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ABSTRACT

This study performs a second law analysis on the Fischer-
Tropsch complex proposed by the Ralph M. Parsons Company. The second
law efficiency of each process unit making up the complex was computed
in order to determine areas where process improvements could be made.

The complex as a whole has a first law efficiency of 70%
and a second law efficiency of 68.7%. Two areas where efficiencies
could be improved are: wunit 14, acid gas removal with a second law
efficiency of 80.2%, and unit 21, sulfur recovery, which has a second
law efficiency of 66.4%. Other areas had efficiencies greater than
87% which indicates energy recovery and conservation techniques had

been implemented in the design of the complex.
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INTRODUCTION

Purpose

This report performs a second law analysis on the Fischer-
Tropsch Complex of the Ralph M. Parson Company. A second law analysis,
based on the concept of availability, is used to pinpoint and evaluate
the dissipations in the F-T complex,and 210 to determine the efficiency of
the complex. The analysis is performed on the entire complex to deter-
mine an over-all efficiency,and also on the individual process units to

reveal areas for improvement. A second law analysis is used instead of

a first Taw (energy) analysis because the results are measured with

availability or useful energy and thus are the true efficiencies.

Second Law Analysis

Second Law Analysis is based on the concept of availability
sometimes referred to as useful energy, potential energy, exasrgy and
other names. This concept can seem abstract and difficult to understand
but availability can be considered as the measure of a material to cause a
desired change. Therefore, any material which is not in equilibrium with
its surroundings has the potential of doing useful work as it approaches

equilibrium with its surroundings,and this is the definition of avaﬂabﬂity.]’12

Description of Fischer-Tropsch Complex

The Ralph M. Parsons Fischer-Tropsch Complex is a coal conversion
facility designed to use high-sulfur ccal and convert it to SNG (substi-
tute natural gas), LPGs (liquified petroleum gases), light and heavy

naphthas, diesel fuel, fuel o0i), oxygenates {primarily alcohels), and
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electrical power for in-plant use and export. Using the Fischer-
Tropsch process, the coal is gasified, the gases purified, and reacted
to producé the above products. The industrial complex consists of a
large mine that produces 40,000 tons per day (TPD) of run-of-mine coal
which is supplied to a coal preparation plant, which in turn supplies
30,000 TPD of clean, sized coal with a heating value of 12,550 Btu/1b
to the Fischer-Tropsch plant. AlT electricity and steam required for
the Fischer-Tropsch complex are generated within the plant; therefare,

~ the input to the plant is coal, air, and water. The overall material
balance is shown on Figure 1 and the energy balance is shown on Figure 2.
The estimated fixed capital investment is $1.5 biliion based on fourth

qguarter 1875 dollars.
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‘VENT GASES 128,655 TPD
30,000 TPD PRODUCTS 13,600 TPD
COAL o -
SNG 6,550 TPD
Butanas 340 TPD
Naphthas 2,380 TPD
Oxygenates _455 TPD
PROCESS Diesel Fuel 2105 TPD
Pramium
105,880 TPD Fuat Qil 718 TPD
AIR > Sultur 1,015 TPD
UNITS
§,925 TPD
WATER -y
INTERNAL CONSUMPTION 210 TPD
Acids to
Inplant Disposal 45 TPD
Miscailanaous 165 TPD
SLAG 2,356 TPD
TOTAL 144,815 TPD 144,815 TPD
FIGURE 1

548+

Overall Material Batance

"Ralph M. Parsons Company.

Reproduced from R&D Report No. 114 -
Interim Report No. 3 by the

P



x111-7

e a

o
e
THWG B ae Frzr

wi T

T

FIMERCAend LM

FIGURE 2
Cnergy Balance

Reproduced from RAD fleport Mo, 114 - Intarin Report No. 3
hy the Ralph M. Parsans COmpany.
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Procedure for Calculating Second Law Efficiencies

A second law analysis of the Parscns Fischer-Tropsch Complex
was performed by first considering the entire plant, its inputs and
outputs and then considering each separate process unit in order to
pinpoint the process units which were the most energy inefficient.

The basis of the second law analysis is the concept of available

energy or avatlability. Availabilities were calculated using equation (1)}

(1) A=m[((Cp (T-To)) + He + Hv) - To ((cp tn (F,)) +
- In (B5) + socomb) BT2an xo]

A = availabiTity, Btu/HR

mass flow of the stream, 1bm/HR

Cp = constant pressure specific heat of the stream, Btu/lbm-°R
T = temperature of the stream °R

To = dead state temperature = 537°F = 77°F

Hc = heat of combustion of the stream, Btu/Tbm

HV = heat of vaporization of the stream, Btu/lbm

fi-1b,

TR

g~
L]

R = universal gas constant 1545

= motecular weight
= pressyre of the stream,psia
Po = dead state pressure 14.7 psia
S°comb = entropy of combustion, Btu/?bm-°R
Xo = mole fraction of substance in stream that occurs in nature.

Once the availabilities of all the inlet and outlet streams
were determined, the second law efficiency was found as shown 1in

equation 2:

550 -6
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2) E, =22

EZL = second law efficiency

Ao = availability out of unit
Ai = availability into unit

The availability loss through the unit is expressed as the sum of
the availabilities in minus the sum of the availabilities out; this loss, then,
is a measure of the inreversibility of the process.(?)

Using the relationships presented above, the second law efficiencies
and the availability losses through the entire complex and each separate
process unit were found and are shown on Tables 1 and 2 along with
availabilities in and out.

Some examples of availability calculations follow.

The availability of coal was not determined using equation (1)

but was determined from an equation presented in reference 12:

- a
A0a] © hccoai X Earbon
carbon

a = availability of coal Btu

coal TE;

hccoa1 = heat of combustion of coal, Btu/1b

2 arbon = availability of carbon, Btu/Tb

hccarbon = heat of combustion of carbon, 14,067 Btu/1b.

Therefore,

- Bty 14760
dcoal 12,550 15~ x 13067

or,

1

3.0al 13,168 Btu/ib

The availability of steam was calculated using a simplified

version of equation (1):
oo«
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o

= 0y P00 TO (S 57514 po))

Using the steam tables for steam at 510 psia and 670°F:

= - - - Bty
2 ream ({1340-49.5) - 537(1.592-.093)) 1bm
- Btu
Asteam - 4855 Tﬁ;
Where,
ht p = enthalpy of steam at pressure P and temperature T
hto b0 = enthalpy of steam at pressure Po and temperature To
St p = entropy of steam at pressure P and temperaturs T
Sto po = entropy of steam at pressure Po and temperature To

An availability using equation 1 is shown here for an oxygen -

nitrogen stream:

Oxygen ‘Nitrogen
24,947 mph 509 mph mph = moles per hour
L ]
449,046 1b/hr 14252 1b/hr m
Btu Btu
. 245 TETR .258 Tb%R Cp
650° 650°
435 psia 485 psia P
.2035 . 7567 Xo

- 1110 1545 485
ANZ = 14,252 [((.258 (650-77)) - 537 {.258 In(wgg?J) - (??gm(ZS.O])In(TZT7)))
1545 (537
- 775 2s.or) In(-7567)))]
- 6 Btu
ANZ 2.72 x 10 “hr -

ool<
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o - asooss [((.245 (650-77)) - 537 ((-225 InChiI®) - (BE2 oy 10 (F)))

02
- (528 5L 1n(.2035)))]

A =96.3 x 10° Btu/hr

02
- . 6 Btu 6 Btu
Agowz = Rop * Py = 272 % 100 = 96.3 x 10° 5=
. 6 Btu
Agoyz = 99 X 107 Fr

Availabilities for flows in and out of various process units

are shown in Figure 3.

TABLE 1

Overall Availabilities of the Fischer-Tropsch Complex
Infet and OQutlet Streams

Inlet Streams

Stream Name A, Availability, Btu/day &, Flow Rate, TPD
1. Coal Feed 790.09 x 10° 30,000
2. Water 0 105,850
3. Air 0 8,925
Total 790.09 x 10° 144,815

Outlet Streams

| Stream Name A, Availability, g%% ;, Flow Rate, TPD
1. SNG 289.51 % 10° 6,590
2. Oxysenates (Alcohols)] 11,71 x 10° 455
3. Diesel Fugel 83.83 x 109 2,105
4. Sulfur 9.13 x 10° 1,015
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Qutlet Streams {cont)

Btu .

Stream Name A, Availability, day m, Flow Rate, TPD
5. Naphthas 94,93 x 10° 2,380
6. Fuel 0il 27.87 % 10° 715
7. LPG_(Butanes) 14,24 x 10° 340
8. Electricity 11.43 x 10° -

TOTAL 542.64 x 10° 13,600
£ =.second taw efficiency = ?ﬁg;itAagiiizngi;z-= 22%2%; i 183 = 68.7%
Net Avaiiability Loss = Ain1et - Aoutlet =
190.09 x 10% - 542.64 x 10° = 247.45 x 10° Btu/day
TABLE 2
Availabilities of Inlet andOutlet Streams, Net Availability
1oss, and the Second Law Efficiency of Each Process Unit
Tniet Avaijabiiity4 Outlet Availability, end Law Effic-

Unit # A, Rtu/hr Ao’ Btu/hr A; - Ag jency E, Ag/Aj

12 61.64 x 10° 56.73 x 10° 4.91 x 10° ] .920

13 70.83 x 107 63.58 x_10° 2.25 x 10° | .968

14 29.74 x 10° 23.86 x 10° 5.88 x 10°]  .802

16 23.50 x 16° 20.54 x 10° 2.96 x 10°| .874

17| 13.57 x 10° 11.97 x 10° | 1.60 x 10°| 882

18 18.74 x 10° 29,50 x_10° !

19 | 26.96 x 107 25.61 x 107 1 1.35 x 10’ | .950

21 | ss.a5 x 10 58.73 x 10 ' 29.72 x 107|664

22 . aa.37 x 10/ 2.01 x 10 £42 36 x 10?2 045

26 % 3.64 x 10° 1.96 x 107 | jeex10®] 538 sx
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Lonclusions:

The Fischer-Tropsch Complex with a first Taw or enerqy
efficiency of 70% for the overall has a second law of 68.7%. Individual
process unit second law efficiencies are listed in Table 2. From this
tabie, Units 12 and 13 have the highest efficiencies, 92% and 96.8%
respectively; therefore, there is Tittle improvement to be made in these
units. The power generation system, Unit 26, has a second Taw efficiency
of 53.7%; however, this ynit consists only of a turbine and generator
and uses steam generated in Units 16 and 17. The second ]aw analysis
also pinpointed process units with low second Taw efficiencies thus
reveal ing areas for possible improvement. Unit 14, Acid Gas Removal,
which uses a Selexol solution process, has a second law efficiency of
80.2%. Perhaps the present Selexol Acid Gas Removal System can be replaced
by a DEA system to become more efficient. A study such as Section 1X,
Alternate Acid Gas Removals System Study, of this report can be performed
on the Acid Gas Removal Unit of the Fischer-Tropsch Complex. Sulfur
Recovery, Unit 21, with a second Taw efficiency of 66.4%, is ancther area
where possible improvements should ba analyzed to achiever higher efficiencies.
Unit 22, Water Reclamation, has an extremely Tow second law efficiency
of 4.5% which seems to suggest an area for large improvements. This is
misieading due to the fact that most of the outlet streams consist of
water at ambient temperatures and pressures resuiting in a low outlet

availability,

PRt
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As demonstrated in this study, a second Taw analysis is a
very useful method by which to evaluate industrial plants and processes
in order to pinpoint areas for improvement. The methodology used on
the Fischer-Tropsch Complex can be applied to other industrial plants

and processes.
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