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Abstract—A new methodology for the synthesis of optimum heat exchanger network has been developed.
This method is based on the work by Linnhoff and Ahmad which determines the optimum minimum temper-
ature difference(AT,.) based on the energy and capital cost target before the synthesis of the heat exchanger
network. The proposed method uses the Guthrie’s model for capital cost calculation, cuts down the capital
cost according to control of the driving force between hot and cold streams, and handles the match constraints
for the intangibles of design such as safety, layout and etc. The software system developed in this study
was applied to the Alko process, which is an alcohol production process, for the synthesis of heat exchanger
network. It was possible to save about 12% of the total annual cost.
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Fig. 2. Composite curves and minimum utility loads.
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Fig. 3. Heat transfer for (a) vertical and (b) nonvertical.

4
2 o
«
%
°
=
m/,_.--—’——"
ah
aH: aHe aHa aHs
Enthalpy

L

Temperature

Enthalpy
®)

WV

y
=

Fig. 4. Splitting and matching scheme for vertical heat transfer in an enthalpy interval of the composite curves [1].
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A=/ AT ) [Qua/Uss+ Que/Uss+ Quis/Uss
+ Qu3/Usz + Qae/Uns + Qus/Uss ] (4)

18] overall heat transfer coefficients t©}-3-3}
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Qzs+ Qos + Qs = (@) (13)
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Predicted Total Cost

,Correct Total Cost
/
Ve

7~
~ .4r — Energy Cost

< Predicted Capital Cost
el - ~ —_
Correct Capttal Cost
—
optimal ATm Alom

Fig. 5. Correct initialization for design depends on the
slope of the capital cost profile (4].
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={(a+bXAu) +(@t+bXApu) + -
:aXNmm.MER"_bXAmm (21)
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=Npin, MER[H +b(Amin/ Nonin, MER) C] (23)
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get-2 capital cost®] profileo] 2|E3t22 o waat $A4
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(3) Guthrie's cost model

Guthrie’s cost model(6]°l 23w o w#h7](shell &
tube) 2l = 7}Ae A (24) ¢ 2
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Installed cost/unit
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above pinch : FC, ,<FC, .
below pinch : FC, ,2FC, . (31)
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w20 of§} target-> composite curveol| 4 vertical
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Fig. 7. Driving force plot : (a) match with vertical heat trans-
fer, (b) match using excessive driving force, and (c)
match under utilizing driving force(AT : temperature
difference between hot and cold stream, T, : tempera-
ture of cold stream).

Ze{v} composite curver e 789 streamEo]
EAH o] gl AA matchs o] £ 3h}e] streamo]
A =E 70|22 composite curveAt?] vertical driv-
ing force9} AlA| match®] driving forces} wlws) 2
"7} ek o] AL composite?] driving forces} g2

F& 3o &5 wisle] A AR oay o 4
gleny o]7-& driving force plote)2} 8],

Fig. 7(b, )+ vertical heat transfer’} o} == 7%
24 23eA BXo) driving forcer} L% zAL} B
=3 7A9elth o= match7} driving force7} =LA o
ZSW, I matche WHo] FolEA% Y] match
2| driving forcex Z}obA o, A= AA|9 WAL
AXA e} w2l B | ME 755k vertical
heat transfer’} =% enthalpy intervalo] W=
ZE747] driving forced Lodgozn A 2o 4
alslt}. Fig 8¢ driving force® zAsl= =2 52
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v)e] AFRAS FAFLaN olHF AL HAE 5
UEE 3t & match sfedof & streamES A9 ¥
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Fig. 10. Procedure of heat exchanger network synthesis.
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Fig. 11. Distillation process of Alko company.
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3-1. Alko Co.o] &3

& Qo4 Finland®] AlkoAlel| 4] olvi=] Heks
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o},
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Fig. 12. Heat exchanger network of Alko process.

Table 1. Stream data for Alko process

Heat Heat

Stream  Supply  Target .

type &  temp. temp. capacity transfer

number () J flowrate coefﬁcntinf

) (MW/C) (MW/M?*-C)

Hot 1 119 9 0.09 S57E-03
Hot 2 60 55 0.50 A7E-02
Hot 3 92 91 1.89 A7E-02
Hot 4 80 79 145 A7E-02
Hot 5 55 54 0.35 17E-02
Hot 6 56 35 0.01 57E-03
Cold 1 30 70 0.02 S57E-03
Cold 2 80 81 1.89 S57E-03
Cold 3 100 112 01 S57E-03
Cold 4 120 121 243 S57E-03
Cold 5 55 103 001 S57E-03
Cold 6 100 101 0.76 S7E-03
Cold 7 107 108 021 S7E-03
Cold 8 55 56 0.56 S7E-03

& FE5Heog st alrh
3-1-1. Alko process®] & m &b
Alko®] dwE P& Fig 12343 process heat
exchanger 67}, cooler 47, heater 37§32 -4 £]of Uch

3-2. 8 979 gugdy

3-2-1. dle]e}

StreamS-& FE 674, ¥ 84T FAEM, AT
djo)el= Table 1, 24 itk

3-2-2. A& H £wa w4

A AT, 12Ce 4 w5 dck(Table 3).

3-2-3. B o] gy

Fig. 1341 4] ¥.5=0] process heat exchanger 4/}, cool-

Table 2. Data used for heat exchanger network design

Utilities: Hot 160-140C, Cold 3045C
o] 7 %}7]: Guthrie's model($)-shell & tube
M & S index: 947(’91. 6. 7]&)
F,: 1.35, F,: 0.05, F,: 375
Life time: 104, o] 2 12%/yr
Annual cost of unit duty(hot): 94,100 $/MW. yr
Annual cost of unit duty(cold): 1,800 $/MW. yr
71 s Az 7)) 7800%/E
WAH-CHr AHgak 72L/8(249)
A C hedgd 9,750 Keal/L( & -8 90%)
i 71E A12F 6,200 Hr/yr

Table 3. Computer output for targets of heat exchanger net-
work

Pinch temperature 1920C
Energy cost : 4801E +06 $/year

Capital cost : 8996E + 06 $/year

TOTAL COST : .1380E + 07 $/year

Total numbe?&?exchangers -15EA
Number of exchangers above pinch: 7EA
Number of exchangers below plnch: 8 EA

Total area : 10325 M2
R;:E\]irementwo-f not util{t\? :5.04 KW )
Requirement of cold utility: 323 KW
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Fig. 13. Heat exchanger network of Alko process based
on this study.

er 571, heater 6702 FAHQen, A2 FHE=
Fig. 148} %t}

3-2-4. “THEN"-& o] &3 dug 7=

Louisiana State Universityell 4} pinch design meth-
od¥d 7|E o @ uby) dwsbal A 213 “THEN”
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Fig. 14. Distillation process of Alko process based on this
study.

Table 4. Comparison of results of new heat exchanger net-
works for Alko process

T Alko B oo THEN
A w#7 0 13 15(+2) 16(+3)
— process heat 6 4(-2) 5(~-1
exchanger
—cooler 4 5(+1) 5(+1)
—heater 3 6(+3) 6(+3)
ol L A (MW) 470 827(+357) 827(+357)
—steam 340 504(+164) 504(+164)
-y 7t 130 323(+193) 323(+193)
dzst Fa(M2) 2241 1,055(—1,186) 1,115(—1,126)
Total cost(H$) 1584 1,394(—190) 1,454(—130)
— ol =] 322 480(+156)  480(+156)
— capital 1262 914(—348)  974(—288)

()& Alko2}9] 2jo]

£ olg-3le] FAF Azke ¥ dTF2] Aol vl total
annual cost”} 4.3% 2 A4 F%5 vhebdch 1, “THEN”
2 A AT,ind LA 7)50] glonZ & AT
WAF AT,m=12C2 “THEN o #&s}ich.

3-3. Hii? 84

Table 4= 71&2] Alko process¢} ¥ <1, “THEN”
o] ZA3Z vlwg Ao} 1 A ¥ A7) o 12%9]
total annual cost& & 4~ = TF2IE ¥ F Ik
Fig. 15914 R 5%o] R F-H & capital coste i
quA|= Bo| 2= Zo] Yury o]}, Alko process
2 skl o] A $olrt o]7& Alko process: 1980 3t
29 oyix] ZFA LR CUX] Aepy FAe|7]
ggolzty dgdh & oA 34 Hd=2 s
5t ATnns HZ R332 Az AHg 34 3tz
olc}. weia] R F] 717 Fol 4] stainless steel 2

ks M30AH N3E 199244 6§

i

Y

f T A T min
Optimgl AT min
(12°C ) Typical Processes

Alko design

(5°c)

Fig. 15. Comparison between Alko design and typical pro-
cesses.

Table 5. Comparison of variation of energy cost and deprecia-
tion years

E AR 7HE A5 E S
> 0% 20% 40% 109 1593 209

Akos} B 479 120 96 74 120 96 82

total annual cost

vl (ZHAn] &%)

AW 7| E A2 of capital cost7} ol v #| B] 8ol w3
Z ¥FS AAEHA Hel ATl AAA & ez
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dg 7tAe v AR Wol A5 AL &0
)z gl 28 ARl b devh A
XA, o|zlgo] wolAlw it AT,mol ZpobAlA|
g Zlo|ch Table 5% oyz] 7}A# itz Wd57t
W& o Alko process®} ¥ A7ZAe] total annual
costE vligt Aolc},

4. A 2

A9 AT,..& T3t F4E AFoz4 total
cost targetell 7HgHAl A2 5 e A4 S Al
At 2 A e 2293 sleich g 22O
o g-5ted FA A4-FA F SFFT AN A L3t 4 FA
GuwsaS AT N total annual costE ¢F 12%
9 T e T2E ok B 479 ov) g 9F
ety o &3 2l
(1) dass}t §A Aol capital cost?] targetE T



Ha A2 229 HA2E 53 dusy ¥4 327

.o 24 global optimum< v]E] & 4 Qit}. & A2
targetS %432 match® A2 24 optimumo.2 9
A2 AEE A 4 £ el

(2) AAALe} Aol &8l 4 P2 =5 o
23t g4 Al M F2 #E 7Y+ Ik

(3) St 3k A| driving force?] 24, split &
73+ 7% 249 i £ 2 7129 pinch de-
sign methodE AMS-3+= T 2IPel “THEN” xro}h
du# HAE £9 4 9ok

(4) Safety, layout ¥-2] match AgH2 214217} A
Aol A F= 9k

(5) Global optimum<] 5% oWl 8] £+& 0.8 H23le
A 2k AAE = sl

ag]x Bop Agxel 2 aPe] H7| A 2%
A7sejol & &2 o7 )

(1) Fouling *#44] dwst wd-g A A A
i

(2) Stream?} heat transfer coefficient 27} Z o,
criss-crossing®| vertical heat transfer B.r} Ju3 o
g A e A

(3) Match AA1Y] capital cost target 3% £

(4) Non-countercurrent exchanger, t}%3} type &
L AAe] o duIrr)l 3 Foll ¢S QUL
w] capital cost target T

ALY |E
A : heat exchange area of enthalpy interval i on
the composite curves [m?]
Asin : minimum overall area target for a heat ex-
changer network [m?]
Auie;  :heat exchange area of an exchanger i [m?]
a,b,c :coefficient of installed capital cost law
F, : correction factor for Guthrie’s cost model
F, : design type factor
F, : design pressure factor
F.. : material factor

FC,  :heat-capacity flowrate [J/sec C]

AH; :total enthalpy change of enthalpy interval
i on the composite curves [J/sec]

b : heat transfer coefficient of stream j [J/sec

m’ €] (including film, wall and fouling resi-

stance)

i :annual interest

M&S :Marshall and Swift index

n : depreciation years

N, :number of enthalpy intervals

Ni(N.) :number of hot(cold) streams

Nopin : minimum number of units in a heat exchanger
network

Nipin, z# : minimum number of units in a heat exchanger
network with maximum energy recovery

N«(N,) : number of streams(utilities)

Q. mi» : minimum cold utility target [J/sec]

Qimi»  : minimum hor utility target [J/sec]

Q; : heat exchanger duty with stream i and j [J/sec]
q : enthalpy change of streams j in enthalpy interval
i[J/sec]

AT : logarithmic mean temperature difference [C]
AT,i»  : minimum temperature difference on composite

curves [C]
T, : the lowest temperature of range of AT [C]
T: : the highest temperature of range of AT []
U : overall heat transfer coefficient for a heat excha-

nger [J/sec m?>C]
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