





Figure 6: Discounted Cash Flow Diagram for base case process

Given the above figure, it is easy to see that the base case is very profitable and shows
steady profits every year of operation. This comes as no surprise as the value-added calculation
for the overall process results in a profit of $90 million per year just from the materials alone (see
Detailed Calculations). Therefore, all heat integration scenarios will focus on other profitability
criteria that are shown in Figure 7. All criteria will be reviewed based on a plant lifetime of 10

years.

Figure 7: Discounted and non-discounted profitability criterion for base case

From the above figure, it is easy to see that this plant shows significant financial gains for

both non-discounted and discounted profitability analyses. A discounted cash flow rate of return
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(DCFROR) of 90% suggests that this process will be a better investment option than most
alternatives, since most investment options give around 10-15% returns. In addition, the
payback period for this plant is very short, and all capital investment costs will be recovered after

the first 6 months of operation.

Heat Integration Design Case #1:

All designs that were considered in this project were generated using the Aspen Energy
Analyzer software. The heat exchanger network for the first design case is shown below in

Figure 8.
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Figure 8: Heat exchanger network for Design Case #1

All relevant data used for the CAPCOST analysis that was provided by the Aspen Energy
Analyzer can be found in Appendix III. This design was chosen due to proximity to target
values for all operating and utility costs. Each connection line in the figure represents a specific
heat exchanger, with the white dots indicating that this heat exchanger uses solely process
streams. Blue dots indicate any exchangers that required cooling utilities; whereas, red dots
indicated any heat exchanger that required heating utilities. This design generated 19 heat

exchangers, with 6 of these exchangers using excess process energy for heating/cooling.
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Therefore, to determine its effectiveness for cost savings, it was necessary to generate the new
capital, operating, and utility costs associated with this design. Equipment and utility costs were
generated using the data available in Appendix III, while the operating labor cost was manually

calculated using Equation 1. Table 3 shows how Np, was calculated for this first design case.

Equipment Type| Number of Equipment Nnp
Exchangers 19 19
Towers 3 3
Reactors 1 1
Pumps 6 -
Vessels 4 -
Total 23

Table 3: Ny, calculation for Design Case #1

This value was then used in Equation 1 and followed the same procedure that was
performed for the base case (see Detailed Calculations). This resulted in an operating labor cost
of $846,400 per year, which is only $52,900 higher than the labor cost for the base process.
Therefore, in terms of operating labor, this design case does not provide any savings. In
addition, this design actually increased utility costs per year due to the need for extra high
pressure steam in the process, which is very expensive. Therefore, although the design provides
some capital investment savings, it is not likely that this design will provide any savings long-
term. This is only confirmed when looking at the Discounted Cash Flow Diagram for this

design, shown below in Figure 9.
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Cash Flow Diagram
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Figure 9: Discounted Cash Flow Diagram for Design Case #1

As seen above, this particular design case resulted in a project value of roughly $150
million at the end of the project life and is roughly $20 million below the project value of the
base case at the same point in time. These findings are furthered validated when looking at the

profitability criterion for this design (Figure 10).

Discounted Profitibility Criterion Non-Discounted Profitibility Criteria
(Net Present Value (millions ~ 146.68 (Cumulative Cash Position (millions 310.49
Discounted Cash Flow Rate of Retum ~ 88.61% Rate of Return on Investment 184.81%
(Discounted Payback Period (years 05 (Payback Period (years 05

Figure 10: Discounted and non-discounted profitability criteria for Design Case #1

Although the payback period for this design case is the same as the base case, as
previously discussed, the NPV for Design Case #1 is significantly lower than the base case
design. In addition, the CCP is roughly $40 million lower than the base case design. This

design, however, provides a slightly higher rate of return on investment than the base case, which
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is due to the lower capital cost. These findings do not support any implementation of this design

case, and other designs should be considered.

Heat Integration Design Case #2:

All designs that were considered in this project were generated using the Aspen Energy
Analyzer software. The heat exchanger network for the second design case can be found below

in Figure 11.
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Figure 11: Heat exchanger network for Design Case #2

All relevant data used for the CAPCOST analysis that was provided by the Aspen Energy
Analyzer can be found in Appendix III. As discussed in the first design, all red and blue dots
correspond to heat exchangers that require utilities. For this design, 19 heat exchangers were
again generated; however, 7 of these exchangers used process heating/cooling (one more than
Design Case #1). Again, all equipment and utility costs were generated using the data available
in Appendix III. For operating labor costs, since this design implements the same amount of heat
exchangers as Design Case #1 and there exist no other additional equipment, then it is possible to

use the same Ny, value obtained in Table 3. Therefore, the operating labor for Design Case #2 is
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also $952,200 per year (see Detailed Calculations), and any differences from the first design case

will be reflected by differences in equipment or utility costs.

However, since this operating labor cost is identical to Design Case #1, it would require
significant utility or equipment savings for this design to surpass the base case in profitability.

Figure 12 below shows the Discounted Cash Flow Diagram for the second design.

Cash Flow Diagram
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Figure 12: Discounted Cash Flow Diagram for Design Case #2

Figure 12 is very similar to Figure 9, and therefore, it is difficult to determine if any
differences in profitability exist between the two designs. These differences become slightly

clearer when discussing the profitability criteria available for the second design, shown in Figure

13 below.
Discounted Profitibility Criterion Non-Discounted Profitibility Criteria
(Net Present Value (millions ~ 148.95 (Cumulative Cash Position (millions 31495
Discounted Cash Flow Rate of Return ~ 89.44% Rate of Return on Investment 187.47%
(Discounted Payback Period (years 0.5 (Payback Period (years 0.5

Figure 13: Discounted and non-discounted profitability criteria for Design Case #2
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Similar to Design Case #1, Design Case #2 shows slight decreases in profitability from
the base case. Figure 13 shows a NPV of $149 million for the second design case, which is
roughly $18 million lower than the base case but is $2 million higher than the first design case.
In addition, the CCP value for the second design is roughly $36 million lower than the base case
design, but it is roughly $4 million higher than the first design case. A similar trend is shown in
the rate of return on investment as well with this design case having an almost identical
DCFROR to the base case. This is likely due to the savings this design provides in utility costs
versus Design Case #1; however, these utility costs are still larger than those needed for the base
case design. Therefore, Design Case #2 provides slight improvements in profitability compared
to Design Case #1; however, this design is still worse than the base design and others should be

considered.
Heat Integration Design Case #3:

As stated before, all designs that were considered in this project were generated using the
Aspen Energy Analyzer. The heat exchanger network for the third design case is shown below

in Figure 14.
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Figure 14: Heat exchanger network for Design Case #3
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This design was chosen due to its proximity to target values for operating and utility costs
per second (see Appendix III). In addition, this design had the lowest number of heat exchangers
generated in a heat integration design; however, this number (18) was only one lower than the
previous two designs. Of the 18 exchangers, one-third of the exchangers did not require the use
of utility streams. Again, all equipment and utility costs were generated using the data available
in Appendix III. Operating labor costs for this design had to be manually calculated since the
number of equipment was different from previous designs. Table 4, below, shows how Ny, was

calculated for the third design.

Equipment Type| Number of Equipment Nnp
Exchangers 18 18
Towers 3 3
Reactors 1 1
Pumps 6 -
Vessels - -
Total 22

Table 4: Ny, calculation for Design Case #3

This value was then used in Equation 1 to determine Nov for the third design. The same
process was followed as previously outlined in the base case design (see Detailed Calculations).
However, due to the rounding procedure to determine the total number of operators, the
operating labor cost for Design Case #3 was equal to $846,400, which is identical to the labor
costs of the previous two designs. Therefore, similar to the second design, any differences in
profitability will come from utility savings or equipment cost savings. These costs were
generated in CAPCOST, and a cumulative Discounted Cash Flow Diagram was created for the

third design (Figure 15).
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Figure 15: Discounted Cash Flow Diagram for Design Case #3

Figure 15 is almost identical to the cash flow diagram for Design Case #2 (Figure 12).
This is likely due to the fact that both cases had almost identical utility costs of approximately
$12 million per year. Therefore, the only difference between the two designs may come from the
differences in equipment costs. These similarities become more apparent when the profitability

criteria are analyzed, shown in Figure 16 below.

Discounted Profitibility Criterion Non-Discounted Profitibility Criteria
(Net Present Value (millions ~ 149.52 (Cumulative Cash Position (millions 315.76
Discounted Cash Flow Rate of Retun ~ 90.84% Rate of Return on Investment 193.72%
(Discounted Payback Period (years 05 (Payback Period (years 04

Figure 16: Discounted and non-discounted profitability criteria for Design Case #3

As discussed above, Figure 16 confirms the similarity of Design Cases #2 and #3. The
NPV for the third design provides savings of roughly $600,000 over the lifetime of the plant over
Design Case #2. This number is nearly identical for the CCP value compared to that of Design

Case #2. However, it is surprising that the rate of return of investment is 194%, which is 11%
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greater than the base case design. In addition, the payback period for this design is 0.4 years
compared with 0.5 years for every other design. Therefore, Design Case #3 provides minimal
improvement over Design Case #2, with the only true advantage coming from the reduction of
heat exchangers from 19 to 18. This reduction in the amount of heat exchangers created a lower
capital investment necessary for the plant which helps create a larger return on investment along
with a shorter payback period. However, it is still less profitable than the base case design in the
long-term which may prove that heat integration may not be plausible for this DTBP production

plant.

Conclusions

In conclusion, all heat integration scenarios evaluated in this thesis provided unexpected
results. Typically, heat integration requires a larger capital investment during the construction
phase. This is usually due to increased equipment costs resulting from the need of more heat
exchangers within the process. This also increases labor costs per year, as more operators are
needed for the process. These scenarios were consistent with increased operating labor costs;
however, these designs provided savings in the capital investment costs for equipment.
Although more exchangers were needed for each heat integration design over the base design, it
is likely that the overall heat exchanger areas necessary for the process were decreased due to
utilization of pinch technology. Therefore, it is likely that the Aspen Energy Analyzer increased
the efficiency of various heat exchangers within the process by combining process streams to
ease the use of utilities in these exchangers. This provided the basis for a decrease in the

equipment costs for all heat integration designs over the base case design. Total equipment costs
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for the base design were roughly $13 million, while Design Case #3 (which had the lowest

equipment costs) had a total equipment cost of only $11.4 million.

As previously stated, these capital investment savings are not typical of heat integration
scenarios. This would also explain why all heat integration scenarios had a higher return on
investment than the base case. Even though all designs resulted in lower CCP and NPV values
than the base case, due to the lower capital investment necessary for these designs, heat
integration provided better returns. The design with the greatest return on investment was

Design Case #3, which had a 11% increase over the base design.

The most unexpected result of this analysis was the effect of heat integration on the
plant’s utility cost per year. On average, each heat integration design resulted in yearly utility
costs that were double those of the base design. There are two likely possibilities that could

create this situation.

First, the reboilers for towers T-101 and T-102 (see Appendix I) require high-pressure
steam to heat the process stream. High-pressure steam is, by far, the most expensive utility that
is used throughout the process, and therefore, contributed to over 80% of utility costs in all
designs. However, due to the structure of the heat integration designs generated by the Energy
Analyzer, the high-pressure steam requirement for the heat integration designs was significantly
larger than the base design. Design Case #1 had the largest utility cost of $12.5 million per year,
while the other two designs were around $12 million per year. These values were substantially
larger than the base design cost of under $7 million per year. As previously stated, this is due to
the increased requirement for high-pressure steam in the heat integration designs. Since the
reboiler process streams were used to heat other process streams in earlier stages of the process,

this resulted in a larger heat requirement necessary to re-boil these streams. Therefore, since
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high-pressure steam was the only utility that could be used for these streams, the high-pressure
steam requirement for the process nearly doubled. The Energy Analyzer does not accurately
calculate the cost of utilities, which could have led to its analysis being slightly flawed in this

regard.

Second, referring to the composite curves for this process (see Figure 5), there was little
overlap between the hot and cold streams in this process. The amount of overlap present in the
composite curves is indicative of the plausibility of heat integration for the process. However,
this process showed very little overlap compared to the enthalpy scale that is present throughout
the process. This is also attributed to the tower reboilers in the process, which had the largest
enthalpy and temperatures shown on the curve and, thus, required the use of high-pressure steam.
Therefore, due to the difficulty of implementing a heat integration design within the process, the
Energy Analyzer likely struggled to find cost-effective design schemes without resulting in an

increased use of high-pressure steam.

To summarize, the heat integration scenarios discussed in this thesis provided very
unexpected results after economic analysis. All designs resulted in lower capital investments
over the base design, but this was offset by larger utility and operating labor costs. Design Case
#3 was the best heat integration design overall, with the lowest capital investment and utility
costs of any of the three designs. This resulted in a shorter payback period and larger rate of
return over the base design. However, the base design provided the largest profits per year
which resulted in the largest net project valuation of the plant after 10 years of operation (167
million). Therefore, recommendations for design will be between the base design and Design

Case #3.

25



Recommendations

Recommendation for heat integration of this process is contingent on two things: capital
investment and plant reliability. If looking for the cheapest capital investment for this process,
then Design Case #3 should be implemented. This design comes at the cost of lower profits per
year, but the capital investment for this plant will be repaid in a shorter amount of time. In
addition, lower capital investment might be beneficial for this process specifically due to the
severe hazards present in process operation (see reference 4, HazOp Analysis). As seen in the
Process Design Report, all equipment for this process is designed as a “severe hazard” by the
Dow Fire & Explosion Index. This comes as no surprise due to the inherent instability of
peroxides, which readily decompose under various conditions. Therefore, if concerned about the
lifetime of the plant, a lower capital investment may be a better alternative in exchange for

slightly decreased profits.

The second recommendation considers plant reliability. If safety regulations are
rigorously followed in the design and construction of the plant, then the plant should easily
surpass a lifetime of 10 years. In this case, it is more advantageous to invest more capital in the
base design, and in return, see significant profit increases per year. If the plant is in operation for
10 years, then the NPV for the base design will be $18 million above the NPV of Design Case
#3. Therefore, for the base case design to be implemented, excessive safety precautions would

need to be taken to ensure that losses are minimized.

The author of this thesis recommends implementation of the base design. Despite the
obvious benefit of larger profits per year from this design, this design also uses a fewer number
of equipment. Due to the highly corrosive nature of peroxides, it is likely that most major

equipment would need to be replaced throughout the 10-year operation. Given that the base
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design has 6 fewer heat exchangers than Design Case #3, replacement costs for this design would
likely be lower than those for Design Case #3. In addition, down-time must also be considered
when discussing equipment replacements, and with fewer equipment to replace, it would likely
result in a smaller amount of plant down-time. Therefore, it is recommended that the base design

be implemented for construction of the DTBP production plant.
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PROCESS FLOW DIAGRAM
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APPENDIX II: DETAILED CALCULATIONS

Value-Added Calculation (from Reference 4):

Isobutylene Waste Removal — Stream 6:
-$109,980 ‘
TBA Feed Stock — Stream 1: >
-$50,091,974/year N
Di-Tertiary-Butyl Peroxide Process
TBHP Feed Stock — Stream 2: Value Added Water Waste_:;.:;o::;— Stream 12:
-$29,526,210 N $176,167,750- 4 >
($50,091,974+529,526,210+567,066+5109,980+5845,449)
Catalyst Recharge :$95’527,071/year
(once per year)
-$67,066 - DTBP Product Stream — Stream 14:
e $176,167,750/year -

Base Case Labor Costs:

Nyp = Z Equpment (compressors, towers, reactors, heaters, exchangers)
Nyp = 3 towers + 1 reactor + 12 heat exchangers = 16
No. = (6.29 + 31.7P% + 0.23an)'5 P=0

Nor = (6.29 + 0.23(16))° = 3.16

Operating Labor = 4.5 * 3.16 = 14.2 operators (round up to 15 operators)

$52900 _$793,500
operator x year  year

Labor Cost = 15 operators *

Design Case #1 and #2 Labor Costs:
Npp = Z Equpment (compressors, towers, reactors, heaters, exchangers)
Nyp = 3 towers + 1 reactor + 19 heat exchangers = 23
No. = (6.29 + 31.7P% + 0.23an)'5 P=0

Nor = (6.29 + 0.23(23))° = 3.40

Operating Labor = 4.5 * 3.40 = 15.3 operators (round up to 16 operators)

$52900 _ $846,400
operator x year  year

Labor Cost = 16 operators *
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Design Case #3 Labor Cost:

Nyp = Z Equpment (compressors, towers, reactors, heaters, exchangers)
Nyp = 3 towers + 1 reactor + 18 heat exchangers = 22
No. = (6.29 + 31.7P% + 0.23an)'5 P=0

Nor = (6.29 + 0.23(22))° = 3.37

Operating Labor = 4.5 * 3.37 = 15.2 operators (round up to 16 operators)

$52900 _ $846,400
operator x year  year

Labor Cost = 16 operators *
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APPENDIX III: ENERGY ANALYZER DATA

Design Case 1:

~Network Cost Indexes

—~Network Performance

CostIndex | % of Target HEN = % of Target
Heating [Cost/s] 5.565e-002 100.1 Heating [kJ/h] 8.168e+007 1001
Cooling [Cost/s] 3.246e-003 100.2 Cooling [kJ/h] 5.501e+007 100.2
Operating [Cost/s] 5.890e-002 100.1 Number of Units 19.00 135.7
Capital [Cost] 3.378e+005 106.2 Number of Shells 22.00 129.4
Total Cost [Cost/s] 6.235e-002 101.4 Total Area [m2] 365.2 87.55
Heat Exchanger Cold Stream Col[?:i' ® Tied Col?giul Tied. Hot Stream Ho[lc'll' i Tied Hot[;]out Tied pLj?:] A[':aza] & TEJH Lo dikingad
E-125 | o 28_To_2-C 2516 W 80.00 [ | ToCondenser T-102_To_FromCi 1329 v 1329 ¥ | 9.360e+005 1.3962 52.94 107.8
E-123 | o Cooling ‘W ater 3004 W 3015 | W | ToCondenser T-101_To_FromC: 1385 W 1346 |V | 5.504e+005 7.5640 108.4 104.6
E-120 | o Cooling ‘W ater 3015 W 312 W 8 To_10 1345 W 40,00 | |V | 7.398e+00E 39.292 101.4 9.853
E-122 o 54 _To 5B 1027 W 129.7 W | ToCondenser T-102_To_FromC:i 1330 W 1329 W | 2.175e+00€ 26.478 3.298 30.24
E-130 | @ ToReboiler T-100_To_FromReb 1358 ¥ 1362 ¥ LP Steam 1589 W 158.8 | W | 6.434e+00E 19.598 2274 22.96
E-121 | < 54 _To 5B 1027 |V 1297 | W 9B_To_9C 151.0 W 1155 | [ | 1.935e+005 31435 21.36 12.81
E-113 | o Cooling ‘Water 3992 W 40.00 |V | ToCondenser T-100_To_FromC 67.10 W 58.74 ||V | 4.377e+005 45.100 27.10 18.82
E-115 | o 54 _To 5B 1297 W 1315 v 9B_To 9C 1777 ™ 151.0 W | 1.518e+00% 0.86966 46.15 21.36
E127 | & 54 _To 5B 8010 W 1027 | W | ToCondenser T-102_To_FromCi 1329 ¥ 1329 W | 1.985e+00€ 7.2565 30.24 5281 |
E-129 | @ ToRebailer T-102_To_FromReb 1941 | v | 1941 v HP Steam 2539 | W 2539 W | 1.585e+00% 0.28943 59.81 53.78
E-131 | o Cooling Water 3000 W 3004 W 9B_To_9C 1155 W 80.00 [ | 2.194e+00E 0.55002 85.47 50.00 |
E-114 | o Cooling Water 312 W 3992 W | ToCondenser T-102_To_FromC: 1334 ¥ 133.0 L 3.740e+007 51.966 93.46 99.84
E-116 | @ ToReboiler T-102_To_FromReb 1941 ¥ 1944 ¥ HP Steam 2540 W 2539 | W | 5.009e+007 78.251 59.56 53.81
E-118 | o Cooling Water 3015 W 3312 B 9-B_To_9C 1777 ™ 151.0 | ¥ | 1.230e+005 0.12155 1445 1208
E-124 | @ Cooling Water 3004 B 3015 W 9-B_To_9C 151.0 W 1155 ! 3.692e+004 | 5.8854e-00: 1209 85.47
E-128 | @ ToReboiler T-101_To_FromReb 1919 ¥ 1920 ¥ HP Steam 2539 W 2539 [ | 2.500e+007 23237 61.94 62.05
E-126 o 18_To_1-C 2525 W 80.00 [ | ToCondenser T-102_To_FromCi 1329 W 1329 |V | 6.268e+005 3.7185 52.94 1077
E-117 | o Cooling ‘Water 3015 W 3312 W | ToCondenser T-100_To_FromC: 5874 W 5562 | [V | 5.948e+00E 48.187 2562 2548 |
E-119 | o Cooling ‘W ater 3015 W 3312 ® 13B_To_13-C 1241 |V 80.00 | | 2.894e+00E 8.1626 90.93 49.85
Design Case 2:
~Network Cost Indexes ~Network Performance
CostIndex = % of Target HEM | % of Target
Heating [Cost/s] 5.565e-002 100.1 Heating [kJ/h) 8.168e+007 100.1
Cooling [Cost/s] 3.246e-003 100.2 Cooling [kJ/h) 5.501e+007 100.2
Operating [Cost/s] 5.890e-002 100.1 Number of Units 19.00 135.7
Capital [Cost] 3.388e+005 106.5 Number of Shells 22.00 129.4
Total Cost [Cost/s] 6.236e-002 101.4 Total Area [m2) 368.3 88.29
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ColdTin |;. | ColdTout _. HotTin .. Hot T out . Load Area dT Min Hot |dT Min Cold’
Heat Exchanger Cold Stream Icl Tied icl Tied Hot Stream [l E E /b 2] ic] ]
E-101 | 9@ ToReboiler T-100_To_FromReb 1358 | V. 1362 v LP Steam 1589 W W | 6.434e+00€ 19.598 2274 22.96
E-102 < Cooling Water 3992 W 40.00 | ¥ | ToCondenser T-100_To_FromC: 6710 W V| 4.377e+00% 45100 27.10 18.82
E-103 < Cooling Water 3005 | W 3302 W 13B_To_13C 1241 W [V | 2.834e+00E 8.1504 91.03 49.95
E-104 < 54 _To 5B 1027 | @ 1297 W 9-B_To_SC 151.0 _|7_ _._ 1.931e+00E 31372 21.37 12.81
E-105 @ ToRebailer T-102_To_FromReb 1941 | ¥ 1941 v HP Steam 2539 W W | 1.585e+00% 0.28943 59.81 59.78
E-106 | < Cooling Water 3004 | W 3005 W 9-B_To_SC 151.0 W W | 3728e+004 | 5.9410e-00Z 121.0 85.47
E-107 < Cooling Water 3005 | W 3302 W 8 To 10 1345 W [V | 7.398e+00€ 39138 101.5 9.953
E-108 < 54_To 58 1027 | @ 129.7 | W | ToCondenser T-102_To_FromC: 1330 W W | 2175e+00E 26.481 3.298 30.24
E-109 | < 1-B_To_1-C 2625 |V 80.00 | [¥ | ToCondenser T-102_To_FromC: 1329 i W | 6.268e+00F 3.7186 52.94 107.7
E-110 | @ ToRebailer T-101_To_FromReb 1919 | ¥ 1920 HP Steam 2539 | W W 2500e+007 23.237 61.94 62.05
E111 <o 2-B_To 2L 4775 | v 80.00 | [V | ToCondenser T-101_To_FromC: 1385 M [V | 5.504e+00% 11.433 58.50 86.85
E-112 < 2-B_To_2C 2516 | [V 47.75 | [V | ToCondenser T-102_To_FromC: 1329 W W | 3.857e+00% 0.46203 85.19 107.8
E-113 < 54_To 58 1237 | ¥ 1315 v 9B_To_9C 1777 ™ W | 1.622e+00% 0.87158 46.15 21.37
E-114 < Cooling Water 3005 | W 33.02 | W | ToCondenser T-100_To_FromC: 5874 W [V | 5.948e+00E 47.994 25.72 25.58
E-115 | < 54 _To 5B 8010 | ¥ 1027 | W | ToCondenser T-102_Tao_FromCi 1329 v & | 1.985e+00€ 7.2569 30.24 52.81
E-116 < Cooling Water 30,00 | W 3004 W 9-B_To_SC 1155 W V| 2.194e+00% 0.55002 85.47 50.00
E-117 < Cooling Water 3302 W 39.92 | W | ToCondenser T-102_To_FromC: 1334 V| V| 3.795e+007 52.483 93.46 99.93
E-118 @ ToReboiler T-102_To_FromReb 1941 | ¥ 1944 [V HP Steam 254.0 W | 5.003e+007 78.251 59.56 59.81
E-119 | @ Cooling Water 3005 | W 3302 W 9-B_To_SC 1777 ™ W | 1.226e+00F 012110 1446 121.0
Design Case 3:
~Network Cost Indexes ~Network Performance
CostIndex = % of Target HEN | % of Target
Heating [Cost/s] 5.565e-002 1001 Heating [kJ/h] 8.168e+007 100.1
Cooling [Cost/s] 3.246e-003 100.2 Cooling [kJ/h] 5.501e+007 100.2
Operating [Cost/s] 5.890e-002 100.1 MNumber of Units 18.00 1286
Capital [Cost] 3.364e+005 105.8 Number of Shells 20.00 117.6
Total Cost [Cost/s] 6.233e-002 101.4 Total Area [m2] 406.6 97.47
ColdTin .. |ColdTout .. HotTin .. Hot T out |_. Load Area dT Min Hot |dT Min Cold
Heat Exchanger Cold Stream ic] Tied c] Tied Hot Stream c] Tied [E]_ Tied M /h] mz] [EJ. [Cl
E-101 < 54_To 5B 1290 ¥ 1315 | ¥ 9B_To 9C 1776 | v 151.0 | [V | 2.156e+00% 1.3172 46.14 21.97
E-102 < Cooling Water 32.068 _-_ 38.84 | I | ToCondk T-102_To_FromCi 1334 ¥V 133.0 _-_ 2.680e+007 38.691 94.54 100.9
E-103 < Cooling Water 3206 W 3884 W 8 To_10 1345 ¥ 4000 | [V | 7.398e+00€ 44.920 95.68 7.944
E-104 < 54 _To 5B 8163 W 123.0 | [ | ToCond T-102_Tao_FromCi 1334 W 133.0 | W | 4.160e+00€ 48.964 4.336 51.31
E-105 < Cooling Water 3884 W 39.99 | W | ToCond T-100_Tao_FromCi 6710 Vv 55.65 | ¥ | 6.310e+00€ 113.84 2711 16.81
E-106 < Cooling Water 3206 W 3884 W 13-B_To_13-C 1241 v 80.00 | V | 2.894e+00E 8.6399 85.21 47.94
E-107 < 54 _To 5B 8010 W 8169 | ¥ 9B_To 9C 1155 W 9291 | v | 1.396e+002 1.4391 33.82 12.81
E-108 @ ToReboiler T-101_To_FromReb 1919 ¥ 1920 | ¥ HP Steam 2539 | W 2539 2.500e+007 23.237 61.94 62.05
E-109 < 2-B_To 2C 2516 |V 80.00 | ¥ | ToCond T-102_Tao_FromCi 1334 v 133.0 | W | 9.360e+00% 2.0503 53.38 107.8
E-110 @ ToReboiler T-102_To_FromReb 1941 |V 1944 | [V HP Steam 2540 W 2539 | [ | 5.009e+007 78.251 59.56 59.81
E-111 @ ToReboiler T-102_To_FromReb 1941 |V 1941 | ¥ HP Steam 2539 W 2539 | W | 1.585e+00% 0.28943 59.81 59.78
E-112 <o 1-B_To_1-C 2525 WV 31.92 | [V | ToCondk T-100_To_FromCi 55.65 vV 55.62 | V | 7.643e+004 1.5246 2372 30.37
E-113 < Cooling Water 3000 W 3206 | W 9B_To 9C 9291 vV 80.00 [v @ 7.979e+004 0.23981 60.86 50.00
E-114 < Cooling Water 3993 W 40.00 | W 9B_To 9C 1777 W 1776 [V | 6.914e+004  4.1831e-002 137.7 137.7
E-115 < Cooling Water 3000 W 32.06 | W | ToCond T-102_Ta_FromCi 1330 W 1329 | ¥V | 1.123e+007 10.334 100.9 1029
E-116 | o 1-B_To_1-C 3192 ¥ 80.00 | ¥ | ToCond T-101_Tao_FromCi 1385 v 1346 | ¥ | 5.504e+00% 12.868 58.50 1027
E-117 < Cooling Water 3206 W 3884 W 9B_To 9C 151.0 _7_ 1155 | ¥ | 2.304e+00% 0.38804 1122 8345
E-118 @ ToReboiler T-100_To_FromReb 1358 W 1362 | v LP Steam 1589 W 158.8 | W | 6.434e+00€ 19.598 2274 22.96
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