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Background

evaporation Coolers

soe

blowdown W
I I Pump
= =

Make-up Water

Power

An efficient CWS can save both power and water
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Background — Faced problems in a CWS

d Pump

1. Ignore the difference In
cooling requirement

2. Ignore the difference in
pump head requirement

Higher flow rate ! Higher pump head!

Higher Power consumptions !
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Background — Traditional way out (1)
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) \I/ /I\ Structure
30°C /|\ s

35°C 25°C
30°C < 25°C

Return temperature I Flow rate 1 Pressure drop I
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Background — Traditional way out (2)

Main-auxiliary pump
structure

Main pump head 1 Power 1 Investment I
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Background — Traditional way out (3)

Consider air cooling in CWS synthesis

Inlet cooling water

Outle: hot stream Bl‘Eﬂkip oint Tnl it hot stream
Thout(i) Thaout(i) / clo \ Thin( l)
Water| cooler 1 Air cooler i

Outlet cooling water

Find the best cooling duty distribution between air cooling and
water cooling to reduce total cost
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Background — Unsolved problems

* A number of parameters vary with time
* Most studies considered CWS synthesis under stable condition

Working
fluctuation

Weather condition

Peak/off peak power price
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Synthesis under uncertainty
In real industries, a number of uncertain factors exist
Uncertainty parameters

Optimal design under uncertainty

® O §

All traditional methods are involved

 Air cooling

* Series structure

« Main-auxiliary pumps — .
y pump Working fluctuation
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Synthesis under uncertainty

C T Hethotstream i
: Fresh cooling Send back to :
: water cooling tower :
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: Outlet cooling :
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Input given
parameters

L

Generate original
CCWS optimization

)

Solve original model
subproblems

|

Obtain binary
variable and original
total cost

Y
. 0 No

model
bclfecl initial Select design
UﬂCCﬂa'ﬂkPalmm‘“C"& parameters with given

confidence level a;,
i=1
Solve CCP model
with given confidence
level

J

Obtain the optimal
network and
minimum total cost

Obtain reasonable
confidence level with
optimal solution

Monte Carlo based algorithm
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Synthesis under uncertainty — Case study

Four conditions are considered:

Initial case with stable condition

Optimization under uncertain hot streams flow rates

Optimization under uncertain ambient temperature

Optimization under uncertain ambient temperature and uncertain flow rates

12
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Synthesis under uncertainty — Case study
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Synthesis under uncertainty — Case study

Cost comparison for 4 cases (0=0.8)

o

x 100000 $
P T S D - S -

o

TAC Cac Cao Cpc Cpo Cw Ctc Cto

mCase ] mCase? mcase3 = Cased

Cost comparison for the 4 cases
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Bi-multiperiod optimization

In real industries, some parameters periodically change in different time scale.

Peak/off peak power price
Weather condition...

Weather condition...

A method is proposed to design the system under Bi-multiperiod condition

16
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Bi-multiperiod optimization — Case study

Three conditions are considered:
« Case 1: All design parameters are constant
« Case 2: Year time scale multiperiod optimization

« Case 3: Bi-multiperiod optimization

Case 1 Case 2 Case 3
Number of air coolers 9 9 10
Total area of air coolers (m?) 1824 2495 2629
Total area of water coolers (m?) 1120 1330 1283
Total water flow rate (kg-s) 205 187~237 174~211
Makeup water flow rate (kg-s) 14.5 2.0~12 1.1~10.8
Blowdown water flow rate (kg-s) 3.6 0.5~3.0 0.3~2.7
Evaporation water flow rate (kg-s) 10.9 1.5~9.0 0.8~8.1

Total cost ($) .06x106 8.82x105 8.22x105

18
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Bi-multiperiod optimization — Case study
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Comparison for operation costand capital cost

uCto mCit casel. 40% —
AN

case2, 43% —
case3. 47% casel, 53%
“— casel, 5T%
-~ casel, 60%
0
Cazel Cazs2 Caze3

% 100000 §
[} £ (=]

b

-

Operation and capital cost Cost comparison
Time Interval 1 Time Interval 2 Time Interval 3

12
11
10
9
8
7
6
5
4
3
2
1

2 4 6

'Qa IQW Qx 10000kW -Qa le Qx10000 kW EQa mQw Q x 10000 kW

Heat load distribution in condition 3
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Flexible topology optimization

* Previous studies design system with fixed structure
e Structure may vary to better fit the varied parameters
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Flexible topology optimization

Key constraints

> Z(3,j,p)<1
i=1

>.ZG,j.p)<1
j=1

QY@M )<p
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YA, ))<p
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j
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A\
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Flexible topology optimization — Case study

From tower

\
7

From cooler j To cooler j

N\

J To tower

No constraints on how many coolers are connected to 1 cooler in all periods.

Node Computation
numbers time

2 Y¢ 1lmins 923,543 % simple
3 18 mins 926,032 $ harder
4 31mins 925,370 $ harder
5 39mins 916,295 % hardest
6 60 mins 920,765 $ hardest

Total cost Structure

Sensitivity analysis

At most 2 coolers are connected to 1 cooler in all periods.
|
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Flexible topology optimization

—Case study
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Optimal structure in periods
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Flexible topology optimization —Case study

Ambient Water  Total water :
Period temperaturetemperature flowrate Evaon/ratlon Blowdown Makeup
0 ) (ka/%) ols)  (kgis)  (kgls)
1 5 20 98.161 5.257 1.752  7.009
2 9 20 109.711 5.875 1.958  7.833
3 17 20 132.477 7.094 2.364  9.459
4 24 22 160.072 8.572 2.857 11.429
5 28 26 192.018 10.282 3.427 13.71
6 33 30 245.888 12.492 4.164 16.656
7 38 34 Y372119 O 16797 5588 22355
8 35 31 | 243.805 12.999 4.332 17.331
9 27 25 183.517 9.827 3.275 13.103
10 21 20 143.695 7.695 2.565 10.26
11 13 20 121.149 6.488 2.162 8.65
12 7 20 103.95 5.567 1.855  7.422
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Flexible topology optimization —Case study

Flexible network Fixed network
Ambient temperature (°C) 5~38 38
Water temperature (°C) 20~35 35
Total water cooler area (m?) 1290 1022
Total air cooler area (m?) 2509 2858
Capital cost ($) 442,328 417,036
Operation cost ($) 401215 Y 601,957
Total cost ($) 923,543 1,018,993
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Conclusions

CWS optimization under uncertainty variables.
CWS optimization integrated bi-multiperiod parameters.
CWS optimization considering flexible topology .

An efficient CWS can save both power and water and minimize total cost.

Future work

CWS optimization integrated the above factors.
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