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Appendix A

RREA AND UNIT NUMBERING

Each plant consists of a number of facilities ar systems called units, which are
grouped into areas having similar purpeses. The areas and units are numbered
according to the following consistent convention for identification.

Area Area Description Unit Unit Description

10 Feed Systems 10 Coal Hendling, Grinding/
Slurry Preparation
11 Oxidant Feed

20 Onsite Units 20 Gasification and Ash Handling
21 Gas Cooling and Particulate
Removal and COS Hydrolysis
22 Acid Gas Removal
23 Sulfur Recovery
24 Tail Gas Treating
25 Zn0 Treating
30 Utility Systems ‘ 30 Steam, Condensate, and Boiler

! Feedwater
gL 32* Ccoling Water
‘. 33* Plant and Instrument Air

. 34*  Potable and Utility Water
B 35%  Fuel Dil
3 36*  Nitrogen
40 Cffsite Facilities 40* Effluent Water Treating

41%* Flare System

a2* Firewater System

43* Buildings

4% Railroad Loading and Unloading
45% Electrical Distribution

50 Power Generation System 50 Gas Expander Power Generation
51 Fired Heater and Steam Turbine
Power Generation

R A At taaced ol

*Costs of these systems are included in the General Facilities section for
each estimate of Total Plant Investment
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Appendix C

FINANCIAL ANALYSIS OF THE
TEXACO BASED FUEL GAS PLANT
DESISN EXT-5H
BOTH INVESTOR OWNED UTILITY
AND NONREGULATED COMPANY
OWNERSHI?
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FIRED HEATER AND POWER GENERATION

GENERAL
The power generation systems for all the cases consists of gas expansion
turbogenerators (a set of two expanders), a steam turbogenerator, auxiliary

punps, and a deaerator. In all the saturated steam (SS5) cases and in case
EXT-SH1 a fired heater is included. ‘

The base case steam cyclé”cnnditions for high-pressure steam are those specified
by EBRI. Steam cycle conditions for lower-pressure steam cases {EXT~552, SH2

and SH3) were selected by Fluor. Design parameters have been selected to provide
heat balanges that reflect performance of equipment currently available for order.

Table D-1 is a summary of the calculated power cutput at the generator terminals
and heat rejected to the process and power plant cooling towers for all the
cases. The summaries for the 2200 toéjday.capacit.y gasifier cases are the same
as that for the corresponding base cases. The calculated power outputs include
deduction for estimated mechanical, electrical, and radiation losses of approxi-
mately two percent for the steam turbines and the gas expanders.

TECHNICAL CRITERIA

Process Interface

Flow rates, compositions, pressures, and temperatures of the fluids to power
generation are based on the desicn of the process fuel plant, for each case.
Heat integration between the process units and the power generation includes
a fired heater fer the saturated steam (SS) cases and for case EXT-SHI.

The quantity and quality of waste heat provided to powé.r generation is
determined by the process design. For instance, the quantity of HP steam
available in Case EXT-SS, where hot gasifier effluent is used directly to _
produce steam, is greater than that in Case EXT-S51, where gasifier effluent is




quanched before heat exchange begins. Also, the utilization of the chemical
enargy in the !uel.Qau in the fired heatar increases the power generation at the
expense of reduced fuel gas for expert. The use of fuel gas in this manner ig
dependent upon whether saturated or superheated s;é&m is generated in gas
cooling, whether reheating is required, and whether'reheating is done in gas
cooling or in the fired heater.

GAS EXPANSION

i For all cases except EXT-585 and EiT-SHS5, the fuel gas from the gasification

; process (after cleanup and reheating) is delivered to the gas expander at

* 502 psig. In EXT-SS5 and EXT-SH5, the pressure of fuel gas is only 490 psig,

| due to extra pressure drop primarily in the COS hydrolysis step and 2n0 beds.
The exhaust pregsure for all cases is 35 psig. This pressure was chosen ta meet
the minimum prescure raguirements for the fired heater.

STEAM CYCLE

Table D-2 is a summary of steam conditions and specific enthalpies used for all

the cases. The summaries for the 2200 ton/day gagsifier cases are the same as for
the corresponding base cases.

A1l high-pressure steam is generated from the sensible heat in the raw gasifier
effluent. Chemical energy from the clean fuel gas is used for superheating and/
or reheating in a fired heater in the cases already mentioned. In the cases
where a Fired heater is not used, superheating and/or reheating is accomplished
by the transfer of sensible heat from the gasifier effluent.

Steam Driver

A medium-pressure condensing turbine is used in each case for the main HP boiler
feedvater pump. The spare HP boiler feedwater pump is motor driven.

FIRED HEATER

A single fired heater is used in cases where it is required. Fired heater
duties are summarized in Table D-3. The summary for the 2200 ton/day gasifier
case is the same as for its corresponding base case. The fired heater in EXT-SS
h;s a large duty, 971 x 10% Btu/hr total heat fired. This duty is not considered
unreasonable, however, because a unit has been installed in Antwerp, Belgium and

Lok started up in 1975 using a proprietary Exxon designed furnace and burners with
964 i i0% Btufhr, as the total heat Fired.




COMPONENT DESCRIPTION %
Gas_Expander {50-1-EX-1). The optimum thermodynamic design of gas expanders’
varies with gas compositlon, pressure, and temperature. However, these

conditions remain the same for all cases, except Cases EXT-5S5, EXT-SH4 and
EXT-SH5 where the compositions are slightly different. The pressure differs

in Cases EXT-555 and EXT-SHS5. Overall engine performance was calculated by

Fluor using an adiabatic efficiency of 82 percent, based on vendor information
for similar machines.

The expander is a prototype design using existing steam turbine designs but with
iso~carbon seals.

Gas Expander Generator (50-1-G-1). Each gas turbine drives a suitably rated,
0.9 power factor, 0.58 short circuit.ratio, three-phase, 60 h.rtz, 13.8 kV,

3600 rpm, open-ventilated, air-cooled generator.

Steam Turbine {51-T-1A&B and 51~-T-2). & tandem compound, reheat turbine system
consisting of HP and IP stages 51-T-1A&B and MP stage 51-T-2 is used for all
cases with 1450 psiy steam. For the low pressure steam cases, S52 and SH2, the
HP and IP stages are combined, since steam reheat is not used. Steam is

extracted at the MP level to meet process steam reguirements and for the steam
driver. In Case EXT-SH3 the steam turbine consists of an MP condensing stage.

The HP end receives superheated steam and exhausts toc the IP steam header at
approximately 445 psig in all HP steam cpses. The IP steam after combining with
sulfur plant steam is reheated in the f::réé heater or in the gas cooling unit
and flows to the IP stage. The inlet Bnd»éﬁhaust pressures are 385 psig and

LY

115 psig, respectively.

The L? end 51~T=2 is a condensing type unit receiving steam at 115 psig and
exhausting at 2-1/2 inches Hg absolute. In Case EXT-SH3, steam exhausting f.om
the air compressor driver in the oxidant plant combines with sulfur plant steam
and enters the condensing steam turbine 51-T-1 _énd exhausts at 2-1/2 inches Hg
abgsolute. The main surface condenser is desigﬁed for two tube side passes with
B0°F cooling water inlet temperature and 20°F iemperature rise.

Steam Turbine Generator (51-G-l). The stéam t;u'bine drives a suitably rated,
0.9 power factor, 0.58 short circuit ratio, three-phase, 60 hertz, 24.0 kv,
3600 rpm outdoor type, hydrogen inner-cooled generator with water cooling for

D3 o




95°F or lower. The directly comnected, enclosed brushless exciter portion is
air-cooled and has a permanent magnet generator.

4 tabulation of steam turbine performance and generator output is given in
Table D-2. )

EQUIPMENT STATE OF THE ART

The steam turbines are "conunercially available. The gas expanders, as previously
mentioned, are prototype designs using existing technology.
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Appendix E

SUMMARY OF LURGI AND TEXACO FUEL GAS PLANT ECONOMICS (MID-1980 §$)

2An economic comparison of Lurgi and Texaco gasification processes was made in
the Summary and was tabulated in Table $-7. 'ﬁ

Table E=1 compares these two systeme in more detail. The Lurgi gasification

process has been discussed in prior reports and the financial results from these
studies have been updated here.

Both Investor owned utility and nonregulated company ownerships are shown in the

table. Cost of fuel gas is compared in both current dellars and mid-1%80 dollars
through first year and levelized values.
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