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Ohio Clean Fuels, Inc. (OCF) has licensed technology that involves Co-Processing

(Co-Pro) poor grade (high sulfur) coal and residual oil feedstocks to produce

clean liquid fuels on a commercial scale. These Liquid fuels can be used in many

applications, including electric power generatiou. Stone & Webster is requested

to perform a comparative technologies report for grassroot plants utilizing coal

as a base fuel and assume ali the technologies considered are mature

technologies. In the case of Co-Processing technology the plant considered is

the nth plant in a series of applications. This report presents the results of

an economic comparison of this technology with other power generation

technologies that use coal.

The technologies evaluated were:

• Co-Processing integrated with simple cycle combustion turbine

generators, (CSC)

• Co-Processing integrated with combined cycle combustion turbine

generators, (CCC)

• Pulverized coal-fired boiler with flue gas desulfurization and steam

turbine generator, (PC)

• Circulating fluidized bed boiler and steam turbine generator, (CFB)

Conceptual designs for each technology were developed. For comparative purposes,

the designs were based on approximately equivalent net electrical outputs for

each technology. A base case of 310 MWe net for each technology was established.

Sensitivity analyses at other nec electrical output sizes varying from 220 MWe's

to 1'770 MWe's were also performed.

For the base case, the C_C uses 83,607 pounds per hour of distillate utility fuel

and 28,610 pounds per hour of naphtha and is composed of a Co-Processing unit
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with fuel storage facilities, and two 160MWe combustion turbine generator sets.

The CCC utilizes the same size Co-Processing unit and one 160 MWe combustion

turbine generator set, one heat recovery steam generator, and a 171MWe steam

" turbine The PC consists of, a pulverized coal-fired boiler, 351 MWe single

_eheat steam,turbine, a wet limestone flue gas desulfurization system, an

electrostatic precipitator, and ash and sludge handling and disposal facilities.

The CFB includes three 125 MWe circulating fluidized bed boilers, a 349 MWe

single reheat steam turbine, a fabric filter particulate removal system, and ash

and limestone handling and disposal facilities. Ali technologies studied

included coal handling facilities for Ohio No. 5 and No. 6 coals. In addition,

the Co-Processing plant requires pipeline tle-ln connections for Cold Lake blend

crude oil and natural gas.

Estimates of capital, operating and maintenance costs were developed for each

technology in accordance with EPRI Technical Assessment Guidelines (EPRI-TAG).

The Co-Processing capital cost estimates were based on costs developed in the

Prototype Commercial Coal/Oil Co-Processing Project sponsored by DOE and the Ohio

Coal Development Office. Projection of fuel costs, feedstock costs and

escalation factors were based on DOE's mid escalation scenario.

An economic comparison was performed based on the busbar energy cost (Mills per

kilowatt-hour). The results of the comparison for the base case at two specific

dispatch factors (DF)" are as follows'

BASE CASE BUSBAR COST (MILI_/Kwh)

FIRST YEAR (1990) LEVELIZED (20 YRS)

61% DF 96% DF 61% DF 96% DF

CCC 81 63 i01 88

PC 96 70 113 85

, CFB 84 63 I00 77

"DF- Dispatch Factor - the percentage of time annually that the unit would be

" dispatched if it were available i00 percent of the time. 1_e capacity

factor is equal to the dispatch factor times the availability factor for

each facility.



At 61% DF, the CCC consumes all the distillate produced and allows all the

naphtha to be sold. The CCC consumes all the naphtha and distillate at 96% DF.

The simple cycle is not analyzed at these higher dispatch factors because CSC
w

technologj' is only appropriate for DF's corresponding to peaking power

generation. These results show that all the technologies are competitive from

an economic standpoint. However, it also shows that the Co-Processing ¥

alternatives become more competitive at lower dispatch factors. The reason for

the sensitivity to dispatch factor is that the Co-Processing technology produces

clean liquid fuels that can be easily sold or stored until peak electric power

is needed, and can be burned in less expensive combustion turbine generators.

This allows the capital intensive Co-Processlng facility to be base loaded

independently of the power generating equipment. The Co-P_'ocessing facility can

continue to produce fuel whether the combustion turbine (CT) is dispatched or

not. At high dispatch factors, the naphtha and utility fuel produced can be

blended for use in the CT. At medium dispatch factors, the naphtha not utilized

can be sold on the market. At low dispatch factor, the extra utility fuel not

utilized can also b_ sold as a #2 fuel oil equivalent. These sales provide

credits against the cost of the electricity production. _e other coal based

technologies do not have the storage and peaking capability inherent in the Co-

Processing technology With PC and CFB technologies the complete investment must

sit idle du=ing periods when power is not being generated

Cases were also analyzed at various dispatch factors using an approach where

the megawatt rating of the CCC increased as the dispatch factor decreased, so

that the fuel consumption for the Co-Processing Combined Cycle remained the same,

utilizing ali the produced distillate. The megawatt rating of a simple cycle

unit (CSC), PC unit and the CFB unit were also _ncreased as the generation

dispatch factor decreased so that ali power generation technologies had the same

net rating at a given dispatch factor. Changes in dispatch factor thus resulted

in changes in capital cost, operating and maintenance costs, and fuel consumption

of the PC and CFB technologies. The feedstock consumption of Co-Processlng

technology was unchanged since at ali dispatch factors the unit operated at full

capacity. The electric output varied between 1770 MWe's at l0 percent DF to 223

MWe's at 75 percent DF. The results are as follows'
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L_ELIZED BUSBAR COST (MILLS/Kwh)

DF CCC CSC PC CFB

i0% 276.5 186.2 394.8 292.9

. 35% 123.5 137.3 148.0 134.7

This analysis showed the Co-Processlng technologies to be cheaper at lower

dispatch factors than the other alternatives. The report also shows that if the

power generating equipment is used to Provide peak power, and consequently has

a low dispatch factor, the cost of the electrlcal energy of the Co-Processing

technologies is much below that of the other coal based fuel technologies

studied. At 20 percent dispatch factor the Co-Processor electrical energy will

cost 78 percent of PC and 91.6 percent of CFB. While at an 80 percent dispatch

factor, the Co-Processor electrical energy will cost 1.7 percent less than PC.

However, CCC will cost approximately 8.8 percent more than CFB as marketable Co-

Processing products are consumed for power generation.

The approximate break even dispatch factor for CCC vs. CFB is 60 percent. At

a 60 percent dispatch factor the approximate busbar cost of electricity produced

by the CCC and CFB is i01 Mills/kwh. While the busbar cost for PC is 113

Mills/kwh.

The calculated emission of Sulfur Dioxide (SO2), Nitrogen Oxides (NOx) and Carbon

Monoxide (CO) of these four technologies were also assessed. The results of this

assessment show that the Co-Processing based technologies produced 50 - 65

percent less Sulfur Dioxide (SO2) than PC or CFB and 50 percent less NOx than the

PC technology. These values are shown below:

AIR EMISSIONS

q

SO2 0.3 0.3 0,7 0.7

NOx 0.2 0.2 0.6 O, 2
CO 0.03 0.03 0.03 0.03

* Values are for power producing facilities and do not
include Co-Processor unit emmissions which are not

significant for these elements.
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All electric utilities have a mix of base and peak load generating capabilities.

This report sho_,s that the coal/oil Co-Processing tachnologies is economically

competitive with pulverized coal generation but is marginally competitive for

base case at dispatch factors greater than 60 percent with circulating fluidized

bed technology. However, Co-Processlng based technologies are far more

competitive than any other coal based fuel technology studied in meeting peak

demand requirements.
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1.0 INTRODUCTION

Ohio Clean Fuels, Inc, (OCF), in co-sponsorship with the United States Department
w

of Energy (DOE) and the State of Ohio, proposes to construct a prototype Coal/Oil

Co-Processing plant in the state of Ohio. This project is being conducted as

* part of the DOE's Clean Coal Technology I program. The primary objective of

the OCF project is to demonstrate the technology of slmultaneously processing

(co-processlng) poor-grade coal (high in sulfur and nitrogen) and crude oil

residuum feedstocks to produce clean liq_id fuel products on a commercial scale.

Preliminary analyses conducted by 0CF and their consultants indicated that Co-

Pro fuel may be economically utilized at a number of electric utility plants in

Ohio to reduce air pollutant emissions. Stone & Webster Management Consultants,

Inc. (MCI) and Stone & Webster Engineering CorPoration (SWEC) were retained by

OCF to perform a five phase study to identify investor owned electric utilities

and power plants in the state of Ohio for which the use of Co-Processed fuel

would offer an economically attractive means of reducing SO2 and NOx emissions.

This study is being conducted in cooperation with major Ohio utilities and is

presently in Phase 3, De_ailed Analysis of Selected Units. The total study is

scheduled for completion around the end of 1989 and will be the subject of a

separate report.

In parallel with the above, Stone & Webster was also requested to perform a

comparative technologies report for "grassroot plants" assuming mature Co-

Processing technology. The purpose of this report was to evaluate four power

generation technologies which use coal as primary fuel and/or feed stock. The

following technologies are considered in the evaluation:

• Co-Processor Simple Cycle (CSC)

, • Co-Processor Combined Cycle (CCC)

• Pulverized Coal with Flue Gas Desulfurization (PC)

. • Circulating Fluidized Bed (CFB)
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The report developed comparabi_ designs for each technology and estimated the

required capital and operating cost data bases. Stone & Webster t'elled on its

experience from previous projects to develop the design basis of the PC and CFB
w

technologies. Costs and operating data are consistent with EPRI Technical

Assessment Guidelines (EPRI-TAG) values, The Co-Processing plant design is based

on the work done for the DOE Clean Coal I technology project "Prototype

Commercial Coal/Oil Co-Processing Plant". DOE price projections for fuel, feed

and byproducts were also utilized in the evaluation. This information along with

supporting technical and economic data constituted the basis of the economic

model. Economic comparison of the technologies is in terms of the total busbar

cost of electricity produced (Milln/Kwh). An assessment of the air pollutant

stack emissions was also conducted. A comparison of emissions for each of the

technologiesls described in Section 5. No quantitative economic value is

assigned for differences of air pollutants produced by each technology; however,

these differences are si_nlflcant in light of increasingly stringent

environmental legislation.

This report presents the results of the comparative technologies studied.

Section 2 describes the technologies evaluated. Appendix A provides detailed

plant descriptions. The economic model is described in Section 3 and the results

are described in Section _. Assessment of stack air pollutant emissions are

discussed in Section 5. Sample economic model printouts are included in Appendix

B.



2.0 DESCRIPTION OF TECHNOLOGIES

- 2.1 Design Basis

To be compatible, the design of each comparative technology ass_aed the same net

electric output, site conditions, fuel characteristics and other attributes,
L

where applicable. Some of the common design characteristics are discussed below.

2.1.1 Unit Capacity

The nominal 310 MWe net output rating was chosen for each alternative for two

reasons. First, this rating is easily produced by multiple units of commercially

available CFB modular units. Second, the design basis distillate ("utility

fuel") product output from the Co-Processor plant can support this rating at a

61 percent dispatch factor with a single combustion turbine and a supplementary

fired (HRSG) Heat Recovery Steam Generator. Sup?lementary firing temperatures

were helJ below 1400°F for technical reasons. The 61 percent dispatch factor is

a reRsonable and typical value for utility operations. EPRI defines .n their

Technical Assessment Guide (EPRI-TAG) 70 percent as base loaded power plant

dispatch factor. 300MWe is a "small size" for the EPRI intermediate central

station unit, based on current trends in the industry and falls in EPRI

guidelines standards at the high end of the intermediate loaded unit.

The gross capacity for each plant is different and reflects the inherent

auxiliary power requirements for each technology. Economic comparisons of

technologies are performed on busbar costs bases. This analysis considers the

differences in availability of each technology based on the latest EPRI-TAG.

2.1.2 Site Conditions

For study purposes, a typical plant location in the Northern Ohio area was

chosen. The site is assumed to be clear and level with no spe.cial attributes

or problems. The site is in Seismic Zone I, with an elevation of 600 feet above
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mean sea level. A river for raw water supply is assumed to be within six miles

of the plant site. Pile-type foundations are assumed for capital cost estimates.

The following ambient conditions are used for cycle performance calculations.

These are taken from the EPRI-TAG for this region of the country, assuming a

baseload facility.

Dry-bulb temperature 60F

Wet-bulb temperature 52°F

Atmospheric pressure 14.4 psia

Cooling water s_'stem requirements are based on the maxlmum temperature conditions

shown_below. Mechanical-draft cooling towers are used for each technology. For

freeze, protection and winterization considerations, the Design Minimum
K

Temperature is -20°F.

Maximum dry- bulb

temperature 95°F

Wet-bulb temperature 75°F

Atmospheric pressure 14.A psia

2.1.3 Fuel/Feed Characteristics

For this report, lt is assumed that the Co-Processing plant and its related power

generation equipment (either simple or combined cycle) will be located on the

same site,

One advantage of Co-Processing technology is that the fuel producing Co-

Processing plant can be located remote from the power generation equipment since

the fuel can be stored. T"ne fuel could be transported by truck, rail or pipeline

from this plant to multiple utilities, plants and locations. Th_ would permit

selecting the optimum site for each facility separately. The clean coal power z

generation equipment, which is not land intensive, could be located in or near



urban areas or other electric load centers. No credit in the economy,.,model was

assigned for this advantage of the Co-Processlng technologies.

. The design basis coal for the PC,_ and the CFB is a blend of unwashed Ohio No.

5 and No. 6 coal (Table 2-1). The Co-Processor utilizes a mixture of washed Ohio

No, 5 and No. 6 coal blend (Table 2-1A) and Cold Lake Crude Blend (Table 2-2)

as the design basis feed for the Coal/Oil Co-Prgcessor. Properties for the coal

blend and the Cold Lake Crude Blend feeds are given in Tables 2-I, 2-1A, and 2-

2, respectively.



TABLE 2-i

OHIO NO. 5 AND NO. 6 COAL BLEND

UNWASHED COAL ANALYSIS - AS FIRED

FOR PC AND CFB PLANTS

Con_ti_en_ %_By WQi_h_

Carbon 61. 023

Moisture 9.9

Hydrogen 4. 325

Nitrogen 1.442

Ash 10.69

Sulfur 3.93

Oxygen 8.69

Higher Heating Value - 10812 B6u/Ib

TABLE 2-_

OHIO NO. 5 AND NO. 6 COAL BLEND

WASHED AND DRY BASIS FOR CO-PROCESSING PL%NTS

Constituent _ Weight

Carbon 73 05

Hydrogen 4 82

Nitrogen 1 49

Ash 8 53

Sulfur 2 86 .

Oxygen 9 125

Chlorine 0 125

Higher Heating Value - 13,226 BTU/lh



COLD LAKE BLEND CRUDE

FUEL PROPERTIES

API Gravity 23.6

, Sulfur Wt.% 3.29
_& ,,

M£rcaptan Sulfur WPPM 300
i

Neutralization Number, mg/g 0.84

Pour Point -65 Deg F

Viscosity @ I00 Deg F 41.4 CS

Viscosity @ 80 Deg F 70.1 CS

Viscosity @ 60 Deg F 130.2 CS

Nitrogen, Wt.% 0,28

Reid Vapor Pressure 5.9 psia

Maximum Salt Content, ptb 20 (actual measured value 2.4)
r

2 .I.4 Common Attributes

Though the technologies differ appreciably in their method of fuel conversion

and power generation, the basic design of all four plants is based on assumed

commonalitles for equivalent basis of comparison. These are'

• The ultimate heat sink for the Rankine Cycle power generation equipment

is mechanical draft cooling towers.

• Coal and limestone delivery is by rail. Coal as received, is 2" x 0",

as mined for the circulating fluidized bed and pulverized coal

technologies and is washed for the Co-Processlng technologies.

• Fuel/feed storage capacity is for 60 days at i00 percent base load

operation. In the case of CCC and CSC, this is accomplished by storing

the utility fuel produced by the process portion of the plant.

• Two i00 percent motor driven boiler feed pumps and at least two 50

percent pumps, fans, etc. are utilized for critical services.

• Onsite waste disposal facilities, except for the Co-Process technology

where vacuum bottoms material is sold.
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• Complete water treatment facilities including pre treatment and mixed

bed demineralizers.

2.2 Technology Descriptions

2.2.1 Coal/Oll Co-Processor Power Plants

The plant configurations used for this study ar_ based on a combination of the

Ohio Clean Fuel's Prototype Coal/Oil Co-Processing Plant and either a simple

cycle combustion turbine power plant or a combustion turbine combined cycle

power plant.

The Co-Processing Plant is described in the Preliminary Process Description

report developed by SWEC as part of the DOE Clean Coal Technology project as

referenced before. A block diagram depicting the process is included as Figure

2-1.

No attempt has been made at this time to optimize the fuel production and power

production process interface. Table 2-3 presents the stream flow rates and

qualities for the prototype coal/oll co-processing plant. Table 2-4 summarizes

the co-processing plant fuel outputs and converts the units into the format used

for the power production calculations.
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TABLE 2-3

PROTOTYPE COAL/OIL CO- PROCESSING PLANT

COLD LAKE BLEND, NORMAL RECYCLE

STREAM FLOWRATES AND QUALITIES

------------------------------------------------.--.----.--..-.....................

Stream Description Flowrate API Sulfur Nitrogen

No, BPSD TPSD Gravity Content Content

(WT%) CWT%)

......................................................,.......................

1 Cold Lake Crude/ 7,655 23.6 3 29 0.28

Condensate Blend

2 Ohio No. 5/6 Coal 765 2 86 1.49

(Washed and Dried basis)

3 Straight Run 2,114 71.7 0 I0 i Wppm

Naphtha (I)

4 Straight Run 1,203 28.4 1 57 60 Wppm

Distillate

5 Co-Processor 4,282 765 7.1 4 75 0.49

Oil Feed

6 Co-Processed 1,938 58.4 0 14 0.04

Naphtha (I)

7 Co-Processed 3,551 29.4 0 31 0.13

Distillate

8 Co-Processed 1,590 14.0 0 42 0.27

Vacu_mn Gas Oil

VGO

9 Co-Processor 138 -7.6 1.05 1.13

Vacu_un Bottoms

-Excl. Solids 4

I0 Co-Processor 241 4.73 0.84

Vacuum Bottoms

-Incl. Solids (2)

I0



TABLE 2-3 (cont'd)

PROTOTYPE COAL/OIL CO-PROCESSING PLANT

- COLD LAKE BLEND, NORMAL RECYCLE

STREAM FLOWRATES AND QUALITIES

Stream Description Flowrate API Sulfur Ni_

No. BPSD TPSD Gravity Content Content

II Total Naphtha 4,052 65.1 0,12 0.02

(Streams 3 & 6)

12 Total Distillate 4,754 29,1 0.63 0.i0

(Streams4& 7)

13 Total Distillate 4,754 29,1 0,30 0,07

After HTU

14 Utility Fuel I0,396 38,6 0.26 0.09

Product

(Streams 8 & ii & 13)

NOTES

(I) Naphtha Streams shown net of CI-C4 components

(2) Co-Processor Vacuum Bottoms Stream including Solids has:

Ash Content - 27.1 wt%

Unconverted Coal - 15.7 wt%

Total Solids - 42,8 wt%

B,AsIs

• Analysis based upon true boiling point (TBP) method

• Cold Lake Blend Distillation based on Imperial Oil Limited assay of

February 1987

, • Co-Processing yields/qualitles based on Imperial Oil Limited memorandum

dated July 6, 1988

° Crude Distillation unit heavy oil cut point of 650 deg, F

• Carry-under of VGO to vacuum bottoms based on stream 108 of HRI computer

simulation output

Ii
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2.2,1,1 Coal/Oil Co-Processlng Plant

Coal/Oil Co-Processlng technology was developed by Hydrocarbon Research, inr,

(HRI) and employs an ebullated-bed reactor to produce a range of hydrocarbon

products from coal, petroleum residuum, and hydrogen produced from natural gas.

• This technology produces a clean (S0,33 percent S and S0,12 percent N) distillate

grade utility fuel, naphtha, propane and butane, as well as sulfur and ammonia

byproducts, When coupled with a combustion turbine based power plant, the result

is an efficient conversion of coal to electric energy with minimum or no

pollution control technology equipment requirements.

The basic components of Co-Processlng power plants are:

. Cold Lake Crude Blend Storage

. Coal Handling and Preparation Facilities

• Coal/Oil Co-Processing Unit

• Atmospheric Distillation Unit

• Steam Reformer (Hydrogen Plant)

• Distillate Hydrotreater

• Acid Gas Removal Unit

• Sour Water Stripper

• Sulfur Plant

• Light Ends Recovery Unit

• Combustion Turbine - Generators

• Heat Recovery Steam Generators (HRSGs) - for combined cycle only

• Steam Turbine - Generator Plant for combined cycle only

• Water and Waste Treatment Plant

2,2,1,2 Coal/Oil Co-Processor Thermal Cycles

%

For the combined cycle case, the steam cycle has been designed to effectively

capture combustion turbine waste heat and maximize steam production and resulting

power generation, This is done through the use of single drum, supplementary

fired HRSG0 The HRSG has an internal reheater and an external deasrator, The

13



supplemental fuel for the HRSG's is the Co-Processor produced distillate and/or

distillate/naphtha blend, Cycle performance data is summarized in Table 2-5,

The combustion turbine-generators performance and costs are based on a GE MS-

7001 F ("FRAME 7F"), The steam turbine-generator has inlet conditions of 1800

psig, 1000"F/IOOO'F, The combined cycle is sized such that when a Frame 7F

combustion turbine is operating at base load conditions, the remaining distillate

produced by the co-processing unit is fired in the IIRSG without exceeding 1400°F

gas temperature.

See Appendix A for a more detailed description of the plant and equipment,

2,2,2 Pulverized Coal

The Pulverized Coal (PC) plant incorporating Flue Gas Desulfurization (FGD) is

the most conventional of the technologies studied, Pulverized coal plants are

the most technically mature and the most commonly employed technology using coal.

FGD technology and associated equipment is a developlng technology which has been

commercialized however, lt has not reached the level of maturity of PC plant

components, The FGD system effectively reduces sulfur emissions; however, it

imposes additional auxiliary power and steam demand which reduces the net

capacity of the unit and increases the heat rate, Cycle performance data is

contained in Table 2-5,

The PC Plant selected for the study fs an adaptation of an exisulng SWEC designed

unit reconflgured to fit the Northern Ohio site, The basic components of

Pulverized Coal plant includes the following:

• Coal, Limestone and Scrubber Sludge Storage and Handllng

• Wet Limestone Flue Gas Desulfurization Equipment

. Electrostatic Precipitator for Particulate Removal

• Steam Turbine - Generator Plant

. Fly Ash and Bottom Ash Handling and Disposal Facilities

. Water and Waste Water Treatment Plant

14



Steam turbine has throttle conditions of 2400 pslg, 1000'F/lOOO°F single reheat,

The assumed steam turbine performance was based on a Westinghouse TC2F-31 Steam

Turbine,

See Appendix A for a more detailed description of plant and equipment,

2,2.3 Circulating Fluidized Bed iCFB)

Circulating Flulai'_ed Bed (CFB) represents the latest in commercially implemented

boiler technology. Fluidized bed technoloEy in general offers advantages over

conventional PC boil_rs in the areas of fuel flexibility, in-situ SO2 removal,

and boiler efficiency, Though several different fluid bed desiEn alternatives

have been proposed and implemented to various degrees in the industry, the

Circulating Fluidized Bed (CFB) was chosen for the study, This is based on

SWEC's extensive experience with this design in addition to the utility

industry's current level of interest in CFBs. The majority of utility sized

power projects currently underway in the U,S, employ CFBs.

The CFB Plant conceptual design for the study was created from the PC Plant, by

removing the boiler, coal pulverizers, fans, ash handling system, precipitator,

and limestone scrubber, In their piace were added three nominally rated 125MWe

Circulating Fluidized Bed combustors, each with a FD, ID, and primary air fan

and a bag house. The three nominal 125MWe CFB combustors were used rather than

a larger combustor to be consistent with the current state of development of

CFB technology, The steam turblne-generator, feedwater cycle and

condenser/cooling systems are the same as the PC Plant.

The basic components of Circulating Fluidized Bed power plant include the

following:

, Coal and Limestone Storage and Handling

. Circulating Fluidized Bed Boiler

• Fabric Filter Particulate P_moval (Part of CFB Boiler)

15



• Steam Turbine - Generator P1an_

• Ash Handlln 8 and Disposal Facilities

• Water and Waste Water Treatment Plant

The s_eam turbine has throttle conditions of 2400 pslg, 1000°F/10OO°F single

reheat, The analysis program modeled a Westinghouse TC2F-31 Steam Turbine, "

Cycle performance data for the CFB power plant is contained in Table 2-5.

See Appendix A for a more detailed description of plant and equipment.

16



TABLE 2-5

CYCLE PERFORMANCE SUMMARY

p

CCC CSC PC CFB

• Fuel Co-Pro Co-Pr0 Ohio No. 6 Ohio No. 6

Distillate Distillate/ & No. 5 Coal & No. 5

Coal Naphtha Blend

Feedrate, Ib/hr 133,084 177,883 304,095 296,808

Heating Value(LHV),Btu/Ib 18,010 18,323 10,812 i0,812
Wt% Sulfur (as received) 0.33 0.26 3.93 3.93

Wt% Nitrogen (as received) 0.12 0.09 1.442 1.442

Combustion Turbine

Quantity & Type GE MS7001F GE MS7001F ....

Firing Temp., OF 2084 2084 ....
Steam/Water InJ. -

Ib/hr 97,102(s) 123,066(w) -....

Exhaust Temp, OF 1084.59 1080.37 ....
Gross Power Generated -

kW (I) 159,888 304,248 ....

HRSGs & Steam Turbine

Steam Cond psia/°F/°F 1815/1000/1000 --- 2400/1000/1000 2400/1000/1000

Cond. Pres, in Hg abs 3.56 --- 3.56 3.56

Stack Temp, OF 287 --- 300 295

Gross Power Generated kW 170,992 --- 351,254 348,791

Overall System

Gross Power, kW 330,880 304,248 351,254 348,791

AL_ Power, kW 20,690 4,564 41,033 38,600

Net System Power, kW 310,191 299,684 310,191 310,191

Capacity Factor, % 56.8 56.8 49 50

Equivalent Availability,% 92.6 92.6 79.3 81.3

Net Heat Rate, -

Btu/kW-hr LHV 7,727 .0,876 9,979 9,723
Net Heat Rate

Btu/kW-hr-HHV 8,212 11,558 10,602 10,348

NOTE i. The values are based on standard temperature and pressure.
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3,0 DESCRIPTION OF ECONOMIC MODEL AND PARAMETERS

This section discusses the development of the parameters used in the economic

model for comparing the various technologies. A model was developed which allows

sensitivity and trend analysis by varying specific inputs. The key parameters

considered include'

• Capital Costs

• Operating and maintenance costs, including fuel/feeds and

consumables.

• Revenues from product and byproduct sa%es.

• Escalation

• Capacity factor

Much of the model was set up along the lines of the methods used in the EPRI-TAG,

Data on specific technologies taken from EPRI-TAG are referenced where appropriate.

To establish a common basis, ali technologies were assumed operational in January,

1990, with the payment on the debt seTvice paid in December of each operating year,

Basic cost data is provided in current (1989) dollars.

To avoid speculation on specific electrical energy rates, the economic analysis is

performed in terms of busbar cost (Hills/kwh, 1990 dollars) over the life of the

project, 20 years The only revenue streams considered in the analysis are those

derived from the sale of Co-Processing products and byproducts, where applicable

The busbar costs are levelized over the 20 years at an ii percent discount rate

Busbar costs in the model are divided into 5 basic components. These are

• Carrying charges

• Fuel/feed costs

• Variable O&M costs (includes consumables)

• Fixed O&M costs

, Product and byproduct revenues (credit)
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A 20 year cash flow stream is developed for each of these components. All streams

are then normalized through division by the product of net capacity, capacity factor

and period hours (8,760 hours/year). The resulting busbar cost (converted to

, Mills/Kwh) of each commodity is then levelized by calculating the net present value

of the stream and dividing by the sum of the present worth factors for each year.

Summation of these values yields the levelized total busbar cost, a common

denominator for comparing the dlfferert technologies in terms of cost of electrical

service, The results of this analysis are discussed in Section 4, Printouts of

the base case with and without naphtha sales are included in Appendix B. A

description of these printouts is also contained in Appendix B. The remainder of

this section discusses the key parameters.

3.1 Capital Costs

Stone & Webster developed estimates for direct capital costs, indirect and

dlstrihutables, contingency, for the four technologies described in detail in

Appendix A. This information was based on a combination of vendor quotes as well

as data and experience from past projects. Data from past projects was escalated

to 1989 dollars. The Co-Processing plant cost is for the nth plant and assumes a

mature technology. Capital costs for the base cases are summarized in Table 3-1.

For the sensitivity analysis of power plant unit capacity, material and labor costs

are adjusted by the ratio of the base unit size to the sensitivity unit size raised

•to the 0.8 power. The assumption ignores any economics of scale and consequently

may bias the study against pulverized coal (PC) technology. PC Technology is more

sensitive to economies of scale than the fluidized bed or combustion turbine

technology, both of which are at their maximum practical size in the base case. The

bias does not significantly affect the conclusions of the study.

Portions of the estimates for the fluidized bed boilers and boiler associated
i

equipment are adjusted based on a multiple 125 MWe unit. (125 MWe is the maximum |

standard commercially available unit size for the circulating fluidized bed

technology.) The combustion turbine and HRSG portion of the combined cycle plant

estimate is adjusted based on the ratio of combustion turbine prices for the frame
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7EA turbine to the Frame 7F combustion turbine. The additional boiler equipment

prices in the combined cycle estimate were adjusted based on the HRSG price ratio

for the different frame sizes. The combined cycle steam turbine price was adjusted
q

based on the steam turbine capacity ratio to the 0.8 power. Ali other prices for

the combined cycle plant were adjusted by the entire plant capacity ratio to the 0.8

power.

3.2 Operating and Maintenance Costs

Operating and maintenance costs include the cost of fuel, feedstock, consumables,

waste disposal, operating and maintenance labor, materials and overhead. These are

discussed further below.

3.2.1 Fuel/Feed and Consumables

Unit prices for coal, Cold Lake Crude Blend and natural gas are given on Table 3.2

from the annual energy outlook (DOC/EIA-0383(89)). The coal for the Co-Processing

plant had an additional $5 per ton for washing at the mine mouth. Coal, Cold Lake

Crude Blend and natural gas usages are derived and provided by the project team.

Limestone usage, ash, slag and FGD sludge generation rates are estimated for each

technology based on as fired Ohio No. 5 and No. 6 blend coal. Disposal of waste is

assumed to be onsite. A disposal cost of $15/ton is assessed for FGD sludge disposal

and $10/ton assessed for disposal of ali other wastes. Flaked bottoms produced by

Co-Processor are assumed to be sold at 85 percent of the value (commodity price) of

the coal price. Annual costs for these items were calculated based on the unit

price, usage rate and unit capacity factor.

The fuel and feedstock prices are calculated based on the source value (i.e.,

mlnemouth) plus transportation to the site. Each component is the escalated at the

appropriate rate( see Section B.2, Escalation and Prices).

Make-up water, demineralized water, plant catalysts and chemicals, condensate

polishing recharge, andwastewater treatment costs are estimated as annual allowances

based on capacity factor, plant usage and estimates from previous similar projects.
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3,2.2 Products and Byproducts

r

The unit price estimates for sulfur, ammonia, distillate and naphtha were developed

" by Stone & Webster based on a market analysis. These prices are shown in Table 3-2.

Production rates are based on calculation and/or data from previous SWEC studies.

3.2.3 Operation Labor

The operating labor force required for each technology is estimated based on previous

Stone & Webster experience with operating plants. Ali operating labor is based on

a 2000 manhour work year. The average salary for ali plant operators is assumed to

be $25/%r including burden.

The following numbers of operating personnel are used:

19c_¢/iB9__ Number of Ope_tlng_ers0nnel

• CSC Ii0

• CCC 122

• PC 102

• CFB 81

3.2,4 Maintenance Labor and Materials

Total maintenance costs are estimated per EPRI-TAG at 2.5 percent of the total direct

cost for each technology. 40 percent of the cost is allocated for maintenance labor

and 60 percen_ for materials. This factoring was validated by estimating the

required maintenance labor force and applying an average annual salary.
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3.2,5 Owner's Overhead During Operation

Owner's overhead during operation was estimated to be 30 percent of the sum of the

operation and maintenance labor for the various technologies.

3.2,6 Fixed and Variable O&M Components

In accordance with EPRI-TAG, O&M costs are divided into fixed and variable

components. Fixed O&M is calculated as total O&M cost times Capacity Factor,

Variable O&M is then determined as the difference of total and fixed O & M cost.

3.3 Fuel and Consumables Escalations

The latest DOE fuel cost escalations are used in the economic analyses. Consumables

are escalated at compatible values,

3.4 Capacity Factor

Capacity factor is the ratio of the total amount of electricity produced during a

period divided by the product of unit capacity and total period hours, Capacity

Factor is the product of two separate factors: Equivalent Availability Factor and

Dispatch Factor,

Capacity Factor - (Equivalent Availability Factor) x (Dispatch Factor)

The values of Base Capacity Factor used in this study are given in Table 3-3,

3.4,1 Equivalent Availability Factor

The Equivalent Availability Factor is defined as the number of available hours, less

equivalent derated hours (planned and unplanned), divided by the period hours,

Mathematically this is expressed (for one year) as'

EAF - (AH - (EUDH+EPDH))/8760.
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AN is available hours, EUDH is equivalent unplanned derated hours and EPDH is

equivalent planned derated hours. Derated hours - derated capacity/unit capacity

times the number of hours at derated capacity, The EAF used for each technology is

" given in Table 3-3,

. 3.4,2 Dispatch Factor

The Dispatch Factor is the percent of total time that a unit would be called on to

operate if it were available I00 percent of the time. (Capacity factor is equal to

the dispatch factors times the unit availability.) Units that burn cheap fuel and

that are efficient will have high dispatch factors. Units that burn more expensive

fuel or that are inefficient will have low dispatch factors. _is is because

normally the cheapest energy producer will be put on line, and the more expensive

units are only called upon as a last resort. The study evaluated effects of dispatch

factors ranging from 10 percent to 96 percent. The dispatch factor of 61.34 percent

was selected for the base case analysis.

At this dispatch factor the combined cycle consumes all the distillate produced by

the Co-Processlng Plant. The naphtha is sold on the open market. The simple cycle

unit, at the same dispatch factor will burn all of the distillate and most of the

naphtha to generate the same kilowatts, The remainder of the naphtha is sold in the

market.

Once a base dispatch factor was selected it was held constant for ali power

generation technologies. However, the Co-Processing plant is assumed to operate

continuously other than for scheduled and unscheduled outages. This resulted in a

90.14 capacity factor (330 days per year) for the Co-Processing plant, The

combustion turbines of the Co-Processing/CCC and Co-Processing/CSC operate at the

specified dispatch factor and availability based on EPRI-TAG values. During periods

of non-operation by the combustion turbine, fuel produced by the Co-Processing plant

is stored. Its product can be stored until needed and/or sold at market value.

By comparison power generating units must operate only as dispatched because their

product (electricity) is not easily stored.
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Feed inputs and, fuel consumption were calculated for each altBrnative at different

dispatch factors. Each technology is assumed to have a constant heat rate, equal

to the full load heat rate throughout it's load range '[his assumption implies that

units are operated _nly at maximum output. In the range of conditions considered

in this study, this assumption may cause a bias in favor of the pulverized coal and

fluidized bed units, At low capacity factors these units will cycle frequently and

use more fuel at low load operation due to higher heat rates at low loads and

extended time required for startup, The combustion turbines start much more rapidly,

with much less excess startup fuel consumption, This bias does not significantly

affect the conclusions of the study.
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TABLE 3- 2

MATERIAL PRICES (19139 Dollars)
i

FUEL/FEED AND CONSUMABLES

ITEM DELIVERED COST "

Coal (unwashed) $36.72/ton (fob, plt)

Crude (cold lake blend) $13.87/bbi

Natural Gas $2,50/MCF

Limestone $15/ton

Demineralized Water $0, _/I000 gal

Makeup Water $2,0/1000 gal

FGD Disposal $15/ton

Ash, Slag,

Disposal $10/ton

PRODUCTS AND BYPRODUCTS

ITEM NETBACK PRICE

Naphtha $20,76/bbi

Sulfur $81/ton

Ammonia $133,86/ton

Flaked Bottoms $18026/ton
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TABLE 3-3

AVAILABILITY, DISPATCH, AND CAPACITY FACTORS

' Base Base

Dispatch Capacity

, Tech_o loKy _ _ Fao tor Fa9_92j_

% % %

CSC

Co-Processor 90 OCF -- 90 (i)

Simple Cycle 92,6 EPRI TAG 61,3A 56,3

CCC

Co-Processor 90 OCF -- 90 (i)

Combined Cycle 92,6 EPRI TAG 61.34 56,3

PC 79.3 EPRI TAG 61.34 _9

CFB 81,3 EPRI TAG 61,14 50

NOTE: (i) Based on 330 stleam days operation per year and '.snot affected by the

generation dispatch factor.
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4,0 DISCUSSION OF RESULTS

The economic mod_1 discussed in Section 3,0 was used to compare the technologies

developed in Section 2,0, In all cases, the Co-Processing unit is operated 330 days

per year, If there is naphtha and distillate produced that is not required for

_lectrlc gen_ratlon it is sold to offset costs. An analysis was performed that

verified it is more economical to continue to operate the Co-Processlng plant at full

capacity (330 days per year) rather thanmatchlng its operation to that of the

combustion turbine,

4,1 Base Case Results

The base case is at 61,34 percent dispatch factur and is presented in Appendix Bl,

At this level, ali naphtha produced is sold, The following table summarizes the

results:

CCC PC CFB

Capital Cost $ 496,400,754 506,331,866 443,256,537

Capital Cost S/Kwh 1600 1632 1429

Equivalent Availability % 92,6 79,3 81,3

Capacity Factor % 57 49 50

Net Generation Kwh 310,191 310,191 310,191

Annual Generation Mwh 1,479,271 1,321,753 1,355,088

1990 Busbar Cost Mills/Kwh 80,857 95.59 84.468

Levellzed Busbar Cost Mills/Kwh 101.016 112.679 100,277

This case shows that the three alternatives are comparable within the accuracy of

the study. In the first year of operation, the Co-Processing plant combined cycle

generation is the most cost effective approach. However, over time with the

escalation assumptions utilized, the Circulating Fluidized Bed generation alternative

is more competitive.



'lq_eannual busbar costs are plotted in Figure 4,1, Sta_tln8 in 1994, the fourth

' year of operation, the cost of the CCC is higher than CFB, The PC is always higher

than the other two, This is due to the PC having the highest capital cost and the

• lowest equivalent availability, The following table provides a mo_'e detailed

description of the levellzed busbar costs in Mills/Kwh:L

CCC PC CFB

Capital Cost 47 196 54.532 46,565

Effective Fuel Cost 29 194 27,468 26,749

Consumables 5 931 i0,438 i0,207

Fixed O&M I0 620 9.846 8.331

Variable O&M 8 077 10.396 8,375

Total I01 016 112,679 100.277

Refer to Appendix B for the development of the effective fuel cost, The effective

fuel cost takes into account Co-Processor by-product sales. The effective fuel cost

of 29,194 Mills/Kwh for CCC is approximately 2.445 Mills/Kwh above the CFB, The

Pulverized Coal with Flue Gas Desulfurization has the highest capital and O&M cost,
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4,2 SENSITIVITY ANALYSIS

Various sensitivity studies were performed to analyze potential variations to the

base case, Each case takes the base case and makes one modification, The following

cases were studied:

Case i: Dispatch factor sensitivity

Case 2: Capital cost sensitivity

Case 3: Coal escalation rate sensitivity

Case 4: Oil escalation rate sensitivity

I

Case I: Dispatch Factor Sensitivity:

Figure 4,2 shows the levelized busbar cost when the dispatch factor is adjusted from

I0 percent to 96,5 percent, At 96,5 percent dispatch factor, all distillate and

naphtha produced by the Co-Processing plant is used to fire the combined cycle plant,

The case is presented in Appendix B2. The chart shows that CCC is most competitive

in the 20 to 55 percent dispatch factor range, This result shows the economic

advantage of selling the naphtha and reinforces the conclusion regarding the inherent

advantage of the Co-Processing technologies because they can be decoupled from the

fuel production process,

Case 2: (_apital Cost Sensitivity'

The next sensitivity performed varied the capital cost 8stimates, The Stone &

Webster capital cost estimates have an inherent accuracy of +/- 25 percent, The

following table shows the levelized busbar cost in Mills/Kwh varying the capital J

cost by +/- 25 percent'
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CAPITAL COST ESCALATION

CCC PC CFB

Capital -25% 91.596 101.568 90.783

Base Capital 101.016 iI_.679 100.277

Capital +25% 110.437 123.791 109.771

The background for this study was to assume that this is the nth plant and that the

the Co-Processing technology was mature. The plant design and, cost for the Co-

Processing plant is from the Stone & Webster preliminary design for the first

commercial plant. The PC and CFB technologies are mature and the costs are known,

The mature CCC plant cost will vary based on what is learned from the first plant's

construction and operation.

Case 3 and Case 4" Coal and Oil Escalation Sensitivity'

The next two sensitivity analyses were on coal and oil escalation rates. The

escalation rate for each fuel was adjusted independently by 20 percent in each year.

The levelized busbar costs in Mills/Kwh are shown in the following tables:

COAL PRICE ESCALATION

CCC PC CFB

Coal -20% I00_946 112.415 100.019

Base 101.016 112.679 100.277

Coal +20% 101.090 i12_955 100.546
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OIL PRICE ESCALATION

CCC PC CFB

O11 -20% 99.922 112.679 100.277

b

Base 101.016 112.679 100.277

Oil +20% 102.358 112.679 100.277

The CCC cost is not as sensitive to change with coal price as the others since that

is only part of it's feedstock. _%e PC and CFB each vary slightly over 0.5 Mills/Kwh

while CCC varies less than 0.2 Mill/Kwh for the varying coal cost. Oil is only used

by the CCC alternative and the change to busbar cost is 2.436 Mills/Kwh.

4.3 Generation Capacity Sensitivity'

A sensitivity study was performed varying the amount of installed generation along

with the dispatch factor. The capacity _of the installed generation for CCC was

calculated to use ali distillate produced by the Co-Processing plant at the dispatch

factor under consideration. A combination Co.Pr,)cessor with simple cycle combustion

turbine (CSC) alternative was added to the analysis. The megawatt rating of the CCC

was increased as the dispatch factor decreased, so that the fuel consumption for the

CCC remained the same as in the sell ali naphtha case. The megawatt rating of the

CSC, PC and the CFB unit were also increased as the dispatch factor decreased so that

ali power generatlon technologies had the same rating. Changes in dispatch factor

thus resulted in changes in capital cost, operating and maintenance costs, and fuel

and feedstock consumption. The methods used for adjusting these values in the model

were described in Scction 3.4.2. At higher dispatch factors, in order to keep the

CSC net generation equal to that of the CCC, various amounts of naphtha were burned

to match the requirements of the available sizes. The net installed capacity ranges
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from 1,769,712 Kwh for a i0 percent dispatch factor to 223,032 Kwh for a dispatch

factor of 75 percent. The results are shown in Figure 4.3 and the following tables:

. CAPITAL COSTS (In 1989 Dollars)

10% Dispatch Factor 35% Dispatch Factor

CCC 1,727,862,301 632,669,201

CSC 838,355,601 475,284,101

PC 2,411,484,900 737,792,100

CFB 1,754,247,300 688,044,700

LEVELIZED BUSBAR COST (MILLS/Kwh)

10% Dispatch Factor 35% Dispatch Factor

CCC 276.469 123.472

CSC 186.230 137.321

PC 394.798 147.950

CFB 292.877 134.661

At the lower dispatch factors, the Co-Processor with a simple cycle combustion

turbine is the most competitive. We realize that this magnitude of generation would

not be built for such a low dispatch factor. However, this does indicate that for

peaking generation using a coal based technology that a Co-Processed based plant is

more competitive than either the pulverized coal or circulating fluidized bed

generation alternatives.
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5,0 AIR POLLUTANTS EMISSION ASSESSMENT

From an environmental permitting viewpoint of the utility end-users of the Co-

, Processed fuels, with the exception of solid waste production and air emissions,

there is no major distinction between these comparative technologies selected for

this study, Since solid waste production and their disposal costs have been includedv.

in the overall cost compacison for these technologies, only air emissions will be

discussed in this section.

This section describes and compares expected emissions of sulfur dioxide (SO2),

nitrogen oxides (NOx) an d carbon monoxlde (CO) from each of the four alternate power

generation technologies (conventional pulverized coal boiler with flue gas

desulfurization, circulating fluidized bed boiler, Co-Processing/Simple Cycle, and

Co-Processing/Combined Cycle). For easier comparison, Table 5.1 lists these

emissions in ibs/million Btu heat input, and in parts per million (ppm) by volume

for pollutant concentrations,

lt should be noted that air emissions described herein cover only those from the end-

user of the Co-Processed fuels, and do not include those from the Co-Processing plant

itself. Any environmental issues concerning the Co-Processing plant will be dealt

separately by the owner of the Co-Processing plant, and should not affect the Co-

Processed fuel end-users.

5,1 Sulfur Dioxide Emissions

Sulfur dioxide emissions from power generation depend on the sulfur content in the

combustion fuel and the sulfur dioxide removal efficiency incorporated in the

combustion process and/or subsequent flue gas treatment,

Based on a higher heating value (HHV) of i0,812 Btu/lh and 3,93 percent of sulfur

by weight in the unwashed bituminous coal used in this study, uncontrolled sulfur

dioxide emissions would be approximately 7.27 Ibs/million Btu heat input of coal,

For both conventional PC boiler and circulating fluidized bed (CFB) boiler, a sulfur

dioxide removal efficiency of at least 90 percent will be required to meet the sulfur
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dioxide new source performance standards (NSPS). This will result in controlled

sulfur dioxide emissions of approximately 0.727 Ib/million Btu heat input. However,

it should be noted that sulfur dioxide emissions of less than 0.727 Ib/million Btu

might be required on a case-by-case basis to satisfy the requirements of the PSD

(prevention of significant deterioration) review.
i

For CFB boilers, sulfur dioxide removal of 90 percent or higher will be accomplished

by feeding limestone as required into the CFB furnace, For conventional PC boilers,

sulfur dioxide removal is accomplished by treating the flue gas with wet limestone

scrubbers, The 0.727 ib/million Btu emissions are equivalent to sulfur dioxide

emissions of approximately 375 ppmvd (ppm by volume, on a dry basis), at the 3

percent excess oxygen level typically for utility boiler operating conditions. For

the same amount (in terms of pounds per hour or pounds per million Btu,) of sulfur

dioxide emissions, at lower excess oxygen levels (3%) generally means lower excess

air for dilution and, therefore, higher sulfur dioxide concentrations in emissions

as compared to higher (15%) excess oxygen levels typically for the combustion

turbine,

For the Co-Processlng/Simple Cycle (CSC) application, Co-Processed fuel blend (a

blend of all distillate and naphtha products) will be fired in the combustion

turbine, Based on a HHV of 19,534 Btu/lh and 0,26 percent of sulfur by weight in

the Co-Processed fuel blend and assuming no additional sulfur dioxide removal

requirements, sulfur dioxide emissions from the CSC application burning Co-Processed

fuel blend will be approximately 0.266 ib/milllon Btu heat input of the Co-Processed

fuel blend, which is approximately 65 percent less than sulfur dioxide emission rates

for PC or CFB base cases. These sulfur dioxide emissions are equivalent to

approximately 150 ppmvd if adjusted to the 3 percent oxygen level, or 50 ppmvd if

adjusted to the 15 percent oxygen level typically for combustion turbines, The 0.26

weight percent of sulfur in the Co-Processed fuel blend is well below the NSPS ].imlt

of 0.8 percent by weight for combustion turbine fuels. The 50 ppmvd sulfur dioxide

emissions at 15 percent oxygen are also well below the NSPS of 150 ppmvd for

combustion turbines.

For the Co-Processing/Combined Cycle (COG), Co-Processed fuels will be used in the
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combustion turbine as well as the duct burner to supplement heat input to the waste

heat recovery boiler. Only distillate will be used in the CCC, when CCC dispatch

factors are approximately i0 to 61,3 percent (see Section 3,4,2 for discussion of

dispatch factor), Some naphtha has to be used in addition to i00 percent distillate

in the CCC, when CCC dispatch factors are between 61,3 percent and 96 percent,

. Naphtha usage increases with increasing dispatch factors, At a dispatch factor of

approximately 96 percent, all Co-Processed distillate and naphtha will be consumed

in the CCC,

Based on a HHV of 19,140 Btu/Ib and 0.33 percent of sulfur by weight in the Co-

Processed distillate and assuming no additional sulfur dioxide removal requirements,

sulfur dioxide emissions from either the combustion turbine or the duct burner of

the CCC burning only Co-Processed distillate will be approximately 0,345 Ib/million

Btu heat input of the Co-Processed distillate, which is approximately 50 percent less

than sulfur dioxide emission rates for PC or CFB base cases, These sulfur dioxide

emissions from either the turbine or the duct burner are equivalent to approximately

195 ppmvd at 3 percent oxygen, or 65 ppmvd at 15 percent oxygen. Both the fuel

su].fur content and the sulfur dioxide emission concentration meet the NSPS as

required for the combustion turbine portion of the CCC application.

When naphtha in addition to distillate are burned simultaneously in the CCC, sulfur

dioxide emissions will be less than when only Co-Processed distillate is burned,

This is due to naphtha's lower sulfur content and higher HHV than distillate's, When

al]_ Co-Processed distillate and naphtha products are blended, the total blend has

a HHV of 19,534 Btu/Ib and a sulfur content of 0,266 percent by weight, Burning the

total blend in the CCC (either combustion turbines or duct burners) will result in

sulfur dioxide emissions of approximately 0,266 Ib/million Btu, which are

approximately 150 ppmvd at 3 percent oxygen or 50 ppmvd at 15 percent oxygen as

described above for.the CSC applicaclon.

When heat input to duct burners is greater than 250 million Btu/br, 40 CFR 60 Subpart

Da, which contains emission limits and percent reduction requirements, will apply,

Since the Co-Processed fuel is produced from Co-Proces,_ing Cold Lake crude plus

condensate and 40/60 blend Ohio No, 5/6 bituminous coal, burning Co-Processed fuel
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is equivalent to burning crude oil and coal simultaneously, Based on 7,851._

barrels/day of Cold Lake crude plus condensate (at API gravity of 23,6) a_d 800

tons/day of washed coal (at a HHV of 12,628 Btu/lh on a received basis), the crude

oil and coal heat input fractions to the commercial Co-Processing plant are

approximately 0,705 and 0,295° respectively, Based on these heat input fractions

and sulfur dioxide omissions of less than 0,6 lh/million Btu from burning Co-

Processed fuels, a sulfur diox,ide removal efficiency of at least 84,1 percent, per

40 CFR 60,43 a(h)(2) is required to meet NSPS for duct burners, Since the rio-

Processing plant will remove more than 84,1 percent of its sulfur input from the

crude oil and coal feed, burning Co-Processed fuel (distillate or naphtha) meets also

this NSPS of 84,1 percent sulfur dioxide removal for duct burners,

In the case that heat input to duct burners is 250 million Btu/hr or less, but

greater than i00 million Btu/hr, and is 30 percent or less l,eat input to the steam

generating unit, the NSPS sulfur dioxide emission limit is 0,56 lh/million Btu for

duct burners (with no percent removal requirements), Co-Processed distillate's 0,345

or total blend's 0,266 ib/million Btu sulfur dioxide emissions meet also this NSPS,

In short, based on current preliminary process design, Co-Processed fuel (distillate

or naphtha) with a sulfur content of 0,33 weight percent or less emits approximately

50-65 percent less sulfur dioxide than PC or CFB base cases, and appears to meet the

NSPS for the CSC or the CCC application, However, a case-by case evaluation will

be required to determine whether more stringent sulfur dioxide emission limits might

be imposed to satisfy the requirements of the new source review for a specific slt_,

regardless of technology utilized,

5.2 Nitrogen Oxides Emissions

Nitrogen oxides (NOx) formed in combustion processes are usually due either to

thermal fixation of atmospheric nitrogen in the combustion air (thermal NOz) or to

the conversion of chemically bound nitrogen in the fuel (fuel NOx), The formation

of thermal NOx depends strongly on peak temperature, excess oxygen level, and time

of exposure. Fuel NOx emissions increase with increasing fuel. nitrogen content
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(although not proportional) and fuel/alr mixing, In contrast co thermal NOx, fuel

NOx production is relatively insensitive to small changes in combustion zone

temperatures.

For natural gas and light distillate oil (less than 0,01 percent nitrogen by weight)

• firing, nearly ali NOx emissions are thermal NOx, With Co-Processed distillate (0,12

percent nitrogen by weight) and residual oil (0,1-0,5 percent nitrogen by weight),

fuel NOx can account for a significant portion of total NOx production. With coal

(0.5-2,0 percent nitrogen by weight), fuel NOx can account for even higher

percentages of total NO. production than residual oil,

For conventional PC boilers, the uncontrolled NOx emissions will be in the range of

1,0 to 2,0 Ibs/million Btu heat input, By applying low-NOx burners and other

combustion modification techniques, a PC boiler firing bituminous coal will be

capable of meeting the NSPS of 0,60 Ib/million Btu heat input, Assuming that no

additional NOx emission reduction is required to satisfy requirements of the PSD

review, this 0,6 lh/million NOx is equivalent to NOx emissions of approximately 430

ppmvd at 3 percent excess oxygen for the unwashed coal,

For CFB boilers which typically have much lower combustion temperatures (1,550-1,600

F) than PC boilers, NOx emissions will be _n the range of 0,i0 to 0,30 ib/million

Btu with staged secondary air techniques, Assuming that no additional NOx emission

reduction is required to satisfy the PSD review, the emissions of 0,I0 to 0,30

lh/million are equivalent to approximately 70 to 220 ppmvd NOx at 3 percent oxygen

for the unwashed coal.

For Co-Processing/Simple Cycle applications, the uncontrolled NOx emissions from

the combustion turbine burning either distillate or distillate/naphtha blend are

expected to be approximately 140 to 210 ppmvd at 15 percent oxygen, By water

injection (or steam injection if desirable) into the combustion chamber at

appropriate water/fuel ratios to lower the peak temperature, NOx emissions fro., the

combustion turbine will be reduced from the 140-210 ppmvd range to approximately 42

ppmvd. Assuming that no additional NOx reduction is required to satisfy the PSD

review, the NOx emissions of 42 ppmvd at the 15 percent oxygen level are equivalent
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to approximately 0,162 Ib/milllon Btu Co-Processsd fuel heat input to the co.lbustion

turbine,

For Co-Processing/Combined Cycle applications burnJ.ng either distillate or

dlstillate/naphtha blend, by similar steam injection (or water injection if

desirable), NOx emissions from the CCC combustion turbine alone will he .

approximately 42 ppmvd. Similarly, the NOx emissions of 42 ppmvd at the 15 percent

oxygen level are equivalent to approximately 0,162 ib/million Btu Co-Processed fuel

heat input to the combustion turbine of the CCC application.

Per EPA definitions, Co-Processed distillate or distillate/naphtha blend with a 0,09-

0.12 weight percent nitrogen is classified as "residual oil" (greater than 0,05

weight percent nitrogen), not as "distillate oil" ( 0,05 weight percent nitrogen or

less). As a result, NOx emissions from Co-Processed fuel-fired duct burners for the

CCC service will be designed to meet the NSPS of 0,4 ib/million Btu as required for

duct burners firing "residual oil," The 0,4 lh/million Btu emissions are equivalent

to approximately 310 pp,nvd NOx at 3 percent oxygen typically for utility boilers°

Flue gas inlet to the CCC waste heat recovery boiler will consist of combustion

turbine exhaust gas and duct burner flue gas, Assuming that no additional NOx

reduction is required to satisfy the PSD review requirement, NOx emissions from the

waste heat recovery boiler will depend on the relative fuel flow ratio to the turbine

and duct burner. For the assumed case of approximately 2:1 fuel flows to the

combustion turbine and duct burner, NOx emissions will be approximately 0,241

ib/million Btu Co-Processed fuel heat input to the CCC application. For the sake

of comparison, these combined NOx emissions from the CCC application will be

approximately 190 ppmvd if adjusted to 3 percent excess oxygen or approximately 62

ppmvd if adjusted to 15 percent excess oxygen.

5,3 Carbon Monoxide Emissions

Carbon monoxide (CO) emissions are due to unburnt combustibles, which generally

are in quite small amounts except during start-ups, temporary upsets or other
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conditions preventing complete combustio_L. Measures used for NOx control such as

water/steamlnJectlon or combustion modifications (low temperature or low excess air)

can increase CO emissions, Therefore, such measures are generally applied only to

the point where CO emissions will not be excessive,

For PC boilers firing bituminous coal, CO emissions are expected to be approximately

0,02-0.04 !b/milllon Btu heat inpu=, This is equivalent to approximately 25-50 ppmvd

at 3 percent excess oxygen based on the unwashed coal,

For CFB boilers, CO emissions are expected to be higher than PC boilers due to lower

combustion temperatures, CO emissions from CFB boilers are expected to be

approximately 0,05-0,15 Ib/million Btu heat input or 60-180 ppmvd at 3 percent oxygen

based on the unwashed coal,

For the Co-Processlng/Simple Cycle application, CO emissions will he approximately

21-65 ppmvd at 15 percent oxygen or 0,05-0,15 lh/million Btu heat input for firing

either Co-Processed distillate alone or dlstillate/naphtha blend ,

For the CCC application, CO emissions from the combustion turbine alone will be

approximately 21,-65 ppmvd at 15 percent oxygen or 0,05.0,15 lh/million Btu heat

input as in the above CSC application, CO emissions from Co-Processed fuel-fired

duct burners will be approximately 0,03-0,06 ib/million Btu heat input or 40-80 ppmvd

at 3 percent oxygen, These CO emissions will be relatively independent of the Co-

Processed fuel used ( distillate or distillate/naphtha blend), However, the combined

CO emissions from both the combustion turbine and the duct burner will depend on the

relative fuel flow ratio to them, For the assumed case of a ratio of approximately

2:1 between combustion turbine and duct burner fuel flows, CO emissions will be

approximately 0,043-0.12 Ib/milllon Btu heat input, These CO emissions are

equivalent to approximately 18-50 ppmvd if adjusted to 15 percent oxygen, or 55-155

ppmvd if adjusted to 3 percent oxygen,
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TABLE 5, I

COMPARISON OF AIR EMISSIONS

FOR FOUR POWER GENERATION ALTERNATIVES

PC Boiler Fluidized Co. Processor Co-Processor

With Bed Simp le Comb ined

Air Emissions Scrubber Boiler Cycle Cycle

(PC) (CFB) (CSC) (CCC)

In Lb/Million Btu (I)

Sulfur Dioxide(SO2) _ 0,727 < 0,727 0,266 O,345 (3)

Nitrogen Oxides(NO x) _ 0,6 0,10-O,30 0,162 0,241 (2)

Carbon Monoxide(CO) 0°02-0,04 0,05-0,].5 0,05-0,15 0,043-O,12 (2)

In PPM By Volume,

Dry @ 3% Oxygen

Sulfur Dioxide _ 375 _ 375 150 195 (3)
i

Nitrogen Oxides E 430 70-220 127 190 (2)

Carbon Monoxide 25-50 60-180 65-190 55-155 (2)

In PPM By Volume,

Dry @ 15% Oxygen

Sulfur Dioxide .... 50 65(3)

Nitrogen Oxides .... 42 62(2)

Carbon Monoxide .... 21-65 18-50 (2)
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NOTES :

(i) Based on heating 'values of Co-Processed fuel and coal used for power

generation, respectively.

(2) Assuming chat Co-Processed fuel feeds to combustion turbines and duct burners

£n the CCC are approximately 2 to i.

(3) Based on Co-Processed distillate only (HHV- 19'140 Btu/lh and sulfur of 0.33

percent by weight). These values will decrease with increasing naphtha usage.

When all naphtha is blended with all distillate, sulfur dioxide emissions will

be 0.2f,6 ib/m£11ion Btu or 150 ppmvd at 3 percent oxygen.

45



6.0 CONCLUSIONS

These results show that ali of the technologies are competitive from an economic

standpoint, lt also shows that the Co-Processing Technology becomes particularly

most competitive at lower dispatch factors. The reason for the sensitivity to

dispatch factor _s that the Co-Processor Process produces clean liquid fuels that

can be easily sold or stored, until peak power is needed, when they can be burned

in less expensive combustion turbine generators. This allows the capital intensive

Co-Processing facility to be base loaded independently of the power generating

equipment. The Co-Processing facility can continue to produce fuel whether the

combustion turbine (CT) is dispatched or not. The other coal based technologies

studied do not have the storage and peaking capability inherent in the Co-Processing

plant. With these technologies the complete investment must sit idle during periods

when power is not belng generated.

The naphtha and utility fuel produced can be blended for use in the CT at high

dispatch factors. At medium dispatch factors, the naphtha not needed can be sold

on the market. At low dispatch factors, the extra utility fuel not utilized can also

be sold as a #2 fuel oil equivalent. These sales provide credits against the cost

of power production.

The results of the generation sensitivity study also show that the Co-Processing

simple cycle power plant is the best economical choice for peaking purposes, at

dispatch factors of less than 20 percent, when compared to other coal based fuel

generation within the specific parameters of the study. The approximate break even

dispatch factor for CCC vs. CFB is 60 percent dispatch factor the approximate busbar

cost of electricity produced by the CCC and CFB is 102 Mills/Kwh. While the bus bar

cost for PC is 114 Mills/Kwh. The following table shows the levelized busbar cost

for varying dispatch factors for the base case:
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LEVELIZED BUSBAR COSTS (MILLS/Kwh)

10% DF 35% DF 61% DF 96% DF

CCC 276.5 123.5 i01.0 87.6

CSC 186.2 137.3 127.2 N/A

CFB 292.9 134.7 i00.3 76,9

PC 394.8 148.0 112.7 85, i

The air pollutant emissions, in the form of SO2, from the Co-Processing Combined

Cycle Power Plant are approximately 50 to 65 percent less than a Pulverized Coal

Power Plant with a wet scrubber and/or a Circulating Fluidized Bed Power Plant.

The CCC and CFB carbon monoxide and NOx emissions are approximately equal.

Ali utilities have a mix of both base and peak load demands. The flexibility of the

Co-Processing combined cycle to easily uncouple the combustion turbine to operate

in the simple cycle mode and quickly respond to peak generation demands and at higher

dispatch factors competitively produce intermediate load generation makes this clean

coal based fuel technology more attractive, within the study guidelines, when

compared to the other technologies studied.

Thus it appears that Co-Processing technology (CCC/CSC) is very competitive compared

to PC and CFB based on the following:

i. lt processes poor grade coal (high sulfur) and heavy oil which are in abundant

supply in North America.

2. lt is more competitive at dispatch factor at or below 60 percent.

3. lt is far more competitive in meeting peak demands for any coal based

technology studied.

4. Clean liquid fuel which is produced can be utilized in less expensive

combustion turbine generators.
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5. lt meets stringent environmental criteria of clean air and reduces acid rain

without producing waste in the form of ash, scrubber sludge and slag.

6. Fuel can be stored and/or sold and the plant can continue full production

independent of the electric generation plant does not have to stand idle.
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APPENDIX A

DETAILED PLANT DESCRIPTIONS

A.I Co-Processor/Comblned Cycle (CCC)

. A.I,I General

The design basis for the 310 MW net Co-Processor Combined Cycle (CCC) Generating

Unit is derived from two sources. The Coal/Oil Co-Processing design basis given in

the SWEC Preliminary Process Description (PPD), and the Combined Cycle Plant is

composed of a conventional combustion turbine, a supplementary fired heat recovery

steam generator (HRSG), and a steam turbine with auxiliaries. The central portion

of the process plant is based on the technology developed by Hydrocarbon Research

Incorporated (HRI) and produces Distillate fuel to supply the General Electric MS

7001F (Frame 7F) combustion turbine generators and the supplementary fired Heat

Recovery Steam Generators (HRSG's),

The coal feed is a 40/60 blend of Ohio No. 5 and No, 6 coal described in Table 2-

lA. Coal is received (2 in x 0 in), pulverized to minus 30 mesh, and slurried with

petroleum derived residual oil before being fed to the Co-Processor, Crude oil feed

(see Table 2-3) is separated by atmospheric distillation into naphtha and distillate

products, and an atmospheric bottoms stream. These atmospheric bottoms, with

properties of API gravity of 6,6, 5.17 percent sulfur, and 0,52 percent nitrogen,

are used in the coal/oll feed slurry.

A.i.i.i Land and Land Rights

Land requirement %s ii0 acres which includes 75 acres for the Co-Processor facility

and 5 acres for the combined cycle power plant, and the balance for additional fuel

and vacuum bottoms storage.

A.I.I.2 Yardwork

The area to be built upon and the coal storage area will be cleared and graded.

Landscaping is not included. An 8 foot high chain link security fence is provided
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around the main plant area. Roadways around the plant will be paved, A paved main

access road is provided around the main plant area.

The Co-Processor facility and the power plant each have their own service water and

boiler feedwater storage. The Co-Processor Plant has a 500,000 gal, storage tank

for service water, a 450,000 gal. tank for firewater, a 40,000 gal. tank for .

demineralized water, and a 15,000 gal. tank for potable water, The Combined Cycle

Plant has two 600,000 gal, tanks for combined raw water, service water, and fire

water storage, a 500,000 gal. tank for demlneralized water storage, and a 500,000

gal condensate storage tank.

Onsite feed storage consists of a 15-day supply of coal, a 15-day supply of crude

oi]., and a 60-day supply of turbine fuel (either No, 2 Fuel Oil or Co-P=ocessor

distillate product) for backup in case of an interruption in Co-processor Plant

operation.

A,I.I.3 Main Buildings

The Administration Building covers 6,000 ft2 and includes offices as well as a

Satellite Control Room. The Control Building covers 6,000 ft2 and houses, in

addition to the Main Control Room, a Locker Area and Lunch Area, Both of these

buildings are constructed of insulated metal siding and are equipped with HVAC,

The Maintenance/Warehouse Building covers 5,750 ft2 and includes maintenance shops,

a chemical laboratory, and warehouse space for spare parts etc,

A.I.I.4 Miscellaneous Buildings

Miscellaneous buildings include:

a) Wastewater Treatment Building

b) Analyzers Shelters (5>

c) Fire Station

d) Satellite Control Buildings (3)

e) Demineralizer Building and Fire Pumphouse

f) Switchgear Buildings (3)
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A.I.I,5 Makeup Intake Structure

_e makeup water system for the plant is installed to supply 1,350 gpm of raw water

makeup to the cooling tower and water treatment system, Two 50 percent makeup water

. pumps are located in a screenwell at the river, _e screenwell is a concrete

structure containing the pumps, two stationary intake screens, and a chlorination

. equipment room.

A.I,I,6 Water Treatment

Raw water will be pumped from the raw water storage tanks to the solids contact

clarifier, Hydrated llme, and alum (coagulant alde) will be injected in the primary

zone of the clarlfler to the incoming raw water, Floc formation and mixing action

in the clarifier will coagulate particles where solids separation will take piace

and the softened clarifier water will then be filtered in a 3 bay gravity filter,

Filtrate will be collected in the wetwell immedlately below the gravity filter,

Clarified, softened and filtered water will then be transferred from the wetwell by

pumps to the level controlled tank.

Service water pumps will transfer water from the service water storage tank and

pressurize the service water header, A side stream from the service header will be

diverted and chlorinated as make up for potable water to the potable water storage

tank.

Demineralizer make-up water will also be drawn from the service water storage tank

and pumped to a two train demineralizer system, Each demineralizer train will

consist of strong acidification, strong base anion and mix bed. Each train will be

of full capacity and will produce neutral waste through a waste neutralization tank,

The demineralizer system will also include acid/caustic regeneration skids complete

with day tanks, metering pumps, dilution tees, etc. Acid and caustic bulk storage

tanks will be used for chemical supply, Demineralized product water will be stored

in a rubber lined steel tank, Demineralized water will be pumped to consuming units,
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A,I,I,7 Wastewater Treatment System

The wastewater treatment system consists of an equalization basin, dissolved air

flotation (DAF) system, primary and secondary clarifiers, physical/chemical

precipitation and settling facilities, gravity filter, post-aeration basin and

contaminated and non-contaminated run-off holding ponds,

_e streams that terminate in the equalization basin include non-segregated waste

streams from the sour water stripper, segregated desalter stream, contaminated rain

run-off (and non-contaminated run-off when it becomes contaminated) from the holding

pond, The waste is transferred to the dissolved air flotation unit by screw pumps.

The effluent waste from the equalization basin is mixed with a dissolved air/water

mixture in the DAF unit, The air/water mixture includes pressurized dissolved air

and recycled effluent, The oil and grease skimmed from the top of the DAF unit are

sent to a recovered oil tank and then pumped to the slop tank/crude storage tanks,

The sludge collected from the DAF unit is pumped to Unit II00 (Bottoms Processing),

,Theeffluent wastewater from the DAF is transferred to the primary clarifier and then

onto the physical/chemical precipitation and settling tanks by gravity flow,

The effluent from the primary clarifier is mixed with a chemical feed stream before

it reaches the physical/chemical precipitation and settling tanks. The sludge

collected from the settling tanks is pumped to Unit Ii00 (Bottoms Processing), The

effluent wastewater is transferred to the aeration basin by gravity flow,

Before the effluent from the physical/chemical precipitation and settling tanks

reaches the aeration basin, it is mixed with recycled effluent from the post aeration

basin and recycled sludge from the secondary clarifier, The air to the aeration

basin is supplied by air blowers and is diffused and mixed in the water by mechanical

agitators. The effluent wastewater is transferred to the secondary clarifier by

gravity flow.

Sludge collected from the secondary clarifier is recycled to the aeration basin.

The excess sludge is sent to the dewatering unit. The effluent wastewater is

transferred to the filter by gravity,
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Before the effluent from rho secondary clarlfier reaches the gravity filter, it i_J

mi.xed with a chlorine stream for disinfection, The filter backwash water is returned

to the aeration basin, Filtrate is collected in the wet well immediately below the

filter, The filtrate is pumped from the filter wet well to the post aeration basin,

The wastewater in the post aeration basin la mixed with air supplied by air blowers

and is diffused and mixed with the water by a mechanical agitator, The effluent may

be recycled to the aeration basin (to reduce excessive BOD shock loading) and/or

discharged to the outfall,

J

The contaminated rain from the process area will be held in the contaminated rain

run-off holding pond, The effluent from this pond will be transferred at a

controlled rate to the waste water treatment plant equalization basin, Water in the

non-contaminated basin will be tested to determine whether or not the water is

contaminated, If the water is contaminated, it will be transferred to the

equalization basin, If it is not contaminated, it will be discharged to the outfall,

The sanitary waste treatment system includes a pre-aeration basin and an extended

aeration package wastewater plant, All plant sanitary waste streams and dralns will

terminate in the pre-aeration basin, The waste in the pre-aeration basin is mixed

with air supplied by air blowers, The waste from the pre-aeration basin is pumped

to the extended aeration package wastewater plant where it is mixed with air supp].ic_d

by air blowers. The sludge collected from the package plant clarifier is sent to

the dewatering unit. The effluent is discharged to the outfall after chlorination,

A,I.I,8 Accessory Electrical Equipment

Electrical power is delivered to the plant via two independent 138 KV circuits from

the utility company or the combined cycle plant via overhead transmission lines which

dead-end in the high voltage switchyard, From there the power is transmitted through

two 138 KV SF6 circuit breakers into the primary terminals of two 20 MVA transformers

which transform the voltage down to 13,8 KV, The secondary side of two 20 MVA

transformers are cable connected to the incomer breakers of the 13,8 KV double ended

switchgear. Double ended switchgear is charactarized by two incomer breakers and

a tie breaker, which are inter].ocked so that only two of the three breakers can be
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closed ac the same time, This arrangement allows for redundancy, and all equipment

is sized so that one circuit can handle the entlrs plant load in the event of one

circuit outage,

From the 13,8 KV double ended bus, power is transmitted through two feeder breakers

to the primary side of two 15 MVA transformers which transform the voltage down to

4,16 KV, The secondary side of the 15 MVA transformers flows through two incomer

breakers of the 4,16 KV double ended switchgear, From the 4,16 KV double ended bus,

power is transmitted through two fused switches to the primary side of two 2 MVA

transformers which transform the voltage down to 480V, From the secondary side of

the 2 MVA transformers, powe_ is transmitted through two incomer breakers to the 480

volt double ended switchgear, Two other double feeder combinations feed two 1,5 MVA

transformers and 1 MVA transformers from the 4,16 KV bus respectively to form 480

volt double-ended substations No, i and No, 2, which are similar to the 480 volt

switchgear described previously, From the 480 volt switchgear, power is fed through

feeder breakers to 480 volt Motor Control Centers (MCC) from which thB plant 480 volt

motors are supplied,

To provide for critical loads, a 1500 KVA emergency diesel generator feeds power to

a 4,16 KV switchgear lineup through an incomer breaker,

Motors larger than 4500 horsepower are fed through circuit breakers from the 13,8

KV switchgear. Motors larger than 200 horsepower and smaller than 4500 horsepower

are fed through fused contractors from the 4,16 KV bus, Motors 200 horsepower and

smaller are fed through motor starters in the 480 volt motor control centers,

A,I,I,9 Instruments and Controls

A computer-based distributed control system (DCS) is provided,

A,I,I,10 Balance of Plant Equipment

A service air system is provided for general plant air use, including two oil-free

reciprocating service air compressors with aftercoolers and receivers, each capable

of delivering 125 pslg, 1,000 scfm,
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An instrument air system is provided, including an oil-free reciprocating instrument

air compressor capable of delivering 125 psig, 350 scfm for instrument and control

air, A heatless desiccant air drying system is included,

q

One auxiliary boiler rated at 50,000 ib/hr is supplied, The boiler will use elthe=

Co-Processor distillate product and condensate for makeup from the condensate storage

tank, Also included is an auxiliary deaerator, two auxiliary boiler feed pumps, an

au:_iliary condensate pump, and a blowdown tank, The auxiliary boiler is lo_;ated in

the Administration and Service Building,

A,1,2 COMBINED CYCLE POWER PLANT

A,I,2,1 Main Powerhous_

The main powerhouse consists of three sections - the combustion turbine section,

the steam turbine section, and the control building, which includes the control room

on one floor and electrical switchgear equipment on the second floor, The combustion

turbine and the steam turbine sections are equipped with ventilation only, The

Control Building requires F_AC, Each of the sections is equipped with fire

protection, The building is insulated and covered with metal siding,

A,1,2.2 Combustion Turbine and Steam Generating Equipment

One General Electric Company MS 7001F (Frame 7F) combustion turbine generators will

fire the distillate fuel produced in the Co.Processor Plant. The combustion turbine-

generators will also be capable of firing No, 2 oil for backup operation. The

combustion turbine-generators include fuel skids, inlet and exhaust silencing, inlet

air filtering, turning gear and motor, fire protection, NOx steam injection system,

motor control center, hydrogen supply and carbon dioxide purge systems, excitation

compartment, switchgear compartment, and auxiliary transformer,
q

The combustion turbine heat recovery system consists of one Heat Recovery Steam

Generator (HRSG), supplementary fired to 1400°F, with HP steam drum producing

1,124,615 Ib_r of ].800 psig lO05°F superheated steam, and a reheater section

producing 955,90(9 Ib/hr of 480 psig 1005°F superheated steam, The HRSG also includes
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an economizer, as well as HP superheater and reheater sections, Included with each

steam generator is ductwork from the gas turbine exhaust flanges, a gunlte-lined

metal bypass duct, bypass damper, inlet damper, ductwork from the steam generator

to the exhaust stack, exhaust damper, and a single gunite-lined metal exhaust stack

(19 ft dia, 300 ft high),

The balance of the steam generating equipment includes:

(a) An HRSG sampling system,

(b) An HRSG vents, drain, and blowdown system,

(c) Closed component cooling water exchangers and pumps.

(d) A chemical treatment system for feeding oxygen scavenger, inhibitor and

dispersant to the boiler feed system,

(e) HRSG Supplementary Firing burners and Fuel System,

A,I,2,3 Fuel Oil Equipment

In the event of an extended Co-Processor plant outage (greater than 60 days) No, 2

oil is used for fueling the gas turbines and for supplying fuel to the HRSG

supplementary firing burners, The system consists of a 350,000 gal tank and two

150 gpm pumps with a discharge pressure of 300 psig.

A,I,2,4 Turbine Generator

The steam turbine generator is a General Electric 3,600 rpm tandem compound single

reheat machine with a single flow 26 in, last-stage bucket, At steam conditions of

1,800 psig, 1000OF/10OOOF, the unit im rated at 173,000kW at 2.5 in. Hg absolute,

The turbine generator includes a protective valve system, steam bypass valves, lub_

oil system, steam seal system, controlled turbine exhaust water spray system, motor.
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operated turning gear, protective devices, thermocouples, supervisory

instrumentation, operating inst_usents, and electrohydraulic control system,

Feedwater cycle includes a 60 pals deaerator and a low pressure feedwater heater,

The deaerator discharges into two 50 percent motor driven feed pumps, rated 1200 GPM

each at 2300 pslg discharge pressure, that supply feedwater to the HRSG economize_
4

section,

A,I,2,5 Condenser System

The condenser system includes the main steam condenser with a duty of 831 MM Btu/ht,

The condenser is a i pass 90/10 Cu/Ni, 36 ft long containing 15,765 tubes 5/8 in,

diameter BWO 18 (heat transfer surface - 151,542 ft2), Also included are two 50

percent capacity condensate pumps rated ii00 gpm each at 75 psig discharge pressure,

Cooling water is supplied to the main condenser by two circulating water pumps

located in a pumphouse at the cooling tower, These pumps are 22,000 gpm each at TDH

- 120 ft.

A.I,2,6 Cooling Tower

The cooling tower is a six-cell mechanical draft tower, The cooling tower is sized

to meet the VWO condenser duty at the maximum ambient temperature design conditions,

A,I,2,7 Main Transformers

A ].80 MVA transformer and two i00 MVA transformers will service the combustion

turbine and single steam turbine,

A,I.3 COAL/OIL Co-Processor Plant

" The Co-Processor Plant is divided into the following units:

Unit 000 Feed Storage and Handling

Unit i00 Coal Preparation

Unit 200 Co-Processor
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Unit 300 Atmospheric Distillation

Unit 400 Steam Reforming

Unit 500 Intentlonally Left Blank

Unit 600 Distillate Hydrotreating

Unit 700 Acid Gas Removal

Unit 800 Sulfur Plant

Unit 900 Light Ends Recovery

Unit I000 Sour Water Stripping

Unit ii00 Bottoms Processing

Unit 1200 Utilities ,_

Unit 1300 General Offsites
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The daily plant feedstocks requirements are approximately as follows'

Feedstock Reculrement

Coal 800 tons

Crude Oil 7655 barrelsq

Natural Gas 9.0 x i00 SCF

Raw Water 1.4 x 106 gallons

Electricity 15,650 kW

The daily yield of products and byproducts from the plant are approximately as

follows:

p_oduc_ Amount

Naphtha 4052 barrels/SD

Distillate Fuel 6344 barrels/SD

Bottoms Product 241 tons/SD

Sulfur 48 tons/SD

Ammonia 14 tons/SD

The following is detailed description of each process unit.

A.I,3.1 Unit 000 Feed Storage and Handling

The two primary feed stocks to the plant are Cold Lake Crude Blend and a 40/60 blend

of Ohio No. 5 and No. 6 Coal. Cold Lake Crude Blend is received from a pipeline and

stored in two 113,000 barrel floating roof tanks. From the storage tanks it is

charged directly to the Atmospheric Distillation Unit. Coal is received either by

truck or rail, metered, sampled and stored on-site before being conveyed to the Coal

Preparation Unit.

A.I.3.2 Unit I00 Coal Preparation

In the Coal Preparation Unit, the coal blend is flrst classified, with the coal over

1/2 inch being sent to a hammer mill crusher. _%e crushed coal is recombined with

the smaller (1/2 in. x 0) coal from the classifier, then the total coal stream is

sent to be pulverized in an air swep,t bowl mill to the minus 30 mesh size required
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by the Co-Processor. The pulverized coal is pneumatically conveyed to surge bins

located above the slurry mix tank in the Co-Processlng Unit.

A.I.3.3 Unit 200 Co-Processor

Atmospheric bottoms from the Atmospheric Distillation Unit and coal from the Coal

Preparation Unit are combined, then mixed with hydrogen, heated and fed to the Co-

Processor section. In the two stage ebullated bed reaction system, most of the coal

and atmospheric bottoms are converted to lighter products. Much of the sulfur is

converted to easily removable hydrogen sulfide and most of the nitrogen combines with

hydrogen to form ammonia.

Hydrogen from the reaction section is separated and purified, then recycled to the

reactors. The liquid product from the reactor is separated and fractionated to

produce naphtha, distillate and vacuum bottoms. Off gas is sent to the Acid Gas

Removal Unit for H2S removal, then goes to the Light Ends Recovery Unit where butane

and propane are separated from the fuel gas. The naphtha product from the Co-

Processor is blended with straight run naphtha from the Atmospheric Distillation Unit

as it enters the Light Ends Recovery Unit where it is _tabillzed and serves as a lean

oil for recovery of butane and propane. The distillate products are blended into

the distillate fuel blend without further treatment. Vacuum bottoms product, which

contains heavy oil, unconverted coal and ash, is sent to hot storage before flowing

to the Bottoms Processing Unit where it is solidified. The solid bottoms product

is temporarily stored on-site, then shipped by truck or rail as a low grade fuel

(Ii,280 BTU/Ib HHV).

A.I.3.4 Unit 300 Atmospheric Distillation

Cold Lake Crude from storage is separated into naphtha, distillate and atmospheric

bottoms products in the Atmospheric D_stillation Lnit. The crude is desalted,

preheated by exchanging heat with products and a column pumparound, then fractionated

in a trayed distillation column. The naphtha 2roduct (straight run naphtha) is

blended with Co-Processor naphtha, then stabilized _n the Light Ends Recovery Unit.

Distillate product is hydrotreated in the Distillate Hydrotreating Unit to reduce

the sulfur level, then Joins the Co-Processor distillate products to make up the

=
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blended distillate fuel oil. Atmospheric bottoms from the distillation unit is the

oil portion of the feed to the Co-Processor Unit.

A.I.3.5 Unit 400 Steam Reforming

Hydrogen for the Co-Processor and the hydrotreaters is produced from natural gas in

the Steam Reforming Unit. Natural gas is compressed, preheated and blended with

steam, then passes through the reformer furnace where it is converted to hydrogen

and carbon monoxide, The reformer effluent is then passed through a high temperature

shift converter where most of the CO reacts with steam to produce additional H2 and

CO 2. The effluent is purified using a multi-bed pressure swing adsorption unit to

produce 98.5 mol percent hydrogen product.

A.I.3.6 Unit 600 Distillate Hydrotreating

Straight run and Co-Processor distillate boiling in the range of 350-650 deg F is

treated in the Distillate Hydrotreater to reduce the sulfur level to approximately

0.05 weight percent to meet diesel fuel specification. Other distillate products

from the Atmospheric Distillate Unit and the Co-Processing Unit are sent directly

to storage without hydrotreating.

The distillate feed is mixed with recycle and makeup hydrogen, preheated and reacted

to convert practically ali of the sulfur and nitrogen to H2S and NH3, respectively.

Effluent from the reactor is cooledand separated in two stages into recycle hydrogen

and stripper feed. The liquid portion of the effluent is steam stripped to remove

H2S, NH3 and light endsl then goes to distillate fuel storage. Off gas from the

stripper, along with intermittent purge from the effluent separator, goes to the Acid

Gas Removal Unit for removal of H2S and N_3, then to the Light Ends Recovery Unit for

separation of fuel gas from propane and butane products.

A,I.3.7 Unit 700 Acid Gas Removal Unit

Off gas streams from the Co-Processor and the Distillate Hydrotreater flow to the

Acid Gas Removal Unit for removal of H2S which is then sent to the Sulfur Plant for

production of sulfur product. The treated combined gas stream goes to the Light Ends

Recovery Unit where butane and propane products are recovered from the fuel gas.
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The combined gas streams are compressed to 50 psia, then contacted with a solution

of di-glycol amine (DGA), which absorbs H2S from the gas down to a level of less than

i00 ppm. Treated off gas flows directly from the amine contactor to the Light Ends .

Recovery Unit. Amine from the contactor, with _the absorbed H2S , flows to a reboiled

amine stripper where the H2S is stripped from the amine. H2S acid gas flows from the
e

stripper to the Sulfur Plant while lean amine from the bottom of the stripper is

recycled to the contactor.

A,I,3.8 Unit 800 Sulfur Plant

H2S acid gas from the Acid Gas Removal Unit and the Sour Water Stripping Unit flow

to the Sulfur Plant where the H2S is converted to elemental sulfur. The sulfur plant

consists of two parallel Claus Sulfur trains followed by a Shell Claus Offgas Treater

(SCOT) tail gas cleanup system.

Acid gas is partially combusted to SO2 in a reaction furnace, then the uncombusted

H2S and the SO2 react to form elemental sulfur and water. The sulfur product is

condensed and stored as a liquid prior to shipment.

In the SCOT Unit, effluent from the Claus plant passes through a reducing gas furnace

to convert SO2 back to H2S, then is treated in an amine contactor to absorb the H2S

Treated off gas is incinerated for final conversion of remaining H2S to SO2. Amine

from the contactor is stripped to remove the absorbed H2S, then recycled to the

contactor. "[he H2S stripped from the amine is recycled to, the Claus Plant.

A.I.3,9 Unit 900 Light Ends Recovery

_e Light Ends Recovery Unit recovers propane and heavler hydrocarbons from the fuel

gas and stabilizes the naphtha which is subsequently fed to the naphtha hydrotreater.

The off gas from the unit supplies the majority of the fuel gas for the refinery,

Treated off gas from the Acid Gas Removal Unit is compressed, cooled and mixed with

blended naphtha from the Co-Processor and the Atmospheric Distillation Unit, The

resulting vapor is mixed with off gas from the deethanizer and the stabilizer, then

passes through the LPG absorber where propane and heavier components are absorbed.
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The liquid from the feed flash Joins absorber bottoms to be stabilized. Part of the

stabilized naphtha is recycled to the absorber as lean oil while the remainder goes

to storage, to be later fed to the naphtha hydrotreater. Off gas from the stabilizer

goes to the absorber while the LPG distillate product flows to the deethanizer.

Deethanizer off gas is recycled to the LPG absorber, while mixed propane and butane

from the bottom of the deethanlzer is cooled and treated in the Mercaptan Removal

System to ensure that the final products will meet corrosion specifications, After

" mercaptan removal, the propane and butane products are separated in the depropanizer.

Propane is dried in a desiccant dryer, and both products are sent to pressurized

storage,

A.I,3.10 Unit I000 Sour Water Stripping

Sour water from several plant process units is treated in the Sour Water Stripping

Unit to recover H2S and NH3 prior to being sent to waste treatment. The unit is

based on the ARISTECH PHOSAM-W process licensed by USX Engineers and Consultants,

Inc. The unit produces H2S acid gas for sulfur production, anhydrous ammonia product

and stripped sour water.

The combined sour water stream is stripped in a reboiled stripper, with the bottoms

being cooled and sent to waste treatment. Overhead from the stripper flows through

an absorber where ammonia is removed from the acid gas. Acid gas flows to the Sulfur

Plant, and ammonia rich solution from the absorber is stripped in the Phosam

stripper. _ Bottoms from the stripper is recycled to the absorber, and overhead

consisting of ammonia and water is fractionated to produce the anhydrous ammonia

product. Water from the ammonia fractionation is recycled to the sour water

stripper.

A,I.3.11 Unit ii00 Bottoms Processing

Vacuum bottoms from the Co-Processing Unit, consisting of heavy oil, ash and

• unconverted coal, is solidified and shipped offsite as a solid fuel product. Vacuum

bottoms is cooled by generating steam, then is introduced into a water bath

. solidificationsystem, which produces cylindrical shaped solid product_ l_e product

is further cooled in the water bath, drained, then conveyed to a storage building.
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From the storage building, the product is conveyed to a loading system for loading

into rail cars or trucks,

An agitated storage tank with a hot oll heating system is provided for emergency

storage of the bottoms product if the solidification system is inoperable,

Provisions for diluting the bottoms with cutter stock are also available for extended

storage requirements.

A,I.3,12 Unit 1200 Utilities

On-site utility systems include potable, service and demineralized water

systems(described in Section A,I.I,6), a multi-level steam system, circulating

cooling water system, plant and instrument air system, firewater system, fuel system

and flare system.

A,I,3,13 Unit 1300 General Offsltes

The General Offsites include the waste water treatment system (described in Section

A.I.I.7), product and in-process tankage, and buildings (described in Section

A.I.I,4) and site improvements.

Storage tanks, transfer and loading pumps are provided for all products as required.

In addition, in-process storage is provided for critical intermediate streams to

preclude the need for overall shutdowns due to temporary failures in individual

units.

A.2 Pulverized Coal/Flue Gas Desulfurization (PC)

L

A.2.1 General

The plant consists of a 310 MW net unit, with a boiler, turbine generator and

auxiliary equipment. The turbine generator is a tandem compound, two flow exhaust,

condensing, reheat type, rated at 369,000 kW when operating at 2,400 psig, 1,000°F

at the throttle, reheating to 1,000 "F, 2.5 inch Hg abs at the exhaust, 0.0 percent

makeup with ali seven stages of feedwater heating inservices. Steam for the turbine

generator will be provided by a boiler having a maximum continuous rating (MCR) of

A-16



2,659,067 ib/hr at 2,600 psig and 1,005°F using pulverized Ohio No, 5 and No, 6

bituminous coal as fuel,

A.2,2 Site

_e plant is located in the State of Ohio, The site iS at an elevation of 600 feet

above mean sea level and is clear and level, The site is served by the railroad,

Railroad track will be provided for handling unit trains with rotary-dump hopper

cars. Engines and cars for the coal unit trains are not included in the capltal cost

estimate. A river for raw water supply is 3 miles from the site,

A,2,3 Station Arrangement

The site is designed to accommodate two units of equal size. The boiler room and

turbine room are enclosed.

A precipitator is provided for the collection of fly ash and located between the

boiler air preheater and the induced draft fans.

A wet limestone flue gas desulfurization system is located between the induced draft

fans and the stack.

Two 50 percent capacity motor driven boiler feed pumps are located on the operating

floor along with the two high pressure feedwater heaters and the low pressure

feedwater heaters.

The condenser is a single pass design with tubes perpendicular to the turbine

centerline. Two 50 percent capacity condensate pumps are located adjacent to the

condenser on the ground floor. The sixth and seventh point heaters are located in

the condenser neck. A mechanical draft cooling tower is provided.

An auxiliary boiler for start-up and station heating is located on the ground floor

in the Administration and Service Building,

Five coal pulverizers with their respective silos and feeders are located along the

front of the boiler next to the turbine room auxiliary bay,
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Adequate aisles, withdrawal spaces, and clearances for equipment maintenance,

including turbine generator laydown space, are provided,

A.2.4 Description of plant and equipment

A,2.4,1 Land and Land Rights

Adequate land for the plant sitis and land rights for the makeup water pipeline are

required, These costs are included in the capital cost estimate,

A,2.4,2 Yardwork

The area to be built upon and the coal Storage area will be cleared and graded,

Landscaping is not included. & paved main access road is provided from the existing

highway, about 2,000 feet long, The roadways around the plant will be paved, An

8 foot high chain llnk security fence is provided around the main plant area,

An 18 inch buried pipeline provides plant makeup water from the river, approximately

3 miles away. A pump well is provided at the river with two full size makeup water

pumps. Two 600,000 gallon tanks are provided for combined raw and firewater storage,

Plant service water is also pumped from these, tanks. Water for boiler feedwater

makeup and condensate system makeup is stored in the 180,000 gallon demineralized

water storage tank and condensate storage tank, respectively.

Provisions for a 60 day capacity coal pile is included. A system is installed for

collecting rainwater runoff from the pile and pumping it to the wastewater treatment

system. Provisions for a 60 day capacity limestone storage area is included.

Cooling tower blowdown water is used for coal dust suppression, bottom ash removal,

wash down and miscellaneous uses. lt is stored in a I00,000 gallon storage tank.

Other yardwork consists of a storm sewer system, fire protection system, rail

trackwork and lighting.
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A,2,4,3 Main Powerhouse

The major plant components and buildings are supported on 75 ton piles, 50 feet

long, Other buildings are supported on spread footings, _e main powerhouse

consists of a steel frame turbine building, auxiliary bay, control building, and

boiler house, enclosed with metal siding, The control room and computer room are

enclosed with concrete masonry and air conditioned, The buildings are provided with
a

ventilation and fire protection, An elevator is installed to provide service to the

boiler platform levels.

A,2,4.4 Administration Building

A two-level administration building is provided, supported qn piles, lt contains

laboratories and rest rooms on the first level and with offices on the second level,

A.2,4,5 Miscellaneous Buildings

The miscellaneous yard buildings provide preengineered metal buildings for equipment

and activities throughout the site, The buildings can be grouped into the following

categories'

Gate house,

Fire pumphouse,

Chlorination building,

Auxiliary boiler and feedwater treatment building,

Warehouse,

Bottom ash pump bvilding,

Hydrogen storage,

Ignition oil and equipment backwash building.
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A,2.4,6 Boiler Plant

The steam generating unit is a natural oirculation, balanced draft furnaoe type,

with a drum, producing 2,659,667 Ib/hr of steam at 2,600 pslg/l,005"F, with a single

reheat at 610 psig/1,005'F, The unit is coal-flred with No, 2 fuel oil provided for
m

ignition, Feedwater is supplled at 475"F,

Five pressurized mills supply pulverized coal to the furnace, Two primary a'l.rfans

are provided, Coal discharged from each coal silo hopper is fed to a gravimetric

type coal feeder through chutes with shutoff gates, Each of the five feeders

discharge through chutes to a pulverizer,

Thirty pulverized coal burners and No, 2 oll steam atomized ignitors are provided

with th_ boiler package.

On regenerative type Ljungstrom air preheater is included,

Two 50 percent capacity forced draft fans are provided, each rated at 1,650,000 ib

per hour, 17 inch H20 , and driven by 2,400 hp electric motors located on ground

level, the fan inlets are provided with acoustical silencers, The fans are

controlled with inlet vanes,

Two 50 percent capacity induced draft fans are provided, each rated at 1,765,000 ib

per hour, 31 inch H20 , ac 300°F and driven by a 4,500 hp electric motor. The fans

are located at ground level and are equipped with inlet vane controls and inlet

silencers, Glycol air heaters are instal.led in the fan inlet ducts for air preheater

average cold end temperature control,

A,2.A.7 Feedwater Equipment

There are seven stages of extraction feedwater heating, They are divided into two

high pressure closed feedwater heaters, a deaerator, and four low pressure closed

feedwater heaters, All heaters are horizontal with Type 304 stainless steel tubes.

The heaters are numbered in succession from the economizer inlet to the condenser,

Tha sixth and seventh point heaters are located in the condenser neck. The first,
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second, fourth, and fifth point heaters are located on the operating floor of the

turbine building, The deaerator is located at an el_vation above the turbine

building operating floor in the auxiliary bay,

Two 50 percent, 2,500 gpm, 3,000 pslg centrifugal boiler feed pumps are provided,

The p_nps take suction from the deaerator and discharges to the second point heater,

One 680 gpm, 1,400 psi startup boiler feed pump will be provided, driven by a 700

' hp, 4,160 V electric motor.

A full flow condensate polishing system is provided consisting of 3 x 50 percent

capacity filter-demineralizers and the necessary pretreatm_nt and solids removal

equipment.

A chemical treatment system is provided for feeding hydrazine and ammonia to the

condensate and boiler feed system,

A,2,4,8 Ash Handling Systems

A bottom ash wet sluicing system, having a capacity of 30 tons per hour is provided,

including a two compartment flooded type ash hopper, clinker grinders, Jet pulslon

type pumping equipment, conveying piping, and two 210 ton capacity dewatering bins,

The ash is sluiced to the dewatering bins where it can be removed by truck for

offsite disposal, The sluice water drains by gravity to two setting/surge tanks

where the ash sluice p_mps take suction,

i

A wet disposal system for pyrites, having a capacity of i0 tons per hour from the

transfer bin, is provided, including tramp iron hoppers, Jet pulsion type pumping

equipment, and transfer tank, The ash is sluiced to the dewatering bins,

A dry fly ash handling system, having a capacity of 35 tons per hour from

precipitator and economizer hoppers, is provided, including feeders, blowers, a 1,150

" ton capacity silo with dustless unloaders, The ash is conveyed to the silo where

it can be removed by truck for offsite disposal,
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A,2,4,9 Coal Handling System

A complete coal handling system is provided for receiving, stockpiling, reclaiming,

and coaling of inplant silos,

Unit trains are unloaded by a rotary car dumper at a rate of 2,500 tons per hour,

Coal is then transported to the storage area for stock-out by a traveling stacker-

reclaimer, If, during stock-out, coal iS required at inplant silos, 600 or 1,200

tons per hour can be diverted to the boiler house, An electrically heated thaw shed

will be provided, Normal reclaim from storage is by traveling stacker-reclalmer and

can be at either 600 or 1,200 tons per hour, Emergency reclaim is by bulldozing or

truck to an underground reclaim hopper. As with normal reclaim, rates can be either

600 or 1,200 tons per hour,

Both normal and emergency reclaimed coal are conveyed to a crusher house for crushing

to a minus I_ inch product before transportation to the inplant silos, From the

crusher house to the plant, dual conveyor paths are furnished, providing reliability

in the coal handling system, Each path handles 600 tons per hour, permitting the

maximum 1,200 tons per hour reclaim rate,

The system also includes ali necessary dust suppression, dust collection, flre

protection, weighing, tramp metal detection and removal, sampling, sump pumps and

area drainage equipment.

A.2.4.10 Limestone Handling System

The limestone handling system is a complete system provided to contain receiving,

storage and preparation equipment, including conveyors, hoppers, weigh scales,

reclaimer, tunnels, pits', electrical controls, dust collection, and foundations for

the buildings, conveyor supports, tunnels, pits, and sumps.

A.2.4.11 Fuel Oil Equipment

A light fuel oil system is provided for supplying ignition and warmup oil to the

boiler. The system consists of a 150,000 gallon light oil storage tank, two 40 gpm,

300 psi oll pumps and piping and controls.
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A,2,4,12 Stack

A 450 feet high reinforced concrete stack structure is provided to sezve the unit,

The concrete stack has a 17 foot diameter circular steel liner with a corrosion

resistant fiberglass l£ning,

a

A,2,4,13 Precipitator

m

A cold side electrostatic precipitator is provided between the boiler air preheater

outlet and the induced draft fans, The precipitator will remove the dust entrai_Led

in the flue gas leaving the air preheater such that emissions do not exceed 0,03

ib/MBtu,

The precipitator includes dampers, discharge electrodes, collecting plates,

transformers-rectifier sets, and a rapping system, Flue gas ductwork is provided

from the air preheater to the precipitator and from the precipitator to the induced

draft fans, The precipitator will have a redundant electrical field,

A.2,4,14 Flue Gas Desulfurization (FGD) System

An FGD system to remove sulfur dioxide (SO2) from flue gas is ins'tailed downstream

of the precipitator and induced draft fans, The FGD system uses a limestone slurry

for scrubbing the gas and uses fly ash to stabilize the sludge,

Flue gas from the induced draft fans enters three 50 percent absorber modules,

These modules are of the spray tower type, with recycIe tanks and pumps; SO2 removal

efficiency will be 90 percent, Each tower has inlet and outlet isolation dampers

(zero leakage) and mist eliminators (for removing entrained droplets),

To prevent condensation in the cooled gases downstream of the absorber modu] _s, a

° flue gas reheat system is provided, consisting of two fans supplying ambient air

through a steam coil heat exchanger, using steam from the turbine crossover, The

heated air mixes with the gases raising the temperature,
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In addition to flue gas handling and SO2 removal, there are systems for reagent

storage/handling/preparation and waste storage/handling/treatment. BesidAs

mechanical equipment, the FGD system has all necessary ductwork from the induced

draft fans to the stack, piping, electrical work, instruments, buildings (with HVAC),

and enclosures.

A.2.4.15 Turbine Generator

The turbine generatoc is a 3_600 rpm tandem compound, single reheat unit with a

double flow low pressure element. Guaranteed output is 369,000 kW when operating

at 2,400 psi/l,000"F at the throttle, reheating to 1,000°F, 2.5 inch Hg abs _ the

exhaust, 0.0 perc_,nt makeups, and with ali seven stages of f_edwater beating

inservice.

The generator is a 3 phase, 60 Hz, 18,000 V, 3,600 rpm hydrogen cooled unit that is

rated at 407,000 kVA, 0.90 OF, 0.55 SCR, with 45 psig hydrogen pressure. The exciter

is a _tatic type.

The generatu, is a hydrogen inner-cooler unit wi'_h water-gas heat exchangers mounted

within the generator housing. Hydrogen cooling within the generator is achieved by

means of inner cooled conductors within both the stator and the rotor. Circulation

of the hydrogen is performed by a single multistage axial-flow compressor-type blower

mounted on the turbine end of the rotor.

The exciter is totally enclosed and self-ventilated. Two air coolers are mounted

within the enclosure to remove heat. They are water-air heat exchangers. The lube

oil system will have two full size coolers. The se 1 oil system has a hydrogen side

seal oil cooler and an air side seal oil cooler. Each of these coolers are gas-

water heat exchangers.

Isolated phase bus ducts are provided to carry the generator Jutput to thp main

transformer.

A.2.4.16 Makeup Intake Structure

__= makeup water system is installed to supply 4,300 gPm of raw water makeup to the--

-
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cooling tower, FGD, and ot_er requirements, Two 50 percent makeup water pumps are

included and located in a screenwell at the river. The screenwell iS a concrete

structure, containing the pumps, two stationary intake screens, and a chlorination

equipment room.

A.2.4.17 Condenser Equipment _

The LP element exhausts into a single pass, 210,000 square foot heat transfer surface
q

area condenser with 38 foot long tubes oriented perpendicular to the turbine shaft.

Condenser tubes are 90-10 Cu-Ni material, except those in the air cooling section

which are 70-30 Cu-Ni. The condenser is floor supported, with expansion joints

between the turbine exhaust and the condenser neck. Two I00 percent capacity two-

s_age condenser exhauster pumps are supplied. Two 50 percent capacity motor-driven

vertical circulating water pumps are located at the cooling tower in a pumphouse.

Each pump is rated at 50,000 gpm at 60 feet TDH with a 1200 hp motor. Two 50 percent

capacity motor-driven condensate pumps are supplied, each driven by a 800 hp motor

supplies 2,060 gpm at 1,125 feet. The vertical nine stage pumps take suction from

the condenser hotwell.

A.2.4.18 Cooling Tower Equipment

The cooling tower is a six cell, counterflow, mechanical draft system constructed

of wood (Douglas Fir), treated with acid copper chromate pressure preservative.

Underground piping will connect the condenser to the cooling tower, this pipe will

be steel encased in concrete inside the turbine building and concrete elsewhere.

A.2.4.19 Water T_ atment System

The water treatment equipment is installed in the auxiliary boiler and feedwate_

treatment building. River water for makeup is processed through two 50 percent

capacity clarified-fi].ter units. This water is then pumped to the makeup water

storage tank, located in the yard. Water for boiler makeup is pretreated and

processed through a deminerallzed water treatmeut system, The pretreatment consists

of lime softening, filters, and two each of anion, cation, and mixed bed exchange

units The water i_ pumped _n _h_ _m_ .... ]_.^A ............................... _ =uu_5_ uan_ in _he yard.
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A.2.4.20 Wastewater Treatment System

Wastewater from collection system will be treated by neutralization followed by

treatment in two 50 percent clarifiers. Clarifier overflow is pumped to the FGD

system for makeup and blowdown is pumped to the FGD thickener,
i

The sanitary waste treatment system includes a pre-aeration basin and an extended

aeration package wastewater plant. All plant sanitary waste streams and drains will

terminate in the pre-aeration basin The waste in the pr3-aeration basin is mixed

with air supplied by air blowers. The waste from the pre-aeration basin is pumped

to the extended aeration package wastewater plant where it is mixed with air supplied

by air blowers. The sludge collected from the package plant clarifier is sent to

the dewatering unit. The effluent is discharged to the outfall after chlorination.

A.2.4,21 Accessory Electrical Equipment

One nor_al station service transformer is included, with single primary and split

secondary windings, lt is rated at 40 MVA, 65°C, 17,700-4,160 V/4,160 delta-wye-

wye conducted. Two half-size reserve station service transformers are included.

The 4,160 V station service system consists of two 3,000 amp buses and 5 kV class

indoor metal clad swltchgear. Six 480 V double-ended load center substations and

twen_;y.three 480 V motor control centers are provided. A 125 V dc battery system

and a 400 kW, 480 V ac diesel generator are provided, l_e switchyard and

transmission lines are outside the plant cost boundary.

A.2.4.22 Instruments and Controls

A computer-based distributed control system (DCS) is provided.

A.2.4.23 Miscellaneous Power Plant Equipment

A service air system is provided for general plant air use, including two 0il-free

reciprocating service air compressors with aftercoolers, intercoolers and receivers,

. - L '1 • ....

e=u_, uapau_e of delivering izD pslg, 1,000 scfm.
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An instrument air system is provided, including an oil-free reciprocating instrument

air compressor capable of delivering 125 psig, 350 scfm instrument, and control air.

A heatless desiccant air drying system is included.

One auxiliary boiler rated at 90,000 Ib per hour is supplied. The boiler will use

No. 2 fuel oil and condensate for makeup from the condensate storage tank. Also

included is an auxiliary deaerator, two auxiliary boiler feed pumps, an auxiliary

condensate pump, and a blowdown tank. The auxiliary boiler is located in the

administration and service building.

A.2.4.24 Main Transformer

One main transformer is included, rated at 407 kVA, 3 phase, 60 Hz 21,250 V delta

primary and 345,000 V grounded wye secondary.

A.3 Circulating Fluidized Bed (CFB)

A.3.1 General

The 310 _ net plant consists of a single unit, with three boiler modules, a

turbine generator and auxiliary equipment.

_e turbine generator is a tandem compound, two flow exhaust, condensing, reheat

type, rated at 369,000 kW when operating at 2,400 psig, 1,000°F at the throttle,

reheating of 1,000"F, 2.5 inch Hg abs at the exhaust, 0.0 percent makeup with ali

seven stages of feedwater heating in service. Steam for the turbine generator will

be provided by boilers having a maximum continuous rating (MTR) of 2,555,298 ib/hr

at 2600 psi gauge and 1,O05°F using Ohio No. 5 and No. 6 blend bituminous coal as

fuel.

A. 3.2 Site I!

Theplant is located in the Ohio area. The site is at an elevation of 600 feet.

above mean sea level and is clear and level. The site is served by the railroad.

Railroad track will be provided for handlin_ unit tra_n__................w_h _y_a ....._ hopper
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cars. Engines and cars for the coal unit trains are not included in the capital

cost estimate. A river for raw water supply is three miles from the site.

A,3,3 Station Arrangement

The site is designed to accommodate a single unit, The boiler room and turbine room

are enclosed.

The unit consists of three 125 MW boiler modules. Each module is comprised of a

steam generation unit with h_ghouse and is independent, from primary and secondary

air fans through and including induced draft fans. A single stack is utilized for

each unit.

Two 50 percent capacity motor driven boiler feed pumps are located on the operating

floor along with the two high pressure feedwater heaters and four low pressure

feedwater heaters.

The condenser is a single pass design with tubes perpendicular to the turbine

centerllne. Two 50 percent capacity condensate pumps are located adjacent to the

condenser on the ground floor. The sixth and seventh point heaters are located in

'the condenser neck, A mechanical draft cooling tower is provided.

An auxiliary boiler for startup and station heating is located on the ground floor

in the Administration and Service Building.

Adequate aisles, withdrawal spaces and clearances for equipment maintenance including

turbine generator laydown space are provided,

A,3,4 Description of plant and equipment

A,3.4.1 Land and Land Rights

Adequate land for the plant site and land rights for the makeup water pipeline are

required. These costs are included in the capital cost estimate.

f
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A.3.4.2 Yard Work

The area to be built upon and the coal and limestone storage areas will be cleared

and grade d . Landscaping is not included. A paved main access road is provided from

the existi_;_ _'_£/_hway,about 2 000 feet long. The roadways around the plant will be- ,/ ' J

paved, A_'_,_ f/iot high chain link security fence is p_u _ided around the main plant' f_ , _

area.

An 18 inch buried pipeline provides plant makeup water from the river, approximately

3 miles away. A pump well is provided at the river with two full size makeup water

pumps. Two 600,000 gallon tanks are provided for combined raw and firewater storage.

Plant service water is also pumped from these tanks. Water for boiler feedwater

makeup and condensate system makeup is stored in the 180,000 gallon demineralized

water storage tank and condensate storage tank, respectively.

Provision for a 60 day capacity coal pile is included. A system is installed for

collecting rain water runoff from the pile and pumping it to the Wastewater Treatment

System. Cooling tower blowdown water is used for coal dust suppression, wash down

and miscellaneous uses. lt is stored in a I00,000 gallon storage tank.

Other yard work consists of a storm sewer system, fire protection system, rail

trackwork and lighting.

A.3,4.3 Main Power House

The major plant components and buildings are supported on 75 ton piles, 50 feet

long. Other buildings are supported on spread footings. The main power house

consists of a steel frame turbine building, i_uxillary bay, control building, and

boiler house, enclosed with metal siding. The con_'rol room and computer room are

enclosed with concrete masonry and air conditioned. The buildings are provided with

ventilation and fire protection. An elevator is installed to provide service to the

boiler platform levels.

=
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A.3,4,A Administration Building

A two-level administration building is provided, supported on piles, lt contains

laboratories and rest rooms on the first level and with offices on the second level,

A.3,4,5 Miscellaneous Buildings

The miscellaneous yard buildings provide preengineered metal buildings for equipment

and activities throughout the site. The buildings can be grouped into the following

categories:

Gate house,

Fire pumphouse.

Chlorination building.

Auxiliary boiler and feedwater treatment building.

Warehouse.

Hydrogen storage.

Ignition oil and equipment backwash building.

A.3,4.6 Boiler Plant

The steam generating unit is a circulating fluid bed boiler comprised of three

modules with a combined output of 2,555,298 ib/hr of superheat steam at 2,600 psig

and ].,O05"F and 2,059,126 Ib/hr reheat steam at 563 psig and 1,005°F, The unit is _

designed for Ohio No, 5 and No. 6 blend bituminous coal, limestone with 90 percent

CACO 3 content and No. 2 fuel oil for ignition, Feedwater is supplied at 470°F,

Each boiler module, capable of 40 percent total output, consists of a CFB combusto[

with a r_fraa_nrv ]_n=a I_...._ _^_ .... _ -.....j ..... =,,_ = water wall lined upper section, two
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recycle cyclones located at the outlet of the CFB to collect approximately 99 percent

of the entrained solids for circulation back to the circulating bed, and a single

boiler backpass with two storage superheater, A single tubular air heater designed

with gas over the tubes and air through the tubes is also supplied.

Six 300 ton coal bins sized for 12 hours capacity deliver fuel to three gravimetric

feeders for gravity feed to the combustor, A single 650 ton 24 hour limestone

storage bin located adjacent to the limestone crusher building provides for direct

feed into the combustor via pneumatic transport, Two primary air fans, one secondary

air fan, and two induced draft fans are also provided for each module.

A.3.4.7 Feedwater Equipment

There are seven stages of extraction feedwater heating. They are divided into two

high pressure closed feedwater heaters, a deaerator, and four low pressure closed

feedwater beaters. Ali heaters are horizontal with Type 504 stainless steel tubes.

The heaters are numbered in succession from the economizer inlet to the condenser.

The sixth and seventh point heaters are located in the condenser neck, The first,

second, fourth, and fifth point heaters are located on the operating floor of the

turbine building. The deaerator is located at an elevation above the turbine

building operating floor in the auxillary bay.

Two 50 percent, 2,500 gpm, 3,000 psig centrifugal boiler feed p_p is provided. The

pump takes suction from the deaerator and discharges to the second point heater.

One 680 gpm 1,400 psig startup boiler feed pump will be provided, driven by a 700

hp 4160 V electric motor.

A full flow condensate polishing system is provided consisting of 3 x 50 percent

capacity filter-deminerallzers and the necessary pretreatment and solids removal

equipment.

" A chemical treatment system is provided for feeding hydrazine and ammonia to the

condensate and boiler feed system.
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A,3,4,8 Ash Handling Systems

A bottom ash system for this type of boiler is not required, A fly ash removal

system is provided with ash pickup at the CFB bed drain, multiclone and baghouse

hoppers and pneumatic transport to the ash storage silo, A complete ash removal

system is provided for each module except for the storage silo for which only one

is supplied per unit, The 2,000 ton silo is s._zed for 64 hour capacity to allow for "

a complete fillup during a weekend operation without emptying, Dry, dustless

unloading is provided for.

A.3.4,9 Coal Handling System

A complete coal handling system is provided for receiving, stockpiling, reclaiming

and coaling of inplant silos.

Unit trains are unloaded by a rotary car bumper beyond a thaw shed at a rate of

2,500 tons per hour, Coal is then transported to the storage area for stock.out by

a travelling stacker-reclaimer, If, during stock-out, coal is req_ired at inplant

silos, 600 or 1,200 tons per hour can be diverted to the boiler house. An

electrically heated thaw shed will be provided. Normal reclaim from storage is by

travelling stacker-reclaimer and can be at either 600 or 1,200 tons per hour.

Emergency reclaim is by bulldozing or truck to an underground reclaim hopper. As

with normal reclaim, rates can be either 600 or 1,200 tons per hour.

Both normal and emergency reclaimed coal are conveyed to a crusher house for crushing

to a minus 1/4 inch product before transportation to the inplant silos. From the

crusher house to the plant, dual conveyor paths are furnished, providing reliability

in the coal handling system. Each path handles 600 tons per hour, permitting the

maximum 1,200 tons per hour reclaim rate,

The system also includes ali necessary dust suppression, dust collection, fire

protection, weighing, tramp metal detection and removal, sampling, sump pumps and

area drainage equipment.

z
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A,3.4,10 Limestone Handling System

The limestone handling system is a complete system provided to contain receiving,

storage, and preparation equipment including conveyors, hoppers, weigh scales,

reclaimer, tunnels, pits, electrical, controls, dust collection, and foundations

for the buildings, conveyor supports, tunnels, pits, and sumps, A covered limestone

pile with 30 days storage is provided. A belt conveyor transports limestone to the

crusher building where it is dry crushed to a mean particle size of 300-500 microns.

From here it is pneumatically transported to the four limestone storage bins,

A.3.4.11 Fuel Oil Equipment

A light fuel oil system is provided for supplying ignition and warmup oil to the

boiler. The system consists of a 150,000 gallon light oll storage tank, two 40 gpm,

300 psi oil pumps and piping and controls,

A, 3.4.12 Stack

A 450 foot high reinforced concrete stack structure is provided to serve the unit.

The concrete stack has 17 foot diameter circular steel liner with a corrosion

resistant fiberglass lining.

A.3.4.13 Baghouse

A pulse Jet ',aghouse per module is provided between the air preheater outlet and the

induced d, Lt fans. The unit is complete with fiberglass bags, carbon steel shell,

required hopper accessories, (hopper heating, level detecting, and vibrators) and

is designed at an air to cloth ratio 3.75 to I with one compartment out for cleaning

and one out for maintenance.

A.3.4.14 Turbine Generator

The turbine generator is a 3,600 rpm tandem compound, single reheat unit with a

double flow low pressure element, Guaranteed output is 369,000 kW when operating

at 2,400 psi/l,000"F at the throttle, reheating to 1,000°F, 2.5 inches Hg abs at the
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exhaust, 0,0 percent makeups, and with ali seven stages of feedwater heating

inservlce,

i

The generator is a 3 phase, 60 Hz, 18000 V, 3,600 rpm hydrogen cooled unit that is
Q

rated at 407,000 kVA, 0,90 PF, 0,55 SCR, with 45 pslg hydrogen pressure, The exciter

is a static type.

The generato_ is a hydrogen inner-cooler unit with water-gas heat exchangers mounted

within the generator housing, Hydrogen cooling within the generator is achieved by

means of inner cooled conductors within both the stator and the rotor, Circulation

of the hydrogen is performed by a single multistage axial-flow compressor-type blower

mounted on the turbine end of the rotor.

The exciter is totally enclosed and self-ventilated, Two air coolers are mounted

within the enclosure to remove heat. They are water-air heat exchangers, The lube

oil system will have two full size coolers, The seal oll system has a hydrogen side

seal oil cooler and an air side seal oil cooler, Each of these coolers are gas-

water heat e_changers.

Isolated phase bus ducts are provided to carry the generator output to the main

trans former,

A.3,4.15 Makeup Intake Structure

The makeup water system is installed to supply g,300 gpm of raw water makeup to the

cooling tower and other requirements. Two 50 percent makeup water pumps are included

and located in a screenwell at the river, The screenwell is a concrete structure,

containing the pumps, two stationary intake screens and a chlorination equipment

room.

A.3,4.16 Condenser Equipment

The LP element exhausts into a single pass 210,000 square foot heat transfer surface

area condenser with 38 foot long tubes oriented perpendicular to the turbine shaft.

Condenser tubes are 90.10 Cu-Ni except those in the air cooling section which are

70-30 Cu-Ni. The condenser is floor supported, with expansion joints between the
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turbine exhaust and the condenser neck, Two I00 percent capacity two-stage condenser

exhauster pumps are supplied, Two 50 percent capacity motor-drlven vertical

circulating water pumps ar_ located at the cooling tower in a pumphouse, Each pump

is rated at 50,000 gpm at 60 feet TDH with a 1,200 hp motor, Two 50 percent capacity

motor-drlven condensate pumps are supplied, each driven by a 800 hp motor supplies
d

2,060 gpm at 1,125 feet. The vertical 9 stage pumps take suction from the condenser

hotweiI,

A,3,4.17 Cooling Tower Equipment

The cooling tower is a six cell, counterflow, mechanical draft system constructed

of wood (Douglas Fir), treated with acid copper chromate pressure preservative.

Underground piping will connect the condenser to the cooling tower, this pipe will

be steel encased in concrete inside the turbine building and concrete elsewhere,

A,3.4.18 Water Treatment System

'[he water treatment equipment is installed in the auxiliary boiler and feedwater

treatment building. River water for makeup is process through two 50 percent

capacity clarified-filter units. This water is then pumped to the makeup water

storage tank, located in the yard, Water for boiler makeup is pretreated and

processed through a demineralized water treatment system, The pretreatment consists

of llme softening, filters, and two each of anion, cation and mixed bed exchange

units. The water is pumped to the demineralized water storage tank in the yard,

A.3.4.19 Wastewater Treatment System

Wastewater from collection system will be treated by neutralization followed by

treatment in two 50 percent clarifiers.

A.3,4.20 Accessory Electrical Equipment
d

One normal station service transformer is included, with single primary and split

secondary windings, lt is rated at 40 MVA, 60"C, 17,700-4,1,60 V/4,160 delta-wye-

wye connected. Two half-size reserve station service transformers are included.

The 4,160 V station service system consists of two 3,000 amp buses and 5 kV class

=
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indoor metal cald swltchgear, Six 480 V double-ended load center _ubstations and

twenty-three 480 V motor control centers are provided, A 125 V dc battery system

and a 400 kW, 480 V ac diesel generator are provided, The switchyard and

transmission lines are outside the plant cost boundary,

A,3,4,21 Instruments and Con trois

A computer based distributed control system (DCS) is provided,

A,3,4,22 Miscellaneous Power Plant Equipment

A service air system is provided for general plant air use, including two oil_free

reciprocating service air compressors with aftercoolers, intercoolers and receivers,

each capable of delivering 125 pslg, 1,000 scfm,

An instrument air system is provided, including an oil-free reciprocating instr_nent

air compressor capable of delivering 125 psig, 350 scfm for instrument and control

air, A heatless desiccant air drying system is included,

One auxiliary boiler rated at 90,000 ib per hr is supplied, The boiler will use No,

2 fuel oil and condensate for makeup from the condensate storage tank, Also included

is an auxiliary deaerator, two auxiliary boiler feed pumps, an auxiliary condensate

pump and a blowdown tank, The auxiliary boiler is located in the Admlnistra, ion and

Service Building,

A.3.4.23 Main Transformer

One main transfozmer is included, rated at 407 kVA, 3 phase, 60 Hz, 21,250 V delta

primary and 345,000 volt grounded wye secondary.

A.4 Co-Proces!:_or/Simple Cycle Combustion Turbines (CSC)
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A,4,1 General

The design basis for the 310 MW net Co-Processor Simple Cycle (CSC) Generating Un_,t

is derived from the Coal\Oil Co-Processor design basis given in the SWEC Preliminary

Process Description (PPD), _e central portion of the process plant is based on the

technology developed by Hydrocarbon Research Incorporated (HRI) and produces

Distillate fuel to supply the General Electric MS 7001F (Frame 7F) colubustion turbine

generators,

The coal feed is a 40/60 blend of Ohio No, 5 and No, 6 coal described in Table 2-

lA, Coal is received (2 in x 0 in), pulverized to minus 30 mesh, and slurried with

petrolel_ derived residual oil before being fed to the Co-Processor, Crude oll feed

(see Table 2,3) is separated by atmospheric distillation into naphtha and di_tillate

products, and an atmospheric bottoms stream, These atmospheric bottoms, with

properties of API gravity of 6,6, 5,17 percent sulfur, and 0,52 percent nitrogen,

are used in the coal/oil feed slurry,

A,4,1,1 Land and Land Rights

Land requirement is ii0 acres which includes 75 acres for the Co-Processor facility

and 5 acres for the simple cycle power plant, and the balance for additional fuel

and vacuum bottoms storage,

A,4,1.2 Yardwork

The area to be hull t upon and the ecel storage area will be cleared and graded,

Landscaping is not included, An 8 foot high chain link security fence is provided

around the main plant area. Roadways around the plant will be paved, A paved main

access road is provided around the main plant area,

The Co-Processor facility and the power plant each have their own service watez,

fire water and delnineralized water storage, The Co.Processor Plant has a 500,000

gel, storage tank for service water, a 45C,000 gel, tank for firewater, a 40,000

gel, tank for demineralized water, and a ].5,000 gel, tank for potable water, The

Simple Cycle Plant has two 600,000 gel. tanks for combined raw water, service water,

and fire water storage and a 400,000 gel, tan_ for demlnerallz_d water storage.
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Onsite feed storage consists of a 15-day supply of coal, a 15-day supply of crude,

and a 60-day supply of turbine fuel (either No. 2 Fuel Oil oz"Co-Processor distillate

product) for backup in case of an interruption in Co-Processor Plant operation.

A.4. I.3 Main Buildings

The Administration Building covers 6,000 ft2 and includes offices as well as a

Satellite Control Room. The Control Building covers 6,000 ft2 and houses, in

addition to the Main Control Room, a Locker Area and Lunch Area. Both of th_.se

buildings are constructed of insulated metal siding and are equipped with HVAC.

The Maintenance/Warehouse Building covers 5,750 ft2 and includes maintenance shops,

a chemical laboratory, and warehouse space for spare parts etc.

A.4.1.4 Miscellaneous Buildings

Miscellaneous buildings include :

a) Wastewater Treatment Building

b) Analyzers Shelters (5)

c) Fire Station

d) Satellite Control Buildings (3)

e) Demlneralizer Building and Fire Pumphouse

f) Switchgear Buildings (3)

A.4.I.5 Makeup Intake Structure

The makeup water system for the plant is installed to supply 1,350 gpm of raw water

makeup to the water treatment system. Two 50 percent size makeup water pumps are

located in a screenwell at the river. The screenwell is a concrete structure

containing the pumps, two stationary '_take screens, and a chlorination equipment

room.
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A.4.1.6 Water Treatment

Raw water will be pumped from the raw water storage tank to the solids contact

clarifier. Hydrated limB, and alum (coagulant aide) will be injected in the primary

zone of the clarifler to the incoming raw water. Floc formation and mixing action

in the clarifier will coagulate particles where solids separation will take piace

and the softened clarlfler water will then be filtered in a 3 bay gravity filter.

Filtrate will be collected in the wetwell immediately below the gravity filter.

Clarified, softened and filtered water will then be transferred from the wetwell by

pumps to the level controlled tank.

Service water pumps will transfer water from the service water storage tanks and

pressurize the service water header. A side stream from the service header will be

diverted and chlorinated as make up for potable water to the potable water storage

tank.

Demineralizer make-up water will also be drawn from the raw water storage tanks and

pumped to a two train deminerallzer system. Each demineralizer train will consist

of strong acidification, strong base anion and mix bed. Each train will be of full

capacity and will produce neutral waste through a waste neutralization tank. The

demineralizer system will also include acid/caustic regeneration skids complete with

day tanks, metering pumps, dilution tees, etc. Acid and caustic bulk storage tanks

will be used for chemical supply. Demlneralized product water will be stored in a

rubber lined steel tank. Demineralized water will be pumped to the consuming units.

A.4.1.7 Wastewater Treatment System

The wastewater treatment system consists of an equalization basin, dissolved air

flotation (DAF) system, primary and secondary clarifiers, physical/chemical

precipitation and settling facilities, gravity filter, post-aeration basin and

contaminated and non_contamlnated run-off holding ponds.
A

The streams that terminate in the equalization basin include non-segregated waste

streams from the sour water stripper, segregated desalter stream, contaminated rain

run-off (and non-contaminated run-off when it becomes contaminated) from the hclding

pond. The waste is transferred to the dissolved air flotation unit by screw pumps.
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The effluent waste from the equalization basin is mixed with a dissolved alr/water

mixture in the DAF unit. The air/water mixture includes pressurized dissolved air

and recycled effluent. The oil and grease skimmed from the top of the DAF unit are

sent to a recovered oil tank and then pumped to the slop tank/crude storage tanks.

The sludge collected from the DAF unit is pumped to Unit 1100 (Bottoms Processing).

The effluent wastewater from the DAF is transferred to the prlmary clarifler and then

onto the physlcal/chemlcal precipltatlonand settling tanks by gravity flow.

The effluent from the primary clarlfier is mixed with a chemical feed stream before

it reaches the physlcal/chemlcal precipitation and settling tanks. The sludge

collected from the settling tanks is pumped to Unit II00 (Bottoms Processing), The

effluent wastewater is transferred to the aeration basin by gravity flow.

Before the effluent from the physlcal/chemical precipitation and settling tanks

reaches the aeration basin, it is mixed with recycled effluent from the post aeration

basin and recycled sludge from the secondary clarlfier. The air to the aeration

basin is supplied by air blowers and is diffused and mixed in the water by mechanical

agitators. The effluent wastewater is transferred to the secondary clarifier by

gravity flow.

Sludge collected from the secondary clarlfier is recycled to the aeration basin.

The excess sludge is sent to the dewatering unit. The effluent wastewater is

transferred to the filter by gravity,

Before the effluent from the secondary clarifier reaches the gravity filter, it is

mixed with a chlorine stream for disinfection. The filter backwash water is returned

to the aeration basin. Filtrate is collected in the wet well immediately below the

filter. The filtrate is pumped from the filter wet well to the post aeration basin,

The wastewater in the post aeration" basin is mixed with air supplied by air blowers

and is diffused and mixed with the water by a mechanical agitator, The effluent may

be recyc]ed to the aeration basin (to reduce excessive BOD shock loading) and/or

discharged to the outfall.
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The contaminated rain from the process area will be held in the contaminated rain

run-off holding pond. The effluent _ from this pond will be transferred at a

controlled rate to the waste water treatment plant equalization basin. Ware z"irl the

non-contamlnated basin will be tested to determine whether or not the water is

contaminated. If the water is contaminated, it will be transferred to the

equalization basin• If it is not contaminated, it will be discharged to the outfall.
i

The sanitary waste treatment system includes a pre-aeratlon basin and an extended

aeration package wastewater plant. All plant sanitary waste streams and drains will

terminate in the pre-aeration basin. The waste in the pre-aeration basin is mixed

with air supplied by air blowers. The waste from the pre-aeration basin is pumped

to the extended aeration package wastewater plant where it is mixed with air supplied

by air blowers. The sludge collected from the package plant clarlfier is sent to

the dewatering unit. The effluent is discharged to the outfall after chlorination.

A.4.1.8 Accessory Electrical Equipment ,,

Electrical power is delivered to the plant via two independent 138 KV circuits from

the utility company or the simple cycle plant via overhead transmission lines which

dead-end in the high voltage switchyard. From there the power is transmitted through

two 138 KV SF6 circuit breakers into the primary terminals of two 20 MVA transformers

which transform the voltage down to 13.8 KV. The secondary side of two 20 MVA

transformers are cable connected to the incomer breakers of the 13.8 KV double ended

swltchgear. Double ended switchgear is characterized by two incomer breakers and

a tie breaker, which are interlocked so that only two of the three breakers can be

closed at the same time. This arrangement allows for redundancy, and all equipment

is sized so that one circuit can handle the entire plant load in the event of one

circuit outage.

From the 13.8 KV double ended bus, power is transmitted through two feeder breakers

to the primary side of two 15 MVA transformers which transform the voltage down to

4.16 KV. The secondary side of the 15 MVA transfoz_ers flows through two incomer

breakers of the 4.16 KV double ended switchgear. From the 4.16 KV double ended bus,

power is transmitted through two current limiting fused switches to the primary side

of two 2 M_A transformers which transform the voltage down to 480V. From the

secondary side of the 2 MVA transformers, power is transmitted through two incomer
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breakers to the AS0 volt double ended switchgear. Two ocher double feeder

combinations feed two 1.5 MVA transformers and I MVA transformers from the 4.16 KV

bus respectively to form 480 volt doublended substations No. i and No. 2, which are

similar to the 480 volt switchgear previously described. From the 480 volt

swltchgear, power is fed through feeder breakers to 480 volt Motor Control Centers

(MCC) from which the plant 480 volt motors are supplied.

To provide for critical loads, a 1500 KVA emergency diesel generator feeds power to

a 4.16 KV switchgear lineup through an incomer breaker.

Motors larger than 4500 horsepower are fed through circuit breakers from the 13,8

KV switchg-_ar. Motors larger than 200 horsepower and smaller than 4500 horsepower

are fed through fused contractors from the 4.16 KV bus. Motors 200 horsepower and

smaller are fed through motor starters in the 480 volt motor control centers.

A.4.1.9 Instruments and Controls

A computer-based distributed control system (DCS) is provided.

A.4.1,10 Balance of Plant Equipment

A service air system is provided for Beneral plant air use, including two oil-free

reciprocating service air compressors with aftercoolers, intercoolers and receivers,

each capable of delivering 125 psig, 1,000 stim.

An instrument air system is provided, including an oil-free reciprocating instrument

air compressor capable of delivering 125 psig, 350 scfm for instrument and control

air. A heatless desiccant air drying system is included.

A.4.2 SIMPLE CYCLE POWER PLANT

A.4.2.1 Main Powerhouse

The 'main powerhouse consists of two sections - the combustion turbine section and

the control building, which includes the control room on one floor and electrical
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switchgear equipment on the second floor. The combustion turbine section is equipped

with ventilation only. The Control Building requires HVAC. Each of the sections

£s equipped with fire protection. The building is insulated and covered with metal

siding.

" A.4.2,2 Combustion Turbine

Two General Electric Company MS 7001F (Frame 7F) combustion turbine generators will

fire the distillate fuel produced in the Co-Processor Plant. The combustion turbine-

generators will also be capable of firing No. 2 oil for backup operation. The

combustion turbine-generators include fuel skids, inlet and exhaust silencing, inlet

air filtering and evaporative cooling, turning gear and motor, fire protection, NOx

water injection system, motor control center, hydrogen supply and carbon dioxide

purge systems, excitation compartment, switchgear compartment, and auxiliary

transformer.

A.4.2.3 Fuel Oil Equipment

In the event of an ext'ended Co-Processor plant outage (greater than 60 days) No. 2

o£I is used for fueling the combustion turbines. The system consists of a 350,000

gal. tank and two 150 gpm pumps with a discharge pressure of 300 psig.

A.4.2.4 Mai_ Transformers

A 180MVA transformer and a 10O MVA transformer will service each combustion turbine.

A.4.3 COAL/OIL Co-Processor Plant

The Co-Processor Plant is divided into the following uni'ts:

Unit 000 Feed Storage and Handling

Unit I00 Coal Preparation

Unit 200 Co-Processor

Unit 300 Atmospheric Distillation

r
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Unit 400 Steam Reforming

Unit 500 Intentionally Left Blank

Unit 600 Distillate Hydrotreating

Unit 700 Acid Gas Removal

Unit 800 Sulfur Plant

Unit 900 Light Ends Recovery

Unit i000 Sour Water Stripping

Unit II00 Bottoms Processing

Unit 1200 Utilities

Unit 1300 General Offsites

A destailed discussion of the individual Co-Pro units are included in subsections

A.I.3.1 through A.I.3.13.
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APPENDIX B

DESCRIPTION OF THE ECONOMIC MODEL

B.O DESCRIPTION OF THE ECONOMIC MODEL PRINTOUTS (Bl & B2)

• CCC Ohio Clean }hels Co-Processed Fuel with a Combined Cycle Generator

• CSC Ohio Clean Fuels Co-Processed Fuel with a SJmple Cycle Generator

• PC Pulverized Coal with Flue Gas Desulfurization

• CFB Circulating Fluidized Bed

A printout of the model is contained in Appendlx B for the base comparison of the

CCC, PC and CFB technologies. Appendix B1 contains the case where all naphtha from

the Co-Processor is sold and B2 contains the case where ali naphtha is blended with

the distillate and fired in the combined cycle generator. The printout is structured

so that the first two pages summarize unique input data and results for the three

technologies. The third and fourth pages contain common escalation factors and

prices. Next, follows two pages for each technology showing the analysis for years

1990 - 2009.

This is a cost comparison of the technologies, lt is assumed that i00 percent debt

financing will be used and paid back over 20 years for ali technologies An _ tempt

has been made to determine ali unique comparative technology costs, such as the

difference in land requirements Costs such as permitting and legal fees have not

been included and are assumed equal for these facilities. The Co-Processor

byproducts of flaked bottoms, sulfur and ammonia are sold and appear as a negative

cost in the analysis. Naphtha is sold in cases where it is not required for electric

generation.
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B,I Inputs and Results

At the top of the first page of the printout, under the heading CAPITAL, are the

capital co,Jt of the alternatives and the electric operating parameters of the

facilities. They are ali 310,191 Kw net electric generation plants, The capacity

factor is calculated as the product of the equivalent availability obtained from the

EPRI Technical Assistant Guide and the Dispatch Factor. Dispatch factor is the

percentage of time annually that the unit would be dispatched if it were available

I00 percent of the time. _%e dispatch factor is the same for ali technologies in

each case and is printed at the bottom of the second page. The capacity factor for

the Co-Processing unit is 330 days per year or 90.41 percent. For the case where

ali naphtha produced is sold, the following capacity factors are calculated for the

electric generating units'

CCC PC CFB

Dispatch Factor 61.34% 61.34% 61.34%

Availability 92.6% 79,3% 81,3%

Capacity Factor 57% 49% 50%

The capital costs of the facilities has been estimated by Stone & Webster and are

split into direct and indirect costs. Allowance For Indeterminants (AFI) of I0

percent of direct costs has been added to each estimate, This is considered

reasonable since the study assumes mature technology in ali cases,

The next three sections of page i of the printout list the fuel (feedstock),

consumable and b>_roducts for each technology. Most of these values are entered as

hourly quantities which are multiplied by the hours of plant operation based on the

plant capacity factor. In the CCC calculation, the different capacity factors for

the Co-Processor unit and the combined cycle generation are taken into account when

calculating annual quantity requirements. The byproduct section indicates the _t=_unt

of utility fuel blend consumed by the combined cycle unit and the amount of naphtha

sold. The two cases in appendix B show the following mnounts'
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Sell Naphtha No Naphtha Sales

Blend (Bbl/Hr) 264,33 433,16

Naphtha (Bbl/Hr) 168.83 0.0

The operation and maintenance costs are calculated along EPRI-TAG guidelines as

follows'

d

• Operation is based on the number of operators indicated at 2,000 hours

per year at $25. per hour.

• Total maintenance is calculated at 2.5 percent of direct capital cost.

lt is estimated that 40 percent of this is labor an_ 60 percent material,

• Owner's overhead is 30 percent of the total labor. This includes the

cost of benefits to workers as well as the cost of management of the

facilities.

After calculating the total O&M, it is split into Fixed O&M as the total O&M times

Capacity Factor, The Variable O&M is the remainder,

The bottom of the first page of the printouts shows the resulting levelized busbar

cost of electricity in mills/Kwh for the different technologies, This is calculated

by taking the Net Present Value of the annual busbar cost at Ii percent and divided

by the sum of the present worth factors. The busbar cost was calculated in each year

by dividing the total cost by the number of kilowatts generated in that year. In

this study the annual generation is constant within each technology for each year,

therefore the initial prices and escalation parameters can heavily impact the

results. In 1990, CCC is 3 mills/Kwh lower than the CFB; However, the twenty year

levelized cost shows that the CCC is i mills/Kwh higher than the CFB.

Bo3
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BUSBAR COST IN MILLS/KI_

Levelize_

CCC 81 I01

PC 96 113

CFB 84 I00

Page 2 of the printout shows the 1989 price of fuel (feedstock) and consumable,

The fuel prices were derived from the Annual Energy Outlook prepared by the DOE.

l_ese prices as well as the escalations are described in section B.2 below. The

transportation and consumable prices were estimated by Stone & Webster based on data

from projects we are familiar with.

Page 2 also shows the Co-Processor capacity factor which is 90 percent (330 days

per year). The combined cycle generator has been sized to utilize ali of the blended

distillate and naphtha produced by the Co-Processor unit. Adequate fuel storage has

been included in the capital cost to cover for operating the combined cycle unit

during outages of the Co-Processor. The overall, annual net Kwh generated by the

combined cycle unit has been adjusted for Co-Processor operation while the generator
!

is out-of-service.

B.2 Escalation and Prices

Pages 3 and 4 of the printout show the 1989 prices and escalation parameters used

in the analysis. These cases were derived from the Annual Energy Outlook dated Dec.

1988 (DOE/EIA-0383(89)) Base Forecast, Appendix A and arequired DOE analysis of high

sulfur coal in Ohio. These reports forecast in 1988 prices. For this study,

escalation factors have been calculated from the DOE reports to facilitate

calculations. The GNP (Gross National Product) Deflator is used for price categories

not addressed in the report.

The delivered price of coal, crude, natural gas and the netback price of ammonia

and flaked bottoms have been split into commodity and transportation for escalation

purposes. The con_odity escalation is based on the DOE report where possible. The

transportation costs are adjusted by the GNP Deflator.
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The DOE estimate of oil price is the imported cost for U.S, refiners (refiners

acquisition cost - PAC). A regression analysis was performed comparing the price

of WTI (West Texas Intermediate) to PAC in order to determine a basis for Cold Lake

Blend, a feedstock ,_f the Co-Processor unit. This analysis showed that the price

of WT1 averages $1.6A plus 97.8 percent imported crude. This is a differential of

$1.32 per barrel in 1989 for the World Oil price of $14.93. This constant

" differential was used in ali years to calculate WTI based on the DOE World Oil price.

The Cold Lake Blend commodity percent price i= estimated at 75 percent of WTI.

The coal, crude and natural gas prices are from the above mentioned DOE reports.
L

Stone & Webster estimated the prices of sulfur, ammonia and naphtha Transportation

prices were estimated using current rates and estimated distances. Flaked bottoms,

a by-product of the Co-Processor, is priced at i5 percent of coal.

m

B.3 Annual Results

The remaining pages of the printout show the annual results for each technology as
|

follows'

pages 5-6 - Co-Processor and Combined cycle

pages 7-8 - Pulverized coal with flue gas desulfurization

pages q-lO - Circulating Fluidized Bed

Each of these show the above mentioned costs on an annual basis escalated at the

appropriate rates. ,_ince this is a cost analysis, revenue from by-products is shown

as a negative cost added to the other costs. After the annual costs are calculated,

they are divided by the annual net kilowatts generated by the facility to calculate

" the busbar cost in mills/Kwh. These annual busbar costs are then levelized and

reported in the front summary pager
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STONE& IJEBSTER REV. 3.2 PAGE1
CG_AR[TIVE TECHNOLOGYREPORT DATE: 16 August 1989
OCFCASEA - SELL ALL NAPHTHA CO-PROCESSOR PULVERIZED FLUIDIZED

BASIC DATA CONBINEDCYCLE COAL lIED
n_=u#•_n-_._t_-.=_--__-___-_n__=_-_____

****** TECHNOLOGYINPUTBASEYEAR1989 **********
CAPITAL: NET CAPACITY,K',/ 310,191 310,191 310,191
......... CAPAC!TYFACT(R, _ 57_ 49_ 50_

FUELREQU|REMENT(MNBTU/HR) '- -
DIRECT CAPITAL COST, $ S396,340,553 _12,688,1_B_ S361,509,_5
IMDIRECTSlr,DISTRIB,S, S S60,4,?.6,146 $52,374,094 S_5,595,707
AFI B 10% S39,63_,055 f&1,268,888 $36,150,985
TOTALESTIMATEDCOST,S S_96,&OO,_J6 $506,331 866 _3,256,537
EQUIVALENTAVAILABILITY, Z 92.6X _,3_, 81,3Y,

FUEL: COALUSAG_ (TONS/HR) 33.3 152 148
• - .... OIL USAGE (RL/HR) 319.0 0 0

)LATURALGAS (1010TU/HR) 377.0 0 0

, ,,

CONSUMABLES:LI MESTONE, ( TONS/HR) 0 25.4 54.2
............ DEMINERALt ZEDWATER (Gi_l) 635 26 26.0

MAKE-UP_/ATER (GPt_) 2632 4278 3180
CHEMICALS (S/YR) _, 192,680 S527,100 S527, 100
CONDENSATEPOLISHINGRECNRG,(Gill) SO 4,332 4,332
WAS_I_WATER TREATMENT, ('3/YR) SO S320,000 S320,000
ASHDlSPOSAL (TON_/HR) 0 15.2 75.9
FGDSLUDGE (TONS/HR) 0 63.4 0

BY-PROOUCTS:DI STI LLATE/NAPHTHABLEND (BBL/HR) 264.33 0 0
............ NAPHTHASALES (BBL/HR) 168.83 0 0

FLAKEDBOTTOMS (TONS/HR) 10.00 0 0
" SULFUR ( TONS/HR) 2.10 0 0

AMMONiA ( TONS/HR) 0.60 0 0

O & N: LABORFORCE- OPERATION (MEN) 122 102 81

OPERATIONLABORSALARY ($/YR) $6,100e000 SS,IO0,OO0 1;4,050,000

MAINTENANCE(LABOR& IqATERIALS/YR) $9,908,514 S10,317,222 S9,037,746
OIJNER_S,_RHEN) (8305&TOTALLABOR) _,019,022 S2,T68,067 $2,299,530

• , t ,,., ,,., e...,. ,, -- .. ., e ,I ,, ,. e.. ,,.,. ,i e. ,...........e..

TOTAL0 & N COST S19,027,535 S18,185,209 $15,387o276

FIXED PART(TOTAL _ CAP.FACTOR) $10,807,800 $8,_SeB01 S7_6T_,545
VARIABLE0 & He (TOTAL - FIXED) $8,219,735 S9,339,4J18 $_',713,T31

mamms|.,m..,m||.| |w.m.nm-|mm.mmnmnm_|m|mtmmmmm|m|,mn.nam|m|m|na|mammu_*mm| mm||mum s mmmmm

EFFECTIVEFUELCOSTCALL."ULATtOM: CCC PC CFB

FEEDSTOCKCOST (_J t ts/kwh) 72.732 27.468 ;_6
BYPR(X)UCTSALES (mi t ts/kwh) -43.538 O.000 O,OOO

EFFECTIVELEVELIZEDFUELCOST (mitts/kwh) 29.194 27 _ 26.799

20 YEARLEVELIZEDBUSBARCOSTS:
.-.,...........................

CAPITALCOST (m| t ts/kwh) 47.196 54.532 46.565
EFFECTXVEFUELCOST (l_ttstkwh) 29.194 27._ 26._9
CONSUMABLESCOST (mi t ts/kwh) 5.931 10.438 10.207
FIXED O £ W COST (m_tls/kwh) 10.620 9.846 8.331
VARIABLE0 & M COST (ro|rts/kwh) 8.0_ 10.396 8.3?5

.....,, ,,..... ......

- TOTALLEVELIZEDBUSBARCOST (mJtLslkwh) 101.016 112.679 100.277
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STONE & _EIISTER REV. 3.2 PAGE 2
COIqPARITIVE TECHMOt.OIYREPCRT DATE : 16 August 1989
OCF CASE A - SELL ALL NAPHTHA
ai•NS a• Ill • •NI Bl•IN •mim la am SaN•aN I _. _II • • •ml ai a Ma a • • • amman II Ks• a • I;I a alba • a IE_lE a • •• • •a •• •lE • • • • • • •• • • N a • al • • •'al • • •• •

CO1440DITY UNIT PRICES ANl) VARIOUS FINANCIAL FACTORS BASE YEAR 1989
• IE••Na•••IEsIa_aNa•INssINNNIaNaINImN•INNNaaalE•• •• •••lE ••Ii• •IENC••• ••lRi• I_,g••a• ••aNl• N a I • ••/• •••• • • • • • •• •

PRICE UNITS

FUEL HIGH-SULFUR COAL (CONW3) i TY_ k_9.72 (S/TON)
HIGH- SULFUA COAL (TRANSPORTATION) $7.00 ($/T(_l)
NATURAL GAS (C_., l TY) Sl._ (S/NTU)
NATU_L GAS (TRANS_TAT |_) _._ (S/_0TU)
HEAVY CRL_)E (COMMODETY) S12.19 (S/S6L)
HEAVY CRUOE (TRANSI:q_RTATtoN) $1.68 (S/DOL)

II•a•_e•••• • a••••_ •• ••_m _•• ••••• • ve••lEa•m•aN•••• • •••••_mlEii ••••a•m•m • •• ••• ••• _u •3 ••• s • •I tj ,,m_• • • • I • • M • U • • _ •

CONSUMABLESL |NESTONE (DELIV_NED) $15.00 (S/TON)
DENIM klATER (DELIVERED) SO,90 ($/1000 GAL)
NAKEUPI,JATER (DELIVERED) _..DO ($/1000 GAL)
ASH DISPOSAL ' (DELIVERED) $I0.00 ($/T_)
FGD SLUDGEDISPOSAL (DELIVERED) $_,5,00 ($/TON_
SLAG DISPOSAL _DELIVERED) $I0.00 ($/TO_)
CONDENSATEPO_.ISH RECH, (DELIVERED) $0.012 ($/1000 GAL)

=1_ = = =1',1• II le • =_'-II ilia • •• II •a • ••Ell • •IENNIli•IE •IlN • •NIINI• • • • II a a•• •• •a•_l• •aN•NIT .11AIN••a•a•_• I•• 1I II • le •• • • I111 • =.,e • • • • •a

HISC. COPROCAPACITY FACTOR (330 dayl/year) 90,41X
FACTORS

& EMTERESTRATE 13_00_
DATA YEARS OF LOAN 20 (YRS)

DISCOUNT RATE FOR NPV 11,00_
SUN OF PRE_ENT ;fORTH FACTORS 7.963

FC_ LEVE_IZING

DESPATCH FACTOR 61._W,X
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APPENDIX B2

ALL NAPHTHA BLENDED WITH DISTILLATE



STONE& MEIISTER REV. 3.2 PAGE1
CONPARITIVETECHIIOLOQYREPORT OATEs 16 AUgust 1989
OCFCASEA " NONAPttTHASALES CO'PROCESS011 PULVERIZED FLUIDIZED

BASICDATA CCNIIIHEDCYCLE COAL BED
U • • •U u • n ann• nn, u,nnnnnnnn • • ••,nn iu nn • ,, • • nil .,, •, n • nun unhurt ,nim• n, • • mill. n nil al, •-• • • • • n • • al, •, nail. al • • al • al al

• ,ii*** TECitNOLCX_YINPUT BASEYEAR1989 **'*ii*****
CAPITALs NET ¢.APACITYfi_ 310,191 310,191 310,191
........ CAPACITYFACTOR,_ 89X 77_ 78%

FUELREQUIREMEHT(MMSTU/HR) - - "
DIRECT CAPITALCOST, S $396,340,553 _12,688,_ $361,509,8_5
INOIRECTSi DISTRIBS$, $ f_)0,426,146 $52,376,094 _5,

,, "9,634,055 _06:331 '._6 S36,150,98S
AFI g t0_ 268,_fl8 59S,707
TOTALEST[HATEDCOST,$ 1496,&OOfT54 $ t_43,256,537
EQUIVALENTAVAILABILITY, _ 92.6X " _ .3X. 81.3X

- FUEL: COALUSAGE (TONS/HR) 33.3 _52 148
...... OIL USAGE (|iL/H{_) 319.0 0 0

NATURALGAS (MIMITU/HR) 377.0 0 0

CONSUMABLES:LiMESTONE, (TOMStHR) 0 25.4 54.2
............ DEMIMERALIZED WATER (Gl_q) 63.5 26 26.0

HAKE-UPkdATER (OPtl) 26_2 427"8 3180
CHEMICALS (S/TA) 14,192,680 $527,100 $527,100
CONDENSATEPOLISHINGRECHRG,(GPM) SO 4,332 4,332
kAASTEUATERTREATNEIIT, (S/TR) $0 I;320, OOO $320,000
ASHDISPOSAL (TONS/HR) O 1.5.2 75.9
FGOSLUOGE (TONS/HR) 0 63.4 . 0

BY-PROOUCTS:DI STI LLATE/NAPItTHABLEND (BBL/HA) 433.16 O 0
............ NAPHTHASALES (BBL/HR) 0.00 0 0

FLAKEDBOTTONS (TONS/HR) 10.00 O 0
SULFUR ( TO•IS/HA) 2.10 0 0
kJeqONIA (TONS/HA) 0.60 0 O

0 & Ns LABORFORCE, OPERATION (li(H) 12,?. 102 81

OPERATIONLAIORSALARY ($/YR) 16,100,000 S5,100,000 $4,050,000

NAINTENANCE(LAB_ & MATERIALS/TR) $9,908,514 S10,317,222 S9,037,746
ObqEReSOVERHEAD(030X TOTALLABOR) $3,019,022 12,768,067 $2,299,530

TOTAL0 & N COST $19,027,535 $18,185,2_9 $15,387,276

FIXED PART (TOTALii CAP.FACTOR) $17,002,815 $13,916,201 $12,0T2,010
VAAIABLE0 & M, (TOTAL . FIXED) $2,024,720 _,269,087 S3,315,265

_`•`alm_m_alal_``_i`_`W_mn__n_i_n_n_n__al_al_M_nm_al_n••_`_•_al••s_al_alal

EFFECTIVEFUELCOSTCALCULATION: CCC aC CFB
-....o.._.-..----o-------ooo-_o- nn,i•illiln••lalinM•allalal•n••i_l_•_lfm_nlalallal•lal_l,al•

FEEDSTOCKCOST (iitt|/kMh) _.876 27.L168 26.799
BYPROOUCTSALES (mtttm/k_) -2.135 O.O00 0,000

EFFECTIVELEVELIZEDFUELCOST (mitts/kwh) 42,741 27.468 26,;_;_

20 YEARLEVELIZEDBUSILARCOSTS:

CAPITALCOST (ittLstk'dh) 29,120 3_.663 29,599
EFFECTIVEFUELCOST (l_l/k_) 42,741 27,468 26.799
CONSt_tABLESCOST II! t Le/kl,dl) _.205 10.09_ 9,87_
FIXED 0 & N COST (_(ttl/kl, ih) 10.308 9.846 8.331
VARIABLE0 & N COST (tittl/ktdl) 1.228 3.021 2.288

, TOTALLEVELIZEDEUSBAACOST (m|tt|/ktdl) 87.602 85.092 76.889

al•a_al8•_al••al•`_•`•al••i•alal••••••nn••••n```••_`®•al_n•••n```n_n••••nn•_•`al•``n`alalal_al`•al•al••=al•`al••i••••
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STONE & WEIISTER REV. 3.2 PAGE 2
CONPARITIVE TECHIIOI.OGYREPORT DATE : 16 August 1989
OCF CASE A - NO NAPHTHA SALES
M nn mn • • nn al m nj•nn m|nnm_mm st • nn nsn |nn|n nn,nI•n • • mtw mn almn • un n nn • |•m • • • nn lm• non • mm • • • mt• u • • nam • • n • • • m • | • m na• • n u I• n • •nm

CI:NqODITY UNIT PIIICIES AMO VARIOUS FINANCIAL FACTORS BASE YEAR 19_
I • • • • • • |• • • • ••i|||nl|||||U• • | ! •lI•|| •|1 | |• • |••m• • • N• •|n lH 11 • •N • | |1 • • • • • | I • • • • • • • • • • • • • • • | _ • • • • • • • I • • • •

PRICE UNI TS

FUEL HIGH-SUL_ COAL (_XTY} $29.72 (SITON)
HIGH-SULFUR COAL (TP_A_TAT | 011) S7.00 (S/TON)
UT_L GAS (_ITT) S1.80 , (S/_IITU) ,,
NATURAL GAS (TRANSP_TAT toll) 1;0.70 (S/14411TU)
HEAVY _E (C_ITY) $12.19 (S/DIIL)
HEAVY C_E (TRANS_TAT tON) S1._ (S/DIIL)

18 •1 • • • • 1113 • li • •3 • li I • | • Sills •| • •31| • • 61• f lll••ll• • • | Iii | II •8 • • • • I • • • • | • • • : • 3 • • _ • : • • • _ • • g | • • • • • • • • • • :

CORSUNAIILESLXI_ESTONE (DELIVERED) $15.00 (S/TON) i .
DENIN IIIATER (DELIVERED) $0.90 (S/lOOO C_.L)
IqAKEUPWI.TER (DELIVERED) 12.00 (S/1000 CAL)
ASH DISPOSAL (DELIVERED) S10.00 (S/TON)
FGD SLUDGEDISPOSAL (DELIVERED) S1S.O0 (S/TON)
SLAG P [ e.A_OSAL (DELIVERED) $10.00 (S/TON)
COkK)ENSATEPOLISH RECH. (DELIVERED) $0.012 ($/1000 CAL)

=i• •-"=S : :_ 3S: =_• • •=_ •|••=1,"--• | _|,,'51•_m||||_ |_ • _:|•||• II||• •: _• •31l•|||| •%1 • • •|| • • |• =1131: • • 1 • • • • • : • =_• • : • ._ |_•._, • " = : = : =_

N;SC. COPROCAPACITY FACTOR (330 dmys/ylor) 90.41;
FACTORS

& INTEREST I_?E 13.0_
DATA YEA_ OF LOAN 20 (YRS)

DISCOI.INT RATE FOR _PV 11.00"4
SUN OF PRESENT 5K:_TH FACTORS 7.963

FOR LEVELi Z|NS

DISPATCH FACTOR 96.50_
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