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ABSTRACT

The opresent research project has outlined the principles
of exergy calculations  in the process industries in order to
augment conventional energy enalysis. In addition to applying the
described energy and exergy analysis to a nitric scid plant, which
has ealready been investigated abroad, the present work has also
collected energy consumption deata from a sample industrial plant
in Thailand. (a'sugar rafinery plant in the Cholburi Province).
Then detailed energy ana]ysis was carried out using the first lew
of thermodynamics and the results of bhé energy sudit was
augﬁented with ezergy analysis. The abaove two b#pes of analysis
wére carried out abt two levels, namely, the entire-plant level and
the sub-system level consisting of the stesm generation system,
the steam turbo-denerstor system, the diesel generator system, the
sugar—-cane milling system and the sugar production process from
cane Jjuice. Furthermore, tomparison of the results of such
anaiysis at the entire-plant level and the sub-system level were

made between the production seasons before and sfter improvement.

: According bto the results of anelysis, it was found that
dering - tng ineriod |befute ) ikdrevmisent 3 C196251985 | production
seasons), the steam generation system had the highest enerdy input
' rate emounting to e seasonal average of 6.13x18° kcal per ton
sugar, and &the suger production process had the second highest
in;ut rate amounting to a seasonel average of 4.15%10° keal/ton
sugaf} when exergy anelysis was made, it wﬁs found that the above
two systems had the following exergy input retes, respectively!
6.62x10° kcal/ton suger and 1.05x18° kcal/ton sugar. After
: improvement had been made (in production season 1885-1986) by
replacing a boiler and the steam turbo-generator with larger ones

in order tog increass cogenerstion, it was found that +the inpub



rates of energy and exersgy were reduced as follow:

For the steam generation system, the enerdy and exergy input rates
became 5.87x18° kcal per ton sugar and 6.35x18° kcal per ton
sugar, respectively.

Faf the sugar production ﬁrocass, the energy and exerdgy Iinput
rates became 4.22x10° kcal per ton sudar and 7.90%10° kcal per ton
sugary respectively.

Furthermore, the present work has estimated the enersy
coshs per unit yield of sugar before and after improvement, made
comparison regarding enerdy consumption per unit yield of sugar
before and after improvement, calculated ghs pay—back periocd for

the improvement implemenhed-in 1985 and also recommended future

improvement .
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i Jbid £
G 1.07 | Cr 547.70 | B 610.58 | Sb | 489.59
N 2.33 | Sr 771.58 | Cs 393.45 | cd | . 304.33
c 114,92 v 85:30 | Ge ag3.37 |71 169.79
H 117.67 | Ni 243.58 | Sm 963.34 | I 25.62
53 853.16 | Cu 478.57 | ad 933,32 | Hg 34,47
al | 788.61 | W 822,77 | Br 34.37 | Tm 894.73
Fe | 368.33 | Li 372.17 | Be 594.54 | Bi 296.87
Ca 708.57 | Ce | 1119.43 | Pr 926,62 | In 412,62
Na 360.96 | Co 288.54 | As 386.46 | Ag 62.58
K 387.04 | Sn 515.97 | Sc 9087.28 | Se 2
Mg 614,39 | Zn 337.62 | Dy 958.73 | Pd )
Ti 885.18 | Y 932.90 | HF | 1023.74 | He 30.14
c1 23.48 | Nd | 1137.56 | U 1244.81 | Ru o
Mn 461.47 | b 878,57 | Ar 11.98 | Pt )
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F 318.27 | Mo | 718.91 | Ho 967.10 | Os 297.25
Rb 389.76 | Th | 1165.44 | Eu 872.92 | Te 266.48
Ba 784.55 | Ga- | 496.42 | Th 947.15 | Rh )
Zr | 1059.11 | Ta 951.15 | Lu 918.13
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s | 1e6.20 | He1 ¥ 45.84 | MgsiO, s 18.59 | 0, ¥ 3.93
s 48,85 | Har P 58.58 | Mg0 . Fe O, = 41.19 | PO s | 150.36
s 7.07 | Hi g | 145.42 | MgsQ_ s 58.27 | PO, s | 12391
s 2 H,50, 1 | 16e.03 | mgcpa,), = 63.63 | obC1, s 79,12
s H PO, 3 113.78 | Wnd_ s 2 PhBr 5 146.29
s @ HeO s 27.88 | Mn,0, s 47.26 | PHCIOH s a
s @ He8r s ] #n.0_ s 1@8.42 | PbIOH) s 124.29
s 17,16 | He,C1, s 5.87 | un(oHI, s 85.40 | PBSO, s | 138.8
s 83.89 | H¥ SO_ s 157,91 | woCO, s 66.81 | PhCO, s | 132.45
Ce0 4 Fe 0, s 39,64 | KC1 : z.01 | ¥nSio s 79.37 | so, g | asw.ee
E )] g | 279.87 | W@Er s 42.77 | K, ¥ 2.67 | .S ¥ | sea.ea
Bl g 28,13 | Ki s 97.33 ' 88.95 | Si0, s @
E‘ Cud & as51.28 K10, [ 3 8 L g 55.63 sicl 1 326.89
e | s | esaes | Kco, s | 1ze.72 | ¥ | 336.85 | sno, s )
| Cu fOH)CL s 2 KCH s 691.32 | MaMO_ s a Sn0 s 268.92
: s | waz.es | i po, s §3.93 | MeOH . HO - s 94.19 | zno s | 2110
s 412.79 LiF 5 9.88 XaCl s B Zn(UH}’ S 21.47
) 3 a8Z.52 Lic1 3 11.3§ NaBe I . s 45.88 chli 0 14,83
: s @ |Lict.mo M 2 Ha SO, s 67.06 | In(NO,) .6H,0 | = @
.' s 26.50 | Fe 0 - s ge.a7 | "% N SR (nZasny 5 7788
- s 126.21 ! i E .
mew 2.3 Wncddieafissearsunitein
B T
arnlrenay Anue| Ex_ ATdrenoy [Aonme| Ex aTiTenay anme| Ex_ < atnlveney  [otme| Ex
Lkd/mol) {kad/mol (kd/mol) (kd/mol)
cH, g | ead.78 | cH,, 1 | asze.z | cu cooc K, 1| 2zar.a | cH M, g | 1312
¢, _Q 1562.96 | C_H, 1 | =2@es.y | ccHp 0 g | 14236 | cwon 1| 1zsm.r
C_H, g | 2162.6 | cH.CH, 1 | asea.e | cc 0 1| erise | coaer), s | es1.e3
CH,, g | 2819.2 : G H MO, 1 | 3zz4.1
¥ | 3478.3 | CH OH 1 721.17| HCHO _ € | 542,55 | oMM, 1 | 3461.7
1 | a477.2 | C_HOH 1 | 13s3.@ | cucuO € | 1168.7
C_H_OH 1 2816.9 | (CH ) CO 1 1797.0 CH,,0, s 2997.8
g | 4136.5 | C_HOH 1 | zees.2 € 4.0, s | sezs.2
4132.6 | C_H OH 1 3324.9 | CH,C1 . ] 732.98 | G, H, .0, s 6034.9
g | 4795.3 | c K, oH 1 | 31515 | el 1 | e43.ez '
1 | 4788.3 cHel 1 531,46 | CH.N 1 | 2819.4
HCOOH H as8.01| cC1 1| a4mz1 | cHN 1 | aszz.9
CH, ¢ | 1368.7 | i coos 1 911.81| CH_Br g | 776.34 | CHS : 1 | @3se.3
oM, ¢ | 2e13.5 | c_u cood 1 | ze22.0 | ow,1 € | 81573
CH=CH.CH, CH, g | 2529.4 | c M, coou s | 19073 CF, ¢ | teza.8
CH, g 1274.5 C_H,CooH s 3362.8 | CHF 1 3528.4
CH,C=CH g 1989.3 Cc H,Cl 1 3294.8
B 1 | 3e87.7 | wcoocw, § | 1ee7r.s | cH 8 1 | 3es.e
C H,1 1 | 3ate.a
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d ‘ﬂ i1 =1 o
TgnmaLonig0TEi 39 Lalee L 0 LR WnaTn (fossil fuel) @D

=mtd

o

i

ex (LHV) + T_ AS (2.40)
= i | ] ;: -4 L=

LHV  PaA1A1n8Tousin (low hesting value) 1949470 LWaY

T, = 298.5K (25°C) uar As™?___ fAemiTufdsuuias

s T TanddiSanfignneaarginideines Tualiva
2z . s y v
TunsfiaemsAmIned1IaT17 9 171973 1aNN1TY99 Rent s il

AL YeT- E ex 9.95 (HHV) (2.81)

- —

doudeimn ¢ ex, = 2,975 (HHV) (2.42)

¥ & d .

ViDLMAMEY 1 ex_ = (LHV) + rw (2.43)
(HHV) faA1auiouge

BIE a - . % a -
r foAnudauslstoeniTTe Lueian 1 stm, 25°C (2,438 kd/ke)
w ﬁaLﬂnd1uLieuqaﬁaqﬁﬂﬁﬁagTuaéaLwﬁe (=)

vy 14 ala ¢ )
AU (2.41) qz1519ﬂﬂﬂ11131ﬂ1ﬂ1Tuauﬂuﬂﬂiuaunﬁﬂﬂiﬁ 2 JehoY

.'I-:: 3 v 8
& A CIIE b

L4
TunTetnumaduany sEoiwdsseriniffifenfvoontianlueinma  wdide

ViRt tedosfiuaigm o TNt NTEINEAITAINENND1TNSL

» 8 '
Fonalamy 3 Sumousioluf

- e ol
(1 ﬂ11&10uﬂtﬂﬂﬂ1ﬂﬂﬁiﬂuﬂ1ﬂ9ﬂLﬂﬁﬂﬂ1ﬂ£ﬁuﬂﬂut§ﬂnﬂ

(2)  MTfEuareITInT (AelfiguiuanienaTsiw  Niieain

UfiTen afignifen i fuauiBona
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c‘a i =1 - ‘ i
(3) 61“LQGﬂﬂﬂﬂGﬂﬂﬂﬁﬂﬂﬂﬂ?UHT%O#NRﬂﬂuﬂﬂﬂTﬁﬂﬂﬁﬂ Tﬂiuawnqﬂ

i
WINADY

=3 a! I a‘.ﬁ L3 ] drd “ ¥ = = L]
s1ugieft 3 Linenfidunldluwinquifiags wiluneufinds lidlag
dvueisnanaan useTamile delunTdiuanidni 1038199490 LA ouavansiing
Juantiin mainienatgesetul lianaiTuwsaenly

1uﬂ1ﬁﬁt?axwﬁegnﬁauaﬂ1xn?aaﬁﬁmﬂﬂﬁqmugﬂﬁaa UREAINALLTTEINA
- F ;S a So o o '™ a 8 ad & a o w
(9197309 WR Lo LA il L g Lon L IoT B e LA L it 1uﬂ1mntﬁatwaquﬂ11uau

P uprguull T v Sans Sn i sasaduRuansin e lien i Sn a8 301l
P BnigeddiBenenu (pbysical  exersy) mavifounde lunsfRld T,
= 298,15K (257C) . UAEAIINAWIDITEYY P = 1 atm L11aeSenL ST 8
V3o LAfituin LﬁﬂtﬁaéﬁuﬂmﬁgﬂujaaL%ﬂtwﬁq (standard exergy of fuel)

40 < | L a £ &
A1T19 2.4 UARIANLONLTOTENATINI09 L Ta kR (DuRUTERaULREN)

e & . o e w0 - e ]
wafn g LANTDETEN 9 lun91e 2.4 AudluenTie 2.3 B ldainntTuws
ﬁﬂdﬁﬁ%ﬁuﬂﬂﬂad1ﬁgﬂﬁﬂﬂﬂﬂ1ﬁ

.Qm‘ L 5 a - [
lunsfiingvdmdsenoy z_ 109 00l 1910 W0 LanLT09RL S0
P ¥ o Avu (- ¢ ) =4
wafro9 T il IdanALSniteTBinas s lumse 2.4 Taaldaunivaio lull

n "
ex™™ = x, ex™™°_ 4+ R'T S x_Inx_ (2:48)

k=1 k=t

ad P EEEEN '
Wit R' fomacfimnsfing  (2.3718 ka/m® . K

a . r & ‘a_ - au ) o
Wuofarn i 5nigoT8i 89 1Af09tTod@e AeTamenui igannTus 1o 9fing
I e ' o boved w | e ) . &
Ayl luens  wida 1R B sedEiinsunnTunTasnaeonlludn  Ciude
flE ex) mrdwamimfuisduaniaedrsansiuann
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e 1DIuGe - TILUA
Gk Ex_, A7 E“:n_
aa7 L ana kcal/m®, |kd/m’ AT luLana |kcal/m® kJ/m°
Ll b N L] 3 N N
H, 2480 18380 | C 7990 33450
co 2740 11470 | S 2235 93560
CH, 8520 35665 | C_H _ 10970 45920
C,H, 13120 54920 | C_H, _ 11140 46630
C,H, 14050 58814 | C_H_ 9839 41110
czaq 15519 64925 | CH,, 10850 | 45420
C_H, 20730 86780 | C_H, 11140 46630
C H, 22300 93350 | C_H_CH, 9940 41610
G.H: . 29070 121690 | C_H,_ 11150 46670
H_S 5290 22144 | C_H__ 11468 47979
NH_ 3500 14650 | CH_OH 5020 21010
C_H_OH 6880 28800

L%ﬁlﬂﬁﬁlﬂﬂ?

H a G
LTo WA Int Y

=>4 ”

ex =5

§ av e a a %no' ﬁug
A ex_ ﬂ1ﬂﬁﬂﬂﬂﬁfn1lﬂﬂﬂiﬂﬂl DLUAITUAATY 9 LUUAIY

(LHV) (1,0038+9.1365{h/c1+0.6308(0/c1+0.0184

[s/cl)

(2.45)

(LHV)(1.0864+8.1513[h/c1+@.08616lo/c]

+@.8429Cn/c1)

(2.486)
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A8 @ ) ™ s 4 o ; ! o
_ Tuhtt (LEv) Baftenutousinro9Ldowdy 1 kg3 hy, c, 0y s, N, AD
125 f { ]
AuduiE9NNA (mass fracvion) 109lalaTian, A1Tuen, sendiau,  Fauued
o w da % o % o M & : oles
uaeluTorian mﬂaaﬁﬂnnuaq1ut DLWANIL 9l A1199 o lalsTiuesn i aufi

o % Y g
anluin annafw Tuide tuda

o { a
2.3 LB ngjgg“gu;qulﬁifjﬂj (exerdy of reaction)

Togily wadwaﬁzuiﬂaLﬁntﬁafﬁx%ﬁLﬂﬁﬁa1?ﬁauﬁ1ﬂ§ﬁ?ﬂﬂﬁa§ﬁu
tﬁnLﬁafﬁx%eLﬂﬁﬁaﬂiwﬁmﬁmﬁﬁﬁaéﬁﬁeﬂﬁﬁ?ﬂwL%ani1LﬁnLﬁafﬁﬂaeﬂﬁﬁ?ﬂﬂ Tu
ﬂﬂ?ﬁﬂﬂﬁ?ﬂﬂﬂﬂﬁﬂdigﬂLﬁaéﬁ v11ae ldAwad otfas ludhuanid§igen &
W§igendenanndo W ianTasnemoeioni1af8i 5ol usldduasnoiaslusuans
windod drufigendonanineliiiant s intnees i Sni 098139 1al

aal L - ) T LI - [ o -4 o
Tunatifer lild flesawadelt  usldaidnigesdi3eLatizoanaTeuin
oo ; a u Mol & ' ' o bt w i

UgfTeuatsenuwiainn Line@aedne10mie 170w Aot reTiidenan

o y o feu o % a a ) I~ lon

atfimun laninadnimeTaiioialized o undy  uaemITuRBUNLAAT L DN L TR TE
o & . s o 8 aM L : P
o 9 ntﬁuaﬂﬂu1a1un171Lasqzwﬁsuuuﬁn i I [idawguifionan a1l

anfnognanITa LA Ed L BN 19981091 wAnTAN (coke furnace) 117
auTﬂniaﬂaﬁntﬁafﬁL?dtﬂﬁﬁaaﬁwqﬁﬂTﬁﬂ. wanias TAnuay Tanfingusndnewnusiay
38T whaenTenTisn Ty Sniedai e Lnfise s o et W Wanadon,
ingofdiBementwae s TRnfingf 1 fadn, VB gefSmaififeimanduuts oy
distillation) 209TAn,  waeidnigefdidenienndy 9 Gduidnitodives
eudaududazes Tanfifouune) ;uqﬁﬁqtiuﬁtwfﬂaauffnuemaaLm1uﬁﬁTﬁn€u e
ﬁﬂﬁuaﬁnﬁqﬁufauﬁiﬁﬁﬂnﬂn1tuﬂtﬁaxwﬁqinqﬂﬂe1ﬂﬁoﬁﬂqﬁuTﬁn ToefhlseRnSau
Ainmela

d- : ‘a E=r=r=] - L} L) L] -
ABniretBrosfifoaeifiifuminiTufeuias Gibbs  free

mtd

: a 1 o w o
energy) G TANERTIINL R MO TuARfa (1 stm, 25°C) 799

fgenTe e aTaonna sy
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o d ‘ﬂ Sa -
©2.9.1  Fdmneansgadfign wjiganuan

v 4 a : o
Auantgetimeafifmansean s Tesordemntie 2.1 g
AT19 2.3 Zoia Tan ldan1nean e et fuanntafudingns i fonund 2570,
b b

! e
AN 1 atm  2IRLTENDUTDIDINNFALRD

05 s N H_O co Ar

2 2 =

mole fractiont @.2834 @2.7557 0.0316 9.0983 2.0099

4 & s o [
CAND! anﬂixﬂaummﬂmmﬁwu LIIMIUML DD L TDTENIRTIIUIDY

L

2 4, & } 73
7L 5us Lol

3.848 kJ/mol

t RT_ In (1/8.2034) = 0,943 kcal/mol =
§+ RT_ 1In (1/0.7557) = ©.166 koal/mol = ©.694 kJ/mol
t RT_ In (1/0.9003) = 4.81 kcal/mol = 20,108 kJ/mol
: RT_In(1/8.0316) = 2.05 kcal/mol = 8,563 kd/mol
' -4 { caa & ' = :
aio l1laenn 190 L 1ot fmesUfifentiugn Teeldan 26™° __  am
i ‘ E=3
wiio%o1nod Twlauwnind
(1) C + 0, — & CO, = OG =398.7 kd/mol

C u%ﬂnéx 20.1 + 398.7 - 3.9

414.9 kd/mol

(2) H, + (1/2)0, — H_O - OG 228.7 kd/mol

H,0 U?Qnéz 8.6 + 228.7 - 1,97 = 235.3 kd/mol

o [ -4 [ -4 (™
_ Taani7i5a9nA819 9 el uaeTealdfniSnigoT8unedns
&g o o -1 Ll
1aoum¢ﬂutﬂnﬂ1nwy§¢qntﬁu 0 FHENMEWWTIIM LTSRN LONL T0OTE

mtd
a98

ATFue0ITin 9 10 endedisidn 111 G 1o9Ufifensio Uil

(3) 2Fe + (3/2)0,—Fe, O, -AG = 742.6 kd/mol

TV

g
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a ) deden o . 5 1 v
viosan Feo,  iiiuanteentedfifiafiaranugegaludeuadon
L o i’u L ] g d =
el SnumesBinersnmeedmiy o Taemsldeaaenn i SnigadBersn
d Yoo & il
109 L%an loimtoll

3 £ g I
Fe U3@NG: 1/2(0+742.6-0(3/2)x3,951 = 368.3 kJ/mol

1NINE L H2 99N

3 Fe + 20_—» Fe 0, = AG = 1,014.7 kJ/mol
Hatu Fe 0, ¢ 3x368.3+2x3.95-1,014.7 = 98,2 kd/mol
e isansam L on L g0 sliifamannialy blast
S
furnace 15!5!0%
Fe,0, + 4 —> 3Fe + 4 CO
98.2+4x414,9-(3x368,3+4x279.7) =  -465.,7 kJ/mol

2 caa. &4 o a 2 2 a [
anudy  Ufifenliaedn B llle (esiostlouiSnsgetdainmanon
Wludngn 465.7 kJ dip Fe 0, 1 mol

A1919 2.5 WARIAN 6™, e MONATsWdn 9
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#1718 2.5 SnigadSuneyfifenin
r=v-) G feu ==
aunTgnTen LONLTDTEIVIFNTEN
semaninUiifen | Truwdedad |Ckd/moll | Ckdzkg a0l
Fet+1/2 O, Fe0 244.5 | 4379 Fe
2Fe+3/2 O, Fe 0, 742.6 | 6647 Fe
3Fe+20_ Fe 0, 1014.7 | 6857 Fe
Fe,0,+4C 3Fe+4C0 -465.7 | -2780 Fe
Cat1/2 0_+CO_ | CaCo, 730.7 | 18230 Ca
$40, S0, 300.3 | 9368 S
$43/2 0, so, 378.5 | 11568 S
Si40, Si0, 875.1 | 30528 Si
PH+1/2 O, PO 189.0 913  pb
PHO+H_SO, PESO, +H_0 162.8 787  Pb
$i0_4Fe0 FeSiO, 188 whndud
$i0_+2Fe0 Fe_Si0, -33.66 | -163  whAwdud
§10,+Ca0 Casio, -89.04 | 766 uBefwd
a o 4
A1,0,+3Ca0 Ca,A1,0, -322  uhwiind
Fe0+Ca0+810, Fe0,Ca0.810, 603 uRnind
57.6+12,0+30.4 109.0
Fe0+CaO+Al,0_+ | Fe0.Ca0.Al,0,_.
$i0, $i0, -557  waniigi
39.7+15.2+9.2+
35.5 100.9
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: 2 [V ) .d Loy 3
- 2,10 angunrdududnnuien. @ErRTEmEng 9

d ‘ﬂﬂ . =] 1 b 3
L0ﬂ£107911Lﬂﬂtﬁaﬂﬁ?ﬂiuTBUHlﬂu ﬂ?NﬂTﬂuﬂ089ﬂ1ﬂlﬁ% 4 ivevan

. B B i )
1) 12N 9978199331 (kenetic exersy)
o o
2) 15mied8i3edng (potential exergy)
d L -
3)  \9NET9TEIFIANTON (thermal exergy)

o { -
4 1onLT9981391a% (chemicel exergy)

g dey o o {ov I aw

19NV 1058 3 ﬂTbLﬂﬂ“TﬂDﬂﬂLTﬂﬂTﬁhTﬂ?ﬁLaﬂLﬂaTﬂtaﬁLﬂBTTutuﬂﬂuﬂa
ey i ad 1o o o0 G Len [v)
(thermomechanical exergy) Wil 1973t ldfnlefia Bnigeidro iy
c. o al | [~ v a o ¢ » :
Cofiodu o vin el lin, wisowinieded s

o I o b w " o
TunTerwnsiatidining (Snigetilseian 1 uae 2 Fredinseiinfun
} 1) Ug 1% / o o 7 ﬂl =1}
et ld 1l PautumelTeian 3 uae 4 anneunedend 1R 2mndl

Q

T, AN P
3 d ‘ 13
2,18,1 FPNITAILIBLONLTDTELFIMINTDY
1) pufauiinnginidl (oond Te

Tuntifianafoutfune @  gsinanuuasmnuTon aundl

4 o feach | 8 o &
“ﬂﬂg?ﬂ T 147 (99R) Teuy LONLTDTENANNTON Q@ uuuag QBﬂﬂﬂ?ﬂiﬁﬁ?ﬂ

Bx. =0\ GL(T - 7T)) /13 (2.47)
2) gjjggggﬁgo (T35 1)

& P o {ew o a ™
Teamaty AMINLBN L I0TE LWL 1D N TONMY RS T %200

ex h-h, - T, (S-S)) (2.48)



e
~J

= ~ = e - .
. asgesfinmuiang <7 > T, lLillmvifRsusniue
ex = .7 ¢ [1-(T_/T)1 dT (2.49)

g A » 223 1 o Lid 8 ‘.I
Togfl ¢ @oaufoudninesosfinin  (o1aifiudieddues
umpl T)
3w

o =3 é
e ﬂ?ﬂﬁﬂﬂﬁﬂﬁLﬁﬂ?ﬁ?%ﬂﬁ 2T >T)

ex = /T ¢ f1-(T_/TYT + r_[1-(T_/T)]
o = (-] o o

+ /.7 ¢’_ f1-(T_/DdT (2.50)

& - -
Wi 1,  fewmifentauesinm
v, AaAHTONMLeED INTTTE LU

Wae C  AamnaTondnLut18 9199 L a0

-]

o8 d = Cf »
A. NIlTOVIDIUTNRENT (T > T > T > T

ex =  /7TC' L1-(T/THIHT + r (1-(T_/T)]

b TN O LT AT T fen e 1T /T ]
Fo LT G G- (T /T 3dT (2451)

a& = [~
ik T, Foammanuinaitestavuds
v, AoMNTDuMNER INTTHADNLUAD
= L @ o
uar  C_  AaAINToNdILWILI9ITOINEY

1
&

3) m*squﬂ“ﬁm er T

y ° o o a ° & dos
1un1uaaaaaannnfﬁﬂﬂfqquuqq LTIRIENTORUIRL BN L 70T E
ﬁwtuﬂnmaeawiqmugﬁﬁﬂ1ﬁa1nﬁunﬂ7 (2.48) wFonnauniteo 1
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. i L= o £=3 J Lo :
e miflvesfinmudang (1 < T, liflmeuiRenaniue)

ex . = L.7C7 E1T /T3 4T (2.52)

To

e e ik
i n1m10emaeuuauu¢qnﬁ 5 WS '1‘H < Ta)

ex = /T C'_ [1(T_/TYMT - r_L1~(T_/T) 1]
-] 2 =} L =4
47" ¢ [1-(T_/T)1dT (2.53)

s ﬂ?ﬁﬂﬂﬂﬂﬂﬂ“ﬁﬂﬂ?ﬁﬂﬁ Sk "I"Ir < T2

ex = LT C. f1~(T_/TXHT ~ r_(1-(T_/T)]
= L= L =}

* AL TR Ci-(T /T) 3T - r [1-(T_/T)1
4 L7 G ASET Ty OdT (2.54)

4) ﬁﬂﬁﬂ?ﬂuﬁuﬁq P (T=7T)

By 1unfﬁmaqﬁwﬁt?eqﬂuﬂﬁﬁﬁnqquﬁu P> P uardinITawes
L3 i & w £ - o d ‘ﬂ & o o i 3
fhoghsdoundulsiauinfonnudiu P_ 10n1109837 e sfinalidnuoméiann

n1fANY 1 molt ex = R T_ [In(P/P_)-{1-(P_/P)}] (2.55)

ATNANT 1 m° .8 ex

N

R Ta!Vn_ElnﬁP/PG)—{l—(PO/PJ}] (2.586)

= o o
v_ folfieTn™) geefing 1 TuafienieaeTgin <1 atm,
0°C)

1
N

ATRUTHNTIOITEYY 1 m°

ex = R T_/V [In(P/P_)-{1-(P_/P)3}1 = (P In (P/P_)1-CP-P_1
(2.57)
o8 o g 13 Id {ﬂa oy Iﬁ
Tuﬂimwﬁuqﬂu ex laldidnigoT8dnwemmefing  usiy
g bt o J
LANLTDTERDUTNIRTRUINUILTDITE LY
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afie dwnT 2.5 <2.57) feawTn i lslunsiivoeig
AU (P < P) - dudaTsuugannnng

: ¢
5)  Teyydupanlsznoy

fhe ﬁi%waus%agmaaﬁ

LONL TDTHYDINIIWAN 1 mol nimawnﬂﬁiuﬂuﬂﬂﬂu?qnﬁ

X, Xgaeees xR O S ox, = 1 MRwlvasrnuiuiiiiuiag T, P

i=1

annTadmnldan

4 1 1
=1

n e .
ex = E piea £ F R-T 520 AN (2.58)
: =1

ex, FoRnidnigeiEd Lw’in‘haﬁﬁ’\ﬁﬂ%ﬁeﬂé i

TunsiifiorniauedoniidutrenouidoTuarfiu =, i =
L, 2ye000m)  iBnITRTES NETOOTWAY © mol  AfidwtrenouiBeTuasiiu
X, (i = 1, 2ye00,n mmnmlsann '

ex = R/T: 1%y ox Ini(x /x 00 (2.59)
Coi=1
PO 4
1. Hdfu

d {a o e 4 I:I ﬂ.ﬂ “ 1
LanLﬁafﬂqqanemBQﬂwﬁ?uqmuQu T fonTidm e Tua
199 DI x anTad I ldRn Cex dpfinguie 1 mol)

i S e T WGORG] SKTETIY 2 T In (I/T03 AR T
8 £ InCx/x_ )+(1-x) InC1-x/1-x__)}] (2.60)
SRR B & 0 3 T (2.61)

x_. dwderdu e Tumtesiafidwhdelod ¢
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tr
48]

A« Argwaunial
o bt o - o s
LONLIDTERN LWL IRNTWAN 1 mol dnuam ieien

ex = S xex +RT, S x In ¥ x) (2.62)

3

ad @ {
it ®  @p fugecity coefficient 19999ALTENDY i

3. ﬂW?ﬁBﬁﬂﬁL%ﬂQﬂgﬂﬁ

g da ' : a pr
BnimifivesinTaeateiegauefl o mol  AldanmT
o= é - ] < '
WA ATANG ludaTidmiieTin x, i = 1, 2,00, 0 dwawldan

s

; x, In x, (2.63)

n

ex = & x Bx, +R Tg
i=1

o o I(ne o

ex, fAsLsn LEDTEA A WILID 3999 E“‘a'lﬂ?'é'n'i 1

A agaeasialy

. n
ex = S xex +RT_ & x Inas (2.64)
=1 28

124 A
S e ¢ T
a, 9 sctivity M0v0IATENDY i
2.10.2  gamaduwmdnigeifiieiad

[ o & ) ol aac ] v
Bnigoifdiiwe GisTaatesans &) vz imiiTasie lun

A + BB —» 110 —» icC + dD
Masasuniiaan

ex = ex " +ex" " (2,65)

ex " = CCH-K"TT)-T_(s-8"*H3 ___ (2.66)
=n g = ghee (2.87)

reaactants Pproducts

ex = - NG = g
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ATDMA AR
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(1WA (1 m°)

VIO LWA Y LURDS

a o
L%ﬂtﬂﬂﬂuﬁﬂ i

a4 -
Wunu ex A2 physical exersy
eg”" fin chemical exergy

‘superscript std #NERIANENINTIIM (1 etm, 25°C)

4 v

= fou ol o
Ne  LONLIDTHL T LANTD S L TR L WA

AUNTATBIUDEIIATIY 9

ex_ = @.95 (HHV) (2.68)
ex = $.975 (HHVY) (2.69)
ex = (LHV) + rw (2.78)

Tufill BV uae LV Aodianfougsuatingasifouds

r ADATAINTIRUNI TR INITTE L HETD 9N
- ,z -4 dﬂ 1 1 [=3 !
w Aot (Audw nua§1uL€anwaa 1 wiqe
o 1 ;. g - . : -
NI IYesmiTERRl x, (1 = 1, 2,..4, 0 WOINT
™
mtd e std ¥ f
_— i xex"  _ +RT &x Inx, (2.1

a
1}

@.3718 kJ/m” . K

. ﬂcd ] ¥ =
ﬂTﬂ“ﬂ?Wﬂﬁﬂ%ﬂTtﬂﬂUﬁOﬂkqﬂtﬂﬂﬁ (1 ks

CLHV] [1.2038 + ©.1365(h/c) + ©.2308(o/c)

SR E=
r
+ 2.0104 (s/c)] _ (2.72)
gx_ =

CLHV] [1.0064 + @.1518(h/c) + B.0616(8/c)
+ ©.04238 (nv/c)] (2.73)
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3.1 dhesnefl 1 4)

Lothar Riekert (1974) - l@@nwinisuidseRndnwrosnts wdaenn

4 ] = .8 [ v e
TuntenuniT el TaanTdiareiidnitatiae Id fonfnwnTennunns 2
firogng o 1k

AtennunTh 1t mguReuonTuiieainfngsTIu®  (Ammonia from
natural dgas) (Q‘;‘Uﬁ 3.1}
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[ Start: Notural gas
2207,
=L @- /JM
Fprimory reformer J
aim i 7
ol A F
E. § H‘Secqwr}u'? *e'em:r——l 1
E S i s | (E,’
g A 7 i#
z L@ bf/\ij/d ':1‘_
L3 4 . ! %
] IO Shift conversion 1A
(8) - ¢
Y A
@
i E‘Z CO, = removal J g
g FXF G ]
o/
F.‘! Methangtion —I o
G G : ¥
) EI Cornnreuian.sym-hni%
2407
Products: CO, NH y {liquid }

7IM 3.1 Flow sheet raanTermnTwaausN L TaanfingssTasn6

o a ; a o el g 3
ATEUIUNATITN 232 ﬂ'rmasmfm‘lw-mmauauﬁl.uﬂ (Nlt.r-}l: acid from
ammonia) (\Z\“};'{jﬁ .3.2}

Start: Ammonig’ (1iquid)
A
/|/
~®i ¥ /4

I Ammaonia - . .
combustion (! bar), T

"'@“J compression

Sioro
DA

: "@"'_'\L

II Absorption
|5bar}

4

Products | HND, (65wt %), steam

7Ufi 3.2 Flow sheet %DINTEURATTWAANTS LT N nuay lus Ta
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Table 3,4 Process-streams in ammonia production. Amounts and work-equivalent e per 1000 kg product NH,

(1) Stream No. 1 2 3 £l 5 6 7 & 9 10 I {2
(2) Aanount 48-0 102 144 162 132 30 130 12:7 588 3870 1380 3250
(kmol) (kmol) (kmol) {kmol) (kmol)  (kmol)  (kmol) (kmol) (kmaol) (kg) (kg) (ki)
(3) Cumnposition: E ’ (1000kg) 100% H.0
moie% H, — 675 562 60-9 74-5 74-1 64-6 :

N, 5 21 2.3 19-9 243 24-7 220

CH, 93 9:6 0:3 0-3 04 09 92

co - 9-8 126 03 0-4 : — — 100%

Cco, 2 109 83 183 0-1 99 — e NH,

Ar 03 01 0-3 03 0-4 0-4 4.0 . )
(4) State g 2 [ g [ g g g ! 8 g !
(5) Pl 39 33 3 30 285 2 27-5 4 3-8 128 7 (B
(6) T/ 300 1090 1280 530 350 350 300 300 270 785 750 380
(D renemlk] 363.10"7 264, 10" 238,107 234,107 236.10" 1-3.10" 2:35.10" 2-85.10" 1-98.10° Y = s
(8) ek 43 105 21 100 35 100 16 L 10% 1l L 10 5SSO 1l L 100 4.4 10 43 L 100 Se18.10° 164,100 1-1.10¢
(9) efkd 363,107 2BS. 107 2730107 2:50.107 247,107 1-8.10° 246,107 2:89.10° 2:02.10° S5-15.10" 1-64.10" 1-1,19¢

Tuble 3.2.Process streams in nitric-acid production. Amounts and work equivalents € per 1540 kg aqueous HNO,(65 wi%) = 1000 ke

HNO,
(II) Stream | 2 3 4 5 a b c d
(2) Amaount 16:5kmol . 172 kmol 21-7 kmol 146 kmol 459kmol 173 kmol 0-5kmol 39 kmol 146 kmol
(280 kg) (= 1540 kg)
(3} Compuosition: NH.(100) NO(9-3) H;O(100) Nx(93-2) HNO,(3I5-0) water water ~ Ny(93-2)
(mole) (65 wt9n)
N,(78:9) 04(2-9) H,0(65-0) 0.(2:9)
04(9:4) H,0(3-2) H.0(3-2)
H.0(2-4) NOW:-1) NOL0-1)
(4 State i g ' g [ | | g
(5) Plbar 3R 5 42 5 | 1 | 1
6 TIK 270 204 673 305 298 298 298
(T €onemlk] 556, Hl" {25 10" . 0 43 10" 456, 10°F
(8) €pnyalk) 122 105 69 100 426.10°  5:83.10° 0
(9) e/kJ 568.10° 194,100 426.10°  626.10° 4:56. 10" 0 0 0

tActivity @, of water and HNO, calculated from vapor pressures [5].

h

Ll (s L‘!LLLU?&LRRLUDL]'?.TL;E.IILLULlﬂLfERTI.'I'IEM-Z'!‘lgL‘ﬁ’L Gagnaty PELELLWUN
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| 3.2 dpgnafi 2 (1S

D. W. Townsend(1982) 1ai1ueifatay Linnhoff (14) 1ﬁﬂ7;qﬂﬁﬁu
2 nytidnesie LUN

nIlifnE M 1 ¢ ANTIRNUNLATEINNNT (Process Design)

“ ' s ﬁ eches
mwaﬂquieQﬁuqﬂawuﬂiiuLﬂunﬁﬂﬁw LunTRNENTT
Fond i adusnaninid luan ue 199 LA ﬁﬁuama1€Tu§ﬂ-3.3

. Steam= =
raising i
Feed :

Catatyst . . B h
Y Feed mix [——>{ Reaction __—)l Separation
Solvent (1
.- ; Spent
s [+133 Ysotvent
: 995 Compression

Salvent

and power separation

recavery

_ Solvent
= "} dehydration

Purification koe———|

Waste
water Product

‘i N 3.3 Process Block Diasgram

uan771xﬂ7wsuﬂ17§mz§ﬂﬁaaLﬂﬂtﬁ@iﬂuﬂ;ﬂiﬁﬁumﬂfwo 3.3
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%\t’ #1979 3.3 Exerdgy Losses by Plant Areas
B
i _ ]
k Plant Area ‘ Ex Clrrev) (MW)
v
i
Feed Preparaticn 8.04
i K Resctor Systems 57.64
. Reactors Air System 5.24
Product Separation 1.76
i o8 3 Solvent Dehydration 13.95
E Product Purification  2.89
| i d } & r=r-r-1 ]
| i MNMI1TIY 3.3 'QBLHWTITE'!.!'IJ?’I'\ﬂgﬂTEﬂ (Reactor system) Lﬁﬁ'ﬂﬁ?ﬂ

o o {a o
: -nunﬁﬂuﬂswsﬂegmuﬁaLaﬂkﬁoiatﬁuaﬁuquuﬂﬂ

L.
-
| .
| [ : I, Ot gos
|l Reactor
condenser 4 CW
'I'_ ' . : > ————= Reactor vent
. : condenser
T3 .

. Oxidetion

' ‘reactor . -
E Crude
E Liquid - o R, L
B feed T. 2 8 e Tg i product .
il 2 e o ",
B a
[ LI
¥ [ ]
¢ - °
i e
'Il
W T

Air

T 3.4 Process Reactor Systemt Flow Diagram
L]

|l st e b
- e - o
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i 3 & o oy [ e ] [ dbg
o ANNTILATIEN LON L TOTEDE 1 IR LD BAWLI nﬁfqmtﬁamﬂa 9 Ny
uarfudnciee I dudeuans 14 lumnse 3.4 waemTie 3.5

#1579 3.4 Reactor System Exergy Losses

Source of Loss Ex (Irrev) (MW)
Reactors Steam Drum 9.08
Reactor Condensers - 3.95

- Reactor Vent Condensers 4,95
Oxidation Reactors 48.66
Total 57.64

BT 3.5 Reactor System ﬁxers‘y Losses with Inevitable

Reactor lLoss Discounted

Source of Loss Ex (Irrev) (MW)
Reactors Steam Drum ?.08
Reactor condensers 3.95
Reactor Vent Condensers 4,385
Oxidation Reactors 3,12

b Total 18.10
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o o - ;
ﬂmﬁnmn _21 NTRTIIADUUILWAUINTELIUNNT (Process
Investigation and Development)

. 1 v [ o { e
nififod MuaneliuinBems ¥ntfiaTied Teengde

fanviniuiaosfofidmuaraemnlumsamssouuaeianums seunfils
@ - o [ o
\FonAneApTELuiNAMLEN (Refrigeration system) meuaa¢1%1u§ﬂﬁ 3.5

':uotMuueql
:km c79 i ce
:cm :cgm} :cn
HO—D<h

Compressar

O ?roclss duty exchanger

@ Retrigeration recovery exchanger

Zﬂﬁ 3.5 Refrideration System

o é o 1) ¥ o)
wan T3 LAT e eYudenaItudae 1 lumne 3.6
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Refrigeration System Exchangers——Loads and

(16,17)

aufau (Heat exchanger

AT 3.6
Second Law Efficiencies

Exchanger Load (MW) | Efficiency (%) Ex (irrev) (HW)
cs1 2.6 71 @.04
C53 3.2 51 . 9.03
51 8.3 73 2.02

. 061 28.1 84 .55
3z 4.3 59 .53
c8o. 9.3 73 0.46
30 - 2.6 42 .06
C46 4.7 73 2.24
c79 2.9 a6y  9.03
c29 3.3 56 9.10
c23 2.4 2 @.03
c78 @.0 - -
cz2 7.6 Negat ive B6.56
C62 12.6 61 @.54

caa 7.0 o .33
C75 2.8 72 .28
c74 2.4 |
C76 1.4 4 .25

AR dannTady ludnmosnun TaredraiaTosuanifen

network) & Qﬁiﬁﬁwnwwﬁﬂuwﬁaﬁa B. Linnhoff
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3.2 #pg1en 3 (14)

, o .é‘
8., Linnhoff uaz K. J. Carpenter (1981) IdiduamTiiaTied

‘_u ld "a adl . - w ‘
deanlund 1 onindd  Teedfhdrauaeacann TemuanefnagtenTi AT ek

ATEINRATWRANTS LusTn %oﬁimazuﬂfuaé1a$1sﬁeuaﬂcﬂuzﬂ 3.8
a {en .
wands3 vaTeruans 13 lumnse 3.7

wonant @3 3s 1 anauunfa L‘f'imﬁumﬁ'qry AefndniBovld (Avoidable
loss)  iflu 6T~ 6T_ (best practical) '

Tos 6 + ifiudiismo91ouTnidl centropy)
SRR qmuq'}?mqﬁ‘ammﬁau

=1

v M o o o 2 w
mine 3.7 doldiamenTayideinidasldly  Convertor i
yiuae i Sefuans 1ilugy 3.6 waegll 8.7

Redctants at 94°C |Reaction Products at 854°C

: "1 AExX=*4043MJ e
il Potential: 36 MJ or ~ Potential: 2192 MJ

L e

! Atmospheric Pressure
Ammonia Converter

. LOSS =4043 - (2192-36) = 1887 MJ

51U 3.6 Atmospheric Pressure Ammonia Converter
L]
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Reactant'satMS"C Reaction Products at 900°C.
>~ AEX=2043MJ e

Potential : 94 MJ TS - | 3 Potential:2363MJ

Best Practical Reactor

LOSS =4043~-(2363-94) =1774MJ

Eﬂﬁ'S.T Best Practical Ammonis Converter

Linnhoff wuiﬁﬁﬂaneﬁ%QQTuaﬂﬂﬂﬁﬁﬁ (Best Practical) = M3
wydraeddn 1,772 wo 1umme%ﬂﬂwauﬁiﬁ1uﬂq3ﬁuLﬁmﬂﬁfgmnﬁaLﬂu 1,887 MJ
fuflo mrgyRefvdnifnoldonidn 1,887 - 1,774 = 113 W ofts  meli
1ﬁuﬁvaeaﬂ11eﬁﬁqﬂ1uaqﬂﬁﬁﬁﬁﬁuaeﬁaqﬁﬂﬁeﬁeﬂ1eLﬁudaiﬂﬁ viu SufRen
Useian  Exothermic Atfind

M anliumT Wiiau§iTenian e IndAestusungiiasaadssiuoen
;AR
¥ 9

»  rowinififandiosdums Wiflgungd Ind asiuungdve sfifen uae
@ v o coc w {§ & o
viveadouiilfifenaesennduin e Tamildnnias

- a w £ . & o
A fesfumunudnTin s inatesuna lunsseuu T maneayiiae




ﬂ111ﬁﬁ 3.7 Exergy Losses (MJ)
UNIT CONVENTIONAL PRACTICAL
ANALYSIS ANALYSIS
Converter feed mixing 4.4 4.4
Converter 29039.4@ 113.2
' (AVO1DABLE)
Superhester 149.5 189.5
Waste hest boiler 629.3 629.3
Air Preheater i97.5 187.5
Cascade cooler 526.0 188.2
(AVOIDABLE)
Secondary air & NOx mixing 3.5 0.5
Compressor 189.4 189.4
Secondary oxidation 38.3 S6.1
(AVOIDABLE)
Demin water hester 112.4 112.4
" Recovery heat exchandger 79.3 79.3
Absorbing tower 1142.0 24.9
(AVOIDABLE)
Recovery turbine 113.9 114.9
Recovery turbine bypass 69.9 69.9
Tail Gas Outlet 14.1 14.1
Dearator 21.4 20.6
Steam Drum 6.1 6.1
Condensing turbine 388.6 388.6
Reducing valve 12.8 2.9
Ammonia flash drum 8.5 8.5
TOTAL 5674, 1

2289.3

TR R e E ¥ e e LT e
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P a ¢ v
1ﬂﬁﬂ‘lﬂ‘i AT B“ansl'zuﬂﬂﬁqu‘luTT\’ JTUNTERE

ATEUNUAITHANTD S

Tr9a1unseanvisiuans  fuufonlaotunTn (block diagrem) Tugl 3.9

+

Pulp meking (NazSO3 + NaOH)

Process

‘Paper making

Process

A4

Cooking Liguor

Raw materials

o

water

chlorine

Pulp cooking

(Digesters)

Washing and screeing

steam

e

165°C - 175°C

steam 3 kg/cm

caustic soda

Bleeching

calcium

Hypochlorite

Ingredients

(Hot Water)

steam 3 kgfcmz

{

Stock Preperation

v

Fourdrinier wire sect.

h

Press section

|

dryer section

(Hot Water)

import. pulp

e ————.

Broke paper

steam 3 kg/cmz

Winder Finished

Paper

178 °C - 185°C

;?Eﬂﬁ 3.9 Simplified Beng Pa-In Paper production process flow chart
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#1719 3.8 Energy Consumption of the factory in 1983(Plant account)

Tvpical enersy Amount, Enerdy Cost %Enerdgy | %Cost
R

(MJ L) (MB.) Share !Share

Fuel oil 7908821 1lit 3.278x10° 34.336 79.4 5@0.3

Electricity 19329420 XKw,hr|6.958%10" 32.097 16.8 47 .8

Automobile fuel 400992 1it 1.568x18~ 1.819 3.8 2T

Total for production 4,131x18° 58,243 | 100% 108%

Fuel oil
3.27ax103MJ~
(79.4 %)

(a)

Autbmcbile fuel

Electricity
6.958x1D?MJ.

(16.8 %)

Ficl oil

34,336 g,

(50.3 %)

7

1.558x10 M7,

(3.8 %)

Electricity

32,097MF.
(47.0 %)

(b

Automobil.

zﬂﬁ 3.10 Break-down of Bang Pa-In Paper Mill Factory's Demand,

1883

(a) By Enersy Type

(b) By Enersgy Cost
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3.5 @aag1f 5 (13)

; 2 & oo P i w = ™
Salih Dincer (1985) TatauaaﬁnﬂiaLﬂs1uuuaeﬁﬁu1u;ﬂuanx1asa

4 i ; P
FwdungemnunisiuBsuiaem B8nd ity throttling nguay (mixing)  uar

- myufAsuiaenioialiidy combustion process | wA9RIAEL ILANOTINLLNT

e @ [ o e i - P
:ﬂ?uﬁmLaﬂLﬁafﬁiuLﬂiﬁﬂﬁﬁﬂﬂ3 ) LﬁﬁhﬂiﬂﬁuﬂﬂLUEﬂuﬂ?qﬂfau (heat

- exchanger), \pFaouBN (seperstor), heat engine, (MILWY (furnace),
9 (turbine), (ATDYIAAMIINAL (compressor), hest pump  and

& g ! -1
LATDINIAINUNLEY (refiderator) #4491

o { d [ P
3.5.1 n11qaﬂjqzwLaﬂLﬁaﬁﬂﬁaﬁnigﬂquannLﬂaﬂgggaax%aﬂﬁnﬁ
i P P a ' v X
luntiing waunuasft  SnLToTEu0sdanT luann Tasei

Ex, = BEE - T84 43.1)

a—1 o o=1

1+ ciuanmed 1
o ¢ fusn1iene (dead state) (T_ = 28 c, P. = 1 atm)

t1Aan T Ramulasann@nie 1 — 2 _Lﬁﬂtﬁaéﬁautﬁﬁﬁu

p-
iy

"1—-2 2

H, - H, - T (5_-S) (3.2)

n

w70 O Ex AH-T_ BOS (3.3)

3 d ‘a s o E
1) ATWILONLTDTEAIRTUTLINUNT throttling

o o 3 2 o ° s
undnesenTin lotndvenaf 2008 kPa, 350 C 1w
ATELNUATT bhrottling udpaiiuduiiy 500 xPe
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MNT19 ouaeaumT (3.1 16

AEx = 186.4 kJ/kg
2 2000 wPa, 350 C, 1§  Ex = 1063.3 xd/kg
v 8 4 { & bcu
ﬂauuLﬁasnﬁuﬂﬁacﬂﬂfamtﬁazanxﬁasa = 186.,4 x 1080 = 17.4 %
1968.3

VG 4 o =
2)  ATRILINLIDTEAMTUATEIIUATTHAN (mixing)
2.1 arlguugiiavh

ABx = RA. B xFfin § X, (3.4)

i 1
s {
Tog x, = dedwiBeTuaresncntirenoy i
B : ' ¥, = ) activity coefficient 99

y °

{
2ondTenoy i luarTacans

51a11ﬂzaﬂﬂLﬁﬂﬂﬂfazawaqﬂaﬂﬁ T o= 1 e
AEXx = RT, & =x, 1nzx, (3.5)
) L
P w a
2.2 niliANGuALN
Ex = C, ST AINTLC L et /T )
s TR@@aT ! 2 a2 PsmaEa : [=]
(3.6)
o { o W i @
3.5.2 ﬂﬂ?];ﬂ;jeuxgﬂ;1af§ﬁjnjnﬁjznggnjznng;gﬂ
AEx:. =  AGT - Simge AG (3.7)
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AG” = standard Gibb's free energy
f

UiNTEN109n17851967 (Formation)
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aie LaﬂLﬁﬂ?ﬂﬂﬂéﬂ73U?uﬂ??Lﬂuniniaa%ﬂﬂﬁﬁtﬁﬂﬂfgﬁuﬂﬁuﬂﬁn
A teiann

Ex, = Ex° + AER o (3.8)
3.5.3  mIaulredniawnungioniaes
. o a »
3.1 (ATDIUANLUABNANINTOL

& = A Ex (3.9)

=g ld strmam—

A Ex
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3.2 (RA5DSUENATT (Seperator)

€5 TARRR R L i, g A3 180
I T
WAR EBx_, 1oL oo iy =9, [1(T_/T,1 = @ C1-(T_/T_)1
(8,11
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M = Qmwgﬁaeﬁﬁﬁﬁﬂqﬁu%auaan CufuiAToomuuts
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(25 e A f M el Loy 7 - JRCHa BN ol M.
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3.6 f0gnh 6 (11)

wisuad S91aTy 1984 1aRwinsdiaTienwieeuanadouiilyaen
P {1 2 » ' ! ) ) ; &
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Tuﬂiﬁwaazm1au—?ﬁ1wﬁ1wuiﬁ Uredngau m =13 % Uk € =6 %
: = ' [ 1 > g ) i
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J00
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Nov
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o g i = i = T v T

04:00 08:00 12:00 16:00 20-00
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Electricity Demand Two Hour Periods Charscteristics.
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lﬁaer__'llu.nccuﬂ
Critical Emcrgency Systom (3.8%)
(77X
Mcchanical Ijuilding
(3.5%)

(10.7%)
Faus Air Conditioning Systcm
Electxical Equipment (50.ex)
|

- (Z==)

Lighting and Povwer Sywtema
: (R1.4x)

Electricity Consumnt.ion of Major Users

170

] 180 —

ok
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50 = | Yo St SN RS e (e T o e R N e P e i) T
Jan 83 Apr Jual Oct Jun 84 Apr Jual Oct Jaxn B85 Apx
- Moxnth ' '
d Bocxr ey Un-.g-c: Cowt Effcctivencan

‘zﬂﬁ 3.18 = Energy Usage Index and Cost Effectiveness, 1983-1985
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¢ ¢ v o a ¢ o a ]
et 1 uwaesued 2 wdbwanadiarieman ey fisylinluniTe 8.9

#1974 3.9 Summery of Chillers Performances

Chiller No.1l Chiller No.2
Performance
» : Full Part Full Part
Load Load Load Load
Compression efficiency @.920 9.319 ?.860 @.828
Condenser effectiveness @.146 I @.107 @.170 @.111
Evapcrétor effectiveness B.425 B.428 @.420 @.400
cop 3.73 3.589 3.73 3.48
Second law efficiency 2.300 | 0.288 | 2.300 | ©.280
-
NawamMrIaTIeiaTy i Forvadooiiniduined 1 waeied 2

o fanTTaanwfi indiAsety  waeaNTTaaiian e TER et e RN s ndnanae
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o Wewfiasenseiiveesieiae lntefomile unnin Miteansiafaefnauwion
‘Aunannen1see ' '

' e Ny W AN
. wanTHtaTIERLeTowAn ot ed 1 uaried 2 Tuase 1ilumnge
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M1919 3.18 Comparison of Steam Generation Performances

Generator |Generator

No.1 No.2
Excess air, % 71.3 31.8
First law efficiency, % T78.7 84.8
Second law efficiency, % 23.8 25.4
Availability loss with flue gas, % 4.5 2.8
Irreversibilities, % 731 71.5
Availability loss éue to heat transfer,% @.6 @.3

4'.‘} 1 A ‘n’ F § o G fa(." 1
MR 3.10 Wi wiio laiwes 1 AuonieTEngyL Rewnnin
‘ a' F=1 1 & B r-% ‘ B
et 2 vineann MuFunomddinifusnnnia d1 lklseinEaweeeuet t dew
] ‘ i E g o |} = s o - 1 ’ a L
met 2 awamdoundulald Cirreversibility) fian ldusnsinefiuannin
a -1 W f = o o “a
nnmaiaedi 16 e Lassune lunnT L Slse8nda e o 1adn efell

b & i 1] i
D) ﬂ??1ﬂ“ﬂﬂuiﬂ7ﬂﬂquﬂﬂuﬁuuﬂLﬁa FITIAUUY

' Y ¢ 2 & L T TS ¢
2) devnndieleiiims 2 TissEnSanmnungefiuiaresinet lu-

=1 o & i 1 S oy
Tourfindifin 8a.8% Femsldiromnaninied 1 Gefalseannw
fnan

3) T ilreAniaweaaiued 1 Tea i wwnfienan ans e Idanunsn
° ¢ a oo
nqnﬂ1§uaﬂﬂaugim1ﬂﬂﬂiaﬂn1ﬂd1uLnuuaﬂﬂa WANADTIEARN1TAY
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TanaiiaTetidnigesdigyifetu Tiduwmainduns (3.13)

&Ex"-'ﬂ-- = zlE‘}c-‘I.ru:l\.l.t. i £‘ Exu--.l‘u.l Sutput (3.1

WANITALAT LY luminasing 9 ﬁﬂzﬂinaw¢1a% 3.11

#1979 3.11 Losses of Available Power in the Refinery”

Loss of % of total
Unit available availeble
power energy loss
(kdn” )x10™°
5C-2 48.09 1.79
5G-3 - 7,200 @.27
5C-4 : - 1.058 ?.04
5C-6 - : : 1,812 _ 9.904
5C-181 _ 123.9 4.59
5F-1 . 785.2 29.3
5F-3 | - 485.6 18.1
5F-103 _ 369.9 13.8
~Heat exchangers before de-salters 157.08 5.86
E' _Héat exchangers after aeﬂsalters 97.68 3.39
Air coolers 296. 4 11,1
; .| Water coolers 206.8 7.72
R | s ' 24,54 .92
 Other losses 81.62 3.05
- Totst loss 2678 109
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WA (Furnaces) dow U

SAMWWN 5F-1 R 29,3 %
AW 5F-3 AR 18,1 %
(AW 5F-103 = 18.8 %

ALATOINAN L UAERANNTOUNBUNLLATRIN AR LARS (de-salter)
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w ik £, de o Yu
Ao 14 1uTWadin (Flow sheet) fidvdnyldud

58C-1, —-1A _ Jesalters
5C-2 Atmospheric distillation column
3 5C-3 Stripper
5C~4, -6 . . Drums
5C-5 De-butanizer
5C-1@1 : Vacumn-distillation column
5E-number Heat exchangers, air or water coolers
5F-number Furnaces :

3.9 unanudu 9
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1 W. Schultz and A. Bejen, "“Exerdy Conservation in

Parallel Thermal Insulation Systems", Int. J. Heat

Mass Transfer , VYol 268, No.3, pp 335-3408, 13983.

2) T. J. Kotas, "Exergdy Method of Thermal and Chemical

Plant Analysis", Chem. Eng. Res. Des. , Vol &4, May

1886, pp 212-228

3) R. A. Gaggioli end P. J. Petit, "Use The Second Law
First", CHEMTECH , Ausust 1977 , pp 496-5086

43. Noel de Nevers, "The Second Way to Use The Second

Law”, CHEMTECH , May 1982, pp 306-317
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~ Engineering for Power , Jui& 1375, ﬂﬁ 429-434
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networks using load curves”, Int. J. Heat Mass
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4 . o . da & as
Tuaeos 1 Hlwaoen = Twawos 1 Hlwaidy + Tuares 1 MifeTusanifen
(4.1
-4 P o
aumTaa L sanate sanshiswaefianiten s

g o & o e
WATDIANTNINNAT MA0an = INRIDIAITReRNeH (ua VB (4.2)

o a »d o & = 4 au &
ofty UffiTemanfiinguluiafoifnTd (converter) gl

4NH3{§) + 502(33 ;—_—_K-;-:' 4NO(g) + GHBG(g‘} (4.3)
NH_(g) + 'O_Z(g) ot g 1/2.Na0(g') + 3/2H_0(&) (4.4)
ANH_(g) + 30 (&) ZK;:: BNB(gJ + 6H_0(g) (4.5)
4NH_(g) + 6NO(g) —K—= 5N, (&) + 6H_O(s) (4,6)

r-1 Vﬂ'ﬂg o LTI )
U§igamdnfisfadiuluvenandu (Absorption Tower) ifur

2NO(E) + 0_(f) =K—=  2NO_(s) (4.7

NO_ (&) + 1/8H,0C1) =K_—=  2/3HNO_(ag) + 1/3NO(®) (4.8)
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4,3.3 ﬂgnqzqax%aﬂgﬂyiag

auﬂﬁiqaﬁqwafauﬁiiﬁa

u one w_ oo 5 a o v
efaifluasen =  cousaifliaidn + enudoufdeliunseuy
AH = Q (4.9)

t’p ) ‘ % r.; o a =% o
Toamly ousallinsasmisenon i (Luaunﬂunuqmuqnﬁﬂoaa ol
fwamldan

H, = /L Tedl = /7 (athT+cT”) dT

i Ta -]

8(T-T_) +(b/2XT*-T" ) +(c/AT -1 )

(4.18)

4.3.4 guai1foiAfl (Chemical Equilibrium) yee7eyy

Tumamgaidanasesteny  viaefoinfiitendnoiveg lumins
1F91Al

w 4oy =
L AINANRAIETN AF° = -RTInK (4,11
V3 1
InK = (= AH_/RD+(ALINT/RI+(APT/2RI+( AF T /6R)+ C
(4.,12)
o ) o
Tosh Cc :  daeli
oily
AF® = AH_ - DdTInT-(Ap/2)T" - (A¥/6)T° - IT
(4.13)

o
Toen i RC



HAEA"

OH° = SH + ALT+ (A% /2)T" + (AT /8T

(4.14)
w -1 3 o o .
ﬂﬁ?uﬁuwuﬁLﬂﬂﬂuﬂﬁﬂﬁianuﬁﬂﬁﬁﬁﬂ K “q&“auﬂqﬁ 7 1&

o a f‘u
4,3.5 agg§3ﬂ3315Lgﬂﬁzntﬂzﬂzuggqaﬁu

fle a17aea1ﬂ1uﬂszu1uﬂ11301ﬁi1Lﬁuawsazaqﬂqauﬂﬁ (ideal
° & w & dea
solution) lumTdiuwimsSuFatiuatidni 1078

4 [ [ >
1. w7 iRswiastes ini gedtnTiive of Ty gas mixture)
ludrfisfouantanay (mixing effect)

o » > d o

A.  mragdsminforsonninstinTaliiomnnanaeian i cliufe
‘ - L3 Ll )
Qﬂﬂ?ﬁﬁﬂ%ﬂﬁﬂ17ﬁﬂ%ﬂ1ﬁﬂ1?ﬂ§8“831ﬁﬂ)

» o & w
4.4 wAMINNAYNIRALTuNAuALARRNILTRN (LouFRT)

o P
niATo9nTnl (converter):

= 1650° K 3761 K, K,, K, K, nnTwllunl 4.2, 4.3
° 3 : [ 1 .
. UAE 4.4 A7 Awoman X loeel

=Sb.

K = K K K = 7.49 x 18°°

—y—a

K

ol A1 K aﬂnnwfﬁwaat?cuaaiﬁ

K = K, K K, = 3.03x10"°x3.633x10**x2.653x10**_
R 4.095x10"°
K = 7,13x10°°
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‘lt = i 1 o i ) L - | b at s om
fuAaA1 K 31T W waean K Q"Iﬂﬂ'i‘i’ﬂ’]ﬁ}ﬂﬂ?ﬂ‘l“ﬂ’ﬂﬂﬂLﬂﬂﬂﬂﬂ MIURI

o "l “' L~ CI' =1 ‘ = o,
aunsafmaIoulsfuiateluafasufnmdlaudiu T = 1050k, P = 115 psi

4.4.1 wﬂﬂ17ﬁﬂqﬂLﬁeuqaﬁaauﬁaanﬁda
""" VAPORISER
Steam, 57.18 kmol NH_(g), 100 kmal
185°Cy 11.2 atm 39 °Cy, 9.6 atm
NH_(1), 108. kmol . f H_0(1), 57.18 kmol
24°C, 9.6 atm 185°C, 11.2 atm
CONVERTER
cooling weter, 3160 kmol
l 25 °C
NH_(€), 100 kmol = (P,), 809.78 kmol
33°C, 8.6 atm 777°C, 7.8 atm
AIR, 684,3 kmol 3
596 °C, 7.8 atm 1
cooling water, 3100 kmol
: 37 °C
REHEATER
(P_), 949 kmol
J 65°C, 7.2 atm
(P), 809.78 kmol (P,)y 829,78 kmol
777°C, 7.8 atm 295°C, 7.8 atm
AIR, 1141,5 kmol : AIR(1), 684.9 kmol
267°C, 7.8 atm I 596 ‘C, 7.8 atm

AIR(2), 456.6 kmol

556 C, 7.8 atm
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WASTE HEAT BOILER

(P,), 809.78 kmol stesm, 48.32 kmol
295°C, 7.8 atm : 185°C, 11.2 atm
water, 48.32 kmol . 1 (P ) 809.78 a kmol

90 °C g 218°C, 7.8 atm

HEAT EXCHANGER

(P_), 809.78 kmol (P), 659,78 kmol
216°C, 7.6 atm 5¢°C, 7.8 atm

water, 5963 kmol —— —  HO0, 150 el
46°C, 1 atm 50 ‘C,

— wabter, 53963 kmol

48°C, 1 atm

HOLD TANK
- water, 85 kmol
25°C, 1 atm
H_0¢(1), 57.18 kmol : water, 142,18 kmol

= i

185°C, 11.2 atm 98 °C




72

ABSORPTION TOWER

AIR(2), 456.6 kmol

cooling water, 53963 kmol

l 25°C, 1 atm

596 ‘C, 7.8 atm

water, 76.75 kmol

(P_), 943 kmol

99 °C

(P_), 659.78 kmol

65°C, 7.0 atm

HNG3 solution, 274 kmol

56°C, 7.0 atm

water, 15@ kmol

86°C, 1 atm

cooling water,5863kmol

50 °C

4G°C. 1 atm

TURBO-COMPRESSOR £

(P,), 949 kmol

(P,) 949 kmol

138°C, 7.9 atm
AIR, 1141.5 kmol

65°C, 1 stm

AlIR, 1141.5 kmol

25°C, 1 atm

267°C, 7.8 atm
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WHOLE PLANT
steam, 57.18 kmol (Pz} 949 kmol
185°C, 11.2 stm 65°C, 1 atm
AlR, 1141.5 kmol l 1—- steam, 48.32 kmol
25°C, 1 atm . 185°C, 11.2 atm
NH3(1), 188 kmol HNOEI solubion, 274 kmol
24°C, 9.6 atm 80°C, 1 atm
make—upwater, 8% kmol cooling water,316@0 kmol
25 C, 1 atm : 97°C, 1 atm
; cooling weater, 5963+31028 kmol
; 25°C, 1 atm cooling water, 5963 kmol

T # 48°C, 1 atm
3
4.4.2  wAMTNAANTRUTD dusaEMINY

gﬂﬁﬂaéﬂedaiﬂﬁ wsnswanITigAR e 0 Tu

£ TrsouwfmnTatun®n mizareswdsemauionlugifio Ckeal/N, 100 kmoll
b VAPORISER

1

|

NH_, -2.285%10° NH_(g), 4.91x187

steam, 6,59x18° H_0(1), 1.66x1@~

v = useful heat = 198

(heat input - heat output)
188 %

S
i
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CONVERTER
NH_, 4.91:;105 cooling water,4,82x18°
AIR, 2.76x18° heat of reaction| P, 4.69x10°
—

cooling water, @ 5,46 z 18°

bR useful heat x 109

hest input
N 53.8 %
REHEATER
P, 4.69x10° . P,, 1.59x18°
P, 2.66x10° AIR(1), 2.76x1@°
& &

AIR, 1.94x10 - T P_, 6.97x10

AIR(2), 1.84x18°

N o= useful hest x 19@

heat input - hest output

n = 82.6 %
WASTE HEAT BOILER
P, 1.59x18° P, 1.09x10°
water, 5.65x18" steam, 5.57x1@°
i usef\l-l hest x 109

hest inpubt - hest output
108 %

&
i
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HEAT EXCHANGER

P,, 1.09x18°

water, 1.61x12°

n

HOLD TANK

waber, 1.66x10°

P, 1,95x10°

—— e

H O £13,6.75x18"

_— s

B!

water, 2.44x10°

useful heat x 100

heat input

33.1 %

WBtEr 3 1}

1

water, 1,66x1@"

hest ocutput x 180

heat input

= 100 %

ABSORPTION TOWER

water, 8.98x18"

cooling water, @

|

P, 1.95x10°

air, 1.84x10°

water, 6.75x10"

P., 2.65x10°

heat of reaction | HNO_ solution,3.15x10%

5.82 x 18°

.

cooling water, 1,61x10°
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(P_), 6.97x10°

N = heat. oubput x 100
_ heat input
Y, = 26.5 %
TURBO-COMPRESSOR
TURBINE (P,), 2.65x10°
W = 3.46x10°
¥ ;
COMPRESSOR air, 2.39x10°

air, @

loss  2.7x1

5
la]

1

@xtsrnal

2.04x10°

= __heat output x 100 5
heat input '
X, = 87.2 %
LANT

WHOLE P

steam, 6.59%10°

L

aif‘; Q.‘l

H0C11, @

in converter= 5.4
1

NH_, -2.285x16°

heat of reaction | P_, 2.65x10°

—

6x10° |HNO_solution,3.15x18"

cooling weter,0@

W 2.04x10°

Wy

loss in burbo

5
heat of reachtion
in tower = 5,82x180" {cooling weter,2.44x18°
_—
-

steam, 5.57x10°
cooling water, 4.02x18°
3.46x10°

— compressor 2.7x18°
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‘ d ‘ﬂ ) ]
4.5 WANITALATIENLINLIDTETDIUAREMNRE

P ' : - { d ban ) s
_gﬂmﬁaaqqnaiﬂﬁ WERWANIIA AT IER L OnL g By 0 1w
£=3 = ' < Y 8 on

TreswdannTa luadn wirerooidnigoidlugunownefio keal

VAPORISER

Steam. Z.Bﬁxlﬂé

NH_, 3.98x18°

CONVERTER

NH_, 2.58x108°

Irreversibility NH_, 2.58x18°
= 3.12 x 18° H_0C13, 3.40x18"
L.__-:__.__-.__._-
€ = 81.4 %

air, 1.27x108°

cooling water, O

REHEATER

' P,, 2.35x10°
P, 1.99x10"

heat of resction Py 2.35%10° _
= 5,78 x 18° cooling water,4.,46x18"
Irreversibility
= 4.51 x 19°

& = 3z.4 %

sir, 5.24x10°

P, 4.60x10"

——
Irreversibility Pz, 9.96x18"
2.12 x 18° airC13, 1.27x18°
S —
i

airl21, 8.48x1@°
& = 84.1%



WASTE HEAT BOILER

78

91’ 4,608X18° Irreversibility

water, 5.22x10° 5.98 x 190"

P,, 2.41x10°

—

steam, 1,74x18°

——fne

3 7.2 %

HEAT EXCHANGER

cooling water, 1

4

" ﬁ'?x.lﬂs

2 2.41x10° Irreversibility

2.31 x 10°

P, 7.88x18°

H,0C13, 2.70x10°

ABSORPTION TOWER

cooling water, 0@

4

cooling water, 1.87x10°

P_, 7.80x10" heat of reaction

p—— i

; = 3.05x18"
H_ 00131,2.70x18° Irreversibility
7.42 x 18°

P, 1.99x10"

———

HNO_solution,2.86x10"

—— e

air, 8.48x10°

|

added water, 8.29x18° !

5.6 %

cooling water, 1.,07x10°
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TURBO - COMPRESSOR

I_____fpza, 1.99x108”

B‘ir‘g @

Irreversibility

Py 9.96x10"

{26 % 18"

HOLD TANK

water, 3.41x18"

[ |

WHOLE PLANT

air, @

W, 3.46x18°
—— i

air, 5.24x10°

e

i

2.04 x 18°

€ 24,5 %

—— water, @

irreversibility

1.86 x 18°

weter, 1.54x10"

45.3 %

NH_, 3.98x10°
—_— e

H,0C11, 8

——— e

cooling water,®

steam,2.06x10°

heat, of reaction in
converter= 5,7831@‘
heat of reaction in

Tower = 3.05x18"

P, 1.99x10"
—_——
HHOasolution.Z.Bﬁxlﬁ‘

p——

cooling water .
—_—— Y

11 1.87x18° (Heat

w,2.04x10°

]

\

Exchanger)
21 1.74x18° (WH.)

3] 4.46x12° (converter)

w, 3.46x10°

Irreversibilibty losses as followst



in VAPORISER

80

= 3.12 x 1@
in CONVERTER = 4.51 x 18°
in REHEATER 2.12 x 10°
in WASTE HEAT BOILER 5.0 x 10°
in HEAT EXCHANGER = 2,31 x 18°
in ABSORPTION TOWER = 7.42 x 10°
in TURBINE = 1.25 x 10°
in HOLD TANK 1,86 x 107
uncounted = 7.0 x 18°

#1979 4.1 EXERGY LOSS [%1]

UNIT [%31 Ex,___ X 10° kecal - S
VAPORISER 81.4 3.312 4,26
CONVERTER 32.1 4,510 61.54
REHEATER 84.1 @.212 2.89
WASTE HEAT BOILER | 77.2 9,059 9.68
HEAT EXCHANGER 66.9 8.231 3.15
ABSORPTION TOWER 5.6 @.742 16,12
TURBO-COMPRESSOR | 24.5 1.25 17.96
HOLD TANK 45.3 2.019 .26
UNCOUNTED 2.003 @.04

= 7.329 X 18° = 100 %




17719 4.2

COMPARISON OF EXERGY LOSS

81

UNIT

4

laaox

(%)

in bhis work

578 (%) 3n

Toom

Linnhoff's paper

CONVERTER

a M
)
v L

REHEAT

W

WASTE HEAT BOILER
HEAT EXCHANGER
ABSORPTION TOWER
TURBO-COMPRESSOR
HOLD TANK

VAPORISER

48.04
2.51
14.4@
1.81
26.14

4,33

@.19
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o
M175
16,7596

1]
1247 J

IP21| €5°C, 2.0atm
LY& wmal

E
H
g3
2.8
WH
BOILER

STEAM 185°C
N.22atm
5718 kmal
VAPORISER
NHy HC
36 atm
100 kmel
|—_'_. Lt
S bolblanes ssiscdion 3 2
P2 Compasiticn  kmal kg ] WATER ¥
0, 69,27 220677 e TANK -
Ny 8977795 357826 | 4 N
1,0, 0.485 TR @ bk, ,33C
¢ ! - 100 kmal
NO 1.189 15,66 i Ak e
KO 0.25 .00 | E | =
A | %"“E
= -
= 9'c
e o CONVERTER 7100 kel
Air 35 C lalm Ay
11615 knel 7 c
3 7804 atm
Dry| air
\F‘ / 558 o
6849 kmal
/ ? S s
130 €, 70atm {P1) 295 C 7804 ot
3¢9 kmel REHEATER 809.78 kmot
w 556/ C
; I e 7.8 [aim
Fl LTER 267 C_T8oim
11415 kmal

:rF'l Composition  kmol

D e —

HIO 150
Nzﬁ 0.2%
NQ 97.2%
Ny 52711
g, 1515

[}
Hy0 40°C, tatm !
l -
Coaling
' 65 ud-2
25,1 atm
5963 kmal
Coaling woter TOWER
8'C
¥ HND
*
FILTER 80'c e
274 imel
Alr 566'C 7.80tm 4566 kol o
e 1 e
2700 !
1,00 i
29175 E
10536 |
102667 f
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Legend of Fig 4.5

INPUTS

(]

Enerdy from hest of reaction ab converter 5.46 keal

(66.46%)

il Enerdy from nest veautioﬁ at absorbtian tower 8.058
xcal (B.71%) |

(TL 7 Enerdy in ammonis Peed -2.962 ¢ 3.82%)

{7 Energy from external work 2.84 keal (24,83%)

(Vi BEnergy in steam feed @.559 kcal (8.02%)
QUTPUTS 2

(1) Work at turbo-compressor 9,346 kcal (4.21%)

(2) Output enerdy in cooling water at heat exchénger 2.44
kcal (29.71%)

{(3) Oubtput enerdy in cooling water at converter 4.02 kcal
(48.95%) |

(4) Energy output of products 0,315 kcal (3.83%)

(5) Qubput enerdy in (Pzi B.265 kcal (3.23%)

(6) .Dubpub energy in waste heat boiler ©@.557 kcal (6.78%)

{7) Energy losses at turbo-compressor 3.37 kcal (3.28%)



IN PUTTES ' (1) OUTPUTS
8) () (15) (14)4) (10)

h“‘ N (R N
(1) \
Lot
. o 138)
.. | | LL bl Tl qL,. $
(IV) (v | 3) (2) (5) (12) (7) (9) (6)

FIG4.6 EXERGY FLOW DIAGRAM OF PLANT (><1O6 KCAL)
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Ledend of Fig 4.6

INPUTS

o~
i
it

Exerdy from reaclion at converter 3,78 kcal (88.41%)

(1) Exergy from reaction at absorpbion tower 2.831 kcal
(B.37%)
{Il) Exergy in ammonia feed @.398 kcal (4.71%)
{ V) Exersgy Trom external work 2.04 kcal (24.14%)
tV)Y Exergy in zteam feed 3.208 keal (2.37%7
GUTPUTS
(1) Irreversibility in converter 4.51 kcal (53.34%)
(2) lIrreversibility in absorption tower @.742 kcal (8.78%)
(3} Irreversibility in tu}bine 1.25 kecal (14.78%)
(4)  Irreversibility in waste heat boiler 9.858 kcal(d.55%)
(B) Irfevgrsibility in vaporiser @.312 kcal (3:63%)
(6) Uncounted 9.9067 kcél (D.88%)
(7) Irreversibility in reheater 0,212 kcal (2.51%)
(8) Output Exergy in cooling water at converter 0.446 kcal
(5.2T%) ‘
(8) Irreversibility in heat exchander @.231 kcal (2.73%}
(18) Exersy oubput by (Pa} P.020 kcal (@.24%)
(11) OQOutput exergy at turbine 6.346 kcal (4.039%)
(12) Oubput exergy in cooling weter at heet exchanger
@.187 kcal (1.27%)
(13) Oubtput exergy of products @.929 kcal (@.34%)
(14} Irreversibility in hold tank 8.018 kcal (@.22%)
(15) Output exerdy at waste hest boiler @.174 kcal (2.,06%)
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Legend of Fig 6.4
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(kcal/d mol)

= §.59248
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= 0.59248
= @.59248
= @.59248
= 0.59248
= 0.59248
= 0.59248
= 139,54
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198.46
- 56,235
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@.16518
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€,=0.928 Btu/1b F

C=0.919 Btu/1b'F € =0.850 Btu/lb F

'L'-142.7DU 1b/hr 52-81,6001h/hr

zﬂﬁ .1 Triple-effect Evaporator

V. %57,300 1b/hr V,=61,100 1b/hr V,=61,600 Ib/hr_,
e - @
T,"293.5 F T,gn244.3 F T 1017 F
e P R A i
T,=298.5 b3 T,=254.3 F
« i et
= .lt.:au.m SRR 7,47293.5 F Ty=244.3
344.3°F,125psi . ' '
111,000 ib/hr
: X =
Lnn200,qoolh/hr ) ‘II.‘ T SRR W4 P
r-so'xi 4 ! | {
- 1 | i | L - 4
D =111,0001b/hr | D,=57,3001b/hr i D,=61,1001b/hx : { .
. F ' L .
X,=0.0231 x,=0,0328 ' x,=0.0591 x,=0,3103
x,=0.9769 X,=0.9672 X,0.9409 X,=0,6897

: cp;-1.43 Btu/lb F

L3-20.0001b/hr
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ANARUIN T

. g w© & ¢
-1 ﬂ?Tﬂ1QﬂLguﬁﬂﬁuauqaiﬂﬂLﬁB?ﬁﬂaﬂ multiple effect evaporator czﬂ fMe1d

1. Effect §i 1

1.1 nﬂjﬁﬁqauﬁgiaﬂ

1

Wt = 75% = 535K
awpliveeaTaEaNg (L) = 6@°F, C, = 0,928 Btu/1b'F
@ W 2
Lﬁﬁﬁﬂﬂ11Lmﬂ
d w :
2oAMAT ¢ (8uEA (L)) = mC_ (T-T))
= 200,009 1b/hr x 0.928 x (66-75")
= .-2.78 x 10° Btu/hr
1a : Jufsl o v = 1.28 x 16° Btu/hr
G
Lﬂuﬁﬂﬂﬁﬂﬂﬂﬂ
mwawm + fudall (L) = 142,708 x 2.919 x (298.5-75)
= 2.98 x 10~ Btu/hr
o u .
AOuLANLAN: Laufall (D) = 3.02 x 197 | Btu/hr
ta - ¢ Bufal v = 6.50 x 1087 Btu/hr

o d {ﬂ
1.2 ﬂﬂTﬂﬂ%ﬂLﬂﬂLﬁﬂTﬂ

Qmiﬁﬁiﬂiunﬁfﬁﬂuﬁmﬁﬂu?uaﬂfﬂsaﬂﬂ :
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2 o
LONLIDTHIDIRAITALANE (kcal/hr)

o o ¢

LONLTaT8adIAlTEnay 1 (kcal/kg mol)

- {
IoauTuavonerlrensy i

mCC CCT=T_)~T_In(T/T_)3+R To =< x, In %3
nL0.328¢(60-75)~535 1n (520/535)3
+{(1.987)(535)/18,513{2.8231 1n 2.0231
+3.3763 1n @.97693 1
200,000 x (-6.114)
-1.223 x 10° Btu/hr
mL(h=h_) = T_(5-S_)]3

57,3000 ( 1191,8-43.09)535( 1 ,585-0.084) ]

3.84 x 19~ Btu/hr

mt (1177 ,8-43,09)-535( 1.643-0.084) ]
57,300 x 300.65
1,72 % 187 Btu/hr
mf (315,5-43.09)-535(@.436-0.084) 1
111,000 x 51.99
5.77 x 18° Btu/hr
M8.9191(298.5-75)-535 In (758.5/535)3
+£(1.987) (535)/18.723{0.0328 1n 0.0328
+0.9672 1n 0.96723 ]

142,700 x (33.764-8.206)

3,647 x 18° Btu/hr
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Irreversibility = 1.056 x 18~ Btu/hr

= 2.661 x 10° b kcal/hr
2. Effect fi 2

o d o
2.1 ﬂﬂTﬂﬂqaLauﬁﬂﬂ

¢IJ L
Lﬂﬂﬁﬂﬂ$1L?1

dl! LD
199\AT ¢ (ausall (L) = 142,700 x ©.919 x (298.5-75)
= 2.93 x 18~ : Btu/hr
G ow oo
1o s Bufall V) = (1177.8-43.09) x 57,300
= 6.50 x 18~ Btu/hr
d w
taugafianpan
ety + Budall (L) = 81,608 x 0.83 x (254.3-75)
= 1.30 x 10~ Btu/hr
@ w
18 : woufall v = (1162.2-43.09) x 61,100
= 6,84 x 107 Btu/hr
) o w
mOuLAuLAR: ousall (D) = (263-43.89) x 57,300
= 1.26 x 10° - Btu/hr

3 d . l{ﬂ
2.2 mIieaLenLtedd
d (
(9N LTT 817 L
[ ) [ &
WIMAT 2 LONLTETE (L) = 3.647 x 10 Bbu/hr

= =
1o ¢ BnugeTd (V) = 1,72 x 107 Btu/hr
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LN LTS TEHAVDBN

19 ¢ iSnutadd (V)) = ((1162,2-43.09)-535(1,708-0,084) 1
x 61,100 _
= 1,53 x 10~ Btu/hr
WILNAT ¢ LGnLT4E (L) = 81,60000.83 x {(254.3-75) - 535

In(714.3/535)3 + {(1.987)(535)/19.30}
0,591 1n §.0591+8.9409 In 0.9409}]

= 81,600 x 9.5875

= 7,823 x 10° | Btu/hr

: ool :
ADULAU L D6 L&ﬂLﬁﬂTﬂ (D} ((263,01-43.09)-535(8.428-0.084) 157,300

= 9,41 x 18° : Btu/hr
Irpeversibility = 3.827 x 18° Btusfhr
= 9,644 x 19° : Btu/hr
3, Effect ﬁ 3
3 G‘u
3.1 ﬂqfﬂqﬂﬂLQﬁﬁﬂﬂ :
du E ']
vugatlynidn
mama ¢ Gudal (L) = 1.39 x 107 Btu/hr
& w .
1o ¢ ufal (V) = 6.84 x 107 Btu/hr
2 w
Ldusatltinnn
12 : ufall V) = (1105.7-43.09) x 61,600

= .55 x 10~ Btu/hr
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AOULALLAR:  LOugAll (D) (212.8-43.09) x 61,100

= 1.04 x 10~ Btu/hr
g w
WAl ¢ weudall (L) = 20,000 x 1,43 x (171.7-75)
= 2.77 x 10° Btu/hr
3.2 maheadinigadl
[ {ow 3
(SN LTDTEILET
2 {
WIMAT ¢ (8NLE0TE (L) = 7.828 x 107 Btu/hr
1o v s v = 1.53 x 107 Btu/hr
& dan
LN L IR 81880
1a i ufnitedd (v)) = 61,6000(1105.7-43.09)-535¢1.978-0.084) ]
= 3.04 x 10° - Btu/hr

F0UMR1 ¢ LSniTedd (L)) = 28,000 [1.43 ((171.7-75) - 535
1n(631,7/535)3 + {(1987)(535)/24,833
{0.3163 1n ©.3103+8.6897 1n 0,689731.
= -3.70 x 10° Btu/hr

{os
POULAULTA: Lgﬂ&ﬁﬂfﬂ (Ds) = 61,1080(212.795-43.89)-535(38.360-6.084) 1

n

1,35 x 18° Btu/hr

1.1997 x 10~ . Btu/hr

Irreversibility

3.023 x 18° kcal/hr
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AMeNUIN A
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swiipetioaluiGongud, swiiliads uaeidnutedfignitanglunseron
MIuEn 2
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1uﬂ11uﬂﬂ317uﬂﬁaﬂﬂtﬁuﬂﬁ€u7§ﬂ$ yrddies e lunugn aud
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fozfige luiRangud w_, . fdosldlunuen g ldanined Tulaundind
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el

"
W_, aw@PoRTA T T ox alnaeg KT (a)
3 i=1
3 : i
Tunil R = masfioefiis ¢ = 1.987 kcal/kmol K)
ol gmwgﬁﬁﬁqnwwuaﬂ (K)
{
~} , = 'activity coefficient BadadaUTERRY 1 (=)

¢ 5
x, = imsdnideTuarasnalrenay i (=)

L3

s AIBHINTDINITATUIMKY W, F2INTEUIUNITUEN

1 ] 4 Qe o -
dhedresalill  waeedBdwam W, 999 triple-effect

Y & a ¥ o u
evaporator  fedudiTacatgltiaenloasonltd 5% Temtwmin VléaTacana
P ¢ i
Taidanlaatonles so%  Taelwin

& u a £ 8 wo
1 .1 uaay lossuntume s Temuviadivuarwani 1l LAt e LB uTAtl
Rauanvtioae el lunauunn 1 WftaefoitaTacateidu ideal solution
AR | DR 0 O, g

1

Effect fi 1

arraeata g iien loaran lesntousdn ludngn 4.905x10° kmol/hr
ficwamiBaTua x,, = 0.0231, x_, = @.9763

a1

& ¢ A
(o, ¢ i B Tuares Tnidanloarontea, x . ¢ imdniReTuaoein)

asz
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ﬂ&n ’& o a
aunpififianaTeivenn = 298.5°F = 421K
CoamamT ) AweswFenguidis 19 lunTusnanraeans
a 4
Tridanlaaronlsn

W= -(1.,987)(421)(9.0231 1nd.0231+0.9769 1nd.9763)
= 491,91 : keal/kmal
W_ = 491,91 x 4,905x18°

= 44,588 x 18" kcal/hr

waTarasfilfain effect fi 1 &
x,, = 0.0328, x__ = 0.9672 luan¥ataly 3.46x10° kcal/hr

'] g ﬂd‘ ;3 o 1D ;3 o
BREN utonguiif annnswasndu i daaeana Trifan
‘ = v oo
1onronlee 7% Tasiwinds

W= +(1,987)(421)(0.0328 1n@.0328+8.9672 1n@.9672)
= _1208.7 kcal/kmol
—W_, = -128.7 x 3,46x18°
min
=' -4,176 x 10° kcal/hr

Y -4 v o a aigl a : : :
fotu snwdosfignludenquiidaslilummuananTaeaialy effece i 1
4.508x18° - 4,176x10"

n

3.32 x 10° ' kecal/hr

Qufiuae e

Effect % 2

' el iR gl =
s1uoefian i Fenquifidio o 1uanaaeataly effect i 2 Ui

W .. = —(3.46x108%)(1.987)(396.5)(0.0328 In 0.9328
+0.9672 1n @.9672)+(1.918x187)(1,987)(396.5)
(0.0591 1n 8.0591+2.9403 1n 0.9409)

= 5.43 x 18° kcal/hr
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Effect % 3

srudonfian lut Fenguiiidas TusnaTaearaly effece iR

W = —(1.918x18%)(1,987)(350.6)(2.0591 1n 0.8591
+2.9499 In 0.9409) + (365.5) (1.987) (350.6)
(2.3193 1n 9.3103+9.6897 1n 8.6897)
= 2,999x10% - 1.577x1@8° '
= 1,422 x 18° kcal/hr

atdudy  9wdosfige lus Fennufifido o 14 TunnT Ll dadures
anraeanala e lonsontadann 5% Tamdmidn o sex  Tawdwin  lundody
WYy triple effect ﬁa

W, = 8.32x10" + 5.43x10° + 1.422x10°
= 2,297 x 18" kcal/hr
as a
TRy 919379 lunTe T

al o o -1 i 2 3 -nib a
om W fidwwldluwide a.  du doatlesnineufidaelgagely
nretwmauen S liewildntoily 10 wimes w_, o seldlunsfivesiedne

i

1960

= 18 W = 2.297 x 18° kcal/hr

(- banes o
A 5gn;1a§ﬁnqﬂnjﬁﬂﬂiﬂigﬁ:euggﬂﬂxuﬁﬂ

I —_ 3
IMNEWIN A LTI LN TTEN 1F 1 Tundesiuuuy  briple
. "R 7] uﬂ"
effect 199n0a 9t | Huseit

o 2 -

Effect 7 1 3 entTeTenidly = 2.661 x 10° kcal/hr
d bensd

Effect § 2 1 Gnvgedanlall = 9.644 x 107 kcal/hr
a by

Effect §| 3 LSnLﬁaxﬂﬁﬂiiu = '3,023 % 18" keal/hr

o [ H
i 18Rl Iifevem = 6.648 x 12 kcal/he
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Via9Rn W = 2.297 x 18° kcal/hr

actual

v 8 [ foved o o
Sotin LanL%@Tﬂﬂgﬂnﬂﬁﬂﬂiﬂnﬂ%éqqﬂ irpeversibility

1

6.648x10° - 2,297x18°

= 4,351 x 10° 'kcal/hr
g o et o PP T
ofte dmTidmsewinsioni s e iy w___ . Tuwdodn
= 6.648x10% = 2.89 »~ 2.9 M1
2.297x18°

L 3 o L3 ‘0’ ’ﬂ' L J
vraefiindarian 2.9 § 19 lifunTernn mlmianaannindos
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