1000 F-ACG; i^iAGG(LHV; 58.6%)

#l5«mfflzF % 70 70 70 70
&SHS»Hi2fK3SSSi8 HHV) % 40.7 52.89 40.7 47.1

0.96 0.96 0.96 0.96
atej»asw%) % 39.07 50.77 39.07 45.22
hit m $(%) % 3.8 2.2 7.6 8.7 5ftjkA:O2£0«i;tj£t,'

% 37.59 49.65 36.1 41.28
#IBi2ISS*S(TWh/#) TWhe/# 5.9 6 5.67 5.6

TWhth/# 15.69 12.08 15.69 13.56
Teal/# 13498 10388 13498 11664 1TWhth=860.1 Teal

MTOE/# 1.282 0.987 1.282 1.108 1MTOE=10526 Tcal(HHV)
##&&;SgS(i2IS3ffi: HHV) Tcal/TWhe 2288 1732 2382 2083
^Hco20i»fi»tf0jR/aft0faa*ft 56.39 T-C/Tcal 103.44 T-C/Tcal FJ6 80.23 T-C/Tcal

C02%£E£1i(HHV) T/Tcal 206.6 206.6 379 379 294.0 T-C02/Tcal

#|Bjco22g#S: Mt/# 2.789 2.146 5.116 4.421

co20HX)i Pres.Swing.Ads.;£ o2/co2EH?£

#MGO20it%$ % 90 90 90 90
#(WCO201|Xfi Mt/# 2.51 1.932 4.605 3.979

EJlX/ia-lbSil* MW 169.6 130.5 280 242
@HX/;"S1bfflS*;Sgfi TWh/# 1.04 0.8 1.717 1.484

Teal/# 2380 1386 4090 3091 #SS©00SS=J:«

oo^KKttatfooj/^-^roaaatt

oo^aa# 20SvE. -20°Cn JfcfiljO
oo2ffi«a^>^ m3 14000 14000 14000 14000

& 4.9 3.8 9 7.8 %%m#©7ae
!■>/£ 1075h>(CO2. /£/—JUftl®)

M-mm 25.1 19.3 46 39.8

km B~ln 8000 B~$ 7200

atm BMmm a a~in 22 B~5E 20 B#iS 30.0 km/h

B~ln ft 2.7 2 4.9 4.2
b~55 £ 2.5 1.9 4.5 3.9

ffjfiaa 10 0.2
ooj/^y—^©jfKfcaai^s^safflx^Mf-

C02^^H;-S1b$f)* Teal/# 83.17 48.45 158.84 120.04 Urt/UM-roiS^'-st,'

GUIM£ 181 Gwh/Mt-CO, Si&lb# 4.0%

co2^>±-%m/m#5P%y] Teal/# 15.06 11.59 27.63 23.87 IIW/lIrtfflM^t,'

JSSti 3 Tcal/Mt-C02

&S-JV9M/MBPW1 Teal/# 10.42 8.02 19.11 16.51

Jlll{4 3 Tcal/Mt-MeOH

wj-mmmm Mt/# 1.74 1.34 3.18 2.75

Mm3/# 2.18 1.68 4.01 3.46 lb# 0.795

es+ Teal/# 108.7 68.1 205.6 160.4 SW/Slil-cDM^tr
TWh/# 0.0475 0.0393 0.0863 0.077

$>*-© a~jln Teal/# 359.3 276.5 659.2 569.6

b~se Teal/# 323.4 248.9 593.2 512.6

ES& 61.2t/£-B(CMifi) HHV 10.5 Mcal/kg
at lll^/ll^©®73#t,'

B~flD Teal/# 468 345 865 730
B~3S Teal/# 432 317 799 673

0iR/aft/jts,a^siax+;Mf- e 5+ j^y-;u©aai/0rt»K$t.'

B~j)D Teal/# 2848 1731 4955 3821
B~3S Teal/# 2812 1703 4889 3764
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C02?'n-/ijl,'jy-'('7)L'>ZTA®xZjl,lf-lk$%tif(:£CD2) 
- y-sy—->xtA cdm^t -

m s LNGik * 4: *
Sti —A&lkA F-ACC —fiSik* fim %

3£&gt(£S»9) MW 1000 1000 1000 1000

y5y-;uigs^>h StSiRS 95%

GOzSteSS: Mt/$ 2.51 1.93 4.6 3.98

y^y—;usiia Mt/^ 1.74 1.34 3.18 2.75 C02-3MT/YK—X; 2.075

% 70 70 70 70

t/B 6795 5229 12465 10771

*S;S1S Mt/S 0.328 0.252 0.601 0.519

$tjS&&S(HHV) mtoe/^ 1.06 0.81 1.94 1.67 1MTOE= 10526 Tcal(HHV)

^*Egg(AC) TWh/4p 1.39 1.07 2.55 2.2

IM 800 kWh-AC/t-MeOH

7KS@liS^7>h 0.8425 H-LHV/HHV

*sssa itNm3/^ 36.4 28 66.8 57.8

% 70 70 70 70
75Nm3/B 1426 1097 2616 2260 C02-3MT/YK—X; 1704

sasssfi JlSti 3.82 kWh-DC/Nm3-H2 3.93 kWh-AC/Nm3-H2

*B3fef6S(Do TWh/% 13.91 10.7 25.51 22.04

**%S(AC) TWh/^ 14.34 11.03 26.3 22.72 HHV 3050 Kcal/Nm3

S/E^maS 97.0% 33910 Kcal/kg

X*.;u4r— es^-x 92.9 %(HHV; DC) 78.3 %(LHV; DC) LHV 2570 Kcal/Nm3

Si&aS x 90.1 %(HHV; AC) 75.9 %(LHV; AC) 28570 Kcal/kg

B*;^7Wbd>7>h fflTKJISte 8.94 t-H20/t-H2 KmmiEtii&Ofr
%*@%a Mt/^p 2.93 2.25 5.37 4.64

$m##ims % 70 70 70 70

t/B 11462 8821 21025 18168 CO-rSMT/Y*—X; 13698

a*5B«s(Ao) TWh/$ 0.077 0.059 0.141 0.122

SAESti 0.0211 kWh-AC/Nm3-H20

y^y-;i/#m@^;NKaes+
*A%g#mB$(AC) TWh/# 15.73 12.1 28.85 24.93 *±2" tK ^1 flj ffl *T—x

y$y—;uHHv Tcal/^F 9375 7215 17198 14861 <y$y—)u©fg$ia>
#mmaLHv Tcal/S 8334 6413 15287 13210 HHV 4290 Kcal/L

J156SSHHV MTOE/% 0.891 0.685 1.634 1.412 5400 Kcal/kg

y^y-;t/#-s 860 Tcal/TWh 69.3 %(HHV) 61.6 %(LHV) LHV 3820 Kcal/L

i*;l4F—as 2250 Tcal/TWh 26.5 %(HHV) 23.6 %(LHV) 4800 Kcal/kg

LHV/HHV 0.8889

TWh/^P 15.42 11.86 28.28 24.44 mm® m$k®±Li$>'r-x
#Sm±atts 50 %

8S&# 70 % 17

TWh/4f 18.14 13.96 33.27 28.75

25 %

StAS. 58=0 x 2.0 %

km2 101 78 186 161 JISE 1.20 ha/MW-DC

0fS*aKffl*6*(DO) MW 8451 6504 15503 13396 C02-3MT/Y/<—X; 10100

y$y-;ix$i£ffl*;f]ggSIS:fiS i!$S4i*S 2.5 %

60.0 % <—WorldWideT?jS#J;6'?

SrAS 0.39 %

0f5SeSRfiM6*(AO) MW 3080 2371 5651 4883 C02-3MT/YK—X;3682
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-I—$zyiz->X7LA©|fflSx^.;v4:—A1R-
C02^p—

m g
s<4

LNQ^i H tit !k Jl tS #

F-AGC —65^* tfxib&S

MW 1000 1000 1000 1000

% 70 70 70 70
@$E#3%$(AN.AVE. %S3ffl) % 39.07 50.77 39.07 45.22

TWhth/# 15.69 12.08 15.69 13.56
^MC02IalJRS Mt/# 2.51 1.93 4.6 3.98

<3mx##8g%#>

MJS-jfcE*;u*-jHBS(Kffi+afi!>
GOgHUX/iSIblSS Teal/# 6.32 4.86 11.59 10.01 ISfii©i.o %
cOjRfiEiS^dll^) Teal/# 1.68 1.29 3.08 2.66 fs] 0.5 %
co2ij] '££^>±—<.13-)-?) Teal/# 370.25 284.93 679.17 586.88 ##+g#©1.0 %
co2ms^^-(se«i) Teal/# 331.22 254.9 607.57 525.02 fsl ±

C02IMBRR(@4) Teal/# 1.68 1.29 3.08 2.66 IS[S©0.5 %

y^y-yuggiSiStg Teal/#

Teal/# 19.84 15.27 36.4 31.45 [Hi 1.0 %
Teal/# 0.09 0.07 0.16 0.14 PI 1.0 %
Teal/# 1.64 1.26 3.01 2.6 (5) 0.5%
Teal/# 1.64 1.26 3.01 2.6 [Hi 0.5 %

*B%SSSlft (&«&&) Teal/# 2176.66 1675.1 3992.8 3450.25 PI 1.0%
AAfSSKfllr Teal/# 245.44 188.88 450.22 389.04 p] 0.83 %

co2Bn%/j&ibmm Teal/# 2381.33 1387.25 4093.29 3093.29 na+Ktt©i.o %
co2R?ms#(Bim) Teal/# 49.51 30.25 93.99 72.52 $to+i§ia©0.5 %

co2iH m>h-(.i]-fV) Teal/# 3.54 2.06 6.77 5.11 ISIS© 1.0 %
co2SDii$>*-(5EM) Teal/# 3.3 1.92 6.3 4.76 m ±
oo2JB*aHffl(B41-) Teal/# 49.51 30.25 93.99 72.52 ®i*+isis©o.5 %

Teal/# * $ at £ 1S fit 1- i t,' S&S&i'k ISiS*i.o %
Teal/# 5.2 3.03 9.94 7.51 pi ±

»*StaMbKfi» Teal/# 0.02 0.01 0.04 0.03 pi ±
^y-jujfifciMKBrt) Teal/# 5.59 4.23 10.29 8.81 ®l*+iS{m©0.5 %

Teal/# 5.59 4.23 10.29 8.81 PI -t
Teal/# 1843.29 1073.81 3520.32 2660.3 ISIS *1.0 %
Teal/# 161.66 94.17 308.73 233.31 ISIS *0.83 %

IM^x#7i/f—1—5UU(iSfit+j$m)
co2[s]i[X/;)3HbIS<S Teal/# 2387.65 1392.11 4104.88 3103.3
oOgWBKgKHrt) Teal/# 51.19 31.54 97.07 75.19

Teal/# 373.79 287 685.94 592
co2m$>A-(3gM) Teal/# 334.52 256.82 613.88 529.78
co^msffldM-) Teal/# 51.19 31.54 97.07 75.19
yy/-;u$Bi!S{S Teal/# Tk&SiSiSfillc-g tr

Teal/# 25.05 18.3 46.34 38.97
SSTk&TklblSfiS Teal/# 0.11 0.08 0.2 0.17

Teal/# 7.24 5.5 13.3 11.41
Teal/# 7:24 5.5 13.3 11.41
Teal/# 4019.95 2748.91 7513.12 6110.55

7k*$£SsSfflf Teal/# 407.09 283.05 758.95 622.35
#—XSVItilBcX#,; l/4r—1—5 V U

5Effl*B$SS —2fcX*» Teal/# 2540.77 1955.31 4660.71 4027.4
Sm#-x TWh/# 1.90 1.46 3.29 2.85

o'ot Teal/# 6884.13 4490.31 12499.16 9955.98

MrVMiffiB. —%X#^ Teal/# 609.46 469.02 1117.97 966.06
smy—x S*# TWh/# 1.16 0.90 1.94 1.68

cant Teal/# 3271.16 2024.37 5744.79 4467.6
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3L*/!,4s?-©m(Mg'e& <0 > i£/c,

So cfL6^#^#m^%TA^^#^@a(i^©mD-e&So 

ftllo

®y y y -;i/#-a5#s:#©m#^<&%a6sc(±. AK&^-e%mu^mm,©—@g^ 
em#m7SM^#Bi/%(j-A,(f%e,-#'. -e^^mAax^A#< u, ^ 

s.
S-3-2-2 C02^n—/i^UUth^JUvX^ACDX^jU^—1R5

LNG
—BAA

AA
F-ACC

5#
—BAA

AA
AAib#e

*W—Jls±MM [Mt/#] 
SiijX^yU^— [Teal/#]

1.74
9396

1.34
7236

3.18
17172

2.75
14850

AA?(*A)
[Teal/#]

x*;u#'-i|x£j£
3271
2.87

2024
3.57

5745
2.99

4468
3.32

Th-Xh7U7(*li^)
SAl^'i^'- [Teal/#] 
X^yizd^—il%S;j:k

6884
1.36

4490
1.61

12499
1.37

9956
1.49

(4) a=6&
#4AR#<-%© cozigiR/y y y-Mi^xfAco^x, 7^7t-f

y ;i/C^AS^^;i/^-e^©?#%m#:^ff c Ao ^©#m, c©c OzBIiR
/7^y-Mi'>xfA(iN Mf^-xts
m&lb l £@AT&D, j; D# < ,

$il5 JC.^;!/^'—teN L N G A^j i^H^A^Jt/'''^ tl©Wr^feN ^#'>7fACg:
A$tiS^4;/l/f-0iM)6O%&^^T@)6TA# < . A#^XAA(±AM%% 
B#CA# <##7SC<k

5-3-3. C02#tB|iJM
(namco#####

XCb/;W«M3' 4)^^T, ±3BLAgmWB't-xC0zEUR/y y y-;l/^m 
^%AA©m^!^j:sAcA#s/%AA6 u 
T©c So

Ayx^A©m#%& j;ammc#g% ©m#c o2#aim#mc-D
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ii^^5-3-3-li^5-3-3-2^^-ro
(2) amCOz###

6 C02#mm(j:##C02
Tft-#U*0

^'>7fA0lti.' Z C O.StidtCteTE/^&So
co2m

ESMSMiMcDEitjo ckfitmc J; o T%£ih5 S« C 0 2Stid 
©ESOMMStihS C02iiU

-eomozL-^^ >jf^ ms&ctf© 
C 0

RT. ^tifnco^xsit^o
a. E#0mE(=m#-#-5CO:##

ESCD®E^6^1"5 COJfiiif^ S5-3-3-1 <bS5-3-3-2iC^1-$E^) 
s©s«co2M]EM£tinv E#®mm^#s m#m#^#mL/cT 

«k c Tff# U/c0

Qa=£ (A iWi( 1 - C i/100)/(1000Y iH)}

V- <— L s

Qa : ESBE^Mf-^ C O2StiBS(ton-C02/h)
a ,: o2#aim#m(kg-co2/ton)
w,: E#&m&fam##mm*(ton)
c i: )
Yi :

H :

tijo\ ES©¥^SS^rSli8000h(333.3H/^)<hL/co

b . Ei®Iffli:ft*t5C02iffl
E#0am:a*f &co2#a;aw\ «k

^ ijf^s c o2#mmT&D, Taxcj;?
TltS U/Co

Q b= 2 (A i U i)/1000

V- V-
<— V- L N

Qb : ESMt::i±l5ie-t5 C 0 2#ffi*(ton-C02/h)
A i : m*. HMfOliC O2^tHJfmtc(kg-C02/kffh. kg-C02/ton)
Ui: m*. &m#m#®m#m(kWh/K ton/h)

%jo, i3a/7*Xn cmmcMf 6^#co2#mm#m0#ts
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E5-3-3-1

mnz mco2#*m#g[(kg-G02/t)
ms ase

DA###
1303 85 1388

rg] 2167
441

100

E')PjE')P = D1
2267

70 511
)AA#(SUS 304) 6337 63

3169 634
6400
3803

7iB^PA+-"j,T)\>i m

SZM__ _______
________

(7)=7Va^^JWi-AlAA

3412
8495

10224
14770

340 3752
600 9095 H*SM-7X±I ffl

1022
600

11246
15370 MmNi4.5Alo.5

2)SKA###
CPFRP 1456 146 1602
©Tjxij^afcfb^

©PVC
1164 116 1280 MSSS#
1521 152 1673

@f7P> 3403 340 3743
1031 200 1231

©zfAC^UqA) 2022 202 2224

(7)3>/7V-K#B) 136 140
©*# -1366 16 -1350

1190 119 1309
(Sfe) 2009 20 2029

@ ______
_#........*°y$ki>7t-A....

294 26 320
204 26

3627 173
230

3800 m±
3)%»-EnDn^

215 15 230
(2)ROXU»K 6542 30 6572

-1366 56 -1310 C02SibJ*MmiOTffl
1742 261 2003
2074 311 2385
3092 30 3122 J&illffiEkii7-y—7
3402 340 3742 GuO/ZnO-AIzOs-ZrOz

10400 40 10440 Nafion-117
8451 40 8491 Pl-PMBP 64 AiU'W’y?-

@MEA 5451 545 5996
Cil)jl7C^J(NaHS03) -238 48 -190
@7P.t:.b>...........................................768 77 845

Sa*0)SMCOz#tij®^ti#0.0489kg-COz/kWh«5:-r^

±KDmmcoz#mmm^#o.o3kg-GQz/kWh<L-#-^
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s-3-3-2
±i#:?cHzx SnpafEii a it j # #

tktil US tkM I US tkfii] ' @s

Jl;6 28 - — 81 i 1161

LPG 190 60 i 5 50 3151
i-y-tj- 111

____
115 , 10 35 2801

111 115 10 35 _________ 280!
-M ________________ 111 115 10 35 2801
S$;6 _ 111 7 115 10 35 2801
*E®fi;6 . 111 7 115 10 35 280|
am#______________ 111 7 200 30 35 365!

7X7y;i/h 117 7 130' 15 35 3001

$*SI - - - * — — — 40! B8&9:

LNG 0 611 r~ 26 1 . 6501
5k 155 3 2i 160!

B*(7)5;6. LNG, 5E. JS^ti. 7k*0)iDfi¥Sl 0.5181 kg-C02/kWh

660 1600 2 13| 2300!
SiM# 2286 - 510 141 2825!

5970 30 7920 3 20 13971!

-ftyT, 1 2800;
-tr^hfflEEe 3 4!
#SmSE5 3 25 30!

3 251 30!

3 25 30!
3i I 25 ; 30!

55 3 25: 30!
iStPX^ 3 I 251 30!

77'f7,y'>3. 3 I 251 30!
7R;izh^>K-tz»h j j

j
SSS_____________ _____ 3 i 25 30;
$05# 3 25 30!

3 25 30!
150 I 261 180!

7>t-7 196 2304 30 - 2530!

—yu - 180 20 98 303! 5E&**XJI£1
*# 1622 10922 80 - - 12640! t7tf7k
ST1±V-5*(48%) 15 421 53 500!

35 875 17 67 1000!
$6E(35%) 577 3 31 623!

15 109 12 311 171!
SiS(NaCI) 100 - - 102!

a* 0.0002 0.001 0.0 0.0011

wmissti

j

tf^-v-VX5—fz j

V/<—(z SB(¥/t) x 0.002/1000tLTftS-r§:
mmTi&MWMk J

TJUv^-dr-th j
n—

—VL-
_____ !

Xf7U>E?7^v'7A

as 100 102!

3—>X£—7 50 -1467 34 1 -1382! C 40wt% dry
EE±a 50 0 -1650 34 1 -1565! C 40v/t% dry
/J'* 50 0 -1467 34 1 -1382! C 40wt% dry
m# 50 0 -1467 34 1 -1382! C 40wt% dry
TK-yT” 501 0 -1467 34 1 -1382! C 40vvt% dry
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s-3-3-4 mS'T-KtWMcomftrn

x
No.

CO2#tijfi(ton-C02/h)

as (9J6%) mm £!+

1 2.75 0.8 352.96 355.70

2 9.53 2.2 416.98 426.52

3 9.90 2.3 417.80 427.70

4 2.64 0.8 337.69 340.33

5 9.43 2.3 401.73 411.15

6 9.80 2.4 402.54 412.33

7 2.75 0.8 347.48 350.22

8 9.53 2.3 408.05 417.58

9 9.90 2.4 408.87 418.77

10 2.64 0.8 332.22 334.86

11 9.43 2.3 392.79 402.22

12 9.80 2.4 393.61 403.40

450

400

*1
350

8 300
5■H 250
fi
33 200

s
o

150
o 100

50

mtCO2#: 467ton/h /-;>S : 323ton/h

i I l__ i , l i m i i

2 3 4 5 6 7 8 9 10 11 12
tHei-fT"—XNo.

-3-3-1

U SSoX
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C O2#m#^#Lg|W:iE*0C Ozgljmm^s S/XTAtc^AStlS C021
T&L&mcFiOT&a,,

co2mjm$(%)= cozm)-(#y:(:#A-#-s
co2#ajm)}/(s/%TA%Aco2m)xioo

A%AC Q2#(d:778ton/h(100^kW^m^^%mm##A C 0%#),
90%, y?/-;i/#ma

(i323ton/h-e—Mt UTltS U/cC^EtC(£7bMiRi£<D C C^BA###### 
(D2/3Tj:U)o y^y-;l/^m®%m^#(j:50%(HHV^#)tb7:o

E5-3-3-2^n tkm'r-x 1 -mews cozmmm&iFto 05-3-3-2^5,
a-pC, C 0 2jMW76~88%T£> D s $->Xf AomXK X *) lOO^kff

Oz#(D s -
ofco ttc. t, -Amyt*m^tz.i9i'kKi'c'<mv)%o

c o2mjm#^m< b^b^^e, #;%##&a

y^y = 50%(hhv)
100

90

80
70

60

gj 50
arc
o 40 
° 30 

20 

10 
0

5 6 7 8
##<r-X No.

10 11 12

-3-3-2 ±\*^AtUCOMWM>T-AA$t4W

c o 2nm^]^mm-r bx. $'>xfAt'Dt$n*y ^y -
;(/(: j; ^)#mb/:m^0##c Oz#aiM##^&ao ::t\ y y y - ;i/%E 
mtwmmc o zm&mmfr(D ?

C 0 2#@a&3#
S b/Co

m5-3-3-5(csmm^o#@#m^^Kco2#mm##&^b, ^/c

—102 —



m-a-s-SKWf-x i -m: way f y

m-z-s-iij'bfrfrz Cx y $ j -^ii*0Mc
< (0. 369kg-CO*/kWhX B Am*<DM¥MHg 

0. 518kg-C02/kffh(S5-3-3-5)©^71%{C* 6 0

:5-3-3-5 nti®mmco2®mmmm

im#m
M BIS

fg®*n-fex

n,m ns
m

itm US
co2

Bisa
£1+

MMW-m 0.518
29.2% 0.096 . 0.003 0.690 0.006 0.033 0.002 0.832

LNG^*(2 21.2% 0.109 0.007 0.504 0.009 0.033 0.002 0.661

9.5% 0.046 0.004 0.970 0.007 0.033 0.002 1.062

m=?t> 26.6% 0.026 0.010 0.001 0.017 0.033 0.002 0.089
tK * 13.5% 0.000 0.020 0.001 0.023 0.033 0.002 0.079

0% 0.436* 0.007 0.033 0.002 0.436*

* : 50°/o(HHV)

y -;iz%E?>bS : 50%(HHV)

1

j=l

33
1
o
o

m
0%

e
■R

5 6 7 8
—X Not

@5-3-3-3

/f$s/x^A0#Am
^ i b a <£ i& m ^ m & e> © c o 2 m m k m-t s c o 2 g ij m m m t © m # ^ f c n-

iRc, ^myc*^m05o%^yxTAT0y^y-/i/^mTft#$ 

tltc^&s BA0A%m(:A$f 6 CO#m#05. 6%^iM$tia 
a.

nedo($^cdw^s5)-ehu ioo*kw^myc*#mBrK#^m#^-x(D c Ozim
a/y ^y-;i/&#yx^A^#A-#-a6c c 02js«ku:y
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4tscojtA<sjjcsnti'5(ii5-2-2)o ^ticiniix m#K*<-x©

C OzUM/t
^736% CD C 0 2^1IJET#5 <!:^9^^#bilTt,^o
(s) 4-#©m@
4-II10C OziijEsmcD^itTiis mmmw, s*e©ssc o2wauEStic^ 

A# < . #KX ’>Xf Vt^OSWCO 2^{±iiES,fc(d:

i) - ^A;i/
nedo-get-92io-2

<£5 c o2^'d-/<VVV 1M ^;V5/X7^ACDnT|g-EI@S) , ¥J&5^3J3 

|#| NEDO-GET 9527 ( r«mtMJ ©HHW ,

NEDO-ITE-9101 C 02tf MIS©!^) ,
¥S4^3^

NEDO-GET-9201 Ub^MMMMfrmte4b'If -5 C 0 2^g«fffi&©«( D )) ,
%5#3^

#&# NEDO-GET-9623 ( [#$%#*] ©MtHrocMt-SIOTB) , 
?^9#3^

5-4. ##^©## - ##

5-4-1. (iCaM:
5 - 3®(Cia«U* J; 9 C. MW-X0 C 02m^//? J -;l/M'>

02M:S:©i!*>b. MWimc^S but) 

©T&^c«!:A<^3(ncAo JL?;l/f-jsj:^C02^^©#A)(ng,.

M*^“X©C02lf/^ f y

cc?(±.

LTm*)±(f 6^T^614©####^T=f u
&#m^m©%m. ^'/>@©m#. Aim##. Ama##. %

m#m. ##.

##&«%####© 4o|:o^TaE/<ao
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5-4-2. mtkm&'Mmotem
02@iR/y 9 J -;v4i'>xfATlis 

;i/f-^y ^ y c@y ^y-;i/&^#,
UT#mT#a«,

cos/XTA(±. *A#^3gm0m^MmcRmL.

5-4-3. ifeSMth
c o 2V y ^ y, tmt>nxi^0

C 02#{±JS{C-o^T(is 5 - 3S5^ESU/cJ:^ (CN #^K#<-X0CO2@ 

%mu-f Z> o y 7 >#aSi^o^T(i. Mi^-X0CO2@
jR/y f y -MI'>xrAi:i^ f , —;5\

u&#oT, y

#2. bfia. SE'fbSSSaiStc-^^Tti, BtitRS^-x© C O.IIIE
//^y-;i/Ams/^fATcozo^m-^^^(iOz/coz#

0il«4't§-ti^<£59o U, NEDO(3^0###^ K C O 2^
y ^ y - /i/#mm^ e, # m * ft & No,® /: &. mtms^-x© co2iif/y 7 

(i, 02®iR/y ^y-;i/4l'>xfAiA co2

5-4-4. d-'/y@®m#
^-'/y#0##(±7 ny(CckoTt)/cb>$tL5 iw t>tiTt,'>^>0 c ce###^

0%%m#^-x0C o2im#/y ^y -;i/A#yx^A(±7D y#m#0#m
£#X. btlSCDTx C 0 7X-f A(j:y-'/y#0##(C^ UT^

5 - 4 - 5 . #%#
c OzBNR/y 7 y -;i/A#yx^A(:^^T, c o2#m • 

nuR&i lt. «i^y7>
im 7;kigco^^ y mm • c o^sehr

nedo($^©%^2) {Ccfctuis c o 2 ^ y 7 y -6 # ai ^ ^ NOxi^sOz®
fc&tCX UT#Cfl6###*0#ma#mn-#-3 ^XbtlSo

b/c^oTs C@yxf A(j:m#mc#l/TIE0#m^Wf
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5 — 4 — 6 . ty IZ

IkizttLTte, C OzBMR/y ^ y -;V4g'>xfA!i:ftt,
memc^LT

t^TLbti^o

##:%#
1) Heijungs, R., J. B. Guinee, G. Huppes, R. M. Lankreijer,

H. A. Udo de Haaes, A. Sleeswijk, A. M. M. Ansems, P. G. Eggels,

R.van Duin, H. P. de Goede : Environmental Life Cycle Assessment of 
Products. Guide and Backgrounds October 1992. CML, Leiden University, 
Leiden, The Netherlands (1992)

NEDO-ITE-9101 ?M
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5-5. MMBE • fM 

5 - 5 -1. co
R I T E M© C 0 2© SM/J<S4bZtgfllfi! te g * 7!/X :r A © loi

zkmYbcj;%x ft#4b^m##m^xTA-c^%o c©$g#
cmf&ftm##yxTAt±%i8ma&m5-5-i-iK:Bf

5-5-1-1 *#4bK J; a W#m# >/ X -T A
tt#ib ->xfA0ia

(1 ) : CO,/ y / CHjOH •MKCO^MitS (^T#m)
(2):(DC0,/y> CH,

(D-y/ ^vi/x--rvi/(«;#L P G) (CH,) 2O • &SBS1:*:*
(D^-fiEXfV V (CH:) „ • / y / -vl/j: 0 x^vl/^-iRS^MSC'c

80 x (2)(:mf 5 #xc 0 2&m# 6 %#?&&. tfc. <D. ®hi/y/

-/i/SrE6Lr-S-fi6;d^5^(D§rfg-f-0

C © >/XT A (:##&## L&B@A#x l^0->XfA|,M0CO2

Sx ##is j;<^#4b " #m©%@^^#6^ Ox ^MiCO20ifti0iii 
#©@^(c«k Ox ESm^AS < 2eS£*l5o 

mf © C 02^ X y -;l/R^Mc^^T(ix M^i^Xx ft#L P-G£M L
^$)©T&S^x Ctl6^^^X&[f%#m#^©#^(j:x

©mm©4:?#^x m#<b:(r(w#B6%at)©6#x.e,^%o 
c o2y ^y -;i/S^*?^Tx y f y -;i/©#m#±##m(±x 

$W#Br&SAx :W#&a#x ^^ig#6l/T©C026%Kmx #(:*#©# 
nx h%»^pg®t*s„

5-5-2. y y y-;Hij^'>x-rA©jiiR<tMM

£ti3o ^nb©^znretix j; o^^;i/^-©#g?mij&4rcTv^^x
^#%##©^3#^x ^my/'Xx 5Ix ft#JL^x;l/^'- &J; g71/^'-

< &&:>"„ B A U (Business As Usual)f-X©C 0:#m#K:#Lx
c 0g@m©y:!6©^-@Mm©^F-$^?aiiL^#%T^im#©m^'c6%^o -
^e©?mij©m*-#-^ac5(ix wmtcft&sstc^su
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#©mm, %m6m#m©#A#©^%ga^^g(!:f s.
(2) %*###<!: l/T©m#
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smih-^z, nmM'> $.*u-'>a>, m&mmm, P229-241

(M) rm
(DmMstmfti&Km-tzm&mm, fm8 

(1997^3^ X P61
5)#o:$;i/f- - (M) rm
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B : p552, # — A%.
10) b %m4bmm#ax: wm ^ ###&###, P102-141.
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LT. COg^m#:^yxf A®/y-XXf f

t,^a2D0 :l©*'7'M3y*xx<oco2^mmiT%Mt7m%ikmt

5az-^/j:Ilt'fe50 Mdtl/c^b7jcS^(iS6 -2-2-3 K^b/c

koKcn-mzESci-a%s*£5f s, cmmcjt^T. e-bmojes^ss

< ma b^em^t)^.

Bt£8,900kcal/kg-dw (dw : f2MSX ###©##B(± 10,400kcal/kg-dwt#
mm(D-fifimM(*w^

J; 00 < >j&mtiF%tc#)' c t
ftt>t>'^tz(DX\ 'S-mmmm&mikir%'sxt(D&m&btzo

(a) bu

^-XXXT^vmmbtzC02miHMlt 1 0 OJkWLNG^Mra^ 

tfeMKhiz-oTI6- 2-3-1 ©<k ?ftWtl^NcS-^Vco
1 BlOMi b. y 7 9 $ lmS&fcO 1 B"C 1 kg© CO 2 &###(:
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1 B&fcD50g©CO2;£@5S"e£5£ bfco d CT.
lng niii^ii uzxz, mtjw& B#ucm

(1994.6)) 4o%tt
#aS<Dck-5 K:. oTSjfc-e#5©ti*M©a SWiSsM#-©

d d COzfi£Jt.SSt>

©?-Us e^&j^Hmc&^Tftiw&j: 
tfB|;h,T&5 d© 2 O0^0#f BSi UTS

6 - 2 - 3 - 2 Cl^Lfco d©SJ;b, 6#^bl4#^^^T#,#^S#®K/fb 

3 £x d©^FH^CB^HF*3#iib®C*)fcoTN ftBfi: fctenfT 
&6 B Mim h-^;l/T¥i6)135BTS D, dftte 1 ^^©B#&©37%K#^f 
60 ^cts6-2-3-u^ i BoxmwMm^ionmt^%Lt^^ 
1 0 0EkWL N G S* % EE ti\b Sffi $ tl 3 F5 CO 2 S Hi 1; (2 $1,740,000 h > 
Td©15%^^|^-r^^)261,000 h >0CO2^i^^'>XfAibf;o 

10/24 X 0.37=15% ( 6 - 2 - 3 - 1 )
fcfc'u d ©$56-2-3-1Km'X\t, %'phbmMftfrmmvgzmjzB
(^^5ptei^i63BS2)) cis^a^%/A©##^#muT/^©u,

XA/7 > h©y >x/>/#©2:26©##^ft#^^:(2#S© B i
^9%#U#mUT/%L'o
4ft®C02l^U>7fA^7 > h©^P^»}CO©T{is 70% t. U/c0

6-2-3-1

ftjlSil ^'y'Jt3y*X
4mco2@;s# 15%
COaBSIb

B:ftE#£/cD 50g- C02/nf * d 
1kg- CO 2 /m3 * d

lOh/d
7.7P3/kg

6 - 2 - 3 - 2 fm©Sm,B#:#=)# (6#-l 4#)
ftBf m

Besu 6# 1 4# 6# 1 4#

85.1 71.8 47.5 65.9
¥MlS^BB (6-14#) 78.4 56.7

ft Bf t fc|2 Bf tl ©¥^3 B ft 135
SI) 1945~1952^£T©¥£HE (1973)
£2) ±#2©mi#-#©?#Bmaim#, @##s©#5'j^sm©?^. 

B^#%K#/T6#6l4#(:#ST&5 Btfc0¥^Mio/;o 

(b)->Xf A©7 n-
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i d^-cmo
l^flffl/Bttt) m^M StlS#25,300,000m3riV>x7 A (C-gy&Stu 
^35,400,000ms{4^4*^#'>X"r A(C«$tl5C02l:li 1 B 
%6,000 h >T\ 7X7A###^^^a 1 BffH&fc D ©CO2@3t$20%Cfflat* 
6#1,000 h ^©EtcflU'btia V 7ff©####
1,000,000 m3?#jbm#(i#20krn2T&6o SM®11X12iik V
7^ ^SS#6.6m3©77 > h t^zL-;(/&#155,000##"<6##:(C^:ao *'7 
V 2f-n .y # Xit # US T# 98,000 h > (dry base)

L% # V V # n y * x itES80kg-dw/ m3 (dw : §£
mmm) -ey7?7^b3i#»tu wi'>xfAt^s-nn&^nao

^-7jc$60% re5i§tl/c m# ^ #-*#30% £7#m UT@ o
C©#^, EMMl BSSOhX

- 2 - 3 - 3 iZ
TTs-to -/^ imports +/^export'#‘a3.^yl/^ — T"& a o ##Xb©

##X##(t U 7 <7
?^<DMm.mififrv&Zo E#^m cam) ttgo%k t -c a ®-r a *: #>
K^'g#%#±^T&ao S Wcam#(C^*$2^0%&"C

& S £ ft/c@M$-©%M^8,900kcal/kg-dwT£> a C:
mfoBMt LT©%BS(i¥rS8.75Xl0iikcal<b^: Dx

< 6x #186.58xlO^kcal©7x X 6% =

6 - 2 - 3 - 3

#
##A#

# (a@) ($&%)
mx

(kWh/y)
-2.10E+07 -1.23E+08 -1.32E+06 -1.07E+08 +1.02E+09 +7.66E+08

M
(kcal/y)

-1.80E+10 -1.06E+11 -1.14E+09 -9.17E+10 +8.75E+11 +6.58E+11

(d)m^m©##f

t6-2-3-4ig6-2-3-5 K&-f0 7x > D
^mKt'oTl'Zo f ©#^. 7x> h©mm#(±#l,300#M(!:^Ds 16 - 2 

- 3 - 5©cfc9tt&#7-#P^©@^£#ffi-ra£s 123S
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15%) #Rm#(mi25#m
cc?(±i##«!:ux^v^x^%#f-ay=!6©^#6%amm

oX/mm6#mL^'y v #3 v ^x©mm $

<Dt bTt£#LT£>a0

6-2-3-4 ^7>Mtfiai©tlM
Sl«

#)km# 0.13 SP9/10 m2 0.6

0.5SP3Z 1 m3 0.5

5SRZ670 t/d 0.6

6 - 2 - 3 - 5 @5£#©Siti#:#

1) mm #m#m so#
10.0%

2) ifinxF0 2.0%
3) ### BS^X h© 2.5%
4) e ©# (#1^%^) BS H X h © 2.0%

£>r-XX^7N--Ctil 0 0^kWLNG^<*^EE©S^X^@$1-^'> 

XrA^fti #%#©##46 LtliLNG^IMIn

X h-CMLT^ao C02B^4byxfA&#ALT^%^#^jo jc[f#Auy:

f LTyX'fA^#AL/:%^©C02mJM^©#f#(j:
T^KLtzt^tzo 

[#%3X h]

##3% h =Iinx h x^FIW-^FIMI + I^f (6 - 2 - 3 - 2)
®^XxA^#Ab^#^
##3% h= (A±#mmmm3% nx#^m#$+#^co2@mm# 

mm#^E) - (!kjj¥&mm%-rMmmsL-^mco2m%.mmni]) +m

(6 - 2 - 3 - 3)

[COaBOMf]
co2iijm#= (#am#-#m#!g^##A) -co2iijms

(6 - 2 - 3 - 4)
C CU\ ###C5MZkWh^^a b©6 b^o ttz, WJffl->XfAt4

L^m%x 7.7M/kg.dwr##

^nat-r ^bx#Ac^^aco2@w#
tei&44P3Zkg-C02<k£o*:0
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[CCWUU
co2«jc{i. m#©A

C02£#£BU £*:, EM
A#%C02E^b^X

TA^#ALy:#^|j:, 61/^0 CCT(i^

co2=x co2sm#
co2§rM: smco2m#ai#/GDP (6 - 2 - 3 - 5)
(mW'^x h Dit^J: D2.26kg-C02zrf Fg) 

co2hijes=co2e^s - e#0#mc#9 co2%&#

-m#m^^60co2#mm-m#0AmK#9co2#mm
( 6 - 2 - 3 - 6 )

&#%C02Em^y%f A^#AUT^^^l 0 omWLNGA±#mBr^6

©C02SffiS(i^l74^ h >/^T\ 1 kWh^E-r^i^fC0.512kg©CO2^tB$ 
tl£o -^x M69C02@^'>X-rA^SAb/cS^©%mB?r^bSfctidtl5 

co2m(ix y? > wMmiiffcxzcozmfr&'Stbztmudjj h 

Dx 1 kWhBEI* 3 E tc 0.474kg© C02^s Hi £ ft 5 „ U/c^oTC02E^4k'>X 
T-- if-cfc tK lkWh©%E0T(:*Lx 38g©C02^E^^n/cC^

R±0###m&6xx i o o^kWLNG^±^m^c$m%co2@m<bs/A
fA^Alfci#tWf©l^i^ C02JK5£. ^Ayl/^'-JRSx fed;0*3

% h^a©m^6jt#um6. 2. 3 - 6fc^-r0 ^/cN i6 -2 - 3 - 1 &cco2 
^A^-Jtm::^ Lz^n^z5{ntiET^-ro
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8 (b)#M38(D#&

06-2- 3-1 >/Xf A^iA b/cS^i W0l^0 C02JR£Jt3i



6-2-3-6

1 0 0^kWLNG^%EE
S/XfA#A

lOO^kW lOOTfkW
40% 40%

¥rs%ms 3.40E+09 kWh/y 3.15E+09 kWh/y
0.25E+09 kWh/y

^*%EBE^xh 2000# R 2000# R
###$ 18% 18%

u T^^#m 1022656 m3
20km2

70%
##* 5R/kWh 5R/kWh
#^f% (U

#2fxBS[vol%]
C02 10% 10%

N2 87% 87%
02 3% 3%

H20 16.8% 16.8%
##%K lOOt) 25t)
002#%# 1.74E+06 t-COg/y 1.49E+06 t-COg/y**
C02W%# 15% (¥FS)
C02@Sfi

¥F5 261289 t-C02/y
lB$>fc!) 1023 t-COg/d

y?> 1294# R
124.6# R

10.8# ra
co2#%a#m 0.512 kg-COg/kWh 0.474 kg-COg/kWh

|> 15.6 H/kWh 20.0 H/kWh
002### 44R /kg-COg

0 +7.66E+08 kWh/y
E) *.......u K d; ag#j

(1994.6) ic^^40%t LtCo
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6-2-4 MtoC02Ea^'>X^ACD^m<bEW- 
iltlis 1 0 0 TJkWLNG ^MEElS^UT, ¥Fe5ESS15%©Mj 

65C02E^-fb'>X^A^SA &J;

m, E#, LNG) yx TA&#A 1/y:#^0CO2E^W##is CfBr^E#

$yxf

<b^5^€cD-^rr\ A*%EF;rti l H24B#MjELTt,'3
©T\ ^^K#EBr^6#A'#-aC02(:#L'C^, AM^/Hf-©###^

^©^tBSStll-lcaajdtlTLt U/c^oTs
(,'< 5>S3fcEE£j£i:FTt>, * '> X 7" A K j; ^ T%EE^ 6. 3 C02£ 100%
e M-t s - <t « mm & k ^ ojm v & s»

t^5t\ II©Iglt j:cT#%(9, €©/:26#MJt)
s&E££-‘eftfcj£DTH*&-LT&'So
-e&tK H»—j£<Df&££*To-C:fc»K ^©fcto%EM©Mt0l®li± 

6 U^W'ffotl^o MMi0lf®t© 1 m&m 6-2-4- 
1 K^t*o

%Em©^^m#$^-#K4o%6 u/c# 

ESrS^C02*^^<bMdti^o f CT\ #EBr##©#^ 
69E4k^#SUT, B^jo«k^m^©A^7%EBf©-#-"<TK:^:i/x-r A&#A L, 
/:#^©s C02E%Wt^fis *?4:<>‘^©EKi^S^:S^Ea^thSt-5 (CJ: 

•oT, J; DjEE^MtoC02ES'fI:v'X^A©C02E^f6**?

xlO4

9 12

6 — 2 — 4 — 1 E;M#^SS!©XfflSiWM©—#J23>
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16-2-4-1
MS^i6- 2-4-2 IC^-To fcfc'U IbfiMMte®.A^-X2,250 kcalZ 
kWh25)b Itlfbfco

6-2-4-1 s$smiow#® (1994)
h >)

##%A:a

B$ 34.4 48.7 36.1
m# 1,304.1 331.3 536.2

h > = 1 kcalxiO7

6 - 2 - 4 - 2 B 1*1 COPIES (1994)
a##®###

ff
B# x ion kWh 1.529 2.164 1.604 5.3
1ft# x 1011 kWh 57.96 14.72 23.83 96.5

6-2-4-3®^^o ?&a2^

6 - 2 - 4 - 3 C02iffigff
5r

cos#aim#m
kg-C02ZkWh

1.059 0.773 0.592

6-2-4-2^S6-2-4-3J:Dx J;5COd
c6 — 2 — 4 — 4©ck"5Z gf^l $tl§0

6 - 2 - 4 - 4 60002###
th

B A m h > 1.62 1.67 0.950 4.24
1ft# f:F> 61.4 11.4 14.1 86.9

E6-2-4-i^b, #Bers^(rjoy^^%Em©%ss©e^S6-2

— 4 — 5 tC/Fll" o
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6 — 2 — 4 — 5 rsmt
B#J 0 1 2 3 4 5 6 7 8 9
mm# x ioiokwh 4.20 3.69 3.42 3.29 3.23 3.37 3.60 4.20 5.87

9 10 11 12 13 14 15 16 17 18
7.30 7.55 7.50 7.12 7.57 7.65 7.57 6.85 6.62

18 19 20 21 22 23 24 #
6.49 5.99 5.54 5.07 5.03 4.99 134

4: -3aammmd, 9#^bi5i#©^T(3
IS—MX&%W0 17:00©lOBtra t L, C©FS
©^Pr7fe©7fc5SS<£r^S"C'do<5 (blk<Eio $6 — 2 — 4 — 5 /O^zfiI"3E:$9®mmjl© 
91>, c©#^#Kmm^tiamma©mfNi^ 69.2xioiokWh-e&D, l/c^ 

c x x 24Bers © mm# mutm/m co2@^^ j/xta u-c^%io#M
cmm^tiamm#©#jm(±5i.6%6m#^ stis,,

B#z<kBD6^66. BJ:C/fl^OfFI^Ii
(i$ 6 — 2 — 4 — 2 tjIH'Jt U/cIn^x $ 6 — 2 — 4 — 6 © <k 9 {C^-d/cq

6 - 2 - 4 - 6 B^Ui^WA'XrASWFIffflfFIMi
(1994^©mm#^*o'< )

## ft
H* X lOukWh 0.789 1.12 0.828 2.74
## X 10“kWh 29.9 7.60 12.3 49.8

sco2#(im6-2-4-3. ae - 2 - 4 -e
ckDS6-2-4-7©j:9ir. H*Bfi"e(j:^2.19ll h >. ##T(i^44.9#

h

6 - 2 - 4 - 7 yxf
ft

B# S h > 0.836 0.866 0.490 2.19
## # t > 31.7 5.87 7.28 44.9

4tiKiC02@M'>xf Afc<koTB^’e^^C02#(is ixx-rASSB^^w 

(7:00-17:00) Cfc C02 (S6-2-4-7) "T& K).
ti'bBSsnrtcMsnsccketi:. #6-2-4-80^9(:%%. c©# 

m © ^ c 0 2 m ^ m (t n © m a *j & i '> x f a © ^ ns m m m % # j®t 3 m
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is.4%-2-4:-9<Dt&t)v&z>o fc«u #^©# 
^#JA<^37% (#6-2-3##BRX Z%TA©#H###^70%x ##0002 
m%n%$k%mmtbtc o s 50g-co2zm2 • &t u/c0

6 - 2 - 4 - 8 COaSfffi
## th

B# m h > 1.40 1.45 0.823 3.67
nt# mh> 53.2 9.9 12.2 75.3

6 — 2 — 4 ~ 9 fi/rUBnE28)
Efr^WB

H£ 17,143 km2 
B5£H±©ftJ4.5%

m±mm 377,719.76 km2 (jk#m©^i/5)
-m# 361,468 km2

##©±#@#©&S0.27%
±±mmm 130,417,130 km2 (t$tS:B;£A±)

6 - 3 .
A(i. bTli»3fc£JBZTZ3©T-

Ei££ft5WOTil©JEm£M3ie©*T&5

mi^<DT% u^u>

f <!f©###!%a^a#5#-^ ##©#m^^A

^ etct>mm*»= /c/cu

oTua^x LNG##%©#^, e©m#0mm^6#x.Tt)#xrx4:(:m^ 

mw&htzvsmmttetAjiifi <,

5o l/^U. C0Z^TA?(j:a&3% h©#

#©nij#©oTm#^maB%T\

%###©c©gA#^#LT#IR%^-o##%(:##ta##^

fuji u/csisrSHb >) gcfficomm&ffv c<t-es A#

iyx^ACDE^'&^lRjAd-tir-SW^^T^iLT^^o

&#Mco2@;M:z%-fAc:i5UT##m##t:#fam^m©a#
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6-4. mwmm • mm

&5 0o ±#©#^^<, zKOAf^a

?, c 6^?#
Wt-zstizo b^&, izvtmtz&ti^tzif^ i^-r h
%:Mfe-t%Khfr^TfrtliO(D%mft&Z>o #K,

C©j:9%C6^g,,

fcM0ri#^CO2®^'>7fAo^tt{:o^T#it§o

6 - 4 - 1.
UTA^^m^TV^&#%C02@^<b^%f AK(bcT(i,

#l:B$©j;3K:K9##&0, a/:

P®©^(f'llllIhfc^£joc? b>X <& %> 0
MnSCOaBS-fl; '> X 7 A © ? V 7 ^ ^ K PS O TS A (f ,

f-$W##©#^ V 7^fT(l&a^, C©'>X7ATS^btl^S^^ 7-
(is
9 6c5c#A^&ao ot b, u-cmm^

cmx^MAie

©AM©(3<i:A^{tA^5^j:oTM$n/cicSL^T-^D> SBMt^

mytl 7-Kt-0 Tli, M3" IrI mfr<D'J? t£ t, '$c5Ljt i* (5 £ A £Mm Xgtel'<D 
T\ m##^C02@^bK#©#g^^##'e#^^o t/c, ## - WJs ot D 
A#©##©mbC#b t>©(ittStc J; <0nmttztiK A#CJ;%^k(i?ail 

MA^m^ne©«t? c, Em^(36A^#g,ti%u#^(c. ^
#A©#^, mmytMivytx&zmut 

ti$>5US#6C6$%©T\ S©ES£HS5^T##
&m^a©^ic©#^mT&%. at,

&£ t,'Mg®/Ml©AX3fc 
^wiiiH®^a'ofcp»iy5o fcMfe^ij 

JBT#&wm#au/cvr??■&£$>%*.£>ft, tc

b-?frmmm-zfrx^ v7?f ©cosmmma&mmb-c# <#g#&&o

B* (EMiC : tIE) K&VZ>n%\\(D%m%tmLJt<DBftim.%:m§ - 4 - 1
- 1 L/C30), ss© 6 R&m5\-£UM%\*Xm%<D3EMUfr%:&&X&b s

L^U %M©EmW:#75#iJ'&#x Ik • ^©lls 12, 1, 2^^30%-c^^ 
C 60-170%£ £#>T& b o, MM#6©#m%
a#&3b %) $um ? # ^ ###&# b % t, ^ & © -r & &. ttz. 06-4-1-2«
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83 £l23K::fc#5filB£t<i:ffei§LBSt© 1

ei ■ a mom rnttm

06-4-1-1 bi# t

mm# t jz&wt&ftommm b m

;, 2000

\ 1500

fe 500

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

—#—Em# (83)
—*—Em# (123)
--•--fifcSL# (83) 
--1--B5L# (123)

06-4-1-2 MSOBl * Sc5L E St TOM#-© B StS (83*123) 
Blast:&#m&6E#ASM-&astm&, ast#m:mB%m?^u-%t>©0 
ASScSLBSt:
TicSL$nTASt1-^ BSt*^7jc¥^:@TS^/ct>0o
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6-4-2.
± r, rimmfjitojr>

;x (mzx-mzK"!) ©A^#p#T&t)x 
u, ccK/<^tvrt?£EE

-f % Z t^Mfe-t% Z. tiJ^m-Z'&Z o o U^Ux c:©±
?te±M%M-?Vtz-t(Dl£mmzmM'?&19, A#%C03@m<b^ X x A

J:iE0^7'Jt37*X^O'fc'>XfAti^l 0 O^kWLNGA^Sfifr^ 

e»saj^n^co2© ? ■z^mwro&mM-ts ± v /c ± s,
20km26rn#t aaiTua#. mMm&m&-t5fc&KWx z

L3i%^o <±(,'7©13x ^-xxXtN --eii^s^ss
#%&#©&<±T:&#&:&C%cTl'&&bT&&o ^±X(ix ##x
c x ~d a Mnr a c & t> b i\ o sprite g ##?&
•BSMM*: i) ©CO2B5E«50g- C02/irf • It
(,'& AT&&o €©#x %#©#my9#%a't)C^^b©f'-'76 LT^6A-C
&50 u/c^oTx m#-m#^a'®$m^bs i o omwLNGA^^mmi

•ti-5©(iEU©-eS5-5o
Md&i'Ttix $#(3 2%)^-;^j:9 Kx :om±iIt®M<!:l

w:A#m)C02@^i:^x^A©#BT(ic-p u/:##^±'©x #c#^m 
©^%^±m^W%f=%MT#aAK$)&ao P.ChelfbK7 ^ b'<4* 
vbtia±n,«t>bti-c^3o #
si k: eei- 3 -11 l tc 11. m,m • tkkm is. a © £ m tz ux ^ s * mis

#0r6LT. -a-^ +'>3jtliT >J '/tjtl^il£bfctM^ft§nTl^o * 
tltC^Mx C © 2 -7©#|K^^a©(3 ± X/ ±'(3x 
mm^bt)^7aS< (80-160km) Ci&ELT^Dx 20©#!©##©
0.25%l:A#%CO2@%{byXxA^^@f ^ ZtK&t), Z ft b ©^l©^C02
#mm (Goomt-coa/#) &wf^c^^T#%6m#t)bftTuSo

6-4-3. 4^©¥F3EM
±10 3) KX Ii$CO20^WIII • lffl®©Mx Am#

T#TUSo ^ LTx 200L '>Xf Ajb^iSi^) dfti;'?©^! 
fr bikMfttUSfrte ?)X)r-;PT y yi//=##(:± cTx

^ftftft
ry<;L/
%A3-&

i^XXxA&ci i9i£t^-X^#bft3±7 MoT^Ao LAV, AA## 

0r^WESA-r^M±i±^t-tUft7ct7c/jN$ < N 4l©'>XrAtlf};i± 

##x-^©zFj&c±sK±-r©^^x c%
^tzt tzt & D T& -6 „ /<^^VT^^KoUT(3x —J^©##©#
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lEteEfj-yfritLTbiiTtt'S 'Xjj¥6ffi9its<4ySrV 79$ t<Dm<D^ y$ 

7 x-x£■oivx(4xB t AjiriMfflft&ftifi£tix^tz^11©j&fl&ft-e$>s0
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(3) 7D/7A

ty ya # # &

Opening Sessions The New Paradigm of Smart Manufacturing Lawrence B. Evans

Plenary Session Systems (Chairman and Chief

Executive Officer, 

Aspen Tech)

Turning Total Quality Management ( TQM ) into Frederic Poses

Performance (Vice Chairman, 

Engineered Materials

Sector, 
AlliedSignaljInc.)

Achieving Manufacturing Excellence:The Dr.Bemard J. Bulkin

Pacesetter Program (Director og Global 

Refining, BP Oil

International Ltd.)

The Pursuit of Wow Tom Peters

(Author and

Management

Consultant)
Aspen Tech’s Achieving True Potential through Smart Joseph F. Boston

Technology Manufacturing Systems (President
Overview Aspen Tech )

The Plant ModehThe Core of a Smart Vladmir Mahalec

Manufacturing System

Demonstration of ASPEN PLUS Ver.10

(Senior Vice President

and Chief Technical

Officer, Aspen Tech)

Achieving True Potential Through Smart John S. Ayala
Operations (President, Advanced

Control and
Optimization, Aspen

Tech)

Achieving True Potential Through Smart David A. Mushin

Information Management ( Senior Vice

President, Information

Management, Aspen
Tech)
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Business Strategies

Demonstration of ASPEN TECH’s Integrated 

Solutions

Smart Manufacturing Today

Trends in Refining and Petrochemicals

Dow Business Strategy

Homogenizing Business Strategy, Technology, 
and People for Operations Success

Sustaining Performance-Starting in the 
Basement Achieving True Performance 
Improvement Requires Attention to the Loop

Lowell B. Koppel 

(Vice President for 

Integrated 

Manufacturing,
Aspen Tech)

Peter H. Spitz 

(Director, Chems 

Systems Group)
Peter C. Robb 
(Director of Process 

Control, Work 

Processes, and 

Manufacturing 

Information System, 

Dow Chemical 

Company)

Malcolm Beaverstock 
(Manager Advanced 

Control and 

Simulation, General 

Mills,Inc)

David Beckmann 
(Senior Vice President 
of Performance 
Service,Fisher-Rosemo 

unt (Division of

Management

Management

Partnering for Profit

Unique and Unlikely Alliances

Knowledge, Integration and the Locus of 

Learning

Work in the 21st Century

Emerson Electric) 

Mary Molloy 

(TRB Consulting 

Group)

James Moore 
(Management 

Consultant)

Gary Piano 

(Associate Professor, 

Harvard Business 
School)

Willow Shire
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(Founder, Orchard 

Consulting)

Alignment:Making Technology Work for Your Cheryl Currid

Organization (Technology Analyst)

Leapfrogging the Competition Oren Harari

(Management

Consultant)

Technical Managing Technology:Thoughts from the Dr.Kirtland C. Mead

Management Comer Office (Senior Vice President

of CSC Management

Consultants and

John B. Storm

(Director of the Center

of Excellence, CSC

Management

Consultants)

Building a Communications Infrastructure: Ray Kang (Director of

Sharing the Value of Process Information Hyperstream

within Your Company

Panel Discussion: Developing Services Plan

Marketing MCI)

Optimal Commercial Refining in BP Oil: Michael J. Knight

Part Two, Achieving the Vision (Principal Consultant, 

BP Oil)

The New Aspen Tech / LPC Alliance Lyondell

Petrochemical

Corporation
Simulation and Model-Based Control: Industry Dave Woll

Trends and Strategies for Success (VP Process
Industries, Automation 

Research Corporation)

Model-Based Optimization of a Chemical Dr.Horst Gulich

Production Process (Head of the

Technology Group,

Dynamic Process 
Operations of
Corporate Research

and Technology /

Production
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The Geon Company - How integration Enables

Technologies, Hoechst 
AG)
Richard Krahn

Market - Responsive Manufacturing (Partner, Andersen

Setcim LIMS Integration with SAP / R3’s

Consulting)

Marck Eckman

(Manager, Andersen 

Consulting)
Andrew S. Brown

Quality Module (Technical Director,

Changing the Paradigm

Skelton and Plummer

Project Engineering

(PTY) Ltd.)

John Burks

(Manager,
Applications

Development, Lyondell

Petrochemical

Plantwide Energy Management Systems

Company)

John Tobin

(Realtime Systems 

Manager, Tensor 

Technologies)
Integrating SAP with the Plant: A Case Study Jan Jacob Bleeker

Integrating the Enterprise Through Plant

(Plant Manager,

Seraya Chemicals 

Singapore ( Pte.) Ltd.)

David E. Waite

Objects: Yesterday’s Dream -Today’s Reality - (Manufacturing

Tomorrow’s Oppotunity Manager for

Stategic Management of Process Modeling and

Information
Technology, The Dow 

Chemical Company)

John B. Pfeiffer
Simulation for "Bottom Line" Value (Ph.D.,Director,

If Not Now,When? Process Modelling for a

Research and

Engineering Systems,

Air Product and

Chemicals,Inc.)

Jonathan Smithers
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Commodity Chemicals Business (Technology Manager, 

ICI Halochemicals)

Maximizing the Benefit of Off-line Models for Malcolm R. Woodman

Operational Plants (Engineering 

Technology Manager,

Process Simulation,

BP Chemicals Ltd.)

Business Improvement Program Through the Sergio Tovar

Use of Information Technology (Technical Manager,

Zulia Petrochemical

■

Complex, Pequiven

and Aldo Coruzzi,

Director,Petroquimica 

de Venezyela,S.A.)

Achieve Model Profits Saidas M. Ranade

(Principal Consultant, 

Modeling Success 

Program,Aspen Tech)

Success Factors for Advanced Control and Geoge Birchfield
Optimization (Vice President,

Solomon

Associates,Inc.)

Lessons Learned on the Road to CLRTO Clifford C. Pederson

(Project Manager, 
Process Control,

Sunoco)

Sustained Performance: A New Intiative for Steve William

Sustaining Benefits of Advanced Control and (Director of Marketing

Optimization Applications - Advanced Control
and Optimization,

Aspen Tech)

Harvesting Benefits from Advanced Process Mats Gjers
Control (Department Manager 

Process Control, Shell
International Oil

Products)
Enterprise Applications: Is the Party Over or Enk Keller

Has It Just Begun? (Vice President and

Director of Research, 

Gartner Group)
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The Evolution of MES in the Process Industries Julie Fraser

(Principal and Director 
of Market Strategies,

Industry Directions

Inc.)

Technology Aspen Tech’s Vision for Process Design, Herbert I. Brit

Process Simuration Simulation and Optimization (Chief Technology

and Design Officer and Senior

Vice President)

Vladimir Mahalec
(Senior Vice

President)

Aspen Tech’s Steady-State Modeling Bill Mock

Technology (Business Director, 
Steady-State Products, 

Aspen Tech)

Aspen Tech’s Dynamic Modeling Technology Philip Mahoney

(Vice President of

Dynamic Simulation
and Managing Director 

Aspen Tech)

Graham W. Griffiths
(Vice President for

Operations &

Technology , Aspen

Tech UK)

Aspen Tech’s Equation-Based Modeling and Peter Piela

Optimization Technology (Vice President,

Aspen Tech)

Total Site Analysis of Neste Oy’s Porvoo Esa Tamminen

Refinery (Senior Engineering 

Associate,Neste Oy)

Recent Trends and Hot Topics in Process Truls Gundersen
Integration Methods,Software and (Norwegian University

Applications of Science and
Technology)

Debottlenecking an Ethylene Plant with Pinch Dr.S.Sung

Technology ( Phillips Petroleum

Co.)
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Process Integration Frigyes Lestak 

(Technology Manager,

Advanced Chemical

Engineering, MW 

Kellogg, Ltd.)

Equipment Selection and Design in the Context Graham Polley

of Process Integration (Cal Gavin, Ltd.)

Water Management -The Big Picture Rob Terrell

(Company Water 

Technology Manager,

ICI)

Process Intergration Aids in Expanding Crude Kirtan Trivedi

/ Vacuum Units by as Much as 50% (Senior Supervising 

Process Engineer,

Parsons Process
Group, Inc.)

Recent Advances in CFD for the Chemical Dr.Bharathan Patel

Process Industries (CEO,Fluent Inc.)

Reactive Distillation Studies: Modeling and Hoshang Subawalla

Experiments (Ph.D.Student, 
University of Texas

at Austin,J.Cator

Gonzalez, Intevep S.A.

and James R.Fair,
Professor Emeritus,
University of Texas

at Austin)

The Process Engineer for "Concurrent Mr.Christopher R.
Engineering" Boehringer 

(Process Consulting 
Manager,ICARUS 
Corporation)

Large Scale Liquid Chromatography Phillip C. Wankat 

(Professor,Purdue 

University)

When Theory Might Be UsefuhThe Bridge John P. O’Connell
from Fundamentals to Practice in Physical ( Professor,University

Properties Models of Virginia)

Macroeconomics of Microstructuring Advances Kenneth R. Cox
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in Property Methods that Fill Industrial Needs (Associate Professor,

The Ohio State

University)

Phase Equilibria in Chemical Reactives G. Mauler
Systems (Prof.Dr.Ing.,

Universitat

Kaiserslautern)

Natural Gas Hydrates:Measurements and E.Dendy Sloan,Jr.
Prediction Needs (Director of Center

for Hydrate Research,
Colorado School of

Mines)

Mapping Petroleum Feedback Characterization Michael T. Klein

into a Molecular Representation (Elizabeth Inez Kelley

ProfessorDarin

Campbell University of
Delaware)

Technical Directions of PROPERTIES PLUS Suphat Watanasiri

(PROPERTIES PLUS

Technical Director, 
Aspen Tech)

Advanced Distillation Synthesis Techniques Oliver Wahnschafft

for Nonideal Mixtures Are Making Headway (SPLIT Technology

in Industrial Applications Manager,Process

Design and 
Optomization,Aspen

Tech)

Debottlenecking a Chemical Distillation Unit Rian Ryneke

Using Process Synthesis Techniques (Senior Process

Engineer,Sasol)

Understanding Limitations - An Essential Step Lionel O’Young

in Today’s Process Design (Mitsubishi Chemical 

Corp.)

Graphical Techniques for Reactive Distillation Kristian Lien
Synthesis (Norwegian University 

of Science and

Technology)

New Tools for Effective Hydrogen Frigyes Lestak
Management (Technology Manager,

Advanced Chemical
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Algorithmic Advances in Process Synthesis

Engineering, MW 

Kellogg,Ltd.)

Professor Chris

Design Floudas

A New Approach to Robust Receding-Horizon Roger Sargent

Optimal Control ( Professor,Imperial

Dynamic Optimization in a Discontimuous

College)

Paul I. Barton

World (Assistant Professor

Computing Multiple Solutions with ASPEN

Massachusetts Institute

of Technology) 

LD.Seader

PLUS and SPEEDUP (Professor of

Using World Wide Web Technology to Build

Chemical Engineering 

Arjun Vadapalli

(Graduate Student 

University of Utah)

J.W.Ponton

an Intergrated Process Engineering (Professor, University
Environment of Edinburgh)

Uncertainly and Operability Issues in Design E.N.Pisitik"opoulos

and Operations Optimization ( Professor,Imperial

Multiscale Computing in Process Simulation

College)

Wolfgang Marquardt

and Optimization ( Professor,Rudiger,

Impact of Process Data and Computer Program

Watzdorf)

Thomas Binder

(RWIH Aachen)
Glenwood K. Pase, Sr.

Choice on Heat Exchanger Design (Chief Design

Benefits of Fully Complying with the ASME

Engineer, Joseph Oat 

Corporation)
Gabriel Aurioles

Code Rules in the Design and Construction of (TEAMS Technical

Shell-and-Tube Heat Exchangers in the Early Manager,Aspen Tech)
Stages of Equipment Design

Sensitivity Study of the Effects of Process Steven H. Gove

Fluid Properties on Heat Exchanger Design (Principal Engineer,

Using the ASPEN PLUS/B-JAC Interface Hercules Corporation)

Use of B-JAC Software-International James R. Brocato
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Process
Optimization

Technology Transfers (Manager, Process 

Engineering, BASF 
Corporation)

An Assessment of Industrial Methods of David Webb

Condenser Design ( Professor,University

of Manchester Institute
of Science and

Technology ( UMIST )

)

David GarrisonInetrgration of the B-JAC Heat Exchanger

Models in ASPEN PLUS (Manager,Heat
Exchanger Technology

ASPEN TECH)

Large-Scale Process Optimization in a High Mark Stadtherr
Performance Computing Environment ( Professor,University 

of Notre Dame)

Practical Issues in the Solution of Large Scale Joseph F. Pekny

Process Scheduling and Planning Problems (Professor,Purdue 

University)

Industrial Applications of Nonlinear Dimitrios Varvarezos

Optimization (Senior Staff Engineer 

ASPEN TECH)

Solving Large-Scale Global Optimization Nick Sahinidis

Problems ( Professor,University 

of Illinois)

From Steady-State to Dynamic On-Line Lorenz T. Biegler
Optimization (Professor, Carnegie 

University )

Impact of Pre-ordering on Solving the Newton ProfArthur W.

Equations for Process Flowsheets Westerberg ( Professor,

Camegie-Mellon

University)

Dr.Kirk A. Abott

(ASPEN TECH)

Dr.Benjamin A.Allan

(Camegie-Mellon

University)

Combining Equation-based and Sequential Dr.Peter Piela
Modular Simulation (Vice President,

Process Design and
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Optimization,ASPEN

TECH)

Equation-Oriented Dynamic Simulation of Stephen E. Ziney

Large-Scale Chemical Plants (Dynamic Simulation 

Research Manager) 

Jorge Paloschi

(Senior Research 

Engineer, ASPEN

TECH)

Sparse Numerical Linear Algebra:direct Professor Ian Duff

methods and pre-conditioning (Department for 

Computation and

Information,Rutherford 

Appleton Laboratory

UK)

Automated Model Building and Modeling of ProLMichael Klein

Alcohol Oxidation in High Temperature ( Professor,University

Water of Delaware)

Modeling and Simulation of Petroleum Prof.Mr.Dale Mudt
Refining and Petrochemical Processes (Application 

Engineering Specialist,

Sunoco,Inc.,Sarnia,

Ontario,Canada)

FCCU Modeling and On-Line Optimization John Thiessen

(Staff Engineer,

Industrial Reactor

Modeling,Process

Design&Optimization 

Aspen Tech)

Breakthrough in Reactor Modeling by the Use Dr.Andreas A.
of Network Techniques Schuppert ( CR&T,

Hoechst AG)

Results Analysis for Real-Time Operations Tom Marlin

Optimization ( Professor,McMaster 

University)

State of the Art in CLRTO John Ayala

( President-Advanced
Control and

Optimization.Aspen

Tech)
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Advanced Process

Control

RTO:Success is in the Details Dale Mudt 

(Applications
Engineering Speacialist

Sunoco)

Improving Unit Profitability by Connecting Douglas Raven

Several Multivariable Controllers (GM Ethylene Control 

Projects Aspen Tech)

Large-Scope Controllers Charles Cutler

(Senior Advisor Aspen 
Tech)

The Use of a Linear Program to Integrate Ron Sorenson

Economics into Constrained Multivariable (Consulting Engineer

Model Chevron)

Handiling Nonlinear Problems with DMCplus Rob Hawkins
(Senior Consultant,

Training Manager,
Aspen Tech)

The Composite LP Douglas Raven 

(GM Ethylene Control

Projects Aspen Tech)
Maximizing the Value of On-Stream Analyzers Kevin Worden

with Large Dead Times (Advanced Control 

Engineer,Mobil)
Challenges for Nonlinear Model Predictive James B. Rawlings

Control (professor of Chemical 

Engineering,University

of Wisconsin)

Nonlinear Control of Industrial Processes Babatunde A.

Ogunnaike ( Reseach 

Fellow,E.I.duPont de

Nemours and

Company

Robust Model Predictive Control Thomas A. Badgwell 
(Assistant Professor, 

Rice University)

Issues in System Identification for Advanced Wallace Larrimore

Control ( President, Adaptics 

Inc.)

Applications of Statistics for Sustained Bill Canney

Performance (Senior Staff Engineer
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Controller Performance Monitoring and

Aspen Tech)

Derrick Kozub

Diagnosis: Experiences,Challenges and (Senior Staff Engineer

Future Work Aspen Tech)

Technology of Sustained Performance Steve Williams

The Impact of Control Loop Performance on

(Director of Marketing

Advanced Control and

Optimization Aspen

Tech)

Neal F. Rinehart

the Successful Application of Advanced ( Performance

Control Technology Consultant

Fisher Controls

A Review of Performance Assessment and

International,Inc.)

Dr. Thomas Harris

Process Monitoring Techniques for Univariate (Professor Queens

and Mutivariate Control Systems University)

Application of Rigorous Modeling in advanced Jose Luis Pena-Diez

Process Control Projects-Supplementing Plant ( ScientificResearcher)
Testing Data with Dynamic Simulation Carlos V. Rena-Diez

The World isn’t Flat and Linear MFC Keeps on

Repsol S.A.

Marian Choucino-Nara

(Aspen Tech/Iecnicas 

Reunidas)

Bill Carney (Senior

Ticking Staff Engineer,Aspen

Non-Traditional Model Based Control
Tech)
Ton C. Backx

Applications-"Where Performance and (Advanced

Flexibility Criteria Rule" Control&Optimization

Stretching the MFC Framework-Optimizing a

Director,Aspen Tech)

Jeff Meier

High-Purity Distillation Column (Consultant DuPont)

Information

Panel Discussion
Integrating Infoplus-X With Shell Oil Products Burke Baker H Ph.D.

Management Company (Senior Staff Engineer

Shell Oil Products

An Operator Advisor And Its Business

Company)

Gary Back
Benefits (Engineering
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Associate E.I.DuPont

de Nemours and Jaime

Valencia,Strategic

Department Manager 

Aspen Tech)

Batch Data Collection Made Easy Douglas L. Butler 
( Senior Engineering 

Specialist,Process

Control,Solutia
( Monsanto-Chemical)
David DeHart

(Project Consultant 

Munger Company,Inc)

Texaco’s Automation Vision Blaine McCoy 

( Supervisor, EDP, 

Texaco-TRMI PSP)

Benefits &Techniques of Supply&Distribution Robert W. McGinnis

Modeling at Caltex Oil (Thailand) Ltd. (Manager SDPIMS 
Marketing Process
Design and

Optimization Aspen

Tech)

Advanced Control and On-Line Optimization Dr.R.Voetsch

of Gasoline Blending at at DEA Refinery (Project Manager,APC 

Projects and C" Olefin

01ants,DEA

Mineralol)

Intergrating Plant Systems to ERP:State of the Julie Fraser
Market Report (Principal&Director of 

Market Strategies 

Industry Direction Inc)

Actual Experiences Using SAP to Provide Phil Moorman

Environmental,Health,and Sagety Information (EH&S Project Lead 

Lyondell

Petrochemical)

Data Syatems For Your Business Pierre Grosdidier

( Consultant,

Information

Management,Aspen 

Tech)
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Connectivity and Advanced SCADA on Aging Michael J.Bliss

Control Systems (President Queue 
Systems,Inc)

The Microsoft Windows Platform Bob Familiar

(Senior Consultant, 

Microsoft)

System Transition of MoPlus to InfoPlus-X Andrew Brown

(Technical Director

Skelton&Plummer )

Converting Lagacy IM Systems-Taking James Dierks P.E.

Advantage of the Latest Technologies (Senior Application 

Developer, Information

Management,Aspen
Tech)

Panel Discussion Jim Mussulman
(Director of Product
Development)

George Toskey
(Director of Product 

Development)
Alex Endzell

(Manager Desktop 

Products,Information

Management,Aspen

Tech)

GartnerGroup-Plant Floor Applications Post Dan Miklovic

Year 2000 (Senior Research 
Analyst,The Gartner 

Group)

Pradigm Shifts in Manufacturing Automation& Dr.Jay S. Bayne,Ph.D.

Control-An EBPA Perspective (Vice President, 

Technology &Marketin

g,Elsag Bailey Process

Automation)

Making the Transition to Field-Based Mike Begin
Architecture (Vice President

Marketing,Fisher 

Rosemount System)

When Worlds Collide: Projected Impacts of Richard Malina

New Software Technologies (Vice President of
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Engineering.Rockwell

Software)

APC Japanese Way Yoshio Tomita

(Vice President

Practical Considerations In Applying Highly

Technology.Johnson

Yokogawa)
Hesh Kagan

Distributed Control ( Director,Development

An Update on Evolving US Environmental

Flamming,Siebe

Control Systems)
John E. Hofmann

Regulations (Vice President of

Enhanced Fugitive Emissions Comoliance-Meet

Operations,Trinity

Consultants
Incorporated )

James R. Wells

-ing New Regulatory and Integration Require (Services Group

-ments Manager,EnviroMetrics

New FDA Regulations Streamline Operations

Software,Inc)

Christie Dietz

Computer Systems Validations

(intergration

Performance

Consultant,Fisher-Rose 

-mount Systems ) 

Richard Fecteau,PE,

Leveraging Process Data for Enhanced

PMP(Vice President)

Robert W. Stotz,Ph.D. 

(Vice President,

Validation

Technologies,Inc.)

David N. Hommrich

Regulatory Compliance (President,

Leveraging Information Technology to Enhance

EnviroMetrics software

Inc)

Mr.Christopher David

Environmental,Health,and Safety Compliance Malick

Related Practices (Trinity Consultants

Migration of Refinery Applications from a

Incorporated)

Wolygang Karl Reuter
Proprietary Information Platform to New (Aoolication Engineer
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Hardware and Software Standards MiRO Refinery)

The Operation Support System for LNG Masaya Nakagawa

Receiving Terminal (Senior Engineer 

Mitsubishi Heavy

Industries.LTD)

CIM/21 Window to Beckman Lab Information Blake Larsen
Management System (information Systems 

Analyst,Chevron
Product Co.)

Pathways to Developing an Application in Charles Lilker
InfoPlus.21 (IMS Training 

Development Manager

Information

Management,Aspen
Tech)

Viewing Process Information Dr.Robin Brooks
Multi-dimensionally for Improved Process B.Sc.PhD. ( Process

Understanding, Operation and Control Plant Computing Ltd)

Turning Data into Power Michael K. Edwards
( Lamb-Weston )

More Information, More Users: Meeting the Dave Kafka
Challenge (Senior Staff Engineer 

Chevron products Co.)

Product Useability: McGyver Style Jared M. Spool

(User Interface 

Engineering)

Competitive Advantage through Supplier John Gallagher
Relationships (Nestle UK Ltd)

TPM (Total Preventative Maintenance) and Yves Dufort

Vision Solutions,A True Performance Solution (Walsh Automation
for Optimizing Line Efficiencies and
Increasing Productivity

Inc)

Implementing Process Information Management Michael J.Bliss

Systems at Nuclear Power Plants (President )

Scott Murray 

(Director of Marketing 

Queue Systems Inc)

Software CORBA Richard Mark Soley

Technology Ph.D.( Chairman and

CEO, Object
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Management

Group,Inc)

Overview Strategy,COM/DCOM Don Richardson

(Technical Evangelist

Microsoft

Corporation)
Development N-Tier COM applications with. Larry Barnes

Visual Studio 97 (Senior Consultant, 

Application Developer
Custom Unit,Microsoft 
Corporation)

The Year 2000 Impact on Industrial Bill Thompson

Automation (Senior Analyst

Automation Research

Company)

JAVA in the Enterprise-Clients Servers Kevyn Renner 

(Manager Industry 

Development )

Bob Lewis

(Manager Product

Open VMS Futures

Marketing,Sun 

Microsystems,Inc)

Steve Stebulis
(Director Strategic 

Planning,DEC)

Enabling the Information Age Through Bob Mackowiak

Network Computing ( Principal Sales

Consultant in

Americas Alliances

Oracle Corporation)

Managing the Introduction of Object Ed Yourdon

Technology ( Consultant&Author 

Nodruoy,Inc)

Designing and Building Applications for the Ed Yourfdon

Intemet/Web ( Consultant&Author 
Nodruoy,Inc)

Integrated Aspen Tech Strategy in Neural Net Technology Steve J. Ruzicka

Technologies (Vice President

Aspen Tech Neural

Net Business Unit)
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Review of State of the Art in Neural Net and Thomas MavAvoy

Statistical Tools (Professor, University

of Maryland)

Neural Network Technologies in Aspen Casimir C.

Technology ("Casey"

Klimasauskas,Neural

Net Director of
Software Engineering

and Research Aspen

Tech)

Neural Network Boiler Optimization in Konrad Swirski

Ostroloka Power Plant (President and

Managing Director

Transition

Technologies Ltd.)

A Practical Process Engineering Approach to John Myers

Data Transfer (Research Associate 

Amoco Corporation) 

Joni Hyman 
(Research Computer 
Scientist,Amoco

Corporation)

Jeff Longsdon

(Staff Research

EngineerAmoco

Corporation)

Henry Gehrhardt
(Research Associate

Amoco Chemicals)

Demonstrating ASPEN PLUS within Zyqad’s Andy McBrien
Intergrated Process Design Environment (Technical Manager 

Zyqad Ltd.)

Developing a Concurrent Process Engineering Arvind G. N. Patel

for Mitsubishi Chemical Corporation (Vice President,Sales, 

EA Systems,Inc)

Introduction to Open Systems in Herb Britt

Computer-Aided Process Emgineering ( Chief Technology

Office and Senior Vice

President,Aspen Tech)

Industry Need for Open Systems Peter Edwards
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An Update on PDXI and Standards for Process

Data Exchange

( DuPontCentralR&D )

Tom Teague,Sr. 

(Research Specialist

Exxon Production

Research Company)

The CAPE-OPEN Project: Plug&Play 
Components for Process Calculations

Bertrand Braunschweig
(institut Francais du

Petrole)

Panel Discussion

Collaboration-A Key Success Factor to
Maximize Value From Dynamic Simulation

Dr.Vincent Grassi II 
( Manager,Process 

Modeling and Control

Air Products and

CjemicalSjInc)

Randy Field 

(Marketing Director 

Dynamic Simulation 

Aspen Tech)

Minimizing Reaction Time in a BatchReactor Stephen Vinciguerra,Sr

Using Dynamic Simulation (Staff Engineer,

Hercules,Inc)

Intergrating Process Design,Control and

Operation

Dr.Ukich Mieken

Andreas Helget

(BASF AG)

Dynamic SimulationrUser’s Perspective Mark R. Broussard

(Senior Research

Engineer,Shell 

Corporation)

Simulation of an Unstable Distillation Column Cornelius Dom,Ph.D.

( Student,Automatic 

Control Laboratory

Swiss Federal Institute

of Technology)

Manfred Morari

( Professor,Automatic 

Control Laboratory,

Swiss Federal Institute

of Technology)

Thomas E. Guttinger
(Automatic Control
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Laboratory,Swiss 

Federal Institute of 
Technology)

Pipeline Operation Management with the 
Assistance of Realtime Dynamic Simulation

Improving Refinery Perfoemance with 

Operator Training Simulators

Dynamic Simulation for IGCC Process and 

Control Design

Using Dynamic Models to Improve Capacity 

and Stability in Large Scale Multiphase 

Pipeline Systems

Process Modeling of VCM Reaction

On-Line Estimation with SPEEDUP

Gert van Sponsen 
(Shell International 

E&P b.v.)

Vom Eskes(Vice 

President of Business 

Development EMEA 

for the Dynamic 

Simulation and 

Training Simulators 

Group,Aspen Tech)

Cal Depew (Senior 

Engineer,Fluor Daniel 

/Shamprogetti)

Graham W. Griffiths 

(Vice President for 

Operations&Technolog

-y,Aspen Tech) 
Takekaku Maeda 

(Kaneka Corporation) 

Chris Hart

(Senior Consultant 

Dynamic Simulation, 

Process Design and

Production Planning 

and Supply Chain 
Management

Twenty-First Century Supply Chain 

Organizations.

Integrated Supply Chain Management 

-Supplying the Pieces

Stmctual,Organizational and Business 

Requirements

Process

Optimization,Aspen 

Tech)

David Frentzel 

( Principal,Northest 
Logistics)

Thomas N. Parry 

(Associate Partner, 

Andersen Consulting) 
David L. Smith 

(Business

Development Manager 

EDS Logistics 

Management Practice)

Optimized End-to-End Supply Cham Robert McGinnis
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Planning

MDBS II :The Importance of the Autonomous

Plant

The Role and Status of ERP Systems
Optimizing the Supply Chain

Advanced Technology for Supply Chain

Management

(Manager of SDPIMS 

Marketing Process 
Design and

Optimization

Aspen Tech)

James Heaton
(President, AMR 

Consulting)

Udo Edelmann ( SAP )
Jeff Herrmann
(Vice President of

Scheduling Products 

i2 Technology)

Patrick Truesda

(Aspen Tech) 

P.Soedjanto

(Vice President of 

Projects,PT Elnusa)

Vertical Industries PSA-The Next Distillation Dr.K.Knaebel

Chemicals (President and CEO

Adsorption

Research,Inc

Application of ADSIM in the Design and Ray Keating
Operation of Industrial Process Plants (Director of

Engineering,Howmar

International)

Intergrating Process and Control Designs for Dave Vinon

Air Plants (Air Products)

On the Efficiency of Continuous- Dr.Alberto LaCava

Countercurrent Pressure- Difference-Driven (Director of Gases&

Gas Adsorption Separations Vacuum Technology 

BOC Group)

Mining,Minerals& Metal Processing Supervision David Mee

Materials (Manager Supervisory 

Control Systems

Cegelec Australia

Limited )

ASPEN PLUS to Understand the Behavior of a Kees-Jan Verstraten

Blast Furnace (Researcher Chemical

Technology ,Hoogovens
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Petrochemicals

Research and Develop

-ment)
Manufacturing Application for TiOz David Zimmer

(Business Support 

Director,Chemical

Processing Industries 

Aspen Tech)

Model of a Counter-current Adsorption System Gerald Gruber

for Lithium Recovery (Chemical Engineering 

Specialist, FMC 

Corporation)

Improving Yields of the SX/EW Copper Jeff Gott

Extraction Process (Project Team Leader 

Phelps Dodge)

Thermodynamic Calculations and Databases for Arthur Pelton

Applications in Metallurgy and Materials ( Professor,Ecole

Processing Polytechnique)

Process Operability:A new Perspective on an Professor Christons

Important Challenge Georgakis

(Lehigh University)

MTBE Process Doug Robertson 

(Senior Staff Engineer 

Aspen Tech)

Reconciliation of Dynamic Reactor Models Milo Meixell

with Process Data (General Manager

Optimization

Department,Aspen

Tech)

On-Line Estimation with SPEEDUP Chris Hart
(Senior Consultant

Dynamic Simulation

Process Design and
Optimization,Aspen
Tech)

Simulation of an Ethylene Plant for the Renato da Costa Lima

Debottlenecking Study of Copene Units (Copene)

Feed the CAT T.R. Willett

(Advanced Control

Engineer,

Lyondell-Citgo)
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Nova Chemical Experience with APC and RTO Ken Wentworth

(Process Control

Engineer,Nova

Chemicals)

Borealis Cracker Stenungund RTO Project: Johan Frossling

Chasing Optimum at a Higher Pace (Process Control and

Optimization Manager
Borealis)

KTI’s Ethylene Plant Furnace Modeling Eric Wagner

Technology Coupled with Aspen Tech’s (Manager of Pyro Tec

Real-Time Optimization System Provides
Off-Line and On-Line Benefits

Division,KTI)

Advanced Control & Optimization of a Walter Jacobs

Naphtha Cracker at DSM ( Project Manager

DSM Hydrocarbons)

Plant-wide Constraint Control System Jun Nishizawa

Utilizing the Composite Linear Program for (Assistant Manager

an Olefins Plant Mitsubishi Chemical

Corporation)

Implementation of a Plant Wide Control& Mark Roffman
Optimization System at a Chevron (Process Engineer

Ethylene Plant Chevron)

Using a PIMS to Add ValuerFairy Tale or Sharon Ronci

Fact? (Senior DCS Analyst 

Rubicon Inc.)

Utility Saving by Means of Pinch Technology Yuzo Terai
(Process Engineer 

Nippon Steel

Chemical)

AspenTech’s Lifecycle Modeling Chuck Moore

(Business Director

Advanced Control

and Optimization

Aspen Tech)

Optimize Process Productivity by Intergrated Nat Ganesh

Application of APC and PIMS Technologies (Process Leader

Allied Signal)

Philips Petroleum Ethylene Plant Models for Jeff Jones

Design, Control, and Optimization (Process Control 

Engineer,Philips )

—166 —



Pharmaceuticals and Bridging the Information Gap Alistair Gilanders

Specialty (NIP-A Team Leader

Chemicals Glaxo Wellcome

International Actives

Supply)

The Changing Pace of Agricultural Chemical Mr.Peter B. Schmalz

Process Development (Engineering 

Technology Leader

E.I.duPont de Nemours

and Co.)

Batch Process Modeling as a Tool for Process Arthur T Andrews

Development (Senior Director

Chemical Engineering

R&D,Merck Research

Labolatories,Merck&

Co.Inc)

Stwart Bacher

( Director,Chemical 

Engineering,R&D
Merck Research
Labolatories,Merck&

Co.Inc)

New Technologies in Batch Chemical Process Prabir Basu

Development & Manufacturing (Director,Process 

Development and

Chemical Process
Monsanto)

Jonathan Vinson

(Senior Development 
Engineer,Monsanto )
Ronald A. Mack

(Development 

Engineering Group

Leader,Monsanto )

The Potential of Batch Automation Darrin W. Fleming

(Modular Batch 

Consultant,PID)

Genealogy-The Future Direction of Batch Ken Roberts

Information Management (Director of

Application
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Development 

Information 

Management,Aspen 

Tech)

Polymers

Introducing Batch/21 via the BCU at a 
Chemical Plant in Monsanto Antwerp

Modeling of Variability in Manufacturing

Making Manufacturing Part of the Enterprise 

-New Standards Help

Information Systems Validation 

-Who do You Trust?

Supplier/User Alliances-Driving Success 
Through the Supply Chain

Treatment of Uncertainty in Production 

Plannninng and Scheduling

Polymer Product and Process Development 

Moving form Experiment to Simulation

Dirk Colman 
(System Engineer 

MISD,Monsanto 

Antwerpen)
Bernard M. McGarvey 

Ph.D.( Senior 

Engineering Consultant 

(for Bulk 

Pharmaceutical 

Manufacturing),

Eli Lilly and Company 

Lynn Craig 

( President,Manufactur

-ing Automation 
Associate,Inc)
Katleen M. Waters,Sr. 

(Automation Engineer 

Genentech,Inc) 

CRichard Antonson 
(Engineering Manager 
-Quality and Process 
Control, E.LDuPont) 

G.V.Reklaitis 

(Professor and Head 

School of Chemical 

Engineering, Purdue 

University)

J.F.Pekny

(Associate Professor 

School of Chemical 
Engineering,Purdue 

University)

Klaus D.Hungenberg 

(Group Leader,BASF

AG)

Using Polymer Structure/Property Model for Steve Chum
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Molecular Architecture Product Design for (Senior Scientist and

Polyolefins Made with the Insite™Technology James Ruiz,Project

Tracking Moleclar Weight, Long-Chain

Leader,Dow

Chemical)

Branching, and Composition Distributions A.E.Hamielec

Through Transient and SteadyState Polymer (Professor Emeritus,

Reactor Networks McMaster University )

Macromolecular Thermodynamics of Polyolefin

Systems Maciej Radosz

General Overview of Molecular Simulations,

(Professor and

M.F.Gautreaux/Ethyl

Chair, Department of

Chemical

Engineering and

Macromalecular

Studies Group,

Louisiana State

University)

Inc. Frank Axe (Product

Atomistic Simulations of Themophysical

Manager, Quantum

Chemistry,Molecular 
Simulations, Inc.)

Properties of Polymers & Organic Liquids David Rigby

( PrincipalPolymer 

Scientist, Molecular

Polyolefins:A Global Overview and the Impact Simulations, Inc.

of Second Generation Technology Don F.Bari(Vice

Development of Enthalpy and Density Models

President,Chem
Systems Inc)
John Fisher (Manager

near the Critical Point in the Advanced SCLAIRTECH R&D,

SCLAIRTECH™ Polyethylene Leigh Wardhaugh,

Modeling Phillips Polyolefins Process with

(Research Scientist)

Annette Burke

(Research Scientist, 

andAgi Zupancic

Engineer,NOVA

Chemicals)

Dale L.Embry( Senior

POLYMERS. PLUS Engineering
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Specialist,Polymer

Process Molding

Phillips Petroleum 

Company)

Modeling and Control of Molecular Weight Kyu-Yong Choi

Distribution in Free Radical Polymerization ( Professor,Department

Processes of Chemical
Engineering,University 

of Maryland)

Simulation of a LDPE Autoclave Reactor with Greg Hendrickson

POLYMERS PLUS (Senior Staff
Engineer,Chevron

Chemical Co.)

Continuous Process and Product Improvement A.H.Potgieter( F-J.du

Through On-line Polymer Toit and C.T.v

Characterization,Advanced Process Control Wyk,Polifm)

and Process Modeling

Application of 1st Quality in DuPont Nylon Robrt LKirkwood

(Technical
Manager,DuPont)

Nylon 6 Process Modeling Gad Kory (Process 

Engineer)

Hans-Harald

Huenger ( Assistant

Plant Manager) 

AlfonsLudwing 

(Chemist, and Thomas

Sauer,Plant

Manager,BASF AG)

PIB Reactor System Modeling" Lawrence T.Novak 
(Technology

Manager) 

GregMcCullough 

(Process Development 

Engineer, The Lubrizol 

Corporation)

Detemination of Homo-and Cl-Polymerization Ava S.Drayton-Elder

Kinetics from Laboratory Data (Senior Research 

Engineer)

Oliver J.Smith
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Modeling of Styrene/Ethyl Acrylate

Copolymerization

A Practical Emulsion Copolymerization Model

(Principal Process 

Engineerin' Products 

and Chemicals, Inc)

K.Ravindranath
(POLYMERS PLUS

©Technical Support 

Manager, Aspen Tech) 
Saty R.Ponnuswany 

(Staff Engineer,Aspen 

Tech)

Frank Bettenwort

(Martin Comads)

Michael Dettmer

(CONDEA Chemie

GmbH)

Pulp & Paper Process Management in Pulp and Paper Ole Fadum( President,

Applications Fadum Enterprises

Inc.)

Mill-wide Information Systems:Past and Present Anna L.Lee (Process 
Systems Specialsist,
Buckeye Florida)

Unifying Business Through Information Robert P.Zook

Technology Case Study (information

Technology

Director,Weyerhaeuser 

Company)
Challenges in Control of Pulp and Paper Dr.Guy A.Dumont

Processes ( Progessor,University

of British Columbia

Department of

Electrical Engineering
and Pulp and Paper
Centre)

Automatic Control Loop Performance Auditor: John Brltich

Automatic Control Loop Monitoring (Vice President Walsh

Automation Inc.)

Instrumentation Issues in Pulp&Paper William M.Dannelly 

(Product Sales
ManageriBB

Industrial Systems)
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SURFTek-Surface Control Technologies for

Sheet Forming Processes
Beyond Block Scheduling in the Paper Industry

Inferential Control of Continuous Digesters

using MFC

Ferhan Kayihan

(Owner EETek)
Andrew Sanford

(Consultant,

Chesapeake Decision

Sciences)

Ferhan Kayihan

(Owner IETek)

Frank Doyle
(Professor of
Chemical Engineering

University of

Delaware)

Refining Computer Simulation of Liquid-Liquid Jose Luis Pen-Diez

Extraction of Base Oils with Furfural ( ScientificResearcher )

Juan Miguel 

( Moreno-Rodriquez, 
Repsol S.A.)

Using Rigorous Models Developed with the Ed Zecchini

ASPEN PLUS software to Generate Linear (Engineering

Program (LP) Input Information Specialist)
Kirby English

(Economic Analyst)

Michelle Dunbar 
(Production Engineer) 
Raul Adarme( Process

Specialist,Phillips 

Petroleum CO.)

Dynamic Evaluation of Delayed Coker Pressure Rick Stanley

Relief System (Technical Advisor
Instrumentation,

ARCO)

Refinery-Wide Energy Efficiency Optimization Keith Buercklin

in Complex High Conversion Refinerh (Process Engineer 

Marathon Oil)

Modeling fo a MTBE Industrial Unit with Antonio

Reactive Distillation Lopz-Rodriguez 

(Process Design 

Engineer, Carlos

V.Pena-Diez,
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Refinery/Petrochemical Ionic Equilibria

Repsol,S.A.)

Ashok KLDewan

Applications Using the ASPEN PLUS (Research Engineer

Flowsheet Shell Oil Products

Use of Mixed-Integer Programming at Phillips’

Company)

Raymond C.Wah,Sr. 

(Consultant,Shell 

Services Company) 

Kirby English

Petroleum Sweeny Complex (Economic Analyst

Phillips Petroleum

CO.,Sweeny Business

Planning Reformulated Gasoline Using PIMS

Unit)

LF.Barth ( Engineering

Using PIMS Linear Programming Models for

Associate,Exxon

USA)

Douglas M.Servose

Capital Planning (Senior Technical

Using PIMS for Planning and Scheduling

Specialist,LP
Development,BP Oil

Co.)

Guillermo Ruiz

(Subdirector of

Refinery Wide Advanced Control

Planning,Pemex

Refinacion)

Bob Button (Senior
Implementation Process Control

Real-Time Process Optimizer Adds Value on

Engineer,Mobil)

Martin Arzenheimer

an Isomerization Unit (Manager Systems and

Applications

Group,RVl)

Performance of Model-based Inferentials during Mike Dunn (Control
Crude Switches Engineer Advisor,Fina

Composite LP Implentation on FCCU/GPU

Oil and Chemical)

Raj Jakhete(Senior

Complex Process Control
Engineer and Walter

Rager,Senior Process

Control Engineer,Sun
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Oil Company)

Sustaining Control and Optimization System Mark Tibbitts

Perfomance (Manager for Control

Shstem and

Engineering,Lyondell
Petrochemical
Company)

Refinerh Information and Business Roger Pelham

System-Evolution,Current Status and Future ( President,Pelham 

Consulting)

Oil & Gas Business Processes and SAP Bob Davis (Manager

Solutions For Marketing & Refining and Director of SAP
America,Oil & Gas 

Center of Expertise)

From Maintenance to Asset Dr.Richard P.Hyland

ManagementrBuilding a Foundation for (Director of
Sustained Company Improvement in Changing Consulting, Phoenix

Times. EDH, Incorporated.)

Foreign Trade Zone benefits in the Refining Andrea Gallien

Industry (Director/Partner with

Arthur Andersen’s

Business Consulting

practice in
Houston,Texas)

Using Information Technology to Support a Fred Salmen( Senior

Changing Business Strategy Staff Engineer,Aspen

Tech)

Product Meeting

Advanced Control

and Optimization 

Workshop

Production Planning PIMS Yearin in Review Charles E.Rieb(Aspen

and Supply PIMS Manager,

Distribution Production

Optimization Planning,Scheduling

Workshop

PIMS Pipeline:What’s New with PIMS?

and Integration)
C.PauI Gallagher 

(Aspen PIMS

Manager of Technical

Services and Dave
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Applications Seminar

Applications Seminar ( continued )

PIMS Forum:Customer Feedback

Geddes,Vice

President,PIMS

Products)

C.Paul Gallagher 

(Aspen PIMS

Manager of Technical
Services)

C.Paul Gallagher 

(Aspen PIMS

Products)

Dave Geddes(Vice

President,PIMS

Products)

Process Design and ASPEN PLUS Version 10:A Closer Look Andrew McGough

Optimization (ASPEN PLUS

Workshop Assistant Manager) 

Suresh Reginald

(Manager

ASPEN PLUS
Engineering Interface 

Development)

ASPEN PLUS: Engineering,Properties, and Willie K.Chan
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