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Physical Properties

Relevant transport properties may be obtained for the
pure components from the Chemical Engineers’ Hand-
book [1]. Critical properties of the pure compounds are
found in Table 1.

Vapor-Liquid Equilibrium Data

High pressure (7,000 kPa) K-value data (K; = Y/X,) for
methane, ethane, propane, and n-butane are found in Ta-
ble 2. These data should be used for performing flash cal-
culations at or near 7,000 kPa upstream or downstream of
the demethanizer. Low pressure K-value data are found
in Tables 3, 4 and 5 at pressures of 1,034, 2,069, and 2,759
kPa respectively and may be used in flash calculations
near these pressures. Many methods exist to use K-values
to evaluate single-stage vapor-liquid equilibrium and par-
titioning; methods suggested by Holland [3] or Treybal
[4] are acceptable procedures.

For this problem, distillation calculations for the
demethanizer and de-ethanizer should utilize the iso-
baric T-H-X-Y data for the binaries methane-ethane and
ethane-propane which are tabulated in Tables 6 through
12. Other data should be interpolated or extrapolated
from these data.

General Distillation Column Design Assumptions

a) Atthe client’s request, use sieve (perforated) trays
for the demethanizer column and for the de-
ethanizer column.

b) Assume 61 cm tray spacing.

c) While a 0.7 kPa pressure drop across each tray in
each column is typical, assume no pressure drop
across the tower to simplify the separation calcula-
tions.

d) Figure 18-10 in the Chemical Engineers’ Hand-
book [1] may be used to determine the flood veloc-
ity for sieve tray calculations. Use 80% of flood as a
maximum velocity. For these calculations, surface
tensions of liquid hydrocarbons are summarized in
Table 13.

e) Assume 80% active tray area.

f) Assume the following overall column efficiencies
for calculating actual number of trays:

Demethanizer — 55%
De-ethanizer — 60%

The number of calculated theoretical and actual
trays should each be rounded up to the nearest
integer.

g) Assume two meters above the top tray and (0.06 x
number of trays + 2) meters below the bottom tray
when calculating column height.

h) Assume kinetic and potential energy terms are neg-
ligible when calculating the energy balances.

i) Use only the two key components to calculate each
distillation separation. Any special theory to per-
form the separation calculations should be dis-
cussed, otherwise a specific literature citation is
adequate.

j) For the demethanizer, the cold expander outlet
(vapor and liquid) enters onto the top tray. The
chilled liquid from the chilled gas separator enters
onto an intermediate tray to be optimally defined.
The number of theoretical trays is fixed at ten for
the demethanizer.

k) For the de-ethanizer, feed is located at the optimum
tray. Reflux ratio is fixed at 1.15 X minimum reflux

ratio, thus the total number of trays may vary be-
tween cases.

1) Use all of the stream components for calculating
condenser and reboiler duty and for determining
top and bottom column temperatures. Use the
enthalpy data base discussed in section titled “Curl
Pitzer Data Base.”

Equipment Pressure Drop

Assume the following pressure drops:
a) Heat exchangers

Shell side: negligible

Tube side: negligible
b) Distillation columns: negligible
¢) Separators and drums: negligible
d) Piping: negligible

Note:

For detailed design of equipment and piping,
pressure drops would be considered. For this
preliminary evaluation, these pressure drops are
to be neglected.

Heat Transfer Coefficients

The following overall heat transfer coefficients may be
assumed:

Overall Heat
Transfer Coefficient

System W/(m? - K) Btu/(h - fi2 - °F)

Shell & Tube Exchangers

Feed/Cold Gas 340 60
Exchanger

Feed Gas 450 80
Chiller

Sales Gas Cooler 450 80

Sales Gas 280 50
Intercooler

Demethanizer 450 80
Reboiler

De-ethanizer 800 140
Reboiler

De-ethanizer 680 120
Condenser

Conversion Factor: W/(m? - K) x 0.17623 = Btu/(h - ft2 - °F)

Curl-Pitzer Data Base

The Curl-Pitzer enthalpy and entropy departure data
base [2] based on corresponding states should be used for
the expander calculations and for calculating the inlet and
outlet enthalpies of the tower streams; this is needed to
calculate the tower condenser or reboiler duties. For
these stream enthalpies, conversion from a pseudocom-
ponent to an actual component mixture will frequently
require resetting a dew or bubble point temperature; this
should be done first using the low pressure K-values, and
then the stream enthalpy is estimated using reduced tem-
perature and pressure properties.

The molar-weighted average (also known as Kay’s rule)
of ideal gas enthalpy, critical temperature, critical pres-
sure, and acentric factor should be used to estimate the
pseudocritical properties, enthalpy departures and real
enthalpy of the stream mixture.

le Fluid)

imp

HO— H)(O)
RTc

Effect of Pressure on Enthalpy (S

Figure 3

6.0

5.5

500

4.5

Séurce: Reproduced by permission of Gas Processors Suppliers Association, "Engineering Data Book,”" 9th Edition. 1972
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Pumps — Carbon Steel

(with Electric Motor Drivers)

Horsepower

Dollars/Horsepower

680
450
230
170
130

Sales Gas Centrifugal Compressor with

Electric Motor Drive

Brake Horsepower

500
1,000
1,500
2,000
3,000

Dollars/Horsepower

390

355
330
320
315

Combined, Integrated Expander-Compressor

Horsepower Dollars/Horsepower
500 440
1,000 420
1,500 400
2,000 390
3,000 380

Feed and Product Costs and Credits in 1987 Dollars

Costs

Natural Gas Feed

Product Credits

Sales Gas to Pipeline

Ethane Product

Propane & Butane Stream

Gas Processing Costs

value)

value)

$2.85/GJ (lower heating

$2.85/GJ (lower heating

$0.18/kilogram

Purchased Utility Costs

The costs shown below are the total cost of purchasing

utilities from a nearby plant.

Circulating Cooling Water

Electricity

Steam (1,000 kPa)

$0.05/kWh

(includes condensate

return credit)

Propane Refrigerant

@ —34°C
@ -5°C

$24.85/G]J
$9.50/GJ

$0.20/kilogram

$0.025 per cubic meter
$7.70/thousand kilograms

(Note: k = 103, M = 108, G = 10)

Basis for Discounted Cash Flow Analysis

The following assumptions are to be used for calcula-
ting the discounted cash flow rate of return on equity

capital:

Item

Cost estimate
Common equity capital

Rate of inflation
(escalation)

Plant schedule

Schedule of fixed capital
cost expenditures

Operating plant life

Method of depreciation

Combined federal and

state income tax rate
Salvage value

Organization & startup
expense

Annual onstream time

Land cost

Working capital

Annual maintenance ex-
pense

Annual property taxes and
insurance

Operating labor
(2 operators/shift, total
8 operators)

Payroll charges

General & administrative
expense

Basis

1987 dollars
100% (zero debt)
0% per year

—Start design at the begin-
ning of 1988

—Start commercial plant
operation at 100% design
flow at the beginning of
1990

—1988 50%

—1989 50%

15 years (1990 to 2004)

Straight line for 15 years

(starting in the beginning

of 1990 and terminating at

the end of 2004)

50%

zero

5% of fixed plant capital
cost

(50% in 1988 and 50% in
1989)

8,400 hours/year (350
days/year)

5% of fixed plant capital
cost

(100% at beginning of
1988. Recovered as cash in
2004).

10% of the following: total
annual value of products
minus cost of feed gas and
utilities. (One time ex-
penditure at beginning of
1990. Recovered as cash in
2004).

3% of fixed plant capital
cost

2% of fixed plant capital
cost

$320,000/year

$96,000/year

1.0% of fixed plant capital
cost

Section 25 of the Chemical Engineer’s Handbook [1]
explains the method for calculating discounted cash flow
rate of return. The discounted cash flow rate of return will
be the interest rate at which the cumulative sum of the an-
nual net discounted cash flows over 17 years (2 years de-
sign and construction plus 15 years operation) equals
zero. Interest is compounded annually. The working cap-
ital and land cost are not depreciated and are not deducti-
ble as an expense. They are considered liquid assets that
are recovered as cash at the end of the last year of opera-
tion. Assume that organization and startup costs can be
treated as a business expense.

PROPANE /

= BUTANE

3> ETHANE

SALES
=> GAs

7000 _KPa
49°C

DEETHANIZER
REFLUX DRUM
A 4

DEETHANIZER
REFLUX PUMP

STEAM

s
¥

DEETHANIZER
CONDENSER

DEETHANIZER
REBOILER

C.w.

DEETHANIZER

SALES GAS
COOLER

DEME THANIZER

BOTTOMS PUMP
DEME THANIZER

REBOILER

DEMETHANIZER

D

Process Flow Diagram of Gas Processing Plant for Ethane Recovery
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TABLE 2. HIGH PRESSURE K-VALUE DATA

Pressure: 7,000 kPa
Temperature: at values shown below

TABLE 7. METHANE-ETHANE TEMPERATURE-COMPOSITION-ENTHALPY VLE DATA AT 1,379 kPa

Liquid Phase Methane

Liquid Enthalpy,*

Vapor Phase Methane

Vapor Enthalpy,*

Temp., K Mole Fraction kJ/kg Mole Fraction k}/kg
~73.3°C -51.1°C —-28.9°C -6.7°C 15.6°C 156.2 1.0 ~111.0 1.0 978.0
Methane, K-value 1.4 1.55 1.68 1.82 2.10 157.7 m.ww - oo -
Ethane, K-value 0.33 041 0.50 0.61 0.77 159.3 : — : —
162.5 0.80 —168.8 0.992 290.1
Propane, K-value 0.079 0.12 0.175 0.25 0.35 170.4 0.60 —200 4 0.977 305.5
n-Butane, K-value 0.021 0.044 0.075 0.105 0.1533 Hmw”o 0.40 _2085 0.937 394.1
193.0 0.30 -200.7 0.887 332.2
207.4 0.20 —-180.3 0.774 333.0
227.5 0.10 —-142.5 0.510 315.3
239.5 0.05 — 0.286 —
TABLE 3. LOW PRESSURE K-VALUE DATA 245.7 0.025 e 0.149 —
Presure: HVQW& kPa 251.9 0.0 -89 0.0 282.9
Temperature: at values shown below
*Datum: ideal gas at zero K, zero kPa
—loLre —TIC —45.6°C —178C 10.0°C 37.8°C 65.6°C TABLE 8. METHANE-ETHANE TEMPERATURE-COMPOSITION-ENTHALPY VLE DATA AT 1,724 kPa
Methane, K-value 2.3 4.7 7.3 10.5 13 158 18 Liquid Phase Methane Liquid Enthalpy,* Vapor Phase Methane Vapor Enthalpy,*
Ethane, K-value 0.072 0.26 0.66 1.35 2.4 3.75 54 Te K Mole Fracti KJ/k Mole Fracti KJ/k
Propane, K-value 0.0044 0.029 0.11 0.29 0.65 1.2 2.0 ome- ole Fraction & o'e fraction &
B . —4
n-Butane, K-value 2.7 X 10 0.003 0.018 0.068 0.18 0.40 0.75 1617 1.0 —85.0 1.0 278.0
163.5 0.95 — 0.997 —
165.2 0.90 — 0.995 —
168.7 0.80 —146.2 0.989 291.8
177.4 0.60 —-178.2 0.969 308.8
TABLE 4. LOW PRESSURE K-VALUE DATA 191.4 0.40 —184.4 0.918 327.6 i
Pressure: 2,069 kPa 202.2 0.30 -174.5 0.856 334.3 |
Temperature: at values shown below 217.3 0.20 —15L8 0.724 332.4
237.3 0.10 —-113.2 0.453 313.7
_ o _ o . o _ o o o o, 248.6 0.05 — 0.246 —
101.1°C 73.3°C 45.6°C 17.8°C 10.0°C 37.8°C 65.6°C 054 4 0.025 _ 0.127 B |
Methane, K-value 1.18 2.35 3.80 5.30 6.70 8.10 9.40 260.1 0.0 —61.1 0.0 2810
Ethane, K-value 0.05 0.165 0.39 0.78 1.35 2.05 2.82 " A
Propane, K-value 0.0035 0.0195 0.070 0.182 0.38 0.67 118 Datum: ideal gas at zero K, zero kPa
p-Butane, K-value 0.00025 0.0025 0.0125 0.044 0.112 0.235 0.43 TABLE 9. METHANE-ETHANE TEMPERATURE-COMPOSITION-ENTHALPY VLE DATA AT 2,068 kPa
Liquid Phase Methane Liquid Enthalpy,* Vapor Phase Methane Vapor Enthalpy,*
Temp., K Mole Fraction k)/kg Mole Fraction kj/kg
TABLE 5. LOW PRESSURE K-VALUE DATA 1665 L0 _6L5 1.0 973.6
Pressure: 2,759 kPa 168.4 0.95 — 0.996 _
Temperature: at values shown below 170.3 0.90 e 0.993 — :
174.1 0.80 -125.7 0.985 291.9 !
—-101.1°C -73.3°C —45.6°C -17.8°C 10.0°C 37.8°C 65.6°C 183.7 0.60 —-157.9 0.961 310.3
198.8 0.40 —-162.1 0.898 329.0
Methane, K-value 0.94 1.8 2.85 3.95 5.1 6.1 7.1 210.4 0.30 —-150.4 0.824 334.4
Ethane, K-value 0.046 0.15 0.35 0.66 1.1 1.65 2.2 226.0 0.20 -125.8 0.678 330.2
Propane, K-value 0.0035 0.018 0.063 0.155 0.34 0.57 0.90 245.7 0.10 ~86.6 0.406 311.3
n-Butane, K-value 2.5 x 10 2.4 %X 1073 0.0115 0.039 0.10 0.205 0.36 256.5 0.05 — 0.215 —
261.8 0.025 — 0.109 —
267.1 0.0 -37 0.0 286.0

*Datum: ideal gas at zero K, zero kPa

TABLE 10. METHANE-ETHANE TEMPERATURE-COMPOSITION-ENTHALPY VLE DATA AT 2,413 kPa

TABLE 6. METHANE-ETHANE TEMPERATURE-COMPOSITION-ENTHALPY VLE DATA AT 1034 kPa

Liquid Phasec Methane Liquid Enthalpy,* Vapor Phase Methane Vapor Enthalpy,* Liquid Phase Methane Liquid Enthalpy,* Vapor Phase Methane Vapor Enthalpy,*

Temp., K Mole Fraction ky/kg Mole Fraction kJ/kg Temp., K Mole Fraction k]/kg Mole Fraction kJ/kg
149.6 1.0 ~140.0 1.0 273.8
151.0 0.95 — 0.999 — ot oo » w.mcm 207
152.3 0.90 - 0.997 — 174.9 0.90 _ 0.991 —
155.1 080 ~194.6 0.994 285.9 1790 0.80 ~1065 0.981 290.7
162.1 0.60 -925.5 0.984 299.8 189.4 0.60 ~138.9 0.951 310.4
173.3 0.40 -235.6 0.955 317.6 2057 0.40 ~141.1 0.877 328.9
182.3 0.30 -230.0 0.917 327.0 217.9 0.30 ~127.6 0.792 332.8
195.6 0.20 ~212.4 0.826 331.2 2338 0.20 _l013 0.635 326.9 ,
215.7 0.10 ~176.0 0.581 316.0 2531 0.10 Z61.7 0.365 308.3
298.4 0.05 — 0.340 — 263.4 0.05 _ 0.189 i. ‘,
235.2 . 0.025 — 0.182 — 268 4 0025 — 0.095 —
242.1 0.0 -119.2 0.0 274.2 9733 0.0 ~12 0.0 288.1

*U .3 ae
atum: ideal gas at zero K, zero kPa *Datam: ideal gas at zero K, zero kPa
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