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)
Methodology - challenges l(lflI

e Develop a targeting method
e Considering restricted matches
e Minimizing energy and cost penalty of restricted matches
* Introducing heat transfer fluid network for indirect heat exchange
e Optimizing mass flow rates for heat transfer fluids and utilities
¢ Maximizing combined heat and power production

e Defining complete list of streams for HEN design
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)
Methodology - Algorithm .(”_

® ObjeCtive funCtion Fob] — mzn(cfu,elEfuel _|_ C E elE;)
e Fuel consumption
nuw
Efuel — Z fqufuel—uw
uw=1
e Electricity Consumption Electricity exportation
Z fuw el e Ee_l —p = >0 Z fuw el uw _E_ Ee_l —p =0
uw=1 uw=1
e Mass flow rates Mh,w = Juw * Mh w Mc,w = Juw * Me.w

e GGlobal heat cascade

Nh,k Ne,k

Z Mh,th,k — Z Mc,ch,k + Rk+1 — Rk =0 Vk =1...,n4
hk:1 Ck:1
variables parameters
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)
Methodology - Algorithm .(”_

e Heat cascade for each sub-system

Nh, s,k Ne, s,k
: : Mh,S,th,S,kﬁ o : : Mc,s,ch,s,k —I_ thS,S,]f o thS,S,k _I_ R87k+1 o RS,k‘ T O
hs k,— Cs, k=1

RS >0 Vk =1...,n,,Vs =1..., ng

’ S

e Additional constraints: Heat balance in the heat transfer system

Nh hts,k
Z My hts k@hhtsk + Ritsor1 — Rhisp — Z ths,s,k >0 VE =1...,ng
h=1 s=1

Nec,hts,k
Z M, hes klentsk + Rhisirr — Rues. g + Z ths,s’k <0 Vk =1...,n
c=1 s=1
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Streams definition:
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Tin | Tout Heat
Name rrc] | el Load
[kW]
Preheating 20 | 50 | 11262
Water cooling| 50 | 30 | -7297
Air heating 20 | 150 | ©64
SUEE 95 | 105 | 6058
demand
Condensation
of 15% steam 10| T | ete
Cooling of 4 45 | g5 | 112
condensates
Humidair 1 4541 50 | -5319
cooling
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Process Integration (1) -(”_

1. MER - (without industrial constraints)

1

Process
08 L |
= Hot Utility
g06 e — R 1 | HotUtiity | 6014 kw
§
S o4r 1| Coldutiity | 1651 kw
S {
G0o2- N e -
ok - — :
| | —>
0.2 | | Cold Utility | |

-12000 -10000 -8000 -6000 -4000 -2000 0 2000
Heat load [kKW]
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2. Utllity Integration with restricted matches

1 ‘ |
Process -
Utlllty . ...........
08~ L ;""”"""""_’;'.".';;;;;;;;;.".".".".".".".”.".".".".';;'.‘f.';;;;;'.".';';;;;;;;;'.j';.".".".".".".".".".';;”'.".".'f' """""""""""""""""
— NS Hot Utilit
S061 bolep” B S R I Hot utiity | 9868 kW
O s
Re Cold utility | 5505 kW
504 Y N
c g Penalty / Penalty 3854 kW
8 02= 5 e N S S
O L C’O'ol'lng”vvate'r """""""""" [ 7
05 | | Cold Utlllty | |
-12000 -10000 -8000 -6000 -4000 -2000 0 2000
Heat load [kKW]
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Integration of heat transfer networks (1)
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Integration of heat transfer networks (2) .(”_

e Hot water loop
e \Water loop between 35°C to 80°C
e Heat can be exchanged indirectly between sub-systems
e Penalty is decreased
e Sub-systems can work independently
e Steam network
e Steam from boiler cannot exchange heat directly with the process
e Combined heat and power
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Integration of heat transfer networks (3) .(”_

3. Heat transfer networks

1
Process -
Ut”'ty . ...........
O T f"""”'”"';;'.".';'.';;;;;';.".".".”.”.".".”.”.".".".';;'.".".';;;;'.".';'.';;;;';;;.f.".".';'.".".".".".".';;”'."."." """"""""""""""""" 7
=  boleg” Hot Utility
so06 e R B A H -
3]
© :
"= '
=04 e [ -
-
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Integration of heat transfer networks (4) .(”_

3. Heat transfer networks

1
Process -
Utlllty --------------
08 e S S s i -
i ‘
— ' boile
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O

1000 2000 3000

Results
Cuel Cooling Etee—
kW] water | tricity
(kW] (kW]
No 1 6014 | 1651 i
constraint
With | 9g68 | 5505 :
constraints
With heat 1 7260+ | 1676 | -1684
networks

*includes cogenerated electricity
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Heat load distribution (1) ol oIS
e minimize number of connections
nftc nfth
Yij Qikj — =
71=1 =1
nftc
e Heat balance of hot stream i in interval k Z Qirj = Qi 1 =1Ll.nfth k =kp..kp
fz?tlh kpo
e Heat balance of cold stream | > D Qiki}=Qj j=1l.nftc
i=1 k=kp
e Existence of connection ij k; Qikj — YijQmaz <0 i =1l.nfth j =l.nftc

e Restricted matches
Yij =0 Qir; =0
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)
Heat load distribution (2) -(”_

183, 183p3,103, 103,103, 183,
I 4 82, &
. kW]
E2 r H3-C5: 268.5
E7 i T q H9-CE* 8.8 .
. ] . * Utility streams:
El4 f H22-C63 4,3
£13 T ] fee-cie: €4 Cooling water (C13)
183. | - * * Boiler cooling (H15)
£4 78, ‘ H4-CB:  48.3 Boiler preheat air (C16)
E12 l [:; 5 " | H15-C163: 25,8
ES R . ho. a4, H4A-C11: 63.7
E8 45, l ik - 7 ‘ a2, Ho-C11: 3370.4 Heat transfer system
E11 a3, — 1 H12-C16:  181.6
E18 " d H12-C1: 3964.8 Steam network
E9 0 H9-C13: 1675.5 (H20 & H22)
EG | ! 45, H9-C5: 156.6 Hot water loop
El Y Y 37. H2-C1: 7298.8 (C11 & H12)
28, 29, 33, aa aa, 12,
7| m T =] 1| wn & (7] ] s 4=} - M o=
= = = = | el 0 =7 [ [ [ -l |
= = = = [ R [
1 | 1
8 1860 2088 3888 4088 5608  GOO@ 7@ 660
[kH]
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. (P
Conclusions Mlﬂq

e Division of the process into sub-systems

e Combined heat and power production

e Simultaneous optimization of the utility integration and the heat transfer
system

e Easier design of the heat exchanger network
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Thank you for your attention |
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