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Abstract

The basic process design and
thermoeconomic analysis for the product
recovery and separation system of a Naphtha
Pyrolysis plant as well as the refrigeration
system required for the plant have been
accomplished.  The exergetic costs and
thermoeconomic costs of all process and
utility streams have been calculated through
a systematic method of assigning exergetic
cost relations among streams. The results
indicate that Demethanization subsystem and
Compression subsystem are the highest and

second highest in the extent of increase of
thermoeconomic cost, and should be the
major locations for significant process
improvements.

Further analysis of the design conditions
of the Demethanization subsystem, i.e. the
pressure of distillation column, indicates that
the commonly applied high pressure design
(about 3.2 MPa) is the most economic design,
considering the thermoeconomic costs of
compression and refrigeration required for
the precooling and the condenser. To
improve Demethanization subsystem, the
uses of other separation techniques, such as
absorption method, is necessary.

Keywords: exergoeconemic analysis,
thermoeconomic analysis, naphtha
pyrolysis, product recovery and
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improvement, energy efficiency
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Table 1. Naphtha Pyrolysis Plant Product Recovery

and Separation Feed Description {9]

Condition: vapor at 136 kPa, 333K

Component  |Flowrate (ktonfyr) [Component |Flowrate (kton/yr
Hydrogen 26.8 Methane 221.6
Ethylene 450.0 Ethane 1074
Propylene 169.8 Propane 9.8
1,3Butadiene |64.6 Butylenes |55.4

Steam- 260.1 Water 1753
Cracked

Naphtha

Table 2. Naphtha Pyrolysis Plant Product Recovery
and Separation Major Product Specification [9]

Component Specification
H2 90 mole%, 75% recovery
Cli4 90% recovery
C2H4 99.975 mole%, 95% recovrey
C3H6 92 wi%e, 95% recovery
C4’s 95% recovery

Table 3. Utility Costs

Utility Cost

150 psig steam $3.4/1000 Ib
Cooling water $0.03/1000 gal
Electricity $0.04/kwh




Table 4. Major Design Decisions for Product

Recovery and Separation System

Process Unit Decisions

Compression
Section

5 stages with equal compression ratio of
1.91; Adigbatic compression with
efficiency of 0.72

Condensate Splitter|Reflux Ratio: 0.4639, No. of Trays: 12

Dryer

Molecular Sieve Dehydration

Demethanizer

Reflux Ratio: 2.552, No, of Trays: 26

H2/CH4 Separator |Membrane Separation

Deethanizer Reflux Ratio: 0.7654, No. of Trays: 39,

No. of Columns: 2 Parallel

C-2 Splitter Reflux Ratio: 3.3, No. of Trays: 85, No.

of Columpns: 3 Paraliel

Depropanizer

Reflux Ratio: 1.8, No. of Trays: 75

Debutanizer Reflux Ratio; 1.5, No. of Trays: 40

Table 5. Major Design Decisions
for Refrigeration System

Process Unit Decisions
Methane 1 stage compression from 178 psia to 450.8
Cycle psia
Ethylene 2-stage compression from 17.8 psia to 38.6
Cycle psia and 58.6 psiato 192.4 psia, respectively.
Propylene 3-stage compression from i2.4 psia to 36 psia,
Cycle from 36 psta to 103 psia, from 103 psia tc 330

psia, respectively,
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Figure 3. Efficiencies of Refrigeration Systems

Figure 4. Thermoeconomic Costs($/10°Kcal) for
Streams
Input/Qutput from Major Process Units
«without consideration of capital costs

Table 6. Thermoeconomic Costs of Heating/Cooling
Utilities Supplied from refrigeration Systems

Table 7. Exergetic Efficiencies of Product Recovery

Types of | Levels of
Utilities | Utilities  |Costs(§/Million Kcal)
LS] Based on Based on
Physical Chemical
Exergy Exerpy
Cooling 153 148.7 161.7
227 859 160.99
153 924 161.05
285 1202 161.03
Heating 24% 101 161.07
274 914 160.99

and Separation System

System Efficiency
Compression Section 57.3%
Drying/Precooling Section 47.0%
Demethanization Section 14.6%
Deethanization Section 22.0%
C-2 Splitter Section 26.1%
Depropanization Section 28.3%
Debutanization Section 6.5%
Overall Process 35.2%

uq-—\wwl-. Dereth st rl:“ Crwmians (s Deprpacmom Tehtreen
Figyre 5. Thermoeconarmic Costs($ 10°Kcal) for Streatrs
Ingat/Cutpudt fremMigor Process Uiits
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Figure & Bxergy Consumption vs. Pressure for Demethanization
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Figure 7, Cost vs. Pressure for Demethanization
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Figqure 2, Refrigeration Systen Flow Diagren




