
Section 4 

PLANT DESCRIPTIONS - CASE B2 
LOW-CONVERSION METHANOL PLANT WITH COS HYDROLYSIS 

UNIT/1500 PSIG SATURATED STEAMKND 2000°F GAS TURBINES 

GENERAL 

A grass roots plant for electric power generation based on single-stage entrained 

oxygen-blown gasifiers of the Texaco type, integrated with current state-of-the- 

art combined-cycle generating equipment, is shown schematically on Block Flew 

Diagram EXTC(ME-B2)-I-I for Case B2. Each block indicates the area and unit num- 

bering, as well as the number of operating trains in each unit. The plant con- 

sumes 10,000 short tons per day of Illinois No. 6 coal, fed to the gasifiers in a 

water slurry containing 66.5 weight percent solids. 

The main plant consists of coal pulverization and slurry preparation, oxidant 

feed, gasification, gas cooling: acid gas removal, zinc oxide treatment and 

methanol units, together with the combined-cycle power system. Coal receiving, 

storage, and conveying are accomplish£@ in a single train to minimize space and 

operating labor requirements. Coal pulverization requires two parallel trains 

containing equipment of the largest sizes now available. The oxidant feed unit 

has five parallel operating trains. The gasification unit has three parallel 

operating trains and one spare train. One train ash handling system (without 

spare) serves all of the gasification units. The gas cooling comprising of COS 

hydrolysis unit and an acid gas removal unit, has two operating parallel trains. 

The zinc oxide treatment unit has three parallel trains. The methanol plant con- 

sists of five reactor trains, and one gas cooling and methanol flash train. There 

are five parallel gas turbines, ten heat recovery steam generators, and a single 

primary steam turbine. 

In add~lion to the main processing trains, the plant includes necessary utility, 

environmental, and support facilities. Environmental safeguards have been con- 

sidered by recovering elemental sulfur from the hydrogen sulfide in the acid gas. 
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Besides the two 50 percent operating trains, the sulfur recovery and tail gas 

treating units each have one 50 percent spare train to protect the environment in 

the event of equipment failure. M~st of the process condensate is recycled to 

slurry preparation, while a small purge stream is treated before disposal. The 

plant storm water and utility waste water are collected and treated. The utility 

systems supporting the plant operation consist of a raw water treating unit, 

cooling towers, and a condensate collection and deaeration system. Additional 

support facilities provided are plant and instrument air, potable water, fuel gas 

flare, fire water, buildings, loading docks, and electrical distribution. 

In the flow diagram numbering scheme, EXTC is an acronym f o r  E_ntrained oXygen- 

blown Texaco gasifier, with a Combined-cycle power plant. HE designates a 

MEthanol coproduction study, and A2 and B2 refer to the two cases studied as 

described by the flow diagram titles. The numbers refer to the unit number and 

then the flow diagram number for each unit. 

Table 4-i shows the number of operating and spare trains for major sections of 

Case B2. 
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Table 4-i 

TRAINS OF EQUIPMENT IN MAJOR PLANT SECTXONS - CASE B2 

Unit 
No. Name Operating 

I0 Coal Handling 1 O 
10 Coal Grinding 2 0 
I0 Slurry Preparation 1 0 

11 Oxidant Feed 5 0 

20 Gasification 3 1 
20 High-Temperature Gas Cooling and 3 i 

Gas Scrubbing 
20 Ash Handling 1 0 

21 Gas Cooling 2 0 
21 COS Hydrolysis 2 0 

22 Acid Gas Removal 2 0 

23 Sulfur Recovery 2 i 

24 Tail Gas Treating 2 I 

25 Zinc Oxide Treating 3 0 
25 Methanol Plant * 0 

30 Steam, BFW and Condensate Syste~ 

a Condensate Collection. and 
and Deaeration 1 0 

• Water Treating 1 0 

32 Cooling Water System I** 0 

40 Effluent Water Treating 1 0 
40 Process Condensate Treating 1 0 

50 Gas Turbine/Generator 5 0 

51 Heat Recovery Steam Generator 10 0 
51 Steam Turbine/Generator 1 0 

*Fiv----~ reactor trains and one gas cooling and methanol 
flash train 

**The cooling tower dedicated to the process plant sections 
is separate from the towers dedicated to the steam turbo- 
g e n e r a t o r  c o n d e n s e r  
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OXIDANT FEED 

Process Flow Diagram EXTC(ME-B2)-11-1 shows the oxidant feed system design used 

for Case B2. There are five parallel trains each consisting o£ one air compres- 

sion system,, one air separation plant and one oxygen compression system. No 

spare train is provided in this section. 

Atmospheric air at 14.4 psia, 88°F is compressed to 95 psia in two-stage axial- 

centrifugal machines II-I-C-I. The heat of compression is rejected to vacuum 

condensate water in intercooler ll-l-E-1 and to cooling water in intercooler 

ll-l-E-2 and aftercooler 11-I-E-3. 

The 122,900 total hp required by the air compressors is supplied by electric 

motors. The compressed air at SO psia, 100°F is processed in air separation unit 

11-I-ME-1 to produce a total of 8380 tons per day (100 percent O z basis) of 

98 volume percent oxygen. The air separation unit operating parameters are 

typical of those for reversing exchanger plant design, which uses turboexpanders 

for refrigerat{on. These turboe~anders produce 1.72 MW of power for in-plant 

consumption. 

The 98 mole percent oxygen product at 2 psig, 90°F is compressed to 1120 psig in 

six stages, prior to being fed to the gasifiers. The interstage heat of compres- 

Sion is rejected to cooling water in interstage coolers 11-I-E-4 through ll-l-E-8. 

The final discharge temperature is 287°F which is judged to be within design 

limits for commercial equipment. 

The 68,.000 total hp oxidant compression requirement is supplied by electric 

motors. The startup of the coal gasification unit will be greatly simplified by 

using electric motors, rather than steam turbines as drivers in the'oxidant feed 

system. Additionally, the steam distribution and condensate collection systems 

are simplified by concentrating the higher pressure steam usages in the combined- 

cycle section of the plant. 

Equipment Notes 

The air compressor and cryogenic air separation plant are commercially available. 

The oxygen compressor with 1120 psig discharge pressure, is an e~tension of the 

commercially-demonstrated centrifugal machine with 950 psig. Attainment of 

designs based on 1120 psig discharge pressure with current technology is judged 
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to be commercially available. The use of water-cooled oxygen compressors to 

obtain a 95°F interstage temperature lowers the required compression horsepower. 

Many of the previous oxidant feed system designs in EPRI s£udies used air-cooled 

e~changers for this service. Minimizing power demand is an i,~ortant considera- 

tion, since the oxidant feed system is the largest internal consumer of electric 

power in the GCC plant. Power requirements may be reduced further, through 

process optimization, by air separation plant suppliers. 
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GASIFICATION AND ASH HANDLING 

Process Flow Diagram EXTC(ME-B2)-20-1 shows the gasification, raw gas cooling, 

and particulate removal steps for Case B2. Three operating trains and one spare 

train are provided. The ash handling system is a single I00 percent capacity 

train. The 20-ME-2 box represents proprietary sections of the Texaco coal gasi- 

fication process containing many units of equipment. 

The Texaco gasifier is a vertical cylindrical vessel with a low alloy steel shell. 

The reaction section of the gasifier, the effluent gas line, and the slag sepa- 

rator are refractory lined. 

Coal slurry and ozygen combine at the gasifier burners. Each burner is oriented 

downward from the top head of the gasifier. The burners have circulating, tem- 

pered water-cooling coils. 

The gasification section 20-I-R-! operates at an average pressure o$ i000 psig 

and at temparatures in the range of 2300°F to 2600°F. The ash melts to form slag. 

The gasification temperature must be sufficiently, above the ash flow point to 

ensure free-flowing molten slag. Most of the coal ash is converted to molten slag 

and falls into a water quench at the bottom of the gasifier. Part of the coal 

burns with oxygen to produce a hot flue gas. This combustion reaction provides' 

heat for the endothermic steam/carbon and carbon/CO a reactions. The hydrogen and 

carbon in the coal reagt to form C0,.C02, H 2 and a small amount of CH 4. Most of 

the sulfur is converted to H2S and COS. Nitrogen in the coal transforms to free 

nitrogen and a small quantity of ammonia. At the high temperatures prevailing in 

the gasifier, some of the ammonia in the recycled water is eliminated by dis- 

sociation and combustion reactions in the gasifier. 

The crude gas product formed in the gasification zone separates from most of the 

molten ash, leaves the gasifier, and is then quenched with cool, scrubbed, 

recycle gas below the ash softening point. The amount of this recycle gas is 

related to ash properties. We have selected an amount which reduces the gas 

temperature sufficiently below the cool softening t~mperature to assume it is 

solidified. If more recycle is actually required to reduce ash fouling, the over- 

all plant efficiency would not be altered significantly. However, due to the 

higher throughput, the capital costs would change for the affected exchangers and 

recycle gas compressors. The mi~ing with recycle gas takes place in a gas quench 

vessel attached to the gasifier. Both the gasifier and gas quench vessel are 
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vertical cylindrical chambers that are refractory lined to shield the low-alloy 

vessel shell from high temperatures. 

Solids entrained in the exit gas are captured in gas scrubber 20-I-V-4, combined 

with the slag from all operating gasifiers and processed in a single ash dewater- 

ing system 20-ME-2. The resulting ash cake, assumed to contain 40 weight percent 

water, is transported to a landfill disposal by railroad cars. overflow from the 

slag dewatering unit is recycled to the coal slurry and slag quench areas. A 

slip stream of 107 gpm of recla/med process water is purged to a proprietary 

Texaco water treating process for removal of ultrafine slag and soot particles, 

dissolved metals, formates, sulfides, and ammonia. This water treating unit is 

included in the general facilities section. 

Energy Recovery 

Hot c rude  gas w i th  e n t r a i n e d  ash p a r t i c l e s  ~en te r s  2 0 - 1 - E - 1 ,  where 1500 p s i g  

s a t u r a t e d  steam i s  g e n e r a t e d  by r e c o v e r y  o f  h i g h - l e v e l  s e n s i b l e  h e a t .  For t h i s  

f e a s i b i l i t y  s t u d y ,  the  c a p i t a l  c o s t  o f  t h e s e  u n i t s  i s  ba se d  on a h o r i z o n t a l  t i r e -  

tube-type design. It is recognized that the exchanger configuration ultimately 

adopted for commercial plants may not be the same as that used in this case. 

Final designs of the commercial units must accommodate the ash fouling char- 

acteristics at high pressure in a reducing environment. These conditions are 

severe ones, for which more operating experience is required. In the design 

adopted for this study, the boiler inlet channel is refractory lined and the tubes 

are constructed of low-alloy steel to resist the temperature and hydrogen content 

of the crude ga~. This heat transfer equipment includes special proprietary fea- 

tures to effectively prevent ash buildup. Soot blowers or other special solids 

removal systems are not provided. A process contingency of 20 percent has been 

applied to the estimated installed cost of this unit to reflect the uncertainty 

associated with this design. 

Raw gas leaving the high-pressure saturated steam generator is further cooled by 

heating methanol synthesis gas from Unit 21 in 20-1-E-2, before being routed to 

the methanol plant and by heating gas scrubber overhead in 20-1-E-4, before being 

routed to the COS hydrolysis unit. Saturated mer!ium-pressure (MP) steam an 

115 psig is generated by cooling the raw gas further in 20-1-E-3. The ash con- 

raining raw gas, flows on the tube side to reduce solids deposition. Hot boiler 

feedwater at HP. steam saturation temperature (598OF), and boiler feedwater streams 

at 347°F are supplied from heat recovery steam generation (HRSG) units located in 
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Unit 51. Exchanger 20-1-E-3 is a kettle-t~e boiler with the boiler feedwater 

fed to the shell side. 

Particulate Removal 

The particulate bearing raw gas leaves the cooling unit and flows to the gas 

scrubber 20-i-v-%. Ammonia absorber ~ottoms and hot process condensate from the 

gas-cooling area (Flow Diagram E~TC(ME-B2)-21-1) are used for gas scrubbing. 

Water from 20-I-V-4 is recycled to 20-ME~2. The solids-free raw gas from 

20-I-V-4 is reheated to 50°F, above its dew point in 20-I-E-4, and flows to the 

gas-cooling section Unit 21. In subsequent sections of this report dealing with 

economics, the reader's attention is called to the fact that costs for equipment 

included in the proprietary gas cooling and scrubbing units are included in the 

gas cooling system (Unit 21) costs. 

,~pment Notes 

The Texaco ga~ifier is commercially proven for the gasification of liquid hydro- 

carbons. Commercial experience with coal gasification is limited. One Texaco 

coal gasifisr has been operating for over two years in Germany eta bout 560 psig. 

This gasifier handles only six tons per hour of coal, about four percent of the 

design throughput of the gasifiers used in this study. Another installation for 

TVA which feeds eight tons per hour at a similar pressu~ is ready for startup. 

A gasifier of the size used in this study, but air blown at a lower pressure, is 

being readied for startup for a confidential U.S. company. The Texaco coal gas- 

ification research facility at Montebello, California is presently testing coals 

in a gasifier which operates at over I000 psig. 

A coal gasifier having approximately one-half of the capacity of the gasifiers 

used for this study (when corrected for pressure effects) is currently in the 

final engineering desi'gn stages. This gasifier, to be constructed as part of 

the Cool Water Coal Gasification-Combined Cycle Demonst: ation Plant by Southern 

California Edison Company, TeKaco° Inc., EPRI, General Electric Company, Hechtel 

and others, is scheduled to commence operation in 1984. Therefore the gasifiers 

employed in this study should be considered to be an extension of exist~Ig tech- 

nology, even after the Cool Water plant has operated. The intent of this study 

is to project equipment performanace and costs for "mature" technology systems, 

i.e., systems that could exist after approximately five large scale commercial 

plant have been built and successfully operated. 
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The slag dewatering system is composed of commercially-proven equipment. 

The gas scrubbing unit equipment is commercially available. 

The key features in these desiflns center on the heat transfer equipment used for 

high-level sensible heat recovery. 1500 psig saturated steam is generated in an 

unconventional fire-tube boiler. Successful designs of similar items, which pro- 

cess gas containing no entrained solids, have been developed by Steilunuiler and 

by Siegener, both of West Germany. The designs and cout estimates adopted in 

this study were developed by a major waste heat boiler manufacturer. 'It is also 

im@ortant to realize that the gas cooler designs for this study are different 

from those being designed for the Cool Water Demonstration plant. 

The gasifier and dry-gas equipment metallurgies are well-defined based on the 

liquid hydrocarbon partial oxidation experience. Materials of construction for 

equipment in contact with recovered process condensate are difficult to specify 

at this stage of development. Actual materials for comme?clal units will likely 

be highly specific to the feed coal. The purge fate of .~rocess condensate to 

treating is one parameter which will affect the choice o ~ metallurgies in commer- 

cial systems. A detailed study o£ the cost/benefit relationship~tween purge 

rate and material costs is beyond the scope of the present work. 
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GAS COOLING 

Process Flow Diagram EXTC(ME-B2)-21-1 shows one of the two parallel trains in the 

gas cooling section for Case B2. No spare train is provided. 

Clean gasifier effluent from 20-1-E-4 at 440°F enters the gas cooling section and 

is fed to the COS hydrolysis unit 21-1-V-5A and 5B. In this unit, COS is 

hydrolyzed to H2S in the presence of an activated alumina catalyst according to 

the selective reaction: 

COS + HzO ~ HzS + CO 2 (~-i) 

clean effluent from the hydrolysis unit is cooled to 105°F on the tube side of a 

series of exchangers 21-I-E-I, 21-I-E-2, 21-I--E-4, and 21-I-E-5. Heat is recov- 

ered in exchanger 21-I-E-1 by the generation of saturated 50 psig steam. The 

effluent, after separation of condensate in the knockout drum 21-1-V-l, is then 

cooled by exchanging heat against methanol synthesis gas'in 21-I-E-2. The con- 

densate produced in cooling is separated in 21-I-V-2. Further gas cooling is 

obtained in exchanger 21-I-E-4 by heating vacuum condensate. The gas is then 

cooled by heat exchange in 21-I-E-5 against synthesis gas from the acid gas 

removal unit. The resultant condensate is separated in knockout drum21-l-V-3. 

Condensate from knockout drums 21-1-V-I and 21-I-V-2 flows to 21-1-V-3. Some of 

the combined hot condensate from 21-1-V-3 flows to the slurry preparation unit 

10-ME-6 and the remainder is pumped to the particulate scrubber20-1-V-4 and to 

the gasifier 20-1-R-1 (Flow Diagram EXTC(HE-B2)-20-1). 

The overhead gas from knockout drum 21-1-V-3 flows to ammonia absorber 21-1-V-4, 

which contains six sieve-type trays : Ammonia is removed down to one ppm by con- 

tacting the gas countercurrently with raw wa%er at 70°F. The essentially ammonia- 

free overhead gas at 100°F from the absorber then flows to the acid gas removal 

unit for removal of H2S and COS. The ammonia-rich process condensate from the 

bottom of the absorber is pumped to the particulate scrubber 20-I-V-4. 

Equipment Notes 

All equipment is commercially available. However, the C0S hydrolysis catalyst 

has not yet been demonstrated on a commercial scale. 
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ACID GAS REMOVAL 

Process Flow Diagram EXTC(HE-B2)-22-1 depicts one of the two parallel acid gas 

regoval trains for Case B2. No spare train is provided. 

The acid gas removal system employs Allied Chemical Corporation's Selexol process 

for selective removal of hydrogen sulfide (H2S) and carbonyl sulfide (COS). The 

HaS and COS in the crude gas are absorbed in SeleMol solvent to the extent that 

sulfur in the treated gas is reduced to 5 ppmv. 

The cooled, ammonia-free crude gas from the gas cooling unit is further cooled by 

heat exchange with the treated fuel gas in 22-I-E-5 and flows to the acid gas 

absorber 22-i-V-I, where it contacts chilled Selexol solvent countercurrently over 

a packed bed. The treated gas from the top of the absorber flows through a knock- 

out drum 22-I-V-3 for recovery of solvent and exchanges heat with the feed gas. 

Then it is routed to gas cooling Unit 21 for further heating. 

The rich solvent from the bottom of the absorber is {educed in pressure through a 

hydraulic turbine 22-I-HT-I. Total hydraulic power from this and an&that turbine 

supplies about half of the power required by the lean solvent pump 22-I-P-I. It 

then flows to an intermediate pressure flash, drum 22-I-V-6, where most of the 

dissolved hydrocarbon gases in the solvent are released. However, because of the 

selective absorption by the Selexol solvent, most of the dissolved HaS and COS 

are retained in solution. The solvent is further let down through a second 

hydraulic turbine 22-I-HT-2, which supplies additional power to the lean solvent 

pump. It then flows to a low-pressure flash drum 22-I-V-2, where additional 

dissolved gases are released. These gases are routed to the acid gas knockout 

drum 22-I-V-5. 

The rich solvent solution from the low-pressure flash drum is heated by exchange 

with hot regenerated lean solvent in plate exchanger 22-I-E-2 and then flows to 

the top of the regenerator 22-I-V-4. In the regenerator, the absorbed HaS and 

co 2 are .~tripped from the solution in a packed bed. Reboil beat is supplied by 

115 psig steam in a vertical thermosyphon reboiler Z2-I-E-3. Hot regenerated 

,solvent is pumped back to absorber 22-I-V-i through exchangers 22-I-E-2 and 

22-I-E-I. In 22-I-E-2 heat is first exchanged with rich solution to reduce 

reboiler duty. Then the lean solution is chilled in exchanger 22-I-E-I to 

operating temperature with refrigerant from the fluorocarbon refrigeration unit 

22-1-ME-1. 
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Acid gas from the regenerator overhead is'cooled to 120"~ in regenerator overhead 

condenser 22-1-E-4. Condensate resulting from this cooling step is separated in 

knockout drum 22-I-V-5 and then pumped back to the regenerator by 22-I-P-2. A 

small stream of demineralized water is added to the condensate at the discharge 

of 22-1-P-2, to maintain the water balance in'the absorption system. The cooled 

acid gas from 22-I-V-5 contains about 33 percent HaS on a vol~me basis and flows 

to the sulfur recovery~,it for further processing. 

Re£rigeratlon System 

The refrigeration system employed is a typical p%ckagefl fluorocarbon unit. The 

compressor, receiver, and condensin~ equipment are fabricated on skids and 

installed near lean solvent chiller 22-I-E-I. The capacity of the unit in each 

train is about 4100 tons of refrigeration duty. 

Equipment Notes 

The m a j o r i t y  o f  equipment i n  t h i s  s e c t i o n  i s  carbon s t e e l .  Th i s  equipment  has 

been used in  s i m i l a r  s e rv i ce  fo r  s e v e r a l  y e a r s .  The use of p l a t e - t y p e  exchangers  

for  the  l e a n / r i c h  s o l v e n t  e~changer s e r v i c e  r e p r e s e n t s  a change from p r e v i o u s  

EPRI designs. These pla~e- type  units are less costly than conventional shell-and - 

tube exchangers for this service. 
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SULFUR RECOVERY 

Process Flow Diagram EXTC(ME-B2)-23-1 describes the basic sulfur plant design 

used. The entire sulfur plant system for Case B2 has three parallel, 50 percent 

capacity, sulfur recovery trains. Two operating trains and one spare train are 

provided for increased reliability due to the important environmental require- 

ments this unit fulfills. Sulfur recovery is 173 short tons per day per train. 

The sulfur recovery unit is a two-stage acid'gas bypass type Claus unit. About 

one-third of the 120°F gas from the acid gas removal (Selexol) unit is burned in 

a sulfur furnace 23-I-H-I to convert HaS to SO a. Air for combustion in the 

furnace is supplied by blower 23-I-BL-I. Heat from the combustion products is 

recovered by generating 445 psig steam in waste heat boiler 23-I-E-I. The 900DF 

exhaust gas from the sulfur furnace is mixed with the acid gas bypass stream and 

the resultant 513°F gas is fed to the sulfur converter No. i, 23-I-R-I. The 

amount of acid gas bypassing the furnace "is controlled to maintain a ratio of 

HaS to S02 slightly more than the 2:1 stoichiometric ratio required for the 

sulfur formation reactions. 

HaS and S02 react in the sulfur converter to produce elemental sulfur and water 

according to the reaction 

Z HaS + 1 S0 a + 3 S + 2 HzO ( 4 - 2 )  

This reaction is catalyzed by a bauxite or alumina catalyst contained within the 

converter. The reaction is exothermic and results in a temperature rise in .the 

gas flowing through the converter. Since this reaction is limited by thermo- 

dynamic equilibrium, complete conversion of the HaS and S0 a to elemental sulfur 

is not achieved. 

Converter effluent gas is cooled below its sulfur dew point in sulfur condenser 

23-I-E-2 by generating 115 psig steam from boiler feedwater. Condensed sulfur 

flows by gravity to a concrete sulfur sump 23-S-IA&B. Since sulfur is solid at 

ambient temperature, it must be heated in the sump to take advantage of liquid 

phase transport to loading facilities. The sump contains low-pressure steam 

coils to maintain product sulfur in its molten state. 
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Gases from condenser 23-I-E-2 flow to sulfur converter No. 2, 23-I-R-2 where the 

sulfur formation reaction proceeds further. Again, the converter effluent is 

cooled to 285°F in 23-I-E-3 by heat transfer to medium-pressure boiler feedwater. 

The condensed sulfur then flows to the sulfur sumps. 

Tail gas at 285°F, still containing about 1870 Ib/hr sulfur (mainly as HeS, with 

smaller amounts of so z, cos, and elemental sulfur) flows through coalescer 

23-i-V-I and then enters Beavon/Stretford Unit 24 for final sulfur recovery to 

preserve air quality. 

Eqgipment Notes 

The Claus sulfur process is established commercially and, 

equipment requirements are well known. 

consequently, the 
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TAIL GAS TREATING 

Process Flow Diagram EXTC-(ME-B2)-2~-I describes the Beavon/Stretford system 

design used for the two oxygen-blown GCC plants in the study. As in the sulfur 

reuovery unit, two 50 percent parallel operating trains and a third identical 

spare train are provided. 

The 285°F tail gas from coalescer 23-I-V-1 in the sulfur recovery unit contains 

unreacted HaS , S02, COS, and the elemental sulfur species S s and S 8. To meet 

strict environmental limits, the gas is processed further to remove these sulfur 

compounds. 

The tail gas treating unit employs a proprietary process called Beavon/Stretford, 

which is a modification of the well-known Stretford process. The Stretford pro- 

cess is designed to both remove HaS from atmospheric pressure effluent gas 

streams, and convert this HeS to elemental sulfur. The Stretford process is not 

suitable for handling gas streams which contain substantial amounts of SO2, COS, 

S s and S s. The Beavon um.it in this process is added to catalytically reduce (or 

hydrolyze, in the case of COS) these compounds to HaS. 

The reactions occurring over the cobalt molybdate catalyst in the Beavon unit 

are: 

SO 2 + 3 H~ + HzS + 2 HaO (4-3) 

COS + Hz0 ~ CO~ + HzS (4-4) 

S~ + 6 H z ~ 6 HaS (4-5) 

S s + 8 H 2 ~ 8 HaS (4-6) 

The above reactions require hydrogen. A feed gas hydrogen content 1.5 percent in 

excess of the stoichiometric demand is sufficient to convert essentially all sul- 

fur compounds to HaS, with the exception of a small residual (perhaps 50 ppmv) 

of COS. The tail gas stream itself does not contain enough hydrogen or enough 

carbon monoxide (which can be h:Jdrolyzed to hydrogen) to react with the various 

sulfur compounds. Rather, a major portion of flash gas from the acid gas removal 
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unit supplies the necessary hydrogen and carbon monoxide. The flash gas is 

partially combusted in reducing gas generator 24-I-H-I, and then mixed with the 

tail gas stream. The resulting inlet temperature to the Beavon hydrogenation 

reactor 24-1-V-7 is 650°F. The sulfur conversion reactions listed above, as well 

as the following "shift" react~mn, take place in 24-I-V-7: 

CO+HaO ~ CO z + H a (4-7) 

She effluent from 24-I-V-7 is cooled to 400°F through generation of 115 psig steam. 

Further cooling to 120°F takes place by direct contact with water in the bottom 

portion of desuperheater/absorber 24-I-T-I. Warm water from the bottom of this 

vessel is cooled in the fin-fan e~changer 24-I-E-3. Desuperheater/absorber 

24-I-T-1 houses two internal .heads, in which the water-containing desuperheating 

section and the Stretford packed bed absorber section are separated. 

Stretford solution is pumped from filtrate tank 24-I-TK-I to the top of the 

packed-bed absorber, where 99.4 percent or ,lore of the HaS is reacted with sodium 

carbonate. Oxidation of the sulfur to the elemental form is facilitated by 

sodium metavanadate. The absorption and oxidation reactions which occur are as 

follQws: 

2 NaaCO 3 • 2 HaS ~ 2 NaHCO 3 + 2 NaHS (4-8) 

2 NaBS + 2 NaHCO s + 4 NaVO 3 e 2 NaaCO z + HaO @ S a + NazV40 s + 2 NaOH (4-9) 

The absorber provides sufficient retention time to allow the reactions to go 

essentially to completion. Treated gas, containing much less than 100 ppm total 

sulfur and traces o£ CH 4 and CO, is then vented to the  atmosphere. The sulfur 

produced is of high purity, comparable to that produced in the Claus-type sulfur 

plant. 

The reacted Stretford solution flows to soaker/oxidizer 24-1-V-1, where the 

reduced vanadate (NaaV4Os) is oxidized to its original form by anthraquinone 

dlsulfonic acid (ADA) in the solution. The reduced ADA is subsequently regene- 

rated by air sparged into the tank by blower 24-I-BL-I_ The air also provides a' 

medium of flotation for the sulfur which, upon reaching the top of 24-1-V-1, 
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overflows into froth tank 24-I-V-2. The underflow from the soaker/oxidizer is 

pumped to filtrate tank 24-I-TK-I, via Stretford solution cooling tower 24-I-CT-I, 

where the heat of oxidation is rejected to the atmosphere. 

Sulfur from the froth tank is pumped tc the pr/mary centrifuge 24-I-ME-i, which 

produces a wet sulfur cake that is reslurrled in 24-I-V-3 and sent to secondary 

centrifuge 24-I-ME-2. The filtrate streams from the centrifuges are combined 

with the soaker/oxidizer underflcw. 

The sulfur from the ~econdary centrifuge is reslurried in 24-I-V-4 and pumped to 

the sulfur separator 24-I-EJ-I, where sulfur is melted with heat supplied by 

115 psig steam in coils. Molten sulfur (1936 ib/hr) is separated from the slurry 

medium (primarily water) in sulfur separator 24-I-V-5. From 24-i-V-5 it flows by 

gravity into one of the two sumps located in Unit 23. The decanted water flows 

to flash drum 24-I-V-6 and then back to the secondary reslurry tank. Because 

certain side reactions degrade the Stretford solution, a small stream of liquid 

is continuously discarded from the system and pumped to effluent water t[eating 

Unit 40. 

Equipment Notes 

The marriage of the Beavon and Stretford processes is a fairly rucent development, 

but it has been demonstrated commercially on a much smaller scale than is pro- 

posed here. This specific equipment has been operating successfully in many 

plants. Most of the plant is constructed of carbon steel. Certain sections of 

the Stretford unit are usually coated with coal tar epoxy to prevent corrosion by 

deposited sulfur, and the sulfur melter is fabricated of stainless steel. 
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ZINC OXIDE TREATMENT 

Process Flow Diagr~nn EXTC(ME-B2)-25-1 shows the zinc oxide treatment unit for 

Case B2. There are three parallel trains, and each train has two zinc oxide 

vessels in series. No spare vessels are provided. 

The heated gas from 20-1-E-2 flows through zinc oxide beds 25-1-V-IA&B which 

remove nearly all of the remaining sulfur compounds according to the following 

reactions: 

H2S + ZnO ~ ZnS ÷ H20 (4-io) 

COS ÷ ZnO -~ ZnS + CO a (4-11) 

Essentially all of the HaS is removed, and approximately 90 percent of the enter- 

ing COS is removed. The effluent gas contains less than 0.5 ppmv sulfur as 

required by the methanol plant catalyst. 

~ithough the zinc oxide treatmen~ unit is shown with the methanol plant, its cost 

is stated separately in the economic tables of the report. 
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METHANOL PLKNT 

Process Flow Diagram EMTC(ME-B2)-25-1 also shows the methanol plant for Case B2. 

There are five parallel reactors and circulating o11 loops, a slngle train for 

reactor effluent gas cooling and product methanol flashing. No spare trains are 

provided. 

The methanol plant employs the Chem Systems process for producing methanol in a 

three-phase fluidized b e d  reactor. 

The synthesis gas from the zinc oxide treatment unit is cooled to methanol 

reaction temperature in 25-E-4 by h~a~i~%gunconverted reactor product gas, before 

flowing to the methanol synthesis reactor aS-I-R-1. 

The gas flows upward in the reactor concurrent with an inert hydrocarbon liquid 

(oil) containing fluidized catalyst particles. The liquid limits the temperature 

rise as it absorbs the heat liberated by the reaction. Phase separatiDn between 

solid, liquid and vapor occurs at the top of the reactor. The catalyst remains 

in the reactor. The hydrocarbon liquid, separated from both catalyst and vapor, 

is recirculatedbypumps 25-I-P-IA&B through exchanger 25-I-E-7 to the bottom of 

the reactor. Cooling of the oil occurs in 25-I-E-7 by generation of 295 psig 

steam. 

The reactor effluent gas is cooled in a series of exchangers to condense the crude 

methanol and any hydrocarbon'liquid that has vaporized. The hotgas generates 

295 psig steam in 25~E-1 and 115 psig ~eam in 25-E-2. Further cooling is 

obtained by heat exchange with product fuel gas in 25-E-3, by exchange with vacuum 

condensate in 25-E-12, and %hen by air fan 25-E-5. Final cooling is done with 

cooling water in25-E-6. 

The cooled reactor effluent flows to separator Zb-V-3 where the unconverted pro- 

duct gas, crude methanol, and hydrocarbon liquid are separated. The product fuel 

gas is heated in 25-E-3 and 25-E-4 and then flows to Unit 21 for further heating. 

The hydrocarbon liquid is recycled back to the reactor by 25-P-2. The crude 

methanol is routed to the product flash section to reduce the vapor pressure for 

storage by releasing dissolved gases. 

In the ~roduct flash section (not a them Systems design), the high-pressure 

methanol is flashed at low-pressure in flash drum 25-V-4. The flash gas is 
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routed to the heat recovery steam generator (HRSG)'in Unit 51 where it is burned. 

The low-pressure crude methanol is heated by exchange with product methanol in 

25-E-8 and is further heated with 50 psig steam in25-E-9. 

The hot c r u d e  methanol is then flashed in flash drum 25-V-5. The flash gas is 

cooled with cooling water in 25-E-10 and then flows to knockout drum25-V-6. The 

overhead gas from 25-V-5 is routed to the HRSG where it is burned. Methanol 

recovered in 25-V-6 is rich in dissolved gases and is recycled, joining the low- 

pressure crude methanol before 25-E-8. 

The hot product methanol from flash drum 25-V-5 is cooled in 25-E-8 and further 

cooled by cooling water in 25-E-11. The cooled product methanol is stored in 

three 40,000 bbl floating roof tanks 25-TK-IA,B&C. Transfer pumps 25-P-4A&B are 

provided to transfer the methanol product to battery limits. 

Equipment Notes 

The Chem systems liquid phase methanol process is in the early stages of develop- 

ment. Early work with a bench scale unit has demonstrated the feasibility of the 

process using a commercial catalyst. A process development unit has been con- 

structed and operated for short periods of time. Chem Systems is presently work- 

ing on solving catalyst deactivation and attrition problems. Use of catalyst 

powder, instead of tablets directly in a catalyst liquid system, is being pursued. 

The majority of the equipment in this section is carbon steel and, with the 

e~ception of the reactor and its phase separation system, has been used in 

similar service for many years. 
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STEAM, BOILER FEEDWATER, AND CONDENSATE 

Process Flow Diagram EXTC(HE-B2)-30-1 schematically represents the steam, boiler 

feedwater (BFW), and condensate systems for Case B2. 

The process plant steam generation is integrated with the combined-cycle system. 

The steam system operates at six'levels: 

• High-Pressure (HP) 

Q 

ID 

Intermediate Pressure (IP) 

Medium-Pressure (MP) 

Medium-Pressure (MP) 

Low-Pressure (LP) 

Very Low-Pressure (VLP) 

1450 psig, 800°F at the 51-T-IA 
turbine inlet 

445 psig, 900°F it the 51-T-IB 
turbine inlet 

295 psig at gas turbine combustor 
inlet 

115 psig 

50 psig 

15 psig for consumption in deaerator 

High -p re s su re  (HP) steam g e n e r a t i o n  i s  c a r r i e d  o u t  i n  the gas c o o l i n g  u n i t  

20-I-E-I with additional generation and superheating in the heat recovery steam 

generator (HRSG) 51-1-B-1 of gas turbine 50-I-GT-I. There are five gas turbines 

and each has two attendant HRSGs. The saturated HP steam from 20-I-E-I combines 

with saturated HP steam from the HRSG HP evaporator 51-1-B-l:E-3. The comb/ned 

stream is superheated to 900°F in 51-1-B-1:E-1 and used "to drive the single 

back-pressure-type turbine 51-T-IA. The HP end of turbine 51-T-IA, & machine of 

82.1 percent isentropic efficiency, takes steam at 1450 psig, 900°F and exhausts 

at 445 psig. 

Saturated intermediate pressure (IP) steam at 445 psig is obtained from the 

IP steam generators located in the sulfur plant, and from the gas turbine air 

cooler 50-I-E-I. The saturated IP steam, together with the e~haust steam from 

51-T-IA is superheated to g00OF in the HRSG reheater 51-J-B'I:E-2. The super- 

heated IP steam at 385 psig, 950°F is then used in the IP end of 51-T-IB, a 

machine of 85.7 percent isentropic, efficiency. The low-pressure end of 51-T-IB 

exhausts steam at 85.9 psig. 

Medium-pressure saturated steam at 295 psig is generated in the methanol plant 

and is combined with the fuel gas prior to entering the combustor of gas turbine 

50-I-GT-1. 

4-41 

. . . . . .  . .'.. -~ . . . . 



Steam for the 115 psig header is obtained from steam generators in gas cooling 

unit 20-I-E-3, from the sulfur plant, and from the tail gas treating unit. A 

portion of the 115 psig steam is supplied to the sulfur heater and the acid gas 

removal unit reboiler. The remainder is combined with 51-T-IB ez, haust at 

93.8 psig for consumption in MP turbine 51-T-2 and in BFW pump turbine 51-T-%. 

The MP turbine and the BFW pump driver are condensing turbines exhausting at 

2-I/2 inches Hg absolute. 51-T-2 has an isentropic efficiency of 87.4 percent. 

The 50 psig steam header is supplied by steam generated in gas cooling **nit 

21-I-E-I. The 50 psig steam is primarily used in condensing turbine-generator 

51-T-3 for making additional electric power while small amounts are used for 

steam tracing, process water treating, methanol flashing, the sulfur pit, and 

deaerator. 

15 psig steam is supplied by steam generation in HRSG coil 51-1-B-I:E-IO. This 

very low-pressure steam is used entirely in deaerator 51-DA-I. 

Raw water is treated in an automatic ion exchange demineralizer 30-ME-l, con- 

sisting of three strong-acid cation columns, one degasifier (with 10-minute holdup 

vessel) and three strong-base anion columns. Two of the three cation and anion 

columns can handle the design flow of raw water either for the two-hour period 

required for resin regeneration or for the longer time period required for resin 

changeout. Treated water, suitable for generation of 1500 pslg steam is stored 

in a tank 30-TK-2, which has a 2%-hour capacity. Demineralized water is pumped 

to condensate surge tank 30-TK-3 (30-minute holdup), where it combines with the 

vacuum condensate from condensers 51-E-11, 51-E-12, and 51-E-14.. 

The turbine surface condensers 51-E-If, 51-E-12, and 51-E-1% are single-shell 

single-pass units with divided water boxes. The tubes are 90/10 copper/nickel, 

7/B inch OD, 22 BWG wall thickness. The noncondensable gas removal and priming 

equipment includes positive displacement rotary vacuum pumps and a recirculating 

ball-type condenser tube cleaning system. Motor-driven condensate pumps transport 

the condensate to condensate storage tank 30-TK-3, which is sized for 30-minute 

capacity at design flow rate. 

Condensate polishing unit 30-ME-2 affords further protection to the steam genera- 

tion units by treating the combined stream of demineralized water and condensate 

withstrong acid and base in four vessels. 
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The vacuum condensate from polishing unit 30-ME-2 flows to the deaerator after 

heat recovery from the gasifier effluent in 21-1-E-4, from air compressor inter- 

coolers II-I-E-I and from 25-E-12. The hot condensate from the i15 psig and 

50 psig steam users also flows to the deaerator. The deaerator providing 

I0 minute storage is a horizontal tray-typeunit operating at 15 psig. 
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COMBUSTION GAS TURBINE 

Process Flow Diagram EXTC(NE-B2)-50-1 shows one of the five parallel combustion 

gas turbines for Case B2. No spare turbine is provided. 

295 psig saturated steam generated in the process plant is added to the uncon- 

verted residual gas from the methanol plant after expansion in fuel gas expander 

SI-I-EX-1. The combined stream flows to the gas turbine combustor at 245 psig 

where it is burned with e~cess air supplied by air compressor 50-1-C-1. Effluent 

gases exit the combustor at 2000°F and flow to the combustion gas turbine 

S0-I-GT-1. A small fraction of con~ressed air is cooled by IP steam generation 

in 50-1-E-1 before being injected into the turbine to cool the rotors. 

The combustion gases are expanded in the combustion gas turbine, producing 

519.2 MW net power in generator 50-I-G-1. The effluent gases at 982°F flow to 

the heat recovery steam generator (HRSG) in Unit 51. The turbine drives the air 

compressor and electric generator 50-I-G-1. Detailed performance information on 

the combustion gas turbine is presented in Appendix A. 

Equipment Notes 

The combustion gas turbine with a combustor outlet temperature of 2000°F is 

commercially available at the present time. The hot parts of the machine will be 

fitted with thermal barrier coatings. 

4.0  
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HEAT RECOVERY STEAM GENERATOR AND STEAM TURBINES 

Process Flow Diagram EXTC-(NE-B2)-51-1 shows the heat recovery steam generators 

(HRSG) 51-I-B-I and the steam turbines for Case B2. There are ten operating 

HRSG units, one primary steam turbine 51-T-IA, IB and 2, and one secondary steam 

turbine SI-T-3. The primary and secondary steam turbines drive generators for 

production of electric power. Steam turbine 51-T-4 is used to drive the high- 

pressure boiler feedwater pump. Additional electric power is generated by the 

expansion of high-pressure fuel gas in five fuel gas e~anders. No spare tur- 

hines or HRSGs are provided. 

Two HRSGs ere coupled with each gas turbine to recover heat from the turbine 

exhaust gas, which leaves the turbines at 982~P. Flash gas from the methanol 

unit and a part of Selexol flash gas are burned in the HRSG duct burner. The 

combustion products are combined with turbine exhaust gas to give a flue gas at 

986°F. Radiation heat losses occur throughout the HRSG and are to be realized 

immediately following the duct burner, whereby the HRSG flue gas inlet temperature 

is 979°F. The HRSG performs superheating, high-pressure (HP), medium-pressure 

(~), and very low-pressure (VLP) steam generation, and boiler feedwater heating. 

The arrangement of the heat recovery sections of the HRSG in the direction of 

flue gas flow is as follows: 

Superheater 
HP Evaporator 
Economizer 1A 
Economizer 2 
Economizer IB 
MP Evaporator 
Economizer 3 
Economizer 4 
VLP Evaporator 

51-I-B-I:E-I and Reheater 51-1-B-I:E-2 
51-1-B-I :E-3 
51-1-B-I :E-4 
51-I-B-I ;E-5 
51-i-B-I : E.-6 
51-I-B-I:E-7 
51-I-B-I :E-8 
51-I-B-l:E-9 
51-I-B-I :E-IO 

Saturated HP steam from 20-I-E-1 and saturated HP steam from the HP evaporator is 

superheated to 900°F in the HRSG superheater 51-I-B-I:E-1. The HRSG superheater 

outlet supplies the HP feed of back-pressure steam turbine 51-T-1A. Expanded 

steam from 51-T-1A combines with process generated saturated IF steam and is 

reheated to 900°F in 51-1-B-I:E-2. This steam supplies the feed to IP back- 

pressure turbine 51-T-IS. Saturated MP steam generated in process areas combines 

with the IP turbine e~haust to drive both the MP power turbine 51-T-2 and the 
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HP BFW pump turbine 51-T-4. These are condensing turbines exhausting at 

2-1/2 inches Hg absolute. 

HP BFW from the deaerator 51-DA-I is pumped through high-pressure boiler feedwater 

pump 51-P-I; preheated to 347°F in economizer 4; heated to 410°F in economizer IB; 

and further heated to saturation temperature 598°F in economizer IA. Both HP 

steam generator 51-I-B-I:E-3 and the gasifier HP steam generator are supplied by 

this 598°F boiler feedwater. The operating HP BFW pump'is driven by steam turbine 

51-~-4 and the spare is motor driven. 

Both ~P BFW and MP BPW needs are met by boiler feedwater pump 51-?-2. A portion 

of the pump discharge stream supplies IP steam generators in the process areas. 

The balance is "let down" to supply MP process area steam~eneratorsMP BFW heat- 

ing to 347°F in economizer 3, while heating to 420°F is done in economizer 2. 

The HP methanol plant residual gas heated to 6G6°F in 25-E-4, is expanded to 

265 psig in fuel gas expander 51-I-EX-I generating electric power. The expanded 

gas at 372°F is routed to gas turbine 51-I-GT-1. 

LP BFW is supplied to process area LP steam generators by 51-P-3. LP steam 

supplies process heating, deaerator heating and LP steam turbine 51-T-3. 

The secondary steam turbine 51-T-3 uses excess saturated LP steam from the pro- 

cess plant to generate a small quantity of additional electric power. This tur- 

bine is a c6ndensing type ~itheF/%aust conditions of 2-1/2 inches Hg absolute. 

Additional deaerating steam is supplied to 51-DA-1 by VLP evaporator 51-1'-B-l:E-1D, 

which is fed by VLP BPW circulation pump 51-1-P-4. 

The HP and MP evaporator are supplied with steam drums 51-1-V-I and 51-I-V-2, 

respectively, and BFW circulation pumps 51-1-P-6 and 51-1-P-5. BFW is pumped 

through the evaporator at feed to steam mass ratio of 6:1. 

The HRSG "pinch-point" temperature used in designing the evaporation and econo- 

mizing coils has been set at 4O°F, in an effort to optimize the trade-off between 

initial cost and plant efficiency. The stack gas outlet temperature is 290°F, 

allowing the gas side surface of VLP evaporator 51-I-B-l:E-10 to operate a safe 

margin above the dew point of the SOz-bearing stack gas. 
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Section 5 

PROCESSD~SCUSSION 

Two grass roots plants (one power generation base case and one methanol/electric 

power coproduction case) based on oxygen-blown Texaca gasifiers intugrated with 

current state-of-the-art comblned-cycle generating equipment are shown schemati- 

cally on Block Flow Diagrams EXTC(ME-A2)-I-I and EXTC(ME-B2)-I-1. These plants 

consume I0,000 short tons per day of Illinois No. 6 coal, fed to the gasifiers in 

a water slurry containing 66.5 weight percent solids. Case A2 generates electric 

power only and provides the base cost for producing electric power, whic~is used 

as a credit in methanol/electric power coproduction Case B2. 

Since each case uses the same coal and oxidant feed rate, the coal receiving and 

conveying, coal grinding and slurrying, oxidant feed, and coal gasification 

units are the same for both cases. The major differences in the processing 

schemes occur in the acid gas removal units, the heat recovery steam generators 

(HRSGs), and in the methanol synthesis. 

PERFORMANCE COMPARISONS " "  

Table 5-1 provides overall system performance comparisons for'the conventional 

GCC design (Case A2) and the plant coproducing methanol and electric power 

'(Case B2). As eich of these plants was designed to process !0,000 tons/day of 

coal, comparisons a~e difficult to make as.the two plants have different electric 

power production capacities. Therefcre, in order to understand system differ- 

ences, the Case B2 design (methanol coproduction case) was scaled linearly to 

produce the same net power as the Case A2 design. The scaled results for Case B2 

are shown in the third column of Table 5-1. 

• The Case A2 results indicate that 1,106.52 MW would require a coal feed rate of 

798,333 Ibs/hr (MF) of coal. The scaled Case B2 results demonstrate that an 

additional coal feed rate of 291,791 Ibs/hr (MF) would result in the production 

of 3,118 tons/day of methanol (or 10,520 FOE barrels/day of methanol) if the 

"once-through" concept used in this study is employed. 
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Comparing the power generations and consumptions for the scaled Case B2 (methanol 

coproduction) with the Case A2 (conventional GCC) system surfaces some interesting 

characteristics to be associated with the inclusion of a "once through" methanol 

plant in a GCC system. First, it can be seen that the gas turbines produce 

16.7 ~ more power in the coproduction design, even though the fuel gas for this 

case has a lower heating value than that in the GCC case. The two fundamental 

reasons for this slightly increased gas turbine power output can be e~plained with 

reference to the following table: 

Conventional Texaco 

Based GCC Power Plant 

with No Methanol 

Production 

Methanol Coproduction 

Case (Same Design 

as Case B2), Scaled 

to Produce Same Quantity 

9~ Electricity as Case A2 

Case Designation A2 

HHV of fuel to turbine, BTU/SCF 289.8 

LHV of fuel to turbine, BTU/SCF 271.6 

Fuel chemical heat to turbine 
(HHV basis), l0 s BTU/hr 

Fuel chemical heat to turbine 
(LHV basis), l0 s BTU/hr 7,368.9 

Fuel CO:H a ratio, moles/mole 1.468 

Steam injection rate, ibs/hr 0 

Percentage of turbine gross work 56.6 
required to power the air 
compressors 

7,864.3 

B2 Scaled Up 

28~.0 

270.5 

7,635.6 

7,273.8 

2.427 

454,029 

54.0 

This table shows that although the fuel chemical heat flowing to the gas turbine 

on an ~V basis has been depleted by 3 percent due to the methanol synthesis, the 

chemical heats on a LHV basis are almost identical. This is due to the fact that 

more of the hydrogen in the raw fuel gas than carbon monoxide has been removed 

during the methanol synthesis" step. Therefore, the resulting fuel gas after 

methanol synthesis is richer in carbon monoEide and is therefore a "better" ~uel 

for power generation. Also, the coproduction Case {S2) employs steam injection 

whereas A2 does not. This steam replaces a small part of the turbine's cooling 
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air requirement, thereby reducing the power required by the air compressors from 

almost 57 percent of the gross turbine output to 54 percent of gross turbine 

work. This reduction in air compressor power requirement in the coproduction 

case increases the electricity available at the generator terminals. 

Second, Table 5-i indicates that the steam turbine power generated in the scaled- 

up coproduction Case (B2) is 53.78 MW greater than the equivalent steam turbine 

power in the GCC Case (A2). This increase is primarily due to the additional 

steam raised by cooling the extra high temperature raw gas produced from the 

incremental 291,791 ibs/hr (MF) of coal being gasified. The incremental high 

pressure steam generation in the coproduction case amounts to 639,654 Ibs/hr. 

Finally, Table 5-1 shows that the scaled coproduction case consumes an extra 

70.48 DY~ to satisfy internal power requirements over the power required by the 

GCC plant. The 70.48 MW is dominated by the additional power requirement of the 

oxidant production and feed system (52.88 I-~). It is of interest to note that a 

requirement of 70.48 l.~ to produce 3,118 tons/day of methanol is equivalent to 

the consumption of 542.5 kWh/ton. "A dedicated coal-to-methanol plant requires 

between 700 kWh/ton and 900 kWh/ton to satisfy internal power requirements. 

GASIFIER MATERIAL BALANCE 

A gasifier material balance for full capacity operation is given in Tab3e 5-2. 

The coal quantity and composition, and oxidant composition were selected by EPRI. 

The yields are typical of a Texaco single-stage entrained oxygen-blown gasifier 

operating at 600 psig. (!) As noted in another EPRI report (2), pressure 

has little effect on gasifier yields. Therefore, the yields at 600 psig were 

deemed to be acceptable for use with the 1,000 psig gasifier used in this study. 

The coal feed is i0,000 tons per day of Illinois No. 6, fed in a 66.5 weight per- 

cent slurry. For this particular coal, slurry concentrations in excess of 60 per- 

cent solids have been achieved. The first plants built will probably employ lower 

slurry concentrations. It is important to bear in mind, however, that slurrying 

characteristics of coals vary greatly and that it is not valid to extrapolate 

performance estimates presented in this report to other coals possessing dif- 

ferent slurrying characteristics. 
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Some nitrogen from the coal is converted to ammonia, but the ~tent of conversion 

cannot be predicted with precision at this time. This study has assumed that 

25 percent of coal nitrogen forms ammonia. Downstream of the gasifier, ammonia 

has been assumed to be rapidly complexed as ammonium salts in the process conden- 

sate streams. These ammonia-bearing waters, with the exception of a blowdown 

stream, are eventually recycled to the gasifiers via the coal slurry. At gasifi- 

cation temperature, the gasifiers are assumed capable of destroying recycle 

anmlonia. The presence of ammonia in the process condensate has the potentially 

beneficial effect of neutralizing dissolved carbon dioxide. 

PROCESS ENERGY BALANCES 

Tables 5-3 and 5-4 contain the overall process energy balances at 100 percent 

capacity operation for the two cases. The boundary Eor each balance encompasses 

the entire plant, exclusive of the cooling tower but including the power demand 

of the pumps and fans. Energy contents of'streams crossing the boundary are 

expressed as the sum of the streams's higher heating value (HHV), sensible heat 

above 60oF, and the latent heat of water at 60°F. Electric power is converted to 

equivalent heat energy at 3413 Btu/kWh. All of the energy balances close within 

one-quarter of one percent. Discrepancies result from approximations applied in 

calculating enthalpies for some process streams. 

Energy balance comparisons are presented in Table 5-5 and these are derived from 

the two previous tables. Coal charged at 10,000 ton/day is equivalent to 

10,201 x l0 s Btu/hr ~. The significant difference between the two cases lie in 

the power production, methanol product, and steam turbine condenser categories. 

POWER CONSUMPTION SUMMARY 

Table 5-6 presents power consumption for the major plant sections under conditions 

of normal operation at 100 percent capacity factor. 

In Unit 10, the coal pulverizing equipment (10-ME-4) requires most of the power. 

Since the power for pulverization is very sensitive to both the equipment used and 

the coal properties, the power for coal handling is preliminary pending grinding 

tests. 

Uni t  11 power r e q u i r e m e n t s  a r e  due to the a i r  and oxygen compressor  d r i v e r s  

( l l - C - I - M  and 11-C-2-H) which a re  synchronous ,  and Type I I  i n d u c t i o n  motors ,  

respectively, all intercoolers are water-cooled and the Rower ~£ th~ cooling 

tower pumps is included elsewhere. 
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The recycle gas compressors (20-C-1; one per train) requires about 80 percent of 

the power used in Unit 20. One recycle gas compressor is employed for each train 

in this report. Miscellaneous pumps use most of the remaining power for Units 20 

and 21. 

In Unit 22, the Selexol fluorocarbon refrige<ation units (22-HE-I) and lean 

solvent pumps (22-P-I) consume the most power. However, the hydraulic turbines 

(22-HT-I) recover approximately 40 percent of the power required by the lean 

solvent pumps. 

In the sulfur recovery unit, the Claus plant air blowers (23-BL-I), the Stretford 

plant air blowers (24-BL-I), and the Stretford solution circulation pumps are the 

large power consumers. 

In Unit 25, the recycle oil pumps consume the most power. 

The major power consumer in Unit 30 is the condensate transfer pump (30-P-4). 

In the General Facilities section, the cooling water circulation pumps and the 

cooling tower fans required the most power. The entire cooling water system is 

responsible for approximately 90 percent of the total power demand of the general 

facilities (Units 32 through 45). 

Pumps consume the bulk of the power supplied to Units 50/51 with the HP BFW cir- 

culation pumps (51-P-I) being the largest consumers, 
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Section 6 

CAPITAL AND OPERATING COST ESTI~KTES 

PLANT FACILITIES INVESTMENT 

Plant investment (in $1000; mid-1978) for all sections of the plant for both 

cases, plus a reference case from an earlier EPRI report, are presented in Table 

6-1. Tables 5-2 and 6-3 give the breakdown of plant facilities inves.tment for 

the major units of each case. The estimates in Table 6-1 through 6-3 contain 

allowances for both project and process contingencies. The project contingency 

allowance is intended to cover additional equipment that would result from a more 

detailed design o£ a definitive project at an actual site. An allowance of 15 

percent of the sum of Process Plant Investment and the General Facilities Cost 

has been used for both cases. The process contingency allowance, applied sepa- 

rately to each major plant section, is an attempt to account for unproven tech- 

nology in an effort to quantify the uncertainty in the design, performance and 

cost of the commercial scale equipment. The process contingency allowances used 

for each major subsection of both plant designs are shown in Table 6-4. These 

allowances were supplied by EPRI. 

The absolute accuracy of the plant investment estimates is judged to he ±25 per- 

cent. The accuracy of comparison between cases should be much more accurate, 

perhaps 5 percent, since the same inaccuracies are likely to occur in each case. 

COMPARISON OF CASES A2 AND EXTC-79 (TEXACO GCC PLANT DESIGNS) 

The Case A2 design is comparable to the design of the reference case, EXTC-79(1), 

with the exception of the gasifier pressure and the gas cooler confi~Iration. 

Operation of the gasifier in Case A2 at 1000' pslg requires higher discharge pres- 

sure for both coal slurry pumps and the oxidant feed compressor relative to the 

reference case with a gasifier operating pressure of 500 psig. 

(I) Published in EPRI Report No. AP-1624, November, lg80. 
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Table 6-1 

SDI~MARY OF PLANT FACILITIES INVESTMENT ESTIMATES IN $I000 e 
METHANOL COPRODUCTION 0XYGEN-BLOWN TEXAC0-BASED GCC PLANTS 

Methanol Coproduction 

Raw Gas Cooling 

Case Designation 

PLANT FACILITIES INVESTMENT 

None Yes None 

Saturated Saturated Saturated 
Steam Steam Steam 

A2 B2 EXTC-79** 

Coal Handling 37,556 37,556 33,213 
Oxidant Feed 176,354 176,354 176,404 
Gasification and Ash Handling 32,561 32,561 18,420 
Gas Cooling 91,292 82,157 
Particulate Removal 9,454 9,454 104,198 
C0S Hydrolysis - 3,812 
Acid Gas Removal 15,262 18,052 13,721 
Sulfur Recovery 6,231 7,876 5,741 
Tail Gas Treating 9,535 12,169 10,359 
Zn0 Treating - 9,358 - 
Methanol Synthesis - 37,364 - 
Fuel Storage 5,217 - - 
Steam, Condensate, BFW 4,644 6,502 4,947 
Fuel Gas E~pansion 19,946 14,263 - 
Combined Cycle 377,872 285,022 353,730 
General Facilities 69,132 65,810 71,708 
Initial Catalyst and Chemicals 3,854 8,343 4,04______~2 

Subtotal 859,010 806,653. 796,493 

*Including process and project contingencies plus Illinois sales tax (Mid-1978 
dollars) 

e*EPRI Report AP-1624 for a Texaco gasification combined-cycle plant with the 
following features: 

• 2000°F gas turbine 

• Saturated}IS steam generation in the gas cooling section 

• 1450 psig/900°F/900°F steam cycle in these turbine casings 

• Gasifier operating at 600 psig 
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Table 6-4 

PROCESS CONTINGENCIES 

Unit 

Coal Handling, Preparation and Feeding 

Oxidant Feed 

Gasification 

Ash Handling 

Gas Cooling and Particulate Removal 

COS Hydrolysis 

Acid Gas Removal 

SulEur Recovery (Claus) 

Tail Gas Treating 

ZnO Treating 

Methanol Synthesis 

Steam, Condensate, BFW 

Fuel Gas Expansion 

Support Facilities 

Combined Cycle 

Process 

Contingency 
Percent 
(Both Cases) 

0 

0 

15 

5 

0-20* 

0 

0 

"0 

0 

0 

35 

0 

0. 

0 

0 

*--~percent was applied to the high-temperature heat recovery equipment 
generating saturated steam in the raw gas-cooling section in CasesA2 and B2; 
0 percent was applied to remaining low-temperature gas cooling equipment 
in both cases. 
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With the same total mass gas flow in Cases A2 and EXTC-79, the higher pressure 

operation in Case A2 requires fewer gasifiers of the same nominal dimensions. 

The refractory cost is independent of pressure. The metal cost for a single 

gasifier is proportional to pressure. 

The cost of the high temperature gas cooling unit, including particulate removal 

in Case A2, is very similar to that in Case EKTC-79. The HP steam generator is 

the most expensive item in the gas cooling unit. Higher mass velocity due to 

higher pressure 'and higher allowable pressure drop in the HP steam generator 

enhances heat transfer in Case A2. 

DISCUSSION OF NETHANOL COPRODUCTION (B2) 

Coal handling, oxidant feed, gasification and ash handling, and particulate 

removal are the same for both cases (A2 and B2). Salient features of these 

common units and other dissimilar units are. discussed below by p~ocess unit. 

oxidant Feed 

A cost comparison between a centrifugal compressor and a centrifugal-reciprocat- 

ing compressor system for oxidant compression is shown below ($I000): 

Compressors, Motor Drivers, 
and Intercoolers ($ID00) 

Centrifugal 
Centrifugal- 

Reciprocatinq 

10,920 11o340 

As can be seen, the magnitude of the difference in the costs is too small bet- 

ween the two systems to claim any distinct cost advantage. 

Gas Cooling 

In Case B2, synthesis gas feed to the methanol plant is heated to 656"F against 

gasifier effluent. The high hydrogen partial pressure and the high temperature 

mandate the use of alloy shell and tubes. On the other hand, in Case A2, fuel 

gas to the gas turbine is heated in Unit 51 against HP BFW. The difference in 

gas cooling costs between Cases A2 and B2 is attributed mainly to the differences 
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in the approach temperatures used in the HP steam generator. It appears that 

significant capital cost reduction can be realized by optimizing temperature 

approaches in this exchanger. 

Acid Gas Removal 

Synthesis gas feed to the ZnO treating unit in the methanol plant contains no 

more than 5 ppmv sulfur. The Selexol plant processing this synthesis gas, as in 

Case B2, costs significantly more than a Selexol plant processing fuel gas to 

remove 90 percent sulfur as in Case A2. 

COS Hydrolysis 

Inclusion of COS hydrolysis in cases where a high degree of sulfur removal is 

required appears to have a significant advantage in initial investment. The 

addition of COS hy,]rolysis, in Case B2, makes both the acid gas removal and the 

sulfur recovery units less costly than the case in which a Selexol plant alone 

is used to remove the H2S and the COS. 

The following table presents a comparison of the costs of the COS hydrolysis unit, 

acid gas removal unit and the sulfur recovery unit in Case B2, against the acid 

gas removal unit and the sulfur recovery unit that would have been required in 

the absence of COShydrolysis. 

PLANT FACILITIES I~ESTMENT ESTIMATES IN $ 1 0 0 0  

COS Hydrolysis Unit, Including 
the Feed Heater 

Acid Gas Removal Unit 

Sulfur Recovery Units 

Case B2 Without 
COS Hydrolysis 

Case B2 With 
COS Hydrolysis 

- 5,554 

26,610 18,052 

26,610 23,905 

27,641 21,633 

54,251 45,539 

Sulfur Recovery Units 

The cost trends between these units follow the cost trends in the acid gas remo- 

~alunits for both cases. 
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ZnO Treatinq 

The cost of this unit is proportional to the amount of synthesis gas feed to the 

methanol plant. 

TOTAL CAPITAL REQUIREMENT 

The Total Capital Requirement for each case is defined as the sum of plant 

facilities investment, prepaid royalties, organization and start up costs, work- 

ing capital, allowance for funds during construction and land costs. The plant 

facilities investment estimates for both cases studied (A2 and BZ) have already 

been detailed in Table 6-2 and 6-3 (in mid-1978 dollars). The bases for estimat- 

ing allowances for all of the other capital charges specified above are shown in 

Table 5-5, 

The Total Capital Requirements as defined above for both the A2 and the B2 

designs, as well as for the scaled-up B2 design, are shown in Table 6-6, e~rpres- 

sed'in both mid-1978 dollars and mid-1980 dollars. The actual cost estimates 

were prepared in mid-197B dollars. Mid-1980 dollar plant cost estimates were 

determined by increasing the mid-1978 dollar estimates by 27 percent (the 27 

percent represents escalation in installed costs for similar types of equipment 

in the two year period, mid-1978 to mid-1980). 

The constant dollar mid-1980 allowances for funds during construction (AFDC) 

were calculated as follows (See Table C-l, Appendix C for details): 

Assuming construction to commence in January 1986 and end in 
December 1989 (4 year period), and assuming annual construction 
expenditures to be 15%, 25%, 35%, and 25% of the total funds 
required for the 4 years respectively, the actual current dollar 
capital outlays for each of the four years were calculated assum- 
ing an annual inflation rate of 10 percent. 

Interest charges on the current dollar capital outlays for each 
of the four years were calculated to December 1989 based on an 
interest rate of 12.25 percent per annum (i.e., utility company 
ownership of both plants analyzed has been assumed). 

The total current dollar investment from Table C-I (which includes 
escalated amounts for plepaid royalties, organization and start up 
costs, working capital, land and the AFDC charges) was de-esca- 
lated from December 1989 to July 198D at the general inflation 
rate of 10 percent/year to generate the constant dollar, mid-1980 
Total Capital Requirement shown in Table 6-6. 

The mid-1980 AFDC allowance was then determined by subtracting 
the estimated constant dollar mid-1980 estimates for all other 
capital requirements from the Total Capital Requirement. 

6-8 



Table 6-5 

BASES FOR ESTIMATING CAPITAL CHARGES 

Item 

Prepaid Royalties 

Organization and Starts. 
Up Costs 

Working Capital 

Allowance fo. Funds During 
Construction (A3DC) 

Land 

Basis 

0.5 percent of the Plant Facilities Investment. 

The organization and start up'costs are intended 
to cover operator training, equipment check-out, 
major changes in plant equipment, extra mainte- 
nance, and inefficient use of coal and other 
materials during plant start up. 

An allowance of 3 percent o£ the plant facilities 
investment should be made to co~ organization 
and start up costs. 

Working capital is the sum of the following: 

Cost of a one-month supply of coal at 
full capacity operation. 

e Three months of labor costs. 

One month of all other operating costs 
(excluding coal) at full capacity opera- 
tion. 

A contingency of 25 percent o£ the total 
of the above three items. 

For a regulated utility company, the interest rate 
on debt (assuuned to be 12.25 percent/anntun for this " 
study) is useO to compute AFDC. For nonregulated 
companies, return on equity (assumed to be 20.00 
percent/annum for this study) is used to calculate 
AFDC. 

Land costs have been estimated at $5,000/acre in 
mid-1980 dollars. 
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It is interesting to note that this procedure provides a rather low estimate for 

the constant dollar AFDC allowance, i.e., 3.8 percent of the plant facilities in- 

vestment. If the current dollar AFDC charges in Table C-I are examined, it can 

be seen that they represent approximately 22.8 percent of the escalated plant 

facilities investment. 

The reason for this apparent discrepancy is the following: As construction costs 

are paid, they are no longer subject to inflation.' However, all construction 

costs are de-escalated from December ig8g to mid-1980; thereby creating the illu- 

sion that inflation is tending to reduce the constant mid-lg80 plant facilities 

investment, i.e., Table 6-6 shows that for Case A2, the constant dollar mid-1980 

plant facilities investment is $1,090.g43 x 106 . 

However, if the escalated December 198S investment of $2,282.879 x I0 s is de- 

escalated at I0 percent/year for 9-1/2 years, an apparent mid-lge0 investment of 

$923.108 results. This would appear to indicate that inflation is he~ping to 

reduce ~ the constant dollarplant facilities investment. Lenders understand this 

problem and therefore index interest rates to inflation t o  handle this problem 

and offset the constant dollar principal loss. Therefore, the bulk of the current 

dollar AFDC charges is being employed to offset principal loss due to inflation. 

The AFDC allowance shown in Table 6-6, therefore, represents the "real" or "in- 

flation free" interest required by the loan institution which, for this study, 

has been set at 2.045 percent/year. 

OPERATING~ND I.~INTENANCE COSTS 

O p e r a t i n g  a n d  m a i n t e n a n c e  c o s t s  h a v e  b e e n  d i v i d e d  i n t o  two c a t e g o r i e s :  F i ~ e d  

Operating Costs (including operating labor, maintenance labor and materials, and 

administrative and support labor) and Variable Operating Costs (including raw 

water, catalyst and chemicals and ash disposal). The bases for calculating both 

limed and variable 0~I char~es are delineated in Tables 6-7 and 6-8. A summary 

of both mid-1978 and mid-1980 operating costs for the dedicated GCC plant (Case 

A2), the "once-through" methanol plant (Case B2) and the scaled-up ",0hoe-through" 

methanol plant (producing the same quantity of electricity as Case A2) is shown 

in Table 6-9. 
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Table 6-7 

BASES FOR CALCULATING OPERATING ANDMAINTENANCE COSTS 

Item 

Fixed Operating Costs 

Operating Labor 

Maintenance Costs 

Overhead Charges 

Variable Operating Costs 

Basis 

The fixed costs are essentially independent of the 
plant capacity factor and are composed of the 
following charges: 

Operating Labor 

• Maintenance costs 

• Overhead charges 

These items are discussed below: 

The operating labor charge is computed using an 
average labor rate of $20.00/person hour (mid- 
19805). This labor rate includes a 35 percent 
payroll burden. 

Armual maintenance costs are estimated as a per- 
centage of the plant facilities investme-t (PFI), 
estimated on a section by secZioD 5~&is. %'he per- 
centage of PFI to be used for each plant se6tion is 
shown in Table 6-8. 

The maintenance costs are divided into maintenance 
labor and maintenance materials. A maintenance 
labor/materials ratio of 40/50 is used. 

The only overhead charge to be included in the 
fixed costs for regulated utility producers is a 
charge for administrative and support labor. This 
overhead charge is 30 percent of the sum of the 
operating and maintenance labor. 

The variable operating costs are dependent upon 
the plant capacity factor and are composed of the 
following charges: 

• Raw water 

Cetalysts and chemicals and other con- 
sumables 

• Ash and other waste disposal 

These items are discussed below: 
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Table 6-7 

BASES FOR CALCULATING OPERATING AND }L~INTENANCE COSTS 
(Continued) 

I t em 

Raw Water 

Catalysts and Chemicals 
and Other Consumables 

Ash and Other Waste 
Disposal 

Basis 

The first-year raw water acquisition cost is 50¢/ 
1000 gallons (mid-19805). Treating costs and 
pumping costs are included in the operating and 
maintenance charges. 

The first-year catalysts, chemicals and other 
consumable costs are to be determined by the 
contractor. 

Solids disposal costs are to be estimated at $5.00/ 
dry ton (mid-19805). This charge is to be applied 
to non-hazardous wastes only. 
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Table 6-8 

PLANT MAINTENANCE COSTS 

Process Unit 

Coal Handling 

Oxidant Feed 

Gasification and Ash Handling 

Gas Cooling 

Acid Gas Removal and Sulfur Recovery 

Fuel Gas Expansion and Air Compression 

COS Hydrolysis 

Methanol Synthesis 

steam, Condensate and BFW 

Support Facilities 

Combined Cycle 

Maintenance Cost as a 
Percent of the Plant 
Facilities Investment 

3 . 0  

2 .0  

4 .5  

3 .0  

2 .0  

3 . 0  

2 .0  

3 . 0  

1 .5  

1 .5  

1 .5  
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Operating labor requirements are a function of the number of trains. Requirements 

for the two plants under consideration are shown below on a shift basis. 

Control Room Operators 

Field Operators 

Foremen 

Lab and Instrument Technicians 

Methanol/Power 
Power Production Coproduction 

Case A2 Case B2 

5 5 

17 20 

2 2 

4 4 

28 30 

It is anticipated that incorporatio,i of the methanol plant will require additional 

field operators. In determining labor requirements, modern computer assistance 

(cathode ray tube consoles) is assumed. 

Hore than RO percent of the catalyst and chemicals cost is made up of fuel oil 

(45 percent), corrosion inhibitor (20 percent), and surfactant (15 percent) in 

the power production Case A2. In the methanol/power coproduction Case B2, the 

catalyst and chemicals cost is largely made up of fuel oil (30 percent), methanol 

plant catalyst (25 percent), corrosion inhibitor (15 percent) and surfactant (ll 

percent). Fuel oil is required for startup of all combustion gas turbinel, an 

average of 4.7 times yearly. For each startup, 24 hours is the allocated time of 

fuel oil firing. The corrosion inhibitor and surfactant are used exclusively in 

plant cooling water. Some minor chemical costs are associated with the following 

operations: process condensate treating, softening of cooling tower blowdown, 

acid gas removal, demineralization, COS hydrolysis in Case B2, sulfur recovery 

and tail gas treating. Less than two percent of total catalysts and chemicals 

cost is contributed by replacement of catalysts in the sulfur recovery and tail 

gas treating units. 
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Section 7 

FINANCIAL~NALYSIS 

Starting with this task, the Advanced Power Systems (APS) Divislon of EPRI is 

using a new method of financial analysis to that employed in previous Fluor 

studies. The new methodology, developed by the APS Division's Engineering and 

Economic Evaluations Program staffa has been employed by the EPRI Project Mana- 

ger to prepare the results presented in this section of the report. Therefore, 

this financial analysis discussion has been written by the EPRI Project Manager. 

The methodology used to determine revenue requirements from the methanol copro- 

duction plant (B2) was ~o first calculate the revenue required, for electricity 

production from the Texaco-based GCC power plant (A2), and then to credit such 

revenues to the methanol coproduction plant (B2). The remaining revenue required 

(in excess of the electricity credit) then represents the revenue requirement 

for the methanol coproduct. 

As discussed in earlier sections o£ this report, both the A2 (GCC) and the B2 

(methanol coproduct) plant designs performed by Fluor%pere based on the same coal 

feed rates of I0,000 tons/day. This resulted in a GCC power plant (A2) having a 

capacity of II06.52MW and a methanol coproduction system (B2)'having an 810.34 

~W'power production capability., Because of the method of financial'analysis 

described above, it was deemed convenient to scale up the Fluor design for the 

coproduction plant (B2) such that it would have the same electric~l capacity 

(1105.52 ~) as the GCC plant (A2). Scale-up of the Fluor design was performed 

on a simple linear basis, i.e., all feedrates, product rates and costs generated 

by Fluor were multiplied by the ratio 1106.52/810.34. Plant performance char- 

acteristics for Case A2 end the scaled-up Case B2 have been presented earlier in 

this report and are rep~:.~ced in Table 7-1for convenience. 

Secondly, it is important to note that the Fluor generated plant facilities in- 

vestment estimates and operating cost estimates for both plants were prepared in 

mid-19?8 dollars. For the purpose of this study these estimates were escalated 
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to mid-1980 dollars by incrementing them by 27 percent. This high equipment 

inflation rate for that particular two year period was chosen by EPRI after con- 

sulhation with Fluor and other major engineering construction companies. Details 

of these capital and operating cost estimates for both plants can be found in 

Section 6 of this report. It is important to realize that all of the financial 

analysis presented in this section are based on the scaled-u p Case B2 (coproduc- 

tion) design and on the mid-1980 .dollar capital and operating cost estimates. 

As has been mentioned e a r l i e r ,  the  cos t  of  the  coproduced methanol  from Case B2 

i s  de termined by f i r s t  c a l c u l a t i n g  the  revenue r equ i r emen t s  fo r  e l e c t r i c i t y  p ro -  

duc t ion  from Case A2. Because a new method of f i n a n c i a l  a n a l y s i s  i s  be ing  used 

and because new financial parameters are being employed, the c~st of electricity 

from plant A2 will first be discussed and compared with other EPRI cost estimates 

for similar GCC plants as well as a reference coal fired steam plant--all treated 

in the same manner. Such a comparison will act'as a bridge between previous pub- 

lished EPRI results and the results of this study. 

COST OF ELECTRICITY ESTIMATES FOR CASE A2 

The plant design for Case A2 represents an integrated Texaco-based GCC system 

using a currently available (2,000°F) gas turbine. It is similar in most respects 

to two other GCC systems designed under EPRI funding, i.e., 

• A design completed by Fluor in 1980 and published in EPRI Report No. 
AP-1624 (See Case labeled EXTC-79), November, 1980. 

• An independent design completed by R.M. Parsons in 1981 as part of 
Research Project 986-8 (See Case labeled Configuration A). A report 
of this effort is scheduled to be published in December, 1981. 

The major difference between the above two GCC plant designs and Case A2 is in 

the selection of the average gasification system pressure. The Case A2 gasifi- 

cation plant has been desi&ned to operate at an average pressure of 1,000 psig 

whereas the other two GCC systems have average gasification system pressures of 

600 psig. 

F i n a l l y ,  fo r  comparat ive  pu rposes ,  the performance and economic r e s u l t s  f o r  

the above three Texaco-based GCC power plants will be compared with equivalent 

results generated for a conventional coal-fired steam plant with flue gas desul- 

furization. Major de~.gn and performance parameters for each of these four plants 

is shown in Table 7-2. 
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Costs of electricity for all four power plants described in Table 7-2 were 

calculated on the basis of criteria outlined in Table 7-3. 

Detailed cost of ele:;tricity calculations for the Case A2 system are reproduced 

in Appendix C. The four tables reproduced in the appendix present a detailed 

capital outlay'schedule, an annual capital recovery schedule,.an annual revenue 

requirements schedule and an annual cash flow schedule. 

• ° 

Ta~le 7-4 presents the costs of electricity results f o r  Case A2 as well as a 

comparison of the Case A2 results with the other three designs. 

The results of Table 7-4 lead to a number of interesting conclusions. First it 

is encouraging to see that the capital and operating cost estimates for the three 

Texaco-based GCC power p~ants are quite similar. The range of total capital 

requirement estimates for the three GCC configurations ($i,009/kW to $I,085/kW) 

is too small to indicate any significant differences between the three system 

designs. The conclusion to be drawn from this is that there appears to be no 

impact of operating pressure (in the range 600 psi to 1,000 psi) on system capi- 

tal cost. 

A second major conclusion to be reached based on the information presented in 

Table 7-4 is that the capital requirements for the GCC systems appear to be 

essentially the same as the capital required for the conventional coal fired 

steam plant. On the other hand, the cost of electricity estimates for the GCC 

plants indicate a I0 percent reduction over that estimated for the coal fired. 

steam plant. This cost saving attributed to the GCC systems is due primarily to 

lower coal and O~.! costs. 

It has been stated previously that the financial calculations described in this 

section of the report are based on a new methodology and a new set of financial 

criteria developed by the APS Divisioll. The new criteria and methodology were 

develoged to facilitate the analysis and comparison of systems producing or 

coproducing products other than electricity (i.e:, primarily liquid and gaseous 

fuels). EPRI has developed another set of financial criteria for analyzing and 

comparing costs of electricity generated in power plants. These criteria are to 

be published shortly in the 1981 Technical Assessment Guide (1981 TAG). 
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Table 7-3 

FINANCIAL CRITERIA USED ~OR INVESTOR OWNED 
UTILITY REVENUE REQUIREMENT CALCULATIONS 

Plant Location 

Post-1980 General Inflation Rate 

Plant Start Up 

Design and Construction Period 

Project Book Life 

Project Tax Life 

Tax Depreciation Method 

Net Plant Salvage Value 

Delivered Coal Cost in 19805 

Real Coal Price Escalation 
(Above General Inflation) 

Property Tax Rate 

Insurance Rate 

Federal Income Tax Rate 

State Income Tax Rate 

Investment Tax Credit 

P r o j e c t  Financing:  

Common Equity 

Preferred Stock 

Debt 

. Southern Illinois 

q, i0 percent/Year 

4, 1990 

4, 4 Years for GCC Plants 
6 Years for Coal-Fired Plant 

¢ 30 Years 

c 16 Years for GCC Plants 
22 Years for Coal-Fired Plant 

• Sum-of-the-Year Digits 

• 10 percent of PFI 

• $1.30/106 BTU 

• I percent/Year 

e 2 percent/Year of Escalated PFI 

• 1 percent/Year of Escalated PFI 

• 46 percent 

• 6 percent 

• 10 percent of Escalated PFI Norma- 
lized Over Period of Commercial 
Operation 

35 percent at 16 percent/Year After 
Ta~ Return 

15 percent at 12.75 percent/Year 
Dividend 

50 p e r c e n t  a t  12.25 pe rcen t /Yea r  
I n t e r e s t  
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As this section of the report discusses the co~t of electricity from a variety 

of electric power plants, capital and operating costs for all of these systems 

have been determined using the financial criteria outlined in the 1981 TAG. 

Details of these financial analyses can be found in Appendix B, Table B-4. 

COST ESTIMATES FOR METHANOL COPRODUCTION (CASE B2) 

It has been seated elsewhere that the cost of m~thanol coproduced in the Case B2 

Z-sign would be estimated by first assessing annual revenues for the production 

o~ .106.52 MW'of electricity from Case A2 and then crediting those revenues to 

the total revenue requirements for the scaled-up Case B2 plant which has a capa- 

city of 1106.52 ~ plus a capability of producing 939.5 x I0 s gallons/day of 

methanol. The net annual revenue requirements calculated in this manner represent 

the incremental revenues directly attributable to methanol production. 

Performance characteristics of the scaled-up methanol coproduction plant (Case 

B2) are shown in Table 7-1. Capital and operating and maintenance costs for 

this plant (in both mid-1978 dollars and mid-1980 dollars) are shown in Tables 

6-6 and 6-9 respectively. 

The cost of coproducing methanol from the scaled-up case B2 plant was determined 

on the basis of financial criteria shown in Table 7-3. Detailed cost of electri- 

city and cost of methanol calculations are reproduced in Appendix D. The four 

tables for each case present detailed capital outlay schedules, annual capital 

recovery schedules, annual revenue requirement schedules and annual cash flow 

schedules. 

Table 7-5 presents the estimated costs of electricity and methanol for Case A2 

and Case B2. 

Some points that must be kept in mind when examining the methanol costs shown in 

Table 7-5 are: 

The projected costs of methanol are representative of what would be 
anticipated for a coproduction plant (Case B2) owned, operated and 
financed by a regulated private utility company. 

It has been ass~ed that a methanol/electricity coproduction plant of 
the type of Case B2 would be operated at a capacity factor that is 
greater than that traditionally assumed for baseload fossil plants due 
to the high value of the coproduced methanol fuel. For this analysis, 
a 90 percent capacity factor has been assumed. 
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In order to compare the costs of methanol produced in the "once-through" mode 

shown in Table 7-5, with the alternative of producing methanol from coal in a 

dedicated mode (i.e., not coproduced with electricity), the following analysis 

has been performed. Recently, Fluor prepared a cost estimate for a dedicated 

coal-to-methanol plant (based on Texaco gasification of Illinois No. 6 coal) for 

EPRI. Details of the iluor design and cost estimate for this dedicated methanol 

plant can be found in EPRI report AP-1962, August, 1981. 

Major design and performance characteristics of the dedicated coal to methanol 

plant design are summarized and compared with similar characterlstics of the 

"once-through" methanol section of the Case B2 design in Table 7-6. The most 

interesting difference shown in this table is the fact that the thermal effi- 

ciency of the "once-through" methanol concept is p~ojected to be substantially 

higher than the efficiency of the dedicated coal-to-methanol plant. This 

increase in efficiency is due primarily to the elimination of losses created by 

the requiremen6s for shift conversion, CO z removal and gas recycle in the 

dedicated methanol plant. 

A financial analysis was conducted to determine the cost of producing methanol. 

from coal in the dedicated methanol plant described above. Detailed cash outlay 

schedules and annual cash flow schedules are shown in Appendix E. It is most 

important to realize that the financial parameters employed for the dedicated 

methanol production case are representative of those used by a nonregulated pri- 

wlte company. Differences between regulated and nonregulated financial para- 

meters used for this study are shown in Table 7-7. 

Table 7-8 presents a comparison of the cost of producing methano; by tire "once- 

through" technique in a regulated utility owned facility with the anticipated 

minimum selling price of methanol produced in a nonregulat~d company owned 

dedicated coal-to-methanol p lan t .  

A fundamental difference in cost/pricing policies between regulation and non- 

regulated companies must be described before the methanol costs/prices shown in 

Table 7-8 can be compared. 

A regulated utility company is required to sell its regulated product at actual 

year-by-year costs of production. These costs include year-by-year fuel costj 

operating and maintenance costs and fixed charges. Fixed charges are capital 
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Table 7-6 

DESIGN AND PERFORMANCE CHARACTERISTICS OF 
DEDICATED AND "ONCE-THROUGH" METHANOL PL~.~ITS 

nedicated 
Methanol 
Plant 

Fluor Design 
EPRI AP-1962 
August, 1981 ' 

Gasifiers Texaco 

Coal Type Illinois ~6 

Coal Slurry Solids, % ? 

Shift Conversion Employed Yes 

CO~ Removal Yes 

Methanol Synthesis ICI 

Gas Recycle Employed Yes 

Total Coal Feed Rate, ibs/hr (HF) 1,204,000 

Net Electricity Produced, ~IW 0 

Methanol Produced, i0 a gel/day 3,~28.6 

tons/day 10,927 

FCEBe/dau 36,154 

I0 s BTU/day 211,500 

Efficiency of Methanol Production, 

% of Coal~ 57.86 

Once-Through 
Methanol Design 

C a s e  B2 (Scaled-Up) 
This Report 

Texaco 

Illinois W6 

66.7 

No 

No 

Chem Systems 
Liquid Phase 

No 

1,090,124 

1,106.52 

939.5 

3,118.0 

10:520 

61,546 

68.80 

BBarrels of distillate fuel oil (5.85 x l0 s BTU/BBL) with higher heating value 
equivalent to methanol produced. 
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Table 7-7 

FINANCIAL PARA}IETERS USED TO DETERMINE 
METHANOL PRICES AND COSTS 

Plant Location 

Post-1980 General Inflation Rate 

Plant Start Up 

Design and Construction Period 

Project Book Life 

Project Tax Life 

Net Plant Salvage value 

Delivered Coal Cost in 19805 

Real Coal Price Escalation 

Annual Property Tax Rate 

Annual Insurance Rate 

Federal Income Tax Rate 

State Income Tax Rate 

Investmenu Ta~ Credit 

Common Equ i ty  

P r e f e r r e d  Stock  

Debt 

Regulated Utility 
Owned Methanol 

Electricity Coproduction 
........ , Plant, case 82 

Southern Illinois 

10%/Year 

1990 

4 Years 

30 Years 

16 Years 

70% of PF! 

$1.30/!0 s BTU 

l%/Year 

2% of PFI 

1% of PFI 

45% 

S% 

10% of PFI Normalized 
Over Period of Commercial 
Operation 

35% at 16~/Year After 
Tax Return 

15% at 12.75%/Year 
Dividend 

5D% at 12.25%/Year 
Interest 

Nonregulated Company 
owned Dedicated 
Coal-to-Methanol 

Plant 

Southern Illinois 

10%/Year 

1990 

5 Years 

20 Years 

13 Years 

10% o£ F~I 

$1.30/i0 s BUT 

l%/Year 

2% of PFI 

1% of PFI 

46% 

6% 

10% of PFI Taken 
During the Construction 
Period 

100% at 20%/Year After 
Tax Return 

0 

0 
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Table 7-8 

PRODUCTION COST AND SELLXNG PRICE ESTIMATES 
FORMETHANOL PRODUCTION-90% CAPACITY FACTOR 

Total Capital Requirement for 
1990 Start Up, $/FOEBS/day 

Methanol Cost/Price 

First Year (1999) $/106 BTU 
C/gallon 

Fifth Year (1994) $/106 BTU 
C/gallon 

Tenth Year (1999) $/10 s BTU 
C/gallon 

Twentieth Year (2009) $/106 BTU 
C/gallon 

Levelized* $/i06 BTU 
C/gallon 

Regulated Utility 
Owned Methanol 

Electricity Coproductien 
Plant, Case B2 .' 

Nonregulated Company 
Owned Dedicated 

Coal-to-Methanol 
Plant 

Current Mid--1980 Current Mid-1980 
Dollars Dollars Dollars Dollars 

79,545 32,165 103,142 41',666 

15.18 5.58 21.41 7.87 
99.4 36.6 140.3 51.6 

19.10 4.80 31.35 7.87 
125.1 31.4 205.4 51.6 

26.83 4.18 50.49 7.87 
175.8 27.4 330.8 51.6 

60.30 3.62 130.96 7.87 
395.D 23.7 857.9 51.6 

25.24 4.32 36.26 7.87 
165.4 .28.3 237.5 51.6 

8Barrels of distillate fuel oil (5.85 x 106 BTU/BBL) with higher heating value 
equivalent to methanol produced. 

*A levelized cost/price is one which if held constant will yield the same return on 
common equity as the varying year-by-year values. 
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related. As time goes by, the unrecovered capital investment decreases and 

therefore it should be anticipated that the cost of a regulated product will 

decrease in ~ constant dollars. The second column in Table 7-8 (methanol cost 

in constant mid-1980 dollars) shows this eharacteristic~ i.e., the constant 

dollar cost of producing the "once-through" methanol decreases from $5.58/10 s 

BTU in 1990 to @3.62/106 BTU in 2009 due to a dramatic decrease in the 

unrecovered capital investment for the plant. 

On the other hand, when a nonregulated private company produces a product, that 

product is generally sold at the "competitive market price." Therefore, the 

prices in the last two columns of Table 7-8 have been calculated as follows: A 

first year (]990) selling price was determined such that if it were escalated at 

the general inflation rate 10 percent per year for the life of the pro~ect (20 

years), the net after tax discounted cash flow rate of return to the equity owner 

would be exactly 20 percent. The selling prices indicated in Table 7-8 imply 

that the equity holder will be satisfied with a 20 percent return {9.09 percent 

~buve inflation) on investment.. If the return on equity requirement is higher, 

5he initial selling ~rice of methanol will increase significantly (as will be 

shown by the sensitivity analysis presented later). 

Comparing the cost of producing methanol in a utility owned methanol/electricity 

coproduction plant with t h e  anticipated selling price of methanol produced i n  a 

nonutility owned dedicated coal to methanol facility, a number of interesting 

features emerge: 

The first year cost of "once-through" methanol has the potential to be 
30 percent lower than the expected minimum se]ling price of methanol 
produced by a nonregulated company. Such a saving translates into a 
saving of $50 million/year for a utility consuming 10,000 bbl/day of 
liquid fuel. 

After the first year of operation, the cost of methanol produced by a 
utility in a methanol/electricity coproduction plant decreases (in con- 
stant dollars) with time from $5.58/106 BTU in 1990 to $3.62/]06 BTU 
[both in mid-]P80 dolla 's) in 2009. The nonutility produced methanol, 
however, will, at best, maintain its constant dollar price of $7.87/106 
BTU for the twenty year period. If liquid fuels escalate in price at a 
rate higher than the general inflation rate, the constant dollar 
$7.87/106 BTU will increase proportionately. 

The a~,erage (levelized) constant dollar cost of the coproduced methanol 
($4.32/I0 ~ BTU) represents a saving of 45 percent over the average con- 
stant doll~r selling price of $7.87/]0 s BTU for nonutility produced 
methanol. 
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The final conclusion to be derived from this analysis is that the potential 

benefits to the utility industry to coproducing "once-through" methanol and 

electricity could be extremely large. It is critical to keep inmind, however, 

the fact that the "once-through" methanol process described in this report only 

exists at a small experimental level. This work simply demonstrates the poten- 

tial economic benefits that could be realized if the Chem Systems "once-through" 

methanol process could be successfully developed at commercial scale, or if one 

of the currently existing commercial methanol synthesis processes could be modi- 

fied to operate in the "once-through" mode. EPRI is currently investigating 

this second alternative. 

SENSITIVITY ANALYSES 

The costs of methanol presented in Table 7-8 must be considered to be speculative 

at this point as none of the plants being evaluated has ever been constructed 

an~ successfully operated at any scale. It is also important to realize that 

current political and economic uncertainties make it impossible to project, with 

any degree of ~ccu~acy. what finan=~a! ~nu[urs {i.~., inflation rat~s, in£er~t 

rates, returns on equity, governmental assistance, etc.) will exist in 1990 when 

all of these systems have been assumed to start operation. Therefore, a number 

of sensitivity studies have been conducted to determine the impact of different 

technical and economic conditions on the estimates of methanol and electricity 

prices presented previously. 

Table 7-9 presents sensitivities of firs____~t year product costs to design and 

financial factors whereas Table 7-10 presents the sensitivities of levelized (or 

life cycle) costs to these factors. Looking at Table 7-9, sensitivities of first 

year product costs, the following conclusions can be reached: 

A lower than 10 percent inflation rate will tend to decrease the 
first year constant dollar cost of methanol coproduced by a re&q- 
lated utility significantly, whereas it would have no impact on 
the first year constant dollar price of dedicated methanol pro- 
duced by a nonregulated company. 

A two year startup delay would significantly increase the first 
year constant dollar price of nonregulated methanol production 
and would have essentially no impact on the first year constant 
dollar cost of re_cnllated methanol coproduced with electricity. 

The base case first yearmethanol cost/price results indicate that 
regulated company coproduction costs would be approximately 30 
percent lower than nonregulated company selling prices for 
dedicated methanol production. The results of Table 7-9 show that 
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40 percent of the 30 percent reduction is due to the different 
methods of financing the two plants (i.e., regulated vs non- 
regulated financing) whereas the other 60 percent of the 30 per- 
cent cost reduction is due to more efficient conversion of the 
coal to methanol via the "once-through" route. 

Finally, it is of great interest to note that the first year con- 
stmnt dollar selling price of dedicated methanol is acutely 
sensitive to the return on equity required by the nonregulated 
producer, i.e., changing the required return on equity from 20 
percent to 30 percent would increase the required selling price 
of methanol from $7.87/106 BTU £o $12.72/106 BTU. 
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Table 7-11 

NOTES FOR TABLES 7-9 and 7-10 

* Base Case parameters used for Cases A2 and B2 are itemized in Table 7-3 

(Regulated Utility Financing) and those used for the dedicated coal to 

methanol plant are itemized in Table 7-7 (Nonregulate'd Private Company). 

8 A 3 percent inflation free coal price escalation rate is equivalent to a 13.3 

percent actual escalation rate if general inflation is i0 percent/year. 

For the 5 percent annual inflation rate case, the following financial para- 

meters were used: 

Cases A2, B2 

Dedicated Coal-to- 

Methanol Plant 

Annual Return on Common Equity 10.73% 14.55% 

Annual Preferred Stock Dividends 7.63% 

Annual Interest on Debt 7.15% 

Annual Coal Price Escalation .Rate 6.05% 6.o5% 

For this analysis, the criteria shown in Table 7-3 were applied to the dedi- 

cated coal-to-methanol plant. 

e. The thermal efficiency of the dedicated coal-to-methamol plant was changed 

from 57.86 p e r c e n t  t o  52.07 p e r c e n t .  
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Appendix A 

C~4BINED-CYCLE SYSTEM DETAILS 

GENERAL 

Two similar combined-cycle designs are used for the cases in this study. Perform- 

ance for the combustion gas turbines, including net power generation and complete 

heat and material balance data, were supplied by EPRI compute," calculations based 

on fuel gas flows, compositions, and temperatures determined by Fluor. 

The basic steam cycle conditions were specified by EPRI, but other steam levels 

were selected by Fluor as appropriate to the process. Where possible, consistency 

was maintained with the Westinghouse designs in EPRI report AF-642. 

Each of the combined-cycle systems consists of gas turbogenerators with their 

associated heat recovery steam generators (HRSGs), a steam turbogenerator, and 

auxiliary pumps, steam drums, and deaerator. All steam cycle equipment was sized 

to interface with the coal gasification process. Both cases employ an auxiliary 

generator driven by a low-pressure steam turbine. HRSG approach temperatures 

(40°F), pressure losses, and blade loadings used in the calculations'all reflect 

current utility criteria for lowest cost of power. Design'parameters have been 

selected to demonstrate that the heat balance reflects performance of equipment 

currently available for order. 

A stmunary of the calculated power output at the generator terminals and heat 

rejected to the process and power plant cooling towers is in Table A-I. The cal- 

culated steam turbine power outputs include a Lwo percent deduction for estimated 

mechanical and electrical losses as well as a radiation loss of three Btu/Ib of 

the gas. 

A-I 



TECHNICAL CRITERIA 

Process Interface 

Flow rates, compositions, pressures, and temperatures of the fluids to the power 

block are based on the design of the process fuel plant and the methanol plant. 

Heat integration between the process units and the power block isused wherever 

poss/ble for cost-effective utilization of energy. 

While most of the gas and steam turbine parameters were held constant, the result- 

ing integrated plants differ when available heat is utilized. The quantity and 

quality of waste heat provided to the power block are related to the fuel plant 

and methanol plant process. 

Prime Cycle 

In both cases, the fuel gas from ~e gasification process is delivered to the gas 

turbine valve at 245 psig. In Case B2, 295 psig steam is injected prior to com- 

bustion to limiZ the formation of NO . 
x 

Steam Bottoming Cycle 

Steam Conditions. Steam conditions used for the three-section steam turbine are: 

Turbine Throttle 

Cases A2 and B2 

Condenser 

1450 psig, 900°F superheat 
385 psig, 900°F reheat 

2.5 inches Hg abs  

Steam Generation. Other steam pressure levels are 445 psig, 115 psig, and 50 psig. 

The two major sources of'heat, producing all 1450 psig steam, are the sensible 

beats from raw gasifier effluent and gas turbine exhaust. 

Heat Recovery Steam Generator (HRSG~ Conditions 

Each gas turbine is coupled to two identical heat recovery steam generators. Low 

level heat recovery from the HRSG was cal~ulated by maintaining flue gas stack 

temperature at 290°F. For heat balance purposes, boiler blowdown was neglected. 

The low-pressure flash gases from the process plant are used as reducing gases in 

the Beavon unit in all cases. In some cases, there is more flash gas available 

than the Beavo;, unit requires. These excess gases are burned as supplementary 

fuel in the HRSG. 
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For the detailed HRSG flow scheme, see the Units 50 and 51 flow diagrams and com- 

bined-cycle descriptions in the body of the report. 

Steam Driver 

A medium-pressure condensing turbine is used in each case for the main HP boiler 

feedwater pump. The spare HP boiler feedwater pump is motor driven. 

COMPONENT DESCRIPTION 

Gas Turbine (50-I-GT-I). For both rotating blades and static parts, the gas tur- 

bine utilizes compressor bleed air that is cooled against IP feedwater producing 

IP steam. The following materials are used in high-temperature service for this 

mach~-~.~ with 2000°F nominal inlet temperature: 

Combustion Liner and Transition Piece 

Turbine Nozzles 

Turbine Buckets (Blades) 

- Hastelloy-X 

- FSX-414 

- IN738 (stages 1 and 2) 
U500 (stage 3) 

The first-stage turbine buckets are coated to provide protection against oxidation 

and corrosion. The combustor outlet temperature of 2000°F is, within the design 

limits, for currently available turbines in peaking service. Some minor upgrading 

of rotor materials in the expander section may be necessary for baseload operation 

at this temperature. 

Gas Turbine Generator (50-1-G-1). Each gas turbine drives a suitably rated, 0.9 

power factor, 0.58 short circuit ratio, three-phase, 60 hertz, 13.8 kV, 3600 rpm 

open-ventilated air-cooled generator. This generator employs M!capal and Mica Mat 
insulation systems for stator windings," and Nomex insulation for the rotor wind- 

ings. These insulation systems are designed to operate at higher temperatures 

than conventional insulating materials. The generator utilizes conductor cooling 

in the rotor windings, wherein air flows through radial holes in the windings, so 

the cooling air is in direct contact with the copper conduutor. By eliminating 

the thermal resistance of insulation and steel, this provides much more -. f~ctive 

cooling than the conventional ventilating duct technique. 

A t~ulation of gas turbine performance and generator output is given in Table A-2. 
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Steam Bottomin~ Cycle 

HRSG (51-I-B-I). Two HRSGs 51-l-B-1 are coupled with each gas turbine 50-I-GT-I, 

to recover heat from turbine exhaust gases. In addition to superheating and 

reheating duties, the HRSG generates saturated steam at two or three pressure 

levels, depending upon the case. HP steam at 1500 psig, MP steam at 115 psig, 

and VLP steam at 15 psig are always produced. 

The HP saturated steam generated in the HP evaporator is heated to 900°F in the 

superheater E-1. HP saturated steam available from the process is combined with 

the HP steam from the HRSG before entering the superheater. 

Saturated steam produced in the various IP steam generators is combined with cold 

reheat steam from the high-pressure steam turbine and superheated to 900"F by 

passing through the reheater. Steam from the MP generator is added to IP steam 

turbine exhaust, then enters the condensing turbines. 

One common tray-type deaerator, operating at 15 psia, serves the multiple HRSGs 

and process steam sy&tem. Each HRSG is provided with its own MP and HP steam 

drums and corresponding b-iler feedwater circulation pumps. 

HRSG design is based on vertical finned tubes. Modular construction permits ship- 

ping in sections and minimizes installation costs. The HRSG exhaust gas tempera- 

ture of 290°F, allows the gas side surface of the final coil t6 operate safely 

above the sulfur dioxide dew point. The performance o~ the HRSGs for each case 

is summarized in Table A-3. 

Steam Turbine (5!-T-1A&E and 51-T-2). A tandem compound, reheat turbine system, 

consisting of HP and IP stages 51-T-IA&B and two split-case MP ends 51-T-2, is 

used for both cases. This system is unconventional in that steam is not extracted 

for feedwater heating. 

The HP end receives superhF.ated stea~.~ at 1450 psig, 900°F and exhausts to the 

IP steam header at approximately 445 psig. The IP steam, after combining with 

gas turbine air cooler steam and su]fur plant steam, is reheated to 900°F in the 

HRSG reheaters and flows to the IP stage with an inlet condition of 385 psig, 

900°F. The exhaust steam is at 93.8 psig. 



The LP end 51-T-2 is a condensin~ type unit receiving steam at 93.8 psig and 

exhausts at 2-1/2 inches Hg absolute. The main surface condenser associated with 

51-T-2 is designed for cooling water flow in two tube side passes with 80°F cool- 

ing watei' inlet temperature 9nd 20°F temperature rise. 

Low-pressure steam turbogenerator 51-T-3 has been provided to recover additional 

low-temperature process heat. 

Generator (51-I-G-I). The primary steam turbine system consisting o$ 51-T-1A, 

51-T-IB, and 51-T-2 drives a suitably rated generator: consisting of, 0.9 power, 

0 to 58 short circuit ratio, three-phase 60 hertz, 24 kV 3600 rpm outdoor type. 
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Table A-1 

POWER BLOCK PERFORMANCE SUMMARY - METHANOL COPRODUCTION 
OXYGEN-BLOWN TSX/~CO-BASED GCC PId%NT 

Methanol Coproduction 

Case Designation 

GENERATION 

Gas Turbine, HW 

HP Steam Turbine, ~ 

LP Steam Turbine, ~ 

Fuel Gas Expanders, ~ 

Total, Power Block, MW 

HEAT REJECTXON TO TOWERS 

Process Cooling, 1C s Btu/hr* 

Power Block Heat Rejection, 
106 Btu/hr 

Total Heat Rejection, 106 Btu/hr 

None 

A2 

692.25 

546.90 

14.53 

36.64 

1,290.32 

554.3 

3 . 8 2 8 . t  

4 , 3 8 2 . 4  

Yes 

B2 

519.19 

434.19 

16.35 

26.37 

996.10 

5"70.0 

3,053.5 

3,623.5 

*Includes mechanical and electrical losses to cooling water 
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Table A-2 

GAS TURBINE PERFORMANCE SU~RY - METHANOL COPRODUCTION 
OXYGEN-BLOWN TEXAC0-BASED GCC PLANTS 

Methanol Coproduction 

Case Designation 

Compressor Suction Pressure, psia 

Compressor Discharge Temperature, °F 

Rotor Coolant Temperature, °F 

Turbine Exhaust Pressure, psia 

Compressor Air Flow, Ib/s 

Fuel Flow, ib/s 

Turbine Exhaust Temperature, °F 

Rotor Cooling Air Cooler Duty, 
i0 s Btu/hr 

Power Output, kW* 

Total Exhaust Gas Flow, ib/s 

None 

A2 

14.4 

700.5 

450.0 

15.5 

5,702.7 

400.4 

966.9 

52.1 

692,250 

6,103.1 

Yes 

B2 

14.4 

700.5 

450.0 

" 15.5 

3,836.8 

431.0 

982.4 

35.0 

519,190 

4,267_8 

eAt generator terminals 
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Table A-3 

HRSG PERFORMANCE SU~ARY - ~THANOL COPRODUCTION 
OXYGEN-BLOWN TEXACO-BASED GCC PLANTS 

Methanol Coproduction 

Case Desiqnation 

Exhaust Gas Flow, Ib/s 

SHA~ID RH SECTIONS 
Exhaust Gas Temperature In, 

o F 
SH Flow, ib/s 
SH Temperature In, °F" 
SH Enthalpy In, Btu/ib 
5H Temperature Out, °F 
SH Pressure Out, psig 
SH Enthalpy Out, Btu/Ib 
SH Duty, 106 Btu/hr 

RH Flow, ib/s 
RH Temperature In, °F 
RH Enthalpy In, Btu/lb 
RH Temperature Out, °F 
P~H Pressure Out, psig 
RHEnthalpy Out, Btu/Ib 
RH Duty, i0 G Btu/hr 
EHhaust Gas Temperature, °F 

HP EVAPORATOR SECTION 
Water Enthalpy In, Btu/ib 
HP Steam Evap., ib/s 
HP Steam from Gasifier WHB, 

ib/s 
}~ Drum Temperature, °F 
HP Drum Pressure, psia 
MP Steam Enthalpy Out, 

Btu/Ib 
HP Evap. Duty, 106 Btu/hr 
E~dlaust Gas Temperature, °F 

HP ECONOMIZER SECTION A 
Water Flow, Ib/s 
Water Enthalpy In, Btu/Ib 
Water Flow to Unit 20, Ib/s 
Water Enthalpy Out, Btu/ib 
Duty, l0 s Btu/hr 
Exhaust Gas Temperature, °F 

None 

A2 

6,103.1 

959.6 
858.0 
598.0 

1,157.5 
900.0 

I',505.~ 
1,429.9 

810.2 

933.7 
60?.0 

1,305.6 
900.0 
385.0 

1,470.1 
553.0 
728.5 

614.0 
263.3 

59~.8 
596.0 

1,520.0 

1,167.6 
524.2 
638.0 

1,003.1 
394.4 
594.8 
614.O 
793.0 
499.0 

~es 

82 

4,267.8 

979.0 
721.8 
598.0 

1,167.6 
900.0 

1,505.0 
1,429.9 

681~7 

746.4 
616.0 

1,311.2 
900.0 
385.0 

i,470.1 
426.9 
714.0 

512.7 
155.1 

565.7 
598.0 

1,520.0 

1,16"?.5 
311.8 
538.0 

721.8 
399.8 
565.7 
612.7 
553.3 
501.0 
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Table ~~3 (Continued) 

HRSG PERFOR~%NCE SUMMARY - METHANOL COPRODUCTION 
OXYGEN-BLOW~I TEXAC0-BASED GCC PLANTS 

Methanol Coproduetion 

Case Designation 

IP ECONOMIZER SECTION . .  

Water Flow, ib/s 
Water Enthalpy In, Btu/lb 
Water Enthalpy Out, Btu/Ib 
Duty, 106 Btu/hr 
Exhaust Gas Temperature, °F 

HP ECONOHIZER SECTION B 
Water Flow, ib/s 
Water Enthalpy In, Btu/ib 
Water Enthalpy Out, Btu/Ib 
Duty, l0 s Btu/hr 
Exhaust Gas TemperatUre, °F 

MP EVAPORATOR SECTION 
Water Enthalpy Xn, Btu/ib 
~ Steam Evap., Ib/s 
MP Drum Temperature, °F 
MP Drum Pressure, psia 
MP Steam Enthalpy Out, 

Stu/ib 
NP Evap. Duty, i0 s Btu/hr 
Exhaust Gas Temperature, °F 

MP ECONOMIZER SECTION 
Water Flow, lb/s 
Water Enthalpy In, Btu/ib 
Water Flow to Process, Ib/s 
Water Enthalpy Out, Btu/ib 
Duty, 106 Btu/hr 
Exhaust Gas Temperature, °F 

HP ECONOMIZER SECTION C 
Water Flow, ib/s 
Water Enthalpy In, Btu/ib 
Water Enthalpy Out, Btu/lb 
Duty, 106 B~u/hr 
Exhaust Gas Temperature, °F 

LP EVAPORATOR "AND DEAERATOR 
Deaerator Temperature, ° F  

Deaerator Pressure, psia 
LP Steam Flow Xn, ib/s 
LP Steam Enthalpy In, 

Btu/ib 
i 

None 

A2 

65.8 
319.2 
440.0 
28.5 

494.0 

1,003.1 
321.4 
394.4 
253.6 
e46.6 

319.2 
87.3 

347.0 
129.~ 

1,192.& 
274.5 
397.6 

166.4 
219.9 

319 .2  
59.5 

387.0 

858.0 
224.1 
321.5 
300.8 
332.7° 

250 .O 
29.4 
3.2 

1,179.4 

Yes 

B2 

111.2 
319.2 
397.4 
31.3 

493.0 

721.8 
321.5 
399.8 
203.5 
~42.0 

319.2 
49.9 

347.0 
i29.4 

1,192.4 
156.8 
~02.0 

168.0 
219.9  

319.2 
60.0 

387.0 

721.8 
224.1 
321.5 
253.1 
323.0 

250.0 
29.4 
1.9 

i, 179.4, 2 
/ 
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Table A-3 (Continued) 

HRSG PERFORMANCE SU}R~RY - ME~L~NOL COPRODUCTION 
ORYGEN-BLOWN TEI~CO-~ASED GCC PLANTS 

Nethanol Ceproduction 

Case Desicjnat£on 

LP EVAPORATOR AND DEAERATOR continued)." 
C~ndensate Flow In, Ib/s 
VLP Steam Evaporated, Ib/s 
VLP Evaporator Feedwater 

Entbalpy In, Btu/ib 
VLP Steam Enthalpy Out, 

Btu/ib 
Evaporator Duty, 106 Btu/hr 
Exhaust Gas TeE, perature 

Out, OF 

A2 

1,145.3 
69.2 

217.8 

i ,  163.9 
235.7 

290.0 

Yes 

B2 

1,021.0 
37.3 

217.8 

1,163.9 
127.2 

2g 0.0 
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Table A-4 

HP/IP/~ STEAM TURBINE PERFORMANCE SUMMARY - METHANOL COPRODUCTION 
OA"ZGEN-BLOWN TEXACO-BASED GCC PLANTS 

Methanol Coproduction 

Case Designation 

HP BACK PRESSURE ELEMENT 
Throttle Conditions 
Xnlet Enthalpy, Btu/Ib 
Throttle Flow from HRSG, 

ib/s 
Throttle Flow ~rom Process, 

ib/s 
Total Throttle Flow, Ib/s 
Shaft Seal Bypass, ib/s 
Exhaust Enthalpy, Btu/Ib 

IP BACK PRESSURE ELEMENT 
Reheat Conditions 
Reheat Flow, ib/s 
Shaft Seal Bypass Flow. 

ib/s 
Inlet Enthalpy, Btu/lb 
Exhaust Enthalpy, Btu/ib 

MP CONDENSING ELEMENT 
Inlet Conditions, psig/°F 
Inlet Enthalpy, Btu/ib 
Inlet Flow, Ib/s 
Flow to Condensers, Ib/s 
ExhaustEnthalpy, Btu/ib 
Condensers Cooling Water 

Flow, gpm 

Total Power Output, kW* 

None Y e s  

A2 B2 

1450/900 z450/900 
1,429.9 1,429.9 

858.0 721.8 

0.0 0.0 
658.0 721.8 

4.8 4.1 
1,315.4 1,315.4 

385/900 385/900 

933.7 746.4 

1.3 0.9 

1,470. l 1,470. I 
1,329.1 1'329.1 

93.8/572 93.8/580 
1,314.4 1,318.6 
1,024.4 790.5 
z,o3o.4  795.4 
1,022.5 1,025.1 

546,900 434,151 

*At generator terminals 
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Table A-5 

LP CONDENSING STEAM TURBINE PERFORMANCE SUMMARY - METHANOL COPRODUCTION 
OXYGEN-BLOWN TEXACO-BASED GCC PLANTS 

Methanol Coproduction 

Ca~e Designation 

Inlet Conditions,psig/°F 

Inlet Enthalpy, Btu/ib 

Inlet Flow, lb/s 

Flow to Condenser, Ib/s 

Exhaust Enthalpy, Btu/ib 

Condenser Cooling Water 
Flow, gpm 

Power Output, kW* 

None Yes 

A2 B2 

50/298 50/298 

1,179.4 1,179.4 

73.9 83.1 

73,9 83.1 

989.3 989.3 

24,270 27,300 

14,525 16,347 

*A.-~enerator terminals 
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Appendix B 

COSTS OF ELECTRICITY CALCULATED ON 
THE BASIS OF THE 1981 TAG CRITERIA 

The financial criteria used to generate cost of product estimates in this report 

were developed to cover a wide range of products-(electricity, liquid and gaseous 

fuels) produced by a variety of different organizations (regulated utility com- 

panies, nonregulated private corporations). 

EPRI, which is the research and development arm of the electric utility industry, 

is an organization which concentrates the bulk of its activities in the area of 

power generation by regulated utility companies. The Institute has developed a 

set of consistent financial criteria for the estimation of the cost of electric 

power generated by electric utility companies. 

As this study contains capital and operating cost estimates for a number of GCC 

power generating systems, cost of electricity estimates are being presented in 

this appendix on the basis of the formal EPRI financial criteria for evaluating 

power plants. These EPRI criteria are detailed in the 1981 Technical Assessment 

Guide (TAG) to he published later this year. 

Table B-1 presents a comparison of the financial parameters used to determine 

the cost of capital specified by the 1981 TAG with similar parameters used for 

the estimates presented in this report. Tables B-2 and B-3 present similar 

comparisons of criteria used to determine additional capltal requirements and 

operating costs. 

Capi ta l  requirements and 30 year l eve l i zed  costs o f  e l e c t r i c i t y  f o r  the three 

GCC plants and the conventional coal fired plant discussed in this report have 

been calculated on the basis of the 198~ TAG criteria and are presented in Table 

B-4. These costs are equivalent to those presented in Tables 6-6 and 7-4 in the 

body of the report. 
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Table B-I 

COMPARISON OF COST OF CAPITAL CRITERIA 

1981 TAG Criteria 

Quantity 

Used 

Debt/Equity Ratio 50/50 

Common Equity 35% 

Preferred Stock 15% 

Debt 50% 

General Inflation Rate, %/Yr. 8.5 

Common Equity Cost, %/Yr. 15.3 

Preferred Stock Cost, %/Yr. 11.5 

Debt Cost, %/Yr. 11.0 

Weighted Cost of Capital, %/Yr. 12.S 

Federal + State Income Tax Rate 50% 

Property Taxes & Insurance, %/Yr. 2 

Investment Tax Credit, % iO 

Plant Book Life, Years 30 

Plant Salvage Value, % 0 

Plant Tax Life 

Steam Plants 22.5 

Comb/ned Cycle Plants -- 

30 Year Levelized Fixed 

Charge Rate, %/Yr. 16.1" 

A_PS Division Criteria 

(See Table 7-3) 

Quantity 

Used 

so/so 

3s% 

15% 

50% 

10.0 

16.0 

12.75 

12.25 

13.64 

49.24% 

3 

i0 

30 

i0 

22 

16 

18.5-19.5"~ 

u 

* Based on using the before tax "weighted cost of capital" as the discount rate. 

**Based on using the after ta~ return on common equity as the discount rate. 
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Table B-2 

COMPARISON OF ADDITIONAL CAPITAL REQUIRENENTS CRITERIA 

1981 TAG Criteria APS Division Criteria 

Royalties 0.5% of Process Capital 0,5% of (Process Capital + 

General Facilities + Eng. 

& Home Office Costs + 

Initial Catalyst & Chemicals 

+ Co£tingencies) 

Preproduction Costs 1 No. Fixed Operating Costs 

1Mo. Variable Operating 

Costs at Full Capacity 

25% of 1 No. Fuel Cost 

At Full Capacity 

2% of Plant Investment 3% of Plant. Investment 

Working Capital I No. of Fuel at 100% CF 1 No. of Fuel at 100% CF 

1 No. of Other Consumables 3 No. of Labor Costs 

1 No. of All Other Operating 

Costs at 100% CF 

Contingency of 25% of Sum 

of Above 

Land (Dec. 1980S/Acre) 5500 5208 

AFDC Charges Determined at the Weighted 

Cost of Capital 

Determined at the Interest 

Rate 
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Table B-3 

COMPARISON OF OPERATING COST CRITERIA 

1981 TAG 

Criteria 

Quantity 

Used 

(Dec. 19808) 

Operating Labor Rate, $/hr 16.43 

Illinois No. 6 Coal (Deliv) $/106 BTU 1.65 

Coal Escalation Rate (Inflation Free), 

%/Year 0 .8  

Raw Water, ¢/i000 gal. 50 

Dry Solids Disposal, S/ton 5.00 

Sulfur Credit, S/long ton 60 

Admin. & Support Labor, % of Operating 

& Maintenance Labor 30% 

Desi~ Capacity Pactor 65% 

Plant Start Up Jan., 1981 

APS Divlsion Criteria 

Quantity 

Used 

(July 198o~) 

20.00 

1.30 

1.0 

50 

5.00 

~o% 

7o% 

J a n . ,  1990 
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It can be seen from the data in Tables 6-6 and B-4, that the total capital 

requirement for the Case A2 GCC plant is essentially the same, i.e., $1149.3/kW 

in December 1980 dollars from Table B-4 and $1076.55/kW in mid-1980 dollars (or 

$1130.38/~I in December 1980) from Table 6-6. 

A 

The major difference betweenthese two sets of criteria appears in the levelized 

cost of electricity calculation. For the Case A2 GCC plant, the 30 year current 

dollar levelized cost of electricity calculated using the 1981TAG criteria shown 

in Table B-4 is 82.06 mills/kWh, whereas that shown i~ Table 7-4 is 193.78 

mills/kWh. The primary reason for this large difference is the fact that the 

TAG criteria produce an "average" (levelized) current dollar cost in the time 

period 1981-2010 (i.e., for a plant starting up in 1981) whereas the costs 

presented in Table 7-4 are "average" (levelized) current dollar costs in the time 

period 1990-2020 (i.e., for a plant starting up in 1990). The important feature 

of these two different sets of financial criteria is that they result inthe same 

relative differences in costs of electricity between systems, i.e., 

Electricity Costs 

Presented in Table 7-4 

In The Body Of This Report 

Electricity Costs 

Presented in Table B-4 

Based On The 1981 TAG Criteria 

Levelized Relative Levelized Relative 

Cost of Difference With Cost of Difference With 

Electricity Respect To Coal- Electricity Respect To Coal- 

Mills/kWh Fired Plant Mills/kWh Fired Plant 

Case A2 193.78 - 8.33% 82.06 - 9.45% 

-10.82% 80.16 -11.54% Case EXTC-Tg 188.50 

- 8.23% 81.25 -10.34% Configuration A 193.99 

Coal-Fired Plant 211.38 90 .62  

B-5 



u 

8 

0 l = 
• r i nd  o 
~.~ a 3  m 

o , I 1 ,  

~ q o o ~ l m o ~  

, , • * • u : r n [ - - ~o~ ,~oN  
, • . ° . . . 

-~; . ~ m ~ .  

~ 1  " ° "  . . . . . .  
~ N ~  

IQu~  ~1  0 

~ ~ : ~ i  ~°;" 
" O i l  O N N  

1}-6 



Appendix C. 

FINm'~CIAL aNALYSIS OF GCC PU~T 
(CASE ~Z) OPE~TI~,:; AT A 70% C~ACITH' 
FACTOR. REGULATED UTILITY OWNERSHIP. 
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Appendi~ F 

AREA AND UNIT NUMBERING 

Each plant consists of a number of facilities or systems called units. The units 

are grouped into areas having similar purposes. The areas and units are numbered 

according to the following consistent convention for identification. The'table 

below shows the area and unltnumbering system. 

Area Area Description Unit Unit Description 

I0 Feed Systems I0 

Ii 

20 On-site Systems 20 
21 
22A 
22B 
23 
24 
25 

30 Utility Systems 30 

40 

5O 

Off-site Facilities 

32* 
33* 
34* 
35* 
36* 

40* 
41* 
42* 
43* 
44* 

• 45* 

Combined-Cycle Szstem 50 
51 

Coal Handling, Grinding, and Slurry 
Preparation 
Oxidant Feed 

Gasification and Ash Handling 
Gas Cooling and Particulate Removal 
Acid Gas Removal - Fuel Gas 
Acid Gas Removal - Synthesis Gas 
Sulfur Recovery 
Tail Gas Treating 
Zinc Oxide Treatment and Methanol 
Plant 

Steam, condensate and Boiler Feedwater 
System 
Cooling Water 
Plant and Instrument ~ir System 
Potable and Utility Water 
Fuel Systems 
Nitrogen System 

Effluent Water Treating 
Flare System 
Fire Water System 
Buildings 
Railroad Loading and UnEoading 
Electrical Distribution 

Gas Turbine Power Generation 
Heat Recovery and Steam Turbine 
Power Generation 

*Costs of these systems are included in the General Facilities section for 
each of the six estimates of Total Plant Investment 
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