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ABSTRACT

Economic evaluations were made of two flue gas desulfurization
waste disposal systems which produce landfill material without purchased
additives. Design and economic premises used in previous Tennessee
Valley Authority studies were used. Capital investment for the basic
sludge - flyash blending process (in which dry flyash is blended with
dewatered sludge) is 17.2 $/kW and annual revenue requirements are 1.08
mills/kWh. Including electrostatic precipitator flyash collection the
capital investment is 36.4 $/kW and revenue requirements are 1.65 mills/
kWh, Capital investment for the gypsum process (in which the scrubber
is modified to produce a sulfate sludge which is dewatered and discarded
without further treatment) is 10.8 $/kW and revenue requirements are
0.89 mill/kWh. Including scrubber modifications the capital investment
is 15.4 $/kW and the annual revenue requirements are 1.18 mills/kWh.
These relative cost differencies remain for variatioms in power plant
size, coal sulfur and ash contents, power plant age, distance to the
disposal site, and lime instead of limestone scrubbing. In comparison
to processes previously evaluated the gypsum process is lower in cost
than untreated ponding and chemical-treatment processes. The sludge -

flyash blending process is higher in cost than ponding and most chemical-
treatment processes.
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ABBREVIATIONS AND GENERAL CONVERSION FACTORS

ABBREVIATIONS
Btu British thermal unit
oc degrees Centigrade
oF degrees Fahrenheit
ESP electrostatic precipitator
FGC flue gas cleaning
FGD flue gas desulfurization
ft feet
ft/sec feet per second
g gram
gal gallon
gpm gallons per minute
hp horsepower
hr hour
in. inch
k thousand
kg kilogram
km kilometer
kW kilowatt
Kwh kilowatthour
1 liter
1b pound
M million
Mw megawatt
sec second
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CONVERSION FACTORS

To convert from

English units To metric units Multiply by
acre hectare 0.405
barrels of oil liters 158.97
British thermal unit gram-calories 252
degrees Fahrenheit-32 degrees Centigrade 0.5555
feet centimeters 30.48
square feet square meters 0.0929
cubic feet cubic meters 0.02832
feet per minute centimeters per second 0.508
cubic feet per minute cubic meters per second 0.000472
gallons liters 3.785
gallons per minute liters per second 0.06308
grains (troy) grams 0.0648
grains per cubic foot grams per cubic meters 2.288
horsepower kilowatts 0.7457
inches centimeters 2.54
pounds kilograms 0.4536
pounds per cubic foot kilograms per cubic meter 16.02
pounds per hour grams per second 0.126
miles meters 1609,
revolutions per minute radians per second 0.1047
standard cubic feet normal cubic meters

per minute (32°F) per hour (0°C) 1.695
tons (short)? metric tons 0.90718
tons (long)? metric tons 1.016
tons per hour kilograms per second 0.252

a. All tons, including tons of sulfur, are expressed in short tons in
this report.
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ECONOMICS OF DISPOSAL OF LIME-LIMESTONE SCRUBBING WASTES:

SLUDGE - FLYASH BLENDING AND GYPSUM SYSTEMS

EXECUTIVE SUMMARY

INTRODUCTION

Flue gas desulfurization (FGD) processes are coming into increasing
use by the U.S. electrical power industry to meet sulfur oxides (SO,)
emission~control standards established by the U.S. Environmental
Protection Agency (EPA). Most existing and planned FGD processes consist
of wet-scrubbing systems using a lime or limestone slurry which reacts
with SOy in the flue gas to produce a waste sludge of calcium sulfite
and calcium sulfate. A major problem confronting power plants using
this type of FGD process 1s disposal of the waste, which is difficult to
dewater to a solid with acceptable landfill properties. The waste
slurry can be ponded, where it eventually settles to a material of
doubtful stability and questionable environmental effect. As an alter-
nate approach, it can be mechanically dewatered and chemically treated
using purchased additives to produce a waste more amenable to landfill
disposal. Flyash can be collected separately and disposed of either
separately or with the scrubber waste, or it can be collected in the
scrubbers and disposed of as part of the scrubber waste. In addition to
the many factors of practicality and cost involved in selection of a
disposal method, existing State and Federal regulations and impending
more-comprehensive regulations make selection of an effective and satis-
factory disposal method a complex and difficult process.

An extensive research and development program supported by EPA is
in progress to develop, evaluate, and demonstrate environmentally and
economically acceptable methods of dealing with FGD wastes. As a part
of these studies, TVA is conducting a series of studies on FGD process
economics, a portion of which is a study of waste disposal economics.
Based on conceptual designs developed from TVA, industry, process vendor,
and EPA studies, capital investment and annual revenue requirement
estimates are made for each disposal process studied. A consistent
structure of design and economic premises is used to permit comparisons
on an equitable basis, and to permit comparisons between systems evalu-
ated in different phases of the studies.

In a previous study the economics of four waste disposal methods
were evaluated. Untreated ponding was compared with three proprietary
processes in which dewatered FGD sludge is mixed with stabilizing
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chemicals to improve its landfill characteristics. The chemical-treatment
processes were developed by the Dravo Corporation, IU Conversion Systems,
Inc., and Chemfix, Inc.

In this study two methods are evaluated which produce a dewatered
waste material without the use of purchased additives. Both of these
methods, the sludge - flyash blending process and the gypsum process,
are under evaluation and development but have not been demonstrated in
full-scale industrial use. The scrubbing and dewatering processes are
generic designs based on extensive industrial experience and experimental
data. The physical properties of the wastes are based on similar informa-
tion and experimental data from a number of sources.

PROCESS BACKGROUND AND DESCRIPTION

Most scrubbing systems produce a sludge with a high sulfite to
sulfate ratio. The sulfite (calcium sulfite hemihydrate, CaSO3-1/2H0)
is more difficult to dewater than the sulfate (calcium sulfate dihydrate,
CaS0y° 2Hy0, which is chemically identical to gypsum) and is less suitable
as a landfill material, High-sulfite sludges can be practically
dewatered to about 607 solids whereas high-sulfate sludges can be practi-
cally dewatered to about 80% solids. At these water contents the sulfite
waste is a poor landfill candidate while the gypsum waste is much more
soillike.

Two potential waste disposal processes are thus to dewater and then
to further stabilize the high-sulfite sludge or to produce a high-
sulfate sludge which can be dewatered and disposed of without further
treatment. The dewatered sulfite sludge can be blended with dry flyash
to further reduce the water content and to provide a stabilizing
ingredient. Alternately, the scrubbing system can be modified to pro-
duce a more highly oxidized sludge consisting primarily of gypsum.

Sludge - Flyash Blending Process

A disposal alternative which involves dewatered sludge and flyash
blending is available to power plants using fuels with suitable ash to
sulfur ratios. The process (unlike the Dravo, IUCS, and Chemfix processes
in which additive quantities are independent of the fuel ash to sulfur
ratio) depends on a relatively high-ash, moderate- to low-sulfur coal,
Within these relatively wide ranges, however, it has the advantage that
no purchased additives and their handling equipment are needed.

In this study high-sulfite effluent from the scrubber system ig
dewatered from 15% solids to 60% solids using a thickener followed by a
rotary-drum filter. Flyash is collected separately using electrostatic
precipitators (ESP) and blended with the dewatered sludge using a con-
ventional mixer. The blended waste 1s assumed to be a soillike solid
which can be handled and transported by conventional earthmoving equip-
ment and trucks.
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Gypsum Process

Limestone and lime scrubbing systems can be modified, by the addition
of forced-air sparging systems, to produce a high-sulfate sludge.
Flyash can be removed in the scrubber with the SOy without affecting the
process. In this study it is assumed that the air-oxidation modification
produces a high-sulfate (gypsum) sludge with improved dewatering charac-
teristics. The scrubber effluent is assumed to be 15% solids, which is
dewatered to 807% solids in a thickener and rotary-drum filter. The
product is assumed to be a soillike material which can be handled in the
same manner as the waste from the sludge - flyash blending process.

Waste Disposal

The waste from both processes is loaded into over-the-road trucks
and disposed of in an area~fill-type landfill where it is piled, contoured,
and covered with soil. Typical landfill equipment and operations are
assumed, including landscaping to control seepage and runoff.

Design and Economic Premises

The premises used in this study were developed by TVA and EPA to
provide an equitable basis for economic comparisons of FGD processes.
Conditions for the base case are representative of typical power-industry
conditions. Case variations are used to determine the sensitivity of
costs to variations in conditioms.

The cost analysis, with two exceptions, begins with the scrubber
effluent. In this study costs for separate ESP collection of flyash in
the sludge - flyash blending process and for air-oxidation modifications
are provided separately so that equitable comparisons can be made with
systems using either separate or combined flyash and SOy removal systems.

Design Premises

For the base-case conditions a new, 500-MW net—output midwestern
power plant is used. The design and operation are based on Federal
Energy Regulatory Commission data and TVA experience. An operating
lifetime of 30 years with a declining schedule totaling 127,500 hours is
used. The heat rate is 9000 Btu/kWh.

The fuel used is a typical Eastern U.S. coal with 3.5% sulfur and
16% ash and a heating value of 10,500 Btu/lb as fired. It is assumed
that 80% of the ash and 95% of the sulfur is emitted with the flue gas.
Flyash and SO, control systems are assumed to remove flyash and SOx
meet new-source performance standards (NSPS) of 0.01 and 1.2 1b/MBtu
respectively.

Scrubber design is based on TVA experience, power-industry operating
experience, and process vendor information. The design is generic,
representing most-proven technology rather than a particular installation,



and is sized and costed as a fully developed and proven unit. A single
mobile-bed scrubber is used in each of four trains on the 500-MW unit.
Stoichiometry is 1.5 moles of calcium carbonate to each mole of sulfur
removed for the standard limestone scrubber and 1.1 moles of calcium
carbonate per mole of:sulfur removed for the air-oxidation gypsum process.

The sludge-treatment process consists of a conventional thickener
followed by rotary-drum vacuum filtration. The scrubber effluent is
assumed to be 15% solids for both processes. Sulfur species in the
standard scrubber effluent of the sludge - flyash blending process are
assumed to be 85% CaSO3+1/2H;0 and 15% CaS0,:2H;0. In the gypsum process
the sulfur species are assumed to be 95% CaS0,°2H,0 and 5% CaSO3-1/2H0.

The waste from the vacuum filters is assumed to contain 60% solids
in the sludge - flyash blending process and 80% solids in the gypsum
process. At this stage the gypsum process waste is assumed to have a
bulk density of 121 1b/ft3 and to have the handling characteristics of a
loose soil. The sludge -~ flyash blending process waste is mixed with
dry flyash in a blade-type mixer. After mixing it is assumed to have a
bulk density of 97 1b/ft?, a solids content of 74% (base case), and the
handling characteristics of a loose soil.

The wastes are stockpiled at the process site for tramsportation to
a disposal site 1 mile away by over-the-road trucks. The disposal site
is assumed to be a typical area-fill operation in which conventional
earthmoving equipment is used to pile the waste to a depth of 30 feet
and cover it with 2 feet of compacted soill contoured to control seepage
and runoff. Provision for site maintenance, but not for monitoring of
offsite environmental effects, 1s included. Land requirements are based
on the bulk density of the waste and the 30-foot fill depth.

Cage Variations

Case variations for both processes consist of 200~ and 1500-MW
power plant sizes; power plants with 25, 20, and 15 years of remaining
life; coal with 2% and 5% sulfur and with 12% and 20% ash; lime instead
of limestone as the scrubber absorbent; distances of 5 and 10 miles to
the disposal site; and a constant operating schedule of 7000 hr/yr over
the life of the plant instead of a declining operating schedule. For
the sludge - flyash blending process two additional case variations of
separate transport of flyash and sludge with deposit in alternate layers
at the disposal site, and a 1.3:1.0 calcium carbonate to sulfur-removed
stolchiometry are also included.

Economic Premises

The economic premises are divided into capital investment costs and
annual revenue requirements. The economic estimates are made using
equipment lists, flow diagrams and material balances, proceas layouts
and other design and operating conditions. Cost information is based’
on engineering firm and vendor information, TVA data, and published
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sources. Cost projections are based on Chemical Engineering cost indices.
The premises are based on regulated-utility economics with a 60% debt-
40% equity capital structure.

Capital investment costs are divided into direct costs, indirect
costs, land, and working capital. The costs are projected to mid-1979,
representing a mid-1977 to mid-1980 construction period with 50%
expenditure in mid-1979. Direct capital costs cover process equipment,
piping and insulation, transport lines, foundations and structural,
excavation and site preparation, roads and railroads, electrical,
instrumentation, buildings, and trucks and earthmoving equipment.
Material and labor costs for fabrication and installation of these
items are estimated. These estimates are based on costs obtained from
vendors and on related literature informationm.

Indirect capital costs consist of engineering design and super-
vigsion, architect and engineering contractor expenses, construction
expenses, contractor fees, contingency, allowance for startup and modi-
fications, and interest during construction. Working capital, and land
costs of $3500/acre, are included as separate entries. These estimates
are based on current industry practice and authoritative literature
sources.

Base-case annual revenue requirements are based on a first-year
declining operating schedule of 7,000 hr/yr with 127,500 total operating
hours. The costs are projected to mid-1980. Case variations include a
constant operating schedule of 7,000 hr/yr with 210,000 total operating
hours for the three power plant sizes. In addition, lifetime revenue
requirements are included for the three power plant sizes with both
declining and constant operating schedules. Revenue requirements are
divided into direct costs for raw materials, labor, utilities, equipment
fuel and maintenance, and analyses and indirect costs for capital charges
and overheads. In these studies no raw materials are required and
electricity is the only utility used.

RESULTS

Detailed capital investment summaries for both processes are shown
in Table S-1. Detailed annual revenue requirements for the base case
are shown in Table S-2. These costs do not include costs associated
with separate ESP collection of flyash or air oxidation in the scrubbers,
Capital investment for ESP units is $9,614,000 (19.23 $/kW) and annual
revenue requirements are $1,975,000 (0.56 mill/kWh). Capital investment
for air oxidation is $2,303,000 (4.61 $/kW) and annual revenue require-
ments are $1,005,000 (0.29 mill/kWh). These costs, and 500-MW-size
limestone scrubber capital investment of $36,368,000 (72.74 $/kW) and
annual revenue requirements of $11,842,000 (3.38 mills/kWh), can be
combined with disposal costs to evaluate complete scrubbing - disposal
systems.
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Base Cage

Capital investment for the base-case sludge - flyash blending
process, shown in Table S-1, is $8,605,000 (17.2 $/kW). Process equipment
cost, excluding flyash collection, is 23% of the total, mobile equipment
cost 1s 7%, and land purchase is 6% of the total. Capital investment
for the base-case gypsum process is $5,411,000 (10.8 $/kW). Process
equipment cost is 22% of the total, mobile equipment cost is 9%, and
land purchase is 7% of the total.

Annual revenue requirements for the base-case sludge - flyash
blending process, shown in Table S-2, are $3,772,600 (1.08 mills/kWh).
The largest direct cost is disposal operating labor and supervision for
solids at 20% of the total revenue requirements, followed by process
operating labor and supervision at 12% of the total. Annual revenue
requirements for the base-case gypsum process are $3,117,500 (0.89
mill/kWh). Solids disposal operating labor and supervision is the
largest direct cost, at 24% of the total, followed by process operating
labor and supervision at 14%. Landfill operations, consisting of land
preparation and mobile equipment fuel and maintenance, are a minor
element of the annual revenue requirements of both processes.

These costs can be further illustrated by a breakdown into modular
units based on processing areas, as shown in Table S-3. Each area
represents a separate entity based on function with all costs assigned
and calculated in the same manner as the total costs were determined.
The effect of the relatively high flyash collection and handling costs,
as compared to air oxidation, is evident in both capital investment and
annual revenue requirements. Capital investment for flyash collection
and handling is 23.7 $/kW and annual revenue requirements are 0.75
mill/kWh. Capital investment for air oxidation is 4.6 $/kW and annual
revenue requirements are 0,29 mill/kWh. Combined sludge and flyash
thickening and filtration increase costs for the gypsum process but
these are offset by the lower costs associated with the superior
settling and filtration characteristics of the gypsum sludge. Mixing
contributes little to overall costs. Disposal capital investment,
consisting primarily of land and mobile equipment, is a minor part of
the total. Disposal annual revenue requirements, primarily labor and
supervision, are, however, a substantial portion of the total.

Case Variations

Capital investments and annual revenue requirements for the casge
variations of both processes are shown in Tables S-4 and S-5 respectively.

Power Plant Size and Operating Schedule--

Power plant size has a large effect on both capital investment and
annual revenue requirements for both processes but does not greatly
affect the relative cost relationships of the two processes. Capital
investment for the sludge - flyash blending process increases 198% for
the 200- to 1500-MW power plant size increase of 650%. The gypsum
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TABLE S-1. BASE-CASE CAPITAL IMVESTMEMT COSTS

Sludge flyash

blending,? Gy95um.b
total k$ total kS

Process equipment 1,985 1,179
Piping and insulation 139 174
Foundation and structural 242 25

Excavation, site preparation, roads
and railroads 53 42
Electrical 345 220
Instrumentation 56 52
Buildings 504 174
Subtotal 3,324 1,866
Services and miscellaneous 50 27
Subtotal excluding trucks 3,374 1,893

and equipment

Trucks and earthmoving equipment 581 498
Subtotal direct investment 3,955 2,391
Engineering design and supervision 334 195
Architect and engineering contractor 83 48
Construction expense 686 425
Contractor fees 273 186
Subtotal 5,331 3,245
Contingency 1,066 649
Subtotal fixed investment 6,397 3,894
Allowance for startup and modifications 582 340
Interest during construction 768 467
Subtotal capital investment 7,747 4,701
Land 536 403
Working capital __322 __ 307
Total capital investment 8,605 5,411

Basis: New Midwestern 500-MW plant with 30-year life of 127,500 hours,
7,000 hours first year; coal 3.5% sulfur, 16% ash, removed to NSPS;
landfill disposal 1 mile from site. Costs scaled to mid-1979.

a. Flyash collected by ESP, 1.5 limestone stoichiometry, waste 74%
solids.

b. Flyash collected in scrubber, 1.1 limestone stoichiometry with air
oxidation, waste B0%Z solids.
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TABLE S-2. BASE-CASE ANNUAL REVENUE REQUIREMENTS

Sludge - flyash blending® Gypsumb
Z of 2 of
Total total annual Total total annual
annual revenue revenue annual revenue revenue

requirements, $ requirements requirements, $§ requirements

Direct costs

Conversion costs
Operating labor and supervision

Plant 438,000 11.6 438,000 14.0
Solids disposal equipment 744,600 19.7 744,600 23.9
Maintenance - plant labor and super-
vision, 4% of direct investment 158,200 4.2 95,600 3.1
Landfill operation
Land preparation 8,700 0.2 6.600 0.2
Trucks (fuel and maintenance) 32,900 0.9 29,800 1.0
Earthmoving equipment (fuel and
maintenance) 87,800 2.3 79,400 2.5
Electricity 76,900 2.0 49,300 1.6
Analyses 17,000 0.5 17,000 0.5
Subtotal conversion costs 1,564,100 41.4 1,460,300 46.8
Subtotal direct costs 1,564,100 4l.6 1,460,300 46.8

Indirect costs

Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and

working capital 606,600 16.0 368,100 11.8
Average cost of capital and taxes
at 8.6% of total capital investment 740,000 19.6 465,300 14.9
Overhead
Plant, 50X of conversion costs less
utilities 743,600 19.7 705,500 22.7
Administratfve, 10X of operating labor 118,300 3.3 118,300 3.8
Subtotal findirect costs 2,208,500 58.6 1,657,200 53.2
Total annual revenue requirements 3,772.600 100.0 3,117,500 100.0

Basis: New Midwestern 500-MW plant with 30-year life of 127,500 hours, 7,000 hours first year; coal 3.52
sulfur, 162 ash, removal to NSPS; landfill disposal I mile from site. Custa projected to mid-1980.

a. Flyash collected by ESP, 1.5 limestone stoichiome}ry. waste 742 solids.
b. Flyash collected in scrubber, 1.1 tlmestone atolchlometry with afr oxidation, waste 80 solids.
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TABLE S5-3. BASE-CASE MODULAR ECONOMICS

Capital investment, Annual revenue requirements,

$/kW mills/kWh
Sludge - Sludge -
flyash flyash

blending Gypsum blending Gypsum
ESP costs 19.2 - 0.56 -
Air-oxidation costs - 4.6 - 0.29
Flyash handling 4.5 - 0.22 -
Thickening 6.5 5.4 0.25 0.30
Filtration 2.5 3.1 0.11 0.16
Mixing 0.9 - 0.05 -
Disposal 2.8 2.3 0.45 0.43

Total 36.4 15.4 1.64 1.18

process capital investment increases 148% for the same power plant size
increase. Most of the improvement in disposal cost per unit of power
output is a result of lower process equipment and mobile equipment costs
relative to power output at the larger plant sizes. Land costs increased
in proportion to power output.

Annual revenue requirements show the same disproportionately smaller
increase with increasing plant size. Annual revenue requirements for
the sludge - flyash blending process and the gypsum process increase
149% and 113%, respectively, for the power plant size increase of 650%.
In this case the cause is smaller increases in both process and mobile
equipment operating labor and supervision relative to power plant size
increase. Landfill costs increase in proportion to power plant size.

The effect of the constant-load operating schedule on first-year
revenue requirements is to increase land requirements, resulting in
increased capital investment and annual revenue requirement indirect
costs. Capital investment costs for the constant-load operating schedule
increased 5% or less for both processes. Increases in first-year annual
revenue requirements were 3% or less.

lLifetime revenue requirements for the declining-load schedule are
shown in Table S~6 and for the constant-load schedule in Table S-7.
The results are shown both as the cumulative actual total and as the
cumulative present worth total which is discounted at 11.6% to the
initial year. They show the same relative cost relationships between
the two processes and between the three power plant sizes as the first-
year annual revenue requirements. The declining-load operating schedule
average unit revenue requirements, expressed in mills/kWh, are about 35%
higher than the constant-load average unit revenue requirements.



TABLE S-4. SUMMARY OF TOTAL CAPITAL INVESTMENT

Total capital investment

Sludge - flyash

blending® Gypsum?
Case k$ $/kW k$ $/kW
Base case® 8,605 17.21 5,411 10.82
Variation from base case

200 MW 6,126 30.63 3,964 19.94
1500 MW 18,282 12.19 9,826 6.55
Existing, 25-year remaining life 8,528 17.06 5,174 10.35
Existing, 20-year remaining life 8,381 16.76 5,115 10.23
Existing, 15-year remaining life 8,276 16.56 5,076 10.15
2% sulfur in coal 7,356 14.71 4,782 9.56
5% sulfur in coal 10,073 20.10 5,884 11.77
12% ash in coal 7,917 15.83 5,042 10.08
20Z ash in coal 9,309 18.62 5,707 11.41
Lime scrubbing process 8,178 16.36 5,315 10.63
5 miles to disposal 8,969 17.94 5,750 11.50
10 miles to disposal 9,334 18.67 6,005 12.01
7000 hr/yr operating profile 8,955 17.91 5,672 11.34
200 MW, 7000 hr/yr operating profile 6,268 31.34 4,093  20.47
1500 MW, 7000 hr/yr operating profile 19,321 12.88 10,603 7.07

Sludge - flyash layering 8,743 17.49 - -

1.3 stoichiometry 8,160 16.32 - -

Basis: Midwestern plant location, mid-1979 costs; sulfur and flyash

removed to meet NSPS.

a. Landfill disposal of 74%Z solids material; 1 mile to landfill; trucks
used for transport of sludge; flyash removed by ESP.

b. Landfill disposal of 807 solids gypsum; 1 mile to landfill from

scrubber facilities; trucks used for transport of sludge.
c. New 500-MW plant; 30-year life; coal 3.5% sulfur and 16% ash; lime-

stone scrubbing process.
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TABLE S-5. SUMMARY OF TOTAL ANNUAL REVENUE REQUIREMENTS

Revenue requirements

Sludge - flyash

blending?® Gypsumb
Case Annual, k§ Mills/kWh Annual, k§ Mills/kWh
Base case® 3,773 1.08 3,118 0.89
Variation from base case
200 MW 2,779 1.99 2,327 1.66
1500 Mw 6,922 0.66 4,961 0.47
Existing, 25-year remaining life 3,852 1.10 3,143 0.89
Existing, 20-year remaining 1life 3,876 1.10 3,160 0.90
Existing, 15-year remaining life 3,982 1.14 3,227 0.92
2% sulfur in coal 3,224 0.92 2,707 0.77
5% sulfur in coal 4,282 1.22 3,252 0.93
12% ash in coal 3,617 1.03 3,018 0.86
20% ash in coal 3,965 1.13 3,206 0.92
Lime scrubbing process 3,650 1.04 3,104 0.89
5 miles to disposal 4,425 1.26 3,694 1.05
10 miles to disposal 4,891 1.40 4,286 1.22
7000 hr/yr operating profile 3,801 1.09 3,147 0.90
200 MW, 7000 hr/yr operating profile 2,791 2.00 2,401 1.71
1500 MW, 7000 hr/yr operating profile 7,012 0.67 5,028 0.48
Sludge - flyash layering 3,866 1.10 - -
1.3 stoichiometry 3,673 1.04 - -

Basis:
NSPS, landfill disposal.

b.

C.

Midwestern plant location, 30-year plant life, flyash and sulfur removal to meet
Costs scaled to mid-1980.

Landfill disposal of 747% solids material; 1 mile to landfill facilities; trucks used
for transport of sludge; flyash removed by ESP.
Base case: Landfill disposal of 80% solids gypsum; 1 mile to landfill from scrubber
facilities; trucks used for transport of sludge.
New 500-MW plant; coal 3.5% sulfur, 16% ash; limestone scrubbing process; declining

operating profile.



TABLE S-6. LIFETIME REVENUE REQUIREMENTS FOR DECLINING-LOAD SCHEDULE

Lifetime average Cumulative Levelized
Cumulative actual unit revenue present worth unit revenue
lifetime revenue requirements, lifetime revenug requirements,
Case requirements, $2 mills/kWh reguirements, $ mills/kiWh
Sludge - flyash
blending
200 MW 70,341,600 2.76 23,903,700 2.40
500 Mw 96,526,800 1.51 32,801,900 1.32
1500 MW 181,405,400 0.95 61,730,100 0.83
Gypsum
200 MW 62,063,000 2.43 21,047,100 2.12
500 MW 78,072,400 1.22 26,513,400 1.07
1500 MW 126,375,500 0.66 42,998,600 0.58

Basis: New Midwestern plant; 3.5Z sulfur, 162 ash in coal, removed to NSPS; mid-1980
costs; 7,000 hr/yr for 10 years, 5,000 hr/yr for 5 years, 3,500 hr/yr for 5 years,
1,500 hr/yr for 10 years.

a. Discounted at 11.6% to initial year.
b. Equivalent of discounted process cost over life of power plant.

TABLE S-7. SUMMARY OF LIFETIME REVENUE

REQUIREMENTS FOR CONSTANT-LOAD SCHEDULE

Lifetime average Cumulative Levelized
Cumulative actual unit revenue present worth unit revenue
lifetime revenue requirements, lifetime revenue requirements,
Case requirements, $ miils/kWh requirements, $3 mills/kwhP
Sludge - flyash
blending
200 MW 85,472,400 2,04 25,546,100 2,20
500 Mw 118,664,300 1.13 35,420,300 1.22
1500 MW 222,596,600 0.71 66,989,700 0.77
Gypsum
200 Mw 77,691,300 1.85 22,691,000 1.95
500 MW 97,629,500 0.93 28,586,200 0.98
1500 MW 161,159,500 0.51 47,321,000 0.54

Basis: New Midwestern plant; 3.5% sulfur, 16% ash in coal removed to NSPS; mid-1980 costs;
7,000 hr/yr for 30 years.

a. Discounted at 11.6% to initial year.
b. Equivalent to discounted process cost over life of power plant.
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Remaining Life--

Capital investment for plants with remaining lifetimes of 25, 20,
and 15 years decreased gslightly, with age, as a result of decreasing
land requirements. Land costs decreased from 1.1 $/kW for the new plant
to 0.3 $/kW for the 15-year-old plant in the sludge - flyash blending
process and from 0.8 to 0.1 $/kW for the corresponding plants in the
gypsum process. These decreases were slightly offset by increased
process equipment costs of 0.1 $/kW for the existing plants because of
the higher heat rate used. Annual revenue requirements also increased
slightly because of increased capital charges.

Sulfur Content of Coal--

Sulfur content of the coal was evaluated at 2% and 5%. In capital
investment the largest effects are on process equipment, mobile equipment,
and land costs. Capital investment is 14.7 $/kW at the 2% sulfur content
and 20.1 $/kW at the 5% sulfur content for the sludge - flyash blending
process and 9.6 $/kW and 11.8 $/kW at the same sulfur contents for the
gypsum process.

Annual revenue requirements for the sludge - flyash blending
process are 0.92 mill/kWh at the 2% sulfur content and 1.22 mills/kWh at
the 5% sulfur content. For the gypsum process annual revenue require-
ments are 0.77 and 0.95 mill/kWh at the same sulfur contents. The
increases in direct costs for both processes are largely a result of
increases in conversion costs, particularly those related to transporta-
tion and landfill operations.

Ash Content of Coal--

Coal ash contents of 12% and 20Z have effects on cost similar to
the effects of sulfur content. Capital investment for the sludge -
flyash blending process is 15.8 $/kW at the 12% ash content and 18.6
$/kW at the 20% ash content., Capital investment for the gypsum process
is 10.1 and 11.4 $/kW at the same ash contents. In both processes,
process equipment, mobile equipment, and land were the cost elements
most affected. Annual revenue requirements for the sludge - flyash
blending process are 1.03 mills/kWh at the 12% ash content and 1.13
mills/kWh at the 20% ash content. Annual revenue requirements for the
gypsum process are 0.86 and 0.92 mill/kWh at the same ash contents. As
in the case of coal sulfur content, the change in direct cost is primarily
a result of change in transportation and landfill operation costs.

Lime Versus Limestone--

The use of lime as the scrubber absorbent, with process changes to
a 10% solids slurry and a 1.0:1.0 stoichiometry for both processes, has
minor effect on the sludge - flyash blending process and a lesser effect
on the gypsum process. Capital investment is reduced 0.8 $/kW for the
sludge - flyash blending process and 0.2 $/kW for the gypsum process.
Reduction of process equipment and land costs, because of the improved
stoichiometry, are the main cost elements affected. Annual revenue
requirements are reduced ,04 mill/kW for the sludge - flyash blending
process, but are not reduced for the gypsum process.
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Distance to Disposal Site--
Distances of 5 and 10 miles to the disposal site increase capital

investment for the sludge - flyash blending process from the base case
17.2 $/kW to 17.9 and 18.7 $/kW. For the gypsum process the capital
investment increases from the base case 10.8 to 11.5 $/kW at 5 miles and
12.0 $/kW at 10 miles. All of the increases are a result of higher
mobile equipment costs. Annual revenue requirements for the sludge -
flyash blending process are 1.08 mills/kWh for the base case, 1.26
mills/kWh at 5 miles, and 1.40 mills/kWh at 10 miles. Annual revenue
requirements for the gypsum process are 0.89 mill/kWh for the base case,
1.05 mills/kWh at 5 miles, and 1.22 mills/kWh at 10 miles. The annual
revenue requirements increase is largely the result of increased mobile
equipment expense and labor.

Sludge - Flyash Blending Stoichiometry--

A 1.3:1.0 calcium carbonate to sulfur-removed stoichiometry for the
sludge - flyash blending process reduces capital investment from the
base case 17.2 to 16.3 $/kW, primarily because of reduced process equip-
ment and land costs. Annual revenue requirements are reduced from the
base case 1.08 to 1.04 mills/kWh because of slight reductions in land
preparation and mobile equipment costs and indirect costs.

Sludge - Flyash Layering--

Separate transport of dewatered sludge and flyash to the disposal
site and deposition of the two materials in separate layers increase
capital investment from the base case 17.2 to 17.5 $/kW. Annual revenue
requirements increase from the base case 1.08 to 1.10 mills/kWh. The
increases are a result of increased mobile equipment costs related to
the more complex transportaion and landfill operations.

Comparison to Other Processes

The two processes evaluated in this report can be compared to the
untreated-sludge ponding and chemical-treatment processes previously
evaluated. In untreated ponding the sludge is pumped directly to a
waste pond. In the Dravo ponding process the sludge is dewatered to 35%
solids, chemically treated, and ponded. The Dravo landfill process is
similar except the settled sludge in the pond is removed to a landfill.
Both the TUCS and Chemfix processes mix dewatered 60% solids sludge with
chemicals and discard it as landfill.

The capital investment for the seven processes are shown in
Table S-8. Annual revenue requirements are shown in Table S-9. Costs
for ESP units are included in the sludge - flyash blending process and
air-oxidation costs are included in the gypsum process costs.

Major factors affecting the capital investment relationship of the
seven processes are pond construction, process equipment, and the added
costs for ESP units or air oxidation. Land and mobile equipment costs
of the processes differ considerably but have a minor influence on the
total capital investment.
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TABLE S-8. CAPITAL INVESTMENT FOR BASE-CASE

WASTE DISPOSAL PROCESSES

Disposal only, Scrubbers and disposal,?

Process $/kW $/kW
Gypsum 15.4P 88.2
IUCS 21.4 94.2
Dravo landfill 25.3 98.1
Chemfix 27.1 99.7
Untreated ponding 34.4 107.2
Sludge - flyash blending 36.4¢ 109.2
Dravo ponding 48.2 i21.0

Basis: New 500-MW Midwestern plant; 3.5% sulfur, 167% ash in coal
removed to NSPS; 1 mile to disposal site. Costs scaled to mid-1979.

a. Basic limestone scrubber cost is 36,368 k$ (72.7 $/kW).
b. Air-oxidation cost of 2,303 k$ (4.6 $/kW) included.
c. ESP cost of 9,614 k$ (19.2 $/kW) included.

TABLE S-9. ANNUAL REVENUE REQUIREMENTS FOR BASE-CASE

WASTE DISPOSAL PROCESSES

Disposal only, Scrubbers and disposal,?

Process mills/kWh mills/kWh
Untreated ponding 0.94 4.32
Gypsum 1.18 4.56
TUCS 1.51 4.90
Sludge - flyash blending 1.64€ 5.02
Dravo landfill 1.89 5.27
Dravo ponding 1.91 5.30
Chemfix 2.00 5.38

Basis: New Midwestern 500-MW plant; 3.5% sulfur, 16Z ash in coal
removed to NSPS; 1 mile to disposal site. Costs scaled to mid-1980.

a. Basic limestone scrubber cost is 11,842 k$/yr (3.38 mills/kWh).
b. Air-oxidation cost of 1,005 k$/yr (0.29 mill/kWh) included.
c. ESP cost of 1,975 k$/yr (0.56 mill/kWh) included.
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The large pond construction cost is a major factor in the low
ranking of the ponding processes. Land costs, distance to the disposal
site, or both, would have to increase considerably to offset this dis-
advantage. The necessity of separate flyash collection is a major dis-
advantage of the sludge - flyash blending process in comparison to other

blending processes.

The gypsum process has several advantages. The absence of flyash
or raw material handling and blending equipment, the superior settling
characteristics, the favorable stoichiometry, and low costs for air-
oxidation modifications combine to reduce process equipment costs.
Capital investment is additionally, if slightly, reduced by the high
bulk density of the waste. The result is a capital investment con-
siderably lower than the other processes.

Major cost factors in annual revenue requirements of the seven
processes are raw material costs; conversion costs, which consist
primarily of process and disposal labor and supervision; and ESP or air-
oxidation operating costs.

Raw material costs for the chemical-treatment processes are an
important element of the annual revenue requirements. Conversion costs
of the blending-landfill processes do not differ greatly. Conversion
costs for the ponding processes are significantly lower.

The ranking of the blending-landfill processes is a result of
combinations of moderate to slight differences in raw material, con-
version, and indirect costs., The cost of separate ESP units for the
sludge - flyash blending process 1s largely compensated for by absence
of raw material requirements,

The main advantages of the gypsum process are low indirect costs
and low air-oxidation costs which combine to produce the lowest annual
revenue requirements of the processes evaluated except untreated-sludge
ponding.

CONCLUSIONS

The gypsum process has a large advantage over the sludge - flyash
blending process in capital investment and a smaller advantage in revenue
requirements. This relationship is maintained to slightly varying
degrees in all of the case variations studied. The cost differences
between the two processes are increased when ESP unit and air oxidation
are included.

Base Case

Process equipment costs are the major factor in both capital invest-
ment and annual revenue requirements cost differences between the two

processes. The sludge - flyash blending process requires equipment for
storing and metering flyash and for mixing which is not needed for the
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gypsum process. Much of the process equipment is smaller in size for
the sludge — flyash blending process because flyash does not enter the
dewatering process. The thickener, however, is much larger than the
gypsum process thickener because of the poorer settling characteristics
of the high-sulfite sludge. In contrast, mobile equipment costs for the
two processes do not differ greatly. The higher bulk density of the
gypsum process waste results in a smaller size of equipment in some
cases but not in a reduction in number of units.

Base-case annual revenue requirements are also lower for the gypsum
process than for the sludge - flyash blending process, primarily because
of indirect costs. Direct costs, consisting entirely of conversion
costs, are similar for both processes. Labor and supervision costs are
the major cost for both processes, about one-third for the process and
two-thirds for transportation and disposal. Other direct costs are
relatively minor compared to labor and supervision costs. Landfill
operations other than labor are less than 10% of the annual revenue
requirements of both processes. Utility costs, consisting entirely of
electricity costs, are minor for both processes.

Cage Variations

In the range of premise changes used in the case variations the
gypsum process capital investment remains approximately three-fifths as
large as the sludge — flyash blending process capital investment and the
gypsum process annual revenue requirements remain approximately four-
fifths as large as the sludge - flyash blending process annual revenue
requirements. Case variations affecting process equipment and operating
labor and supervision produce large to moderate cost variations. Case
variations producing large changes in land and mobile equipment costs
have less effect.

Power plant size has a large effect on the capital investment and
annual revenue requirements of both processes. Most of the reduction is
a result of proportionately smaller increases in process and mobile
equipment costs and labor and supervision costs, compared to power-
output increases. The use of a constant-load operating schedule of 7000
hr/yr for 30 years has little effect on capital investment and first-
year annual revenue requirements. Lifetime revenue requirements for the
base-case gypsum process are approximately 80% of those for the base-
case sludge - flyash blending process, essentially the same relationship
followed by first-year revenue requirements. Remaining lives of 25, 20,
and 15 years have little effect on either capital investment or annual
revenue requirements. Land requirements is the only capital cost
materially affected. Annual revenue requirements are only marginally
affected.

Sulfur content of the coal has a moderate effect on both capital
investment and annual revenue requirements. Ash content of the coal has
ar effect similar to sulfur content but to a lesser extent. The major
effect is due to process equipment costs with lesser effects due to
mobile equipment and land costs. Annual revenue requirements are
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similarly affected due to higher conversion costs, particularly disposal
labor and supervision. The use of lime instead of limestone as the
scrubber absorbent reduces capital investment slightly by reducing
process equipment size and land requirements. Annual revenue require-
ments are only slightly affected.

Distance to the disposal site has a moderate effect on capital
investment and a large effect on annual revenue requirements. The
increases are due to increased mobile equipment costs representing
additional trucks, large increases in labor and supervision costs, and
very large increases in mobile equipment fuel and maintenance costs.
The results indicate that distance to the disposal site is an important
consideration in disposal costs if the distances are more than nominal.

Separate transportation of sludge and flyash to the disposal site
for deposition in layers slightly increases both capital investment and
annual revenue requirements because of the increased complexity of the
landfill operation.

The use of a 1.3:1.0 calcium carbonate to sulfur-removed stoichi-
ometry instead of a 1.5:1.0 stoichiometry slightly reduces capital
investment and annual revenue requirements because of smaller process
equipment sizes and mobile equipment operating costs.

The physical characteristics of the waste also contribute to the
cost advantage of the gypsum process by affecting the quantity and
volume of material handled and the size of the disposal site. The
important factors other than power plant fuel and emission-control
conditions which contribute to waste volume are scrubber stoichiometry,
waste water content, and bulk density. Although none of these factors
alone can, within practical limits, reverse the volume relationship, a
combination of improved stoichiometry, bulk density, and dewatering
could change the waste volume relationships of the two processes.

In comparison to untreated ponding and the Dravo, IUCS, and Chemfix
chemical-treatment processes, the gypsum process has the lowest capital
investment and except for untreated ponding the lowest annual revenue
requirements. Its main cost advantages are low air-oxidation costs and
low process equipment costs. The sludge - flyash blending process is
similar in cost to the chemical-treatment landfill processes.

RECOMMENDATIONS

The results of the two sludge disposal economic studies completed
by TVA provide a basis of comparison for several disposal alternatives.
They also establish major factors which control the cost relationships
of various processes under different conditions. Many of these factors
are continually changing, however. In addition, regulations affecting
disposal requirements could change the procedures and requirements of
ponding and landfill operations.
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These factors create a need for periodic updating of economic
information on waste disposal methods. Updated experimental and oper-
ating data, particularly on air-oxidation and dewatering technology,
should be incorporated into future studies. Vendor modifications
should be included in chemical-treatment processes. The effects of
anticipated solid waste disposal regulations should be incorporated into
disposal costs and related to process-specific waste characteristics.
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ECONOMICS OF DISPOSAL OF LIME-LIMESTONE SCRUBBING WASTES:

WASTE SLUDGE - FLYASH BLENDING AND GYPSUM SYSTEMS

INTRODUCTION

The U.S. electrical power industry uses coal-fired steam generator
plants for a large portion of its power generatiom, a situation expected
to continue for at least the next 20 years. Coal-fired facilities are
particularly affected by regulations limiting emission of particulate
matter and sulfur oxides (SO,) to the atmosphere. Particulate matter
control can be accomplished by several wet or dry processes which
remove flyash from the flue gas. Other than the use of low-sulfur coal,
which i1s limited in quantity and geographical distribution, SOy control
requires treatment of the coal before combustion or of the flue gas
during or after combustion. An extensive SO, emission control technologv
has developed, of which postcombustion flue gas desulfurization (FGD)
processes are now the most technically advanced and widely used. Flyash
removal can be combined with the FGD process or separate facilities can
be used. A variety of FGD processes are under development, including
dry absorption and several wet-gscrubbing processes. In wet-scrubbing
processes, SO, adsorbed by the scrubbing liquid reacts with an adsorbent
to form sulfur salts which can be removed from the system. The sulfur
salts can be decomposed to form regenerated absorbent and a usable
sulfur compound or they can be discarded as waste. Several regenerable
processes are in various stages of application but almost all existing
and projected FGD systems consist of nonregenerable wet-scrubbing
processes using limestone or lime as the adsorbent and producing a
sulfur-gsalt waste. In 1977 about 30 existing FGD systems scrubbing
10,000 MW and about 60 units planned or under construction to scrub an
additional 25,000 MW were over 90% nonregenerable limestone or lime
processes (1). The waste produced by these systems presents a major
handling and disposal problem (2).

The quantity of sulfur-salt waste produced is quite large. To meet
existing emission regulations with limestone scrubbing, for example, a
500-MW power unit burning typical Eastern U.S. coal requires, during its
lifetime, removal of over 600,000 tons of sulfur. Disposal of the
sulfur-salt waste as untreated sludge requires a 250-acre pond filled to
a depth of almost 20 feet. If flyash disposal is included the pond size
increases to over 400 acres (3).



The waste sludge withdrawn from the scrubber loop consists of a
slurry of about 15% solids. Both the liquid- and solid-phase compositions
vary widely, depending on fuel type, combustion conditions, and scrubber
design and operating conditions. The solids are characterized by the
presence of calcium sulfate dihydrate (gypsum) and calcium sulfite hemi-
hydrate in diffe-ing ratios. The sulfate to sulfite ratio is usually
less than unity although low sulfur to air ratios, long scrubber hold-
times, or an added forced-oxidation stage may produce near-complete
oxidation to sulfate. Unreacted absorbent is often present in appreciable
quantities, especially if limestone is used. Flyash is present in
varying quantities depending on the efficlency of separate particulate
control equipment, or it may be a major component if the scrubber is
also used for particulate control. Trace and minor elements, some of
which are of particular concern in pollution control, are present in
both the liquid and flyash phases (4).

A variety of sludge disposal methods exists, most economically and
practically dependent on a number of highly site-specific conditions.
The simplest disposal method consists of pumping or transporting the
untreated sludge to a ponding area where it eventually settles to a
solid of 1limiting load-bearing capacity and stability containing about
407 to 607 water. The sludge may be mechanically dewatered before
disposal to facilitate handling or reduce land requirements, but with
much the same resulting waste product.

Alternately the sludge can be chemically or physically treated to
improve such properties as stability, load-bearing capacity, erosion
resistance, and permeability., Several commercial processes involve
addition of materials which produce a series of hydraulic reactions,
forming a claylike material (3). Forced oxidation within or as an
adjunct to the scrubbing system to produce a high sulfate to sulfite
ratio or blending with dry flyash are other possible treatments to
improve stability and load-bearing characteristics.

The particular disposal method is dependent on such factors as the
type, cost, and proximity of the disposal site; the characteristics of
the fuel, combustion, and emission control systems; and a number of
environmental considerations. Environmental concerns are of increasing
importance because of impending regulations likely to impose additional

restrictions on water pollution by runoff and seepage from solid waste
disposal sites.

A broad range of investigations are underway to evaluate FGD waste
characteristics and disposal methods. As part of its "Control of Waste
and Water Pollution from Combustion Sources" program, the U.S. Environ-
mental Protection Agency (EPA) is sponsoring a series of studies (Table 1)
to evaluate FGD waste characteristics, disposal methods, and environ-
mental effects. As a part of these studies, the Tennessee Valley
Authority (TVA) is conducting economic evaluations of FGD waste disposal
processes using design and economic premises developed by TVA and EPA
for comparative evaluations of FGD system economics. A pPrevious report
(3) compared the economics of the Dravo Synearth, IUCS Poz-0-Tec, and

2



TABLE 1.

EPA-SPONSORED FGD SLUDGE-RELATED PROJECTS

Project

Contractor

Primary area of interest

FGC waste characterizationm,
disposal evaluation, and tech-
nology transfer

Shawnee FGD waste disposal
field evaluation

Laboratory and field evaluation
of FGC treatment processes

Attenuation of FGC waste
leachate by soils

Establishment of data base
for FGC disposal standards

Evaluation of FGD waste
disposal options

FGD waste leachate -
liner compatability

Scrubber waste characteri-
zation

Dewatering principles and
equipment design

Conceptual design~cost studies
of alternative methods for FGC
waste disposal

Gypsum byproduct marketing
studies

Evaluation of alternative
FGC waste disposal sites

Scrubbing waste conversion
studies

Fertilizer production using
scrubbing wastes

FGD waste and flyash
beneficiation

Arthur D. Little, Inc.
Cambridge, Massachusetts

Tennessee Valley Authority
Division of Chemical Development
Muscle Shoals, Alabama

The Aerospace Corporation
El Segundo, California

U.S. Army Engineer Waterways
Experiment Station
Vicksburg, Mississippi

U.S. Army Material Command
Dugway Proving Cround, Utah

SCS Engineers
Long Beach, California

Louisville Gas and Electric
Company
Louisville, Kentucky

U.8. Army Engineer Waterways
Experiment Station
Vicksburg, Mississippi

Tennessee Valley Authority

Energy Research
Chattanooga, Tennessee

Auburn University
Auburn, Alabama

Tennessee Valley Authority

Office of Agricultural and
Chemical Development

Muscle Shoals, Alabama

Tennessee Valley Authority
Office of Agricultural and
Chemical Development

Muscle Shoals, Alabama

Arthur D. Little, Inc.
Cambridge, Massachusetts

Pullman Kellogg Company
Houston, Texas

Tennessee Valley Authority
Office of Agricultural and
Chemical Development

Muscle Shoals, Alabama

TRW Systems Group
Redondo Beach, California

Environmental and technology
assessment

Environmental assessment

Environmental assessment

Environmental assessment

Environmental assessment

Technology assessment and
development

Technology assessment
and development

Technology assessment
and development

Technology assessment
and development

Economic study

Economic study

Alternative disposal methods

Utilization methods development

Utilizacrion methods development

Utilization methods development




Chemfix sludge-stabilization processes with untreated ponding disposal

of waste from lime and limestone scrubbing systems. These three

processes all use dewatering and addition of proprietary additives to
improve characteristics of the sludge that contribute to disposal problems.
Comparative econ~mics were determined for a number of power plant size

and age conditions, fuel sulfur and ash contents, and sludge treatment

and disposal variations, permitting economic comparison of the four
systems under different conditionms.

This study is a continuation of the previous work, using the same
design and economic premises and case variations. The economics of two
sludge-treatment methods--blending of sludge with dry flyash and forced
oxidation to gypsum—-are compared. The same cost breakdown 1s used to
permit direct comparison with the results of the previous evaluation.



PROCESS BACKGROUND AND DESCRIPTION

The disposal of physically or chemically treated FGD sludges as a
landfill material is an attractive alternative to untreated disposal
available to the utility industry. The landfill disposal of sludge can
be evaluated for comparison with other alternatives, such as ponding or
mine disposal, to estimate the effects of land availability, soil charac-
teristics, environmental regulations, and waste material properties on
disposal costs (5, 6). Four waste disposal alternatives evaluated in
the earlier economic evaluation by TVA (untreated ponding, IUCS process,
Dravo process, and Chemfix process) along with the two alternatives
evaluated in this study (sludge - flyash blending and oxidation to
gypsum) represent a wide range of disposal options available to the
power industry.

The physical characteristics of FGD sludges important in disposal
considerations include dewatering characteristics, rewatering potential,
bulk density, unconfined compressive strength, and permeability. Most
untreated FGD sludges produced in lime and limestone scrubbing systems
are not good candidates for landfill materials. Dewatering to the 60%
to 70% solids content necessary for adequate stability and handling
characteristics is difficult, loss of stability through rewatering is a
potential problem, and the compressive strength is marginal for most
landfill applications. In general, high-sulfite sludges are more
difficult to dewater, less stable, and are susceptable to quasithixo-
tropic behavior under conditions of marginal water contents as compared
to sludges with high sulfate to sulfite ratios.

Several commercial chemical-treatment processes are available for
FGD sludge treatment to produce a more suitable landfill material.
These are in use at several power plants using lime or limestone FGD
systems (1) and are under evaluation at the Shawnee EPA Alkali Scrubbing
Test Facility (7). They have the capacity to greatly improve dewatered
sludge stabilities and compressive strengths as well as, at least in
sludges undisturbed after treatment and deposition, to decrease permea-
bilities. By adjusting the type and extent of treatment the properties
of the waste material can also be controlled to meet particular disposal
requirements (3). The two processes evaluated in this study are
alternate methods of improving dewatered sludge landfill characteristics
without the use of purchased additives.

As an alternative to treatment by commercial processes, additional
dewatering by blending the sludge with dry flyash or improving dewatering
by increasing the sulfate to sulfite ratio are potentially useful methods
of improving the landfill characteristics of dewatered FGD sludge. Both



these methods are being evaluated in large-scale pilot operations (4, 5)
but have not been systematically evaluated in fully operational systems.
Both are system—dependent in the sense that they use no independently
available additives. Operating or fuel conditions such as extreme ash
to sulfur ratios could preclude their use or alter the waste material
properties upon which the disposal economics are based.

SLUDGE - FLYASH BLENDING

The alternative involving physical stabilization of dewatered
sludge using dry flyash is desirable because it requires only dry flyash
as a treatment additive, provides for disposal of both flyash and FGD
sludge, and at the same time permits landfill disposal instead of ponding
(8). The primary function of the dry flyash from the standpoint of this
study is to obtain a final water content lower than that readily obtain-
able by other methods. At the final water content used, sludge of this
type has sufficient compressive strength and stability to be handled as
a landfill material.

GYPSUM

The typical waste from a lime or limestone FGD scrubber system
contains considerable amounts of calcium sulfite sludge; however, the
FGD can be modified to permit oxidation of sulfite to sulfate (gypsum)
within a single- or multiple-gstage scrubbing loop. The conversion to
gypsum is accomplished without addition of catalysts by air sparging at
atmospheric pressure (9).

The gypsum slurry produced by this forced-oxidation scrubbing
process has improved settling and dewatering properties as compared to
sulfite sludge. The gypsum can be mechanically dewatered to an 80%
solids material which can be handled with belt conveyors, trucks, and
earthmoving equipment and can be disposed of directly as landfill without
chemical fixation. The scrubber system also removes flyash which is
contained in the sludge and is disposed of with the gypsum. The total
quantity and volume of sludge for disposal is significantly reduced over
that of the standard lime or limestone process. The reduction in quantity
and volume results from improved limestone utilization (1.1 vs 1.5
stoichiometry), dewatering to 80% solids instead of 60%, and higher bulk
density.



DESIGN AND ECONOMIC PREMISES

The premises used in this evaluation are the same as those used in
the previous study (3) of chemically treated waste., They are based on
premises developed by TVA, EPA, and others to provide an equitable basis
for economic comparisons of FGD processes. Conditions for the base-case
premises are designed to be representative of typical power-industry
conditions, Case variations are used to determine the sensitivity of
costs to variations in plant size and operating profile, age, fuel,
scrubbing conditions, and disposal site location.

With two exceptions costing for this evaluation begins with the
scrubber effluent. In the previous study scrubbing costs for the four
processes were ldentical at the same premise conditions and thus were
excluded from the economic comparisons, In this study additional costs
are included in the sludge - flyash blending process for separate flyash
collection by electrostatic precipitators (ESP). In the gypsum process
extra costs are included for forced-air oxidation in the scrubber.

DESIGN PREMISES

The utility plant design and operation is based on Federal Energy
Regulatory Commission (FERC) historical data (10) and TVA experience.
The conditions used are representative of a typical modern boiler for
which FGD systems would be most likely to be considered. A midwestern
location typical of Illinois, Indiana, and Kentucky is used because the
concentration of coal supplies and power plants in this area make it
representative of the power industry. The design for both processes is
assumed to be proven. No provisions are made for additional spares or
special sizing to compensate for unknown design and operating factors.

Emission Standards

New-source performance standards (NSPS) established by EPA (11)
specify a maximum emission, based on heat input, of 0.10 1b/MBtu for
particulate matter and 1.2 1b/MBtu for SO in large coal-fired boilers.
The process design premises used for this study are based on compliance
with these standards. Actual SO, removal efficiencies required vary
according to the sulfur content of the coal. The efficiencies required
for the sulfur contents and combustion conditions used in this study
are:



Sulfur content Particulate matter

of coal, % removal, % in SOy removal,
dry weight flue gas Z in flue gas
2.0 99,5 63
3.5 99.5 79
5.0 99.5 85

Fuel

The coal premises are composites of several hundred samples repre-
senting major U.S. coal production areas. To represent the range of
sulfur contents in coals now being burned, sulfur contents of 2.0%,
3.5%, and 5.0% dry basis and ash contents of 12%, 16%, and 20% wet basis
are used. The coal has a heating value of 10,500 Btu/1lb, as fired. The
composition and flow rates for the base-case conditions are:

Composition 500-MW unit

as fired, requirements,

Component wt % 1b/hr
C 57.56 246,800
H 4.14 17,700
Ny 1.29 5,500
0y 7.00 30,000
S 3.12 13,400
c1 0.15 600
Ash 16.00 68,600
Hp0 10,74 46,000

Total 100.00 428,600

Power Plant Design

Power units up to 1300 MW in size are operated in the United States
today. For new units scheduled for startup through 1980 the sizes range
from 80 to 1300 MW (12). Although much of the future power production
will be from units of 500 MW or larger, many older units as well as some
new units of 200 MW or less will continue in operation for many years.

The choice of unit sizes used in this evaluation is based on this antici-
pated power unit size distribution. A single, balanced-draft, horizontal,
frontal-fired boiler design is used. A boiler size of 500-MW net output
is used for the base case and sizes of 200~ and 1500-MW net output
(composed of three 500-MW units) are used for the case variations.

Power Plant Operation

An operating life of 30 years is used based on guidelin
by FERC (10). The operating schedule based on TVA eiperienczs(;;igigted
shown in Table 2. New units are assumed to have a total operating life
of 127,500 hours. Existing units 5, 10, and 15 years old are assumed to
have remaining operating lives of 92,500, 57,500, and 32,500 hours.

8



TABLE 2. ASSUMED POWER PLANT OPERATING SCHEDULE

Annual
Capacity factor, %2 operating
Operating vear (nameplate rating) time, hours
1-10 80 7,000
11-15 57 5,000
16-20 40 3,500
21-30 17 1,500
Average for 30-year life 48.5 4,250

Power plant efficiencies vary with size and status, FERC data (14)
list heat rates for power units approximately 500 MW in size up to 5
years old which range from 8,800 to 12,800 Btu/kWh., The following heat
rates are used in this study:

Unit size, Heat rate,
MW Status Btu/kWh
200 New 9,200
200 Existing 9,500
500 New 9,000
500 Existing 9,200

Flue Gas Composition

Flue gas compositions are the result of power unit design, fuel,
and a variety of operating conditions. The combustion and emission
conditions used to determine flue gas composition are based on balanced-
draft boiler design and average values for the sulfur content of coal.
Flue gas compositions are based on combustion of pulverized coal using a
total air rate to the air preheater equivalent to 133% of the stoichi-
ometric requirement. This includes 20Z excess air to the boiler and 13%
air inleakage at the air preheater. These values reflect operating
experience with TVA horizontal, frontal-fired, coal-burning units. It
is assumed that 80% of the ash present in coal is emitted as flyash and
95% of the sulfur in the coal is emitted as SOx. One percent of the SOy
emitted is assumed to be SO3 and the remainder SOj.

The coal and flue gas compositions and flow rates are shown in
Table 3.

Scrubber Design

Scrubber design criteria are based on TVA operating experience,
general power industry operating experience, and information from process
and equipment vendors. The designs are generic to the extent that' they
represent most-proven technology rather than a particular existing
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TABLE 3.

SULFUR CONTENTS IN COAL (500-MW UNIT)

COAL AND FLUE GAS COMPOSITIONS AND AMOUNTS FOR VARIOUS

S content in coal (dry basis)

% 3.5% 5%
Coal
comgosltiqg?'b we % Lb/hr We % Lb/hr we % Lb/hr
C 58.03 248,700 57.56 246,800 56.89 244,000
Ha 4.17 17,900 4.14 17,700 4.09 17,500
Ny 1.30 5,600 1.29 5,500 1.27 5,400
09 7.81 33,500 7.00 30,000 6.40 27,400
S 1.80 7,700 3.12 13,400 4.46 19,100
Ccl 0.15 600 0.15 600 0.15 600
Ash 16,00 68,600 16.00 68,600 16.00 68,600
H,0 10. 74 46,000 10.74 46,000 10,74 46,000
100.00 428,600 100.00 428,600 100.00 428,600
Flue gas aft3/min aft3/nin aftalmin
composition Vol % Lb/hr (300°F) Vol % Lb/hr (300°F) Vol % Lb/hr (300°F)
Ny 73.68 3,439,000 1,134,000 73.76 3,450,000 1,138,000 73.80 3,643,000 1,136,000
0g 4,83 257,400 74,350 4.83 258,200 74,590 4.84 257,800 74,460
COy 12,44 911,600 191,400 12.31 904,200 189,900 12.20 894,700 187,700
S0 0. 14 14,500 2,092 0.24 25,130 3,626 0.34 35,920 5,183
504 0.0014 183 21 0.0024 317 37 0.0034 454 52
NO 0.06 3,002 924 0.06 3,009 927 0.06 3,000 924
HCl 0.01 661 168 0.01 661 168 0.01 661 168
H20 8.84 265,400 136,100 8.79 264,500 135,600 8.75 262,400 134,600
100.00 4,892,000 1,539,000 100.00 4,906,000 1,543,000 100.00 4,898,000 1,539,000
Flyash loading, gt/sft3
Dry 6.67 6.65 6.66
Wet 6.08 6.06 6.08

HHV = 10,500 Btu/lb

As-fired basis



installation. The lime and limestone systems are based on TVA experience
at the Shawnee EPA Alkali Scrubbing Test Facility (15), extensive power
industry experience with these systems, and vendor information. Four
parallel scrubber trains are used for the 500-MW power units and two
trains are used for the 200-MW power units.

A single-stage mobile-bed scrubber design with a presaturator and
an exit—-gas demister is used. The scrubbing liquid waste effluent is
15% solids in the limestone systems and 10% solids in the lime system.

Base~case scrubber stoichiometry is 1.5 moles of CaCOq per mole of
SO, removed for the sludge - flyash blending process and 1.1 moles of
CaCO3 per mole of 50y removed for the gypsum process. Case variations
in which different stoichiometries are used consist of a sludge -
flyash blending process with a 1.3 CaC03:5S04 mole ratio, a sludge -
flyash blending process using lime with a 1.1 Ca0:SOx mole ratio, and a
gypsum process using lime with a 1.0 Ca0:SOy, mole ratio.

The sulfur species in the waste slurry from the scrubber in the
sludge - flyash blending process are assumed to be 857% calcium sulfite
hemihydrate (CaS03°1/2H50) and 15% gypsum (CaSO4°2H30). The sulfur
species in the waste slurry from the scrubber in the gypsum process are
assumed to be 95% gypsum and 5% calcium sulfite hemihydrate.

Sludge Treatment and Disposal

The sludge from the scrubbers is dewatered with conventional
thickeners and vacuum filtration. Recovered water is returned to the
scrubbing system. After dewatering, the sludge for the sludge - flyash
blending process is assumed to have a solids content of 60%. After
blending with flyash the solids content is 74%Z and the bulk density is
1.56 gm/cc (97 1b/ft3) for the base-case fuel. Solids for fuel and
stoichiometry case variations vary from 71% to 82%. The gypsum is
assumed to have a solids content of 80% and a bulk demsity of 1.94 (121
1b/ft3) after dewatering. Both types of waste are assumed to be a
solid, soillike material that can be handled in the same manner as loose
soil.

The waste material is loaded on over—-the-road-type trucks by
wheeled front-end loaders for transportation to the disposal site.
Trucking practices are based on information obtained from commercial
trucking firms. A distance of 1 mile to the disposal site is used for
the base-case condition. Distances of 5 and 10 miles are included as
case variations.

The disposal site is assumed to be land suitable for typical sanitary
f111 use. The size is based on lifetime production of the power plant
and a £i1ll depth of 30 feet at bulk densities of 1.56 gm/cc for the
sludge - flyash waste blend and 1.94 gm/cc for the gypsum. No allowance
is made for in~-place compaction. The disposal site operation is an
area-fill type consisting of progressive clearing of the site as it
fills; leveling, contouring, and compacting the waste as it is dumped;
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and periodically covering the waste with 2 feet of compacted soil from
an onsite borrow pit. Site maintenance, such as congtruction of dikes,
diverter ditches, and watering to control dust, is also included. The
equipment consists of standard dozers, graders, and rollers used in
landfill operations. Monitoring for air and water pollution is not
included. These are normally a minor portion of current landfill

costs.

Case Variations

Case variations, consisting of a change in one design premise while
the remainder is kept at base-case conditions, are included to determine
the sensitivity of the process economics to operating condition ranges
normally encountered in industry practice. The case variations used in

this study are shown in Table 4.

TABLE 4. BASE-CASE CONDITIONS AND CASE VARIATIONS

Case variations

Sludge -
Premise condition Bage case flyash blending Gypsum
Both processes
Power plant size, MW 500 200, 1,500 200, 1,500
Remaining life, yr 30 25, 20, 15 25, 20, 15
Lifetime operating hours 127,500 210,000 210,000
Sulfur in coal, Z 3.5 2, 5 2, 5
Ash in coal, % 16 12, 20 12, 20
Miles to disposal site 1 5, 10 5, 10
Abgorbent Limestone Lime® Limeb
Sludge - flyash blending
Moles CaCO3:S removed 1.5:1.0 1.3:1.0
Blending Mechanical Layering
Gypsum
Moles CaC03:S removed 1.1:1.0

a. A 1.3:1.0 Ca0:S removed stoichiometry and a 10% solids scrubber

effluent is used for this case variation.

b. A 1.0:1.0 Ca0:S removed stoichiometry and a 10% solids scrubber

effluent is used for this case variation.
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A case variation is included for the sludge -~ flyash blending
process 1n which the dewatered scrubber waste and flyash are not mechani-
cally blended but are trucked separately to the disposal site and deposited
in alternate layers. The same trucking and disposal site operations are
used for this case as are used for the mechanical blending cases. For
the purposes of this evaluation the dewatered sludge is assumed to be
sufficiently dewatered to load, truck, and dump as a solid.

ECONOMIC PREMISES

The economic premises are divided into capital investment costs for
installation of the system and annual revenue requirements for its
operation over the life of the power plant. The premises are further
divided into sections to facilitate calculation and to establish cost
areas for comparison and analysis. Criteria are used which define cost
indexes; land, raw material, utilities, and energy costs; capital charges;
and other factors required for comparative results. The estimates are
made using equipment lists, flow diagrams, material balances, various
layouts for electrical equipment, piping, and instrumentation, plot
plans, and other design and operating information. Capital cost informa-
tion for major equipment items is obtained from engineering-contracting,
processing, and equipment companies; TVA purchasing and construction
data; and authoritative publications on costs and estimating (16-22).
Minor equipment costs are based on literature sources or derived as a
function of major equipment costs. Revenue requirements are based on
current labor and supervisory rates, purchased power costs, costs derived
from literature sources, and current industrial practice.

The premises are designed to represent projects in which design
begins in mid-1977 and construction is completed in mid-1980, followed
by a mid-1980 startup. Capital costs are assumed 50% expended in mid-
1979, Capital costs are projected to mid-1979 and revenue requirements
are projected to mid-1980. Scaling to other time periods can use mid-
1979 as the basis for capital costs and mid-1980 as the basis for revenue
requirements.

The premises are based on regulated utility economics which allow the
power company to earn a specified return on investment. Regulation,
based on FERC guidelines for accounting and rates for interstate trans-
actions, is usually the responsibility of state or local agencies (10).
The sludge disposal system cost is combined with the total power plant
investment and, therefore, increases the rate base upon which the utility
return on investment is based. Thus, a return on equity must be included
in any process evaluation under regulated economics. This "cost—of-
investment money" is added to the disposal system revenue requirements
as part of capital charges. The capital structure is assumed to be 60%
debt and 40% equity. Interest on bonds is assumed to be 10% and the
return to stockholders 14%.
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Capital Costs

Capital costs are categorized as direct investment, indirect invest-
ment, contingency, other capital charges, land costs, and working capital.
Total fixed investment consists of the sum of direct and indirect capital
costs and a contingency based on direct and indirect investment. Total
depreciable investment consists of total fixed investment plus the other
capital charges. Investment costs are projected from historical Chemical
Engineering annual cost indexes (23, 24) as shown in Table 5. The
costs are based on construction of a proven design and an orderly con-
struction program without delays or overruns caused by equipment,
material, or labor shortages.

Mobile equipment is assigned a 6-year life, based on industry
practice. Replacement is covered by an increased interim replacement
allowance in revenue requirements.

Direct Investment--

Direct capital costs include all costs, excluding land, for materials
and labor to install the complete waste disposal system. Included are
site preparation, excavation, buildings, storage facilities, landscaping,
paving, and fencing. Also included is 6600 feet of paved road for all
cases. Process equipment includes all major equipment and all equipment
ancillary to the major equipment, such as piping, instrumentation,
electrical equipment, and vehicles. Services, utilities, and miscella-
neous costs involved in construction are estimated as 1.5% of the direct
investment.

Indirect Investment--

Indirect investment costs consist of various contractor charges and
fees and construction expenses. The followlng cost divisions and
determinations are used.

Engineering design and supervision--This cost is calculated as a
function of the complexity of the system as determined by the number of
major equipment items, excluding mobile equipment. The formula used is:

Engineering design and supervision = (8900) (1.294) (number of
major equipment pieces)

Architect and engineering contractor expense--This expense is
calculated as 25% of the engineering design and supervision costs for
major equipment items.

Construction expense--This expense includes temporary facilities,
utilities, and equipment used during construction. The expense is
calculated as a function of direct investment:

Construction expense = 0.25 (direct investment excluding
landfill equipment in M$)0.83
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TABLE 5. COST INDEXES AND PROJECTIONS

Year 1970 1971 1972 1973 1974 1975 19762 19772 19782 19792 1980 19812
Plant 125.7 132.3 137.2 144.1 165.4 182.4 197.9 214.7 232.9 251.5 271.6 293.3
Materialb 123.8 130.4 135.4 141.9 171.2 194.7 210.3 227.1 245.3 264.9 286.1 309.0
Labor®¢ 137.4 146.2 152.2 157.9 163.3 168.6 183.8 200.3 218.3 237.9 259.3 282.6
a. Projections.

b. Same as index in Chemical Engineering for "equipment, machinery, supports."

C.

Same as index in Chemical Engineering for "construction labor."




Contractor fees—-Direct investment is also used to determine
contractor fees:

Contractor fees = 0.096 (total direct investment in M§)0-76

Contingency--
Contingency is 20% of the sum of direct investment and indirect

investment.

Other Capital Charges—-

Other capital charges consist of an allowance for startup and
modifications and interest during construction. The allowance for
startup and modifications is 10%Z of the total fixed investment excluding
mobile equipment. Interest during construction is 12% of the total
fixed investment. It is based on the simple interest which would be
accumulated at 10%/yr under the premise construction and expenditure
schedule, assuming a 60% debt-40% equity capital structure.

Land—-

Total land requirements, including the waste disposal area, are
assumed to be purchased at the beginning of the project. A land cost of
$3500/acre is used.

Working Capital--

Working. capital consists of money invested in raw materials and
supplies, products in process, and finished products; cash retained for
operating expenses; accounts receivable; accounts payable; and taxes
payable. For these premises, working capital is assumed to be equivalent
to the sum of 7 weeks of direct costs and 7 weeks of overhead costs.

Annual Revenue Requirements

Annual revenue requirements are based on a 7000 hr/yr operating
schedule using the same operational profile and remaining life assumptions
that were used for the power plant design premises. Costs are projected
to 1980 dollars to represent a mid-1980 startup. The revenue requirements
are divided into direct costs for raw materials and conversion and
indirect costs for capital charges and overheads., No raw materials were
required in this study.

Direct Costs~-

Projected direct costs for labor and electricity are shown in
Table 6. Operating labor and supervision is based on the quantity,
size, and complexity of the major process equipment. Labor for analyses
is based on the number of chemical analyses and physical tests needed
for process control. Electrical requirements are determined from the
operating horsepower of electrical equipment. The rates are based on

purchase from an independent source with full capital recovery provided
and are adjusted for the quantity used.
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TABLE 6. PROJECTED 1980 UNIT COSTS

FOR RAW MATERIALS, LABOR, AND UTILITIES

$/unit

Labor

Operating labor 12,.50/man-hr

Analyses 17.00/man~hr

Mobile equipment 17.00/man~hr

200 MW 500 MW 1500 MW

Utilities

Electricity, kWh 0.031 0.029 0.027

Fuel and maintenance costs for mobile equipment are based on informa-
tion from companies operating similar disposal and transportation systems.
A cost of $0.16/ton of waste is used for earthmoving equipment. Truck
rates for the different distances are:

Distance traveled, miles $/ton of waste
1 0.06
5 0.20
10 0.39

Landfill operation costs are assigned a value of $1700/acre of
landfill required. These costs are allocated by acreage actually used--
filled to 30 feet and covered with soil--during the period costed.

Other maintenance costs are based on the direct investment costs.
They are adjusted for the size and complexity of the system (based on
operating experience with the systems or similar operations) and are
assumed to be constant over the life of the plant, the increase in costs
balanced by the decline in operating hours. Maintenance costs of 47 of
the direct investment were used for all conditions.

Indirect Costs—--

Indirect costs consist of capital charges and overheads. A summary
of capital charges, based on regulated utility economics, is shown in
Table 7. Straight-line depreciation is used, based on the remaining
life of the power plant when the FGD system is installed. Following
FERC recommendations (10), an allowance for interim replacement is
included. This allowance is increased to 2.1-2.5%, depending on age of
the power plant, from the usual average of about 0.35% because of the
unknown life span of FGD systems and the short life (6-year) of the
mobile equipment. The insurance and property tax allowance, based on

17



TABLE 7. ANNUAL CAPITAL CHARGES FOR POWER INDUSTRY FINANCING

Percentage of total depreciable
capital investment
Years remaining life 30 25 20 15

Depreciation-straight line (based on
years remaining life of power unit) 3.3 4.0 5.0 6.7
Interim replacements (equipment having

less than 30-yr life) 2,5 2.4 2.3 2.1
Insurance and property taxes 2.0 2.0 2.0 2.0
Total rate applied to original
investment 7.8 8.8 9.3 10.8

Percentage of unrecovered
capital investment?®

Cost of capital (capital structure
assumed to be 60% debt and 407 equity)

Bonds at 10% interest 6.0
Equityb at 14%Z return to stockholder 3.6
Income taxes (Federal and State)® .6
Total rate applied to depreciation base 17.2d

Original investment yet to be recovered or "written off."

Contains retained earnings and dividends.

Since income taxes are approximately 50% of gross return, the

amount of taxes is the same as the return on equity.

Applied on an average basis, the total annual percentage of original

fixed investment for new (30-yr) plants would be 7.8% + 1/2 (17.2%) =
16.47%.

oM
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FERC practice, is 2.0% of the total depreciable capital investment.
Cost of capital is based on the assumed capital structure.

Methods of calculating overheads vary. The method used in these
premises is based on information from several sources (17-20). Plant
overhead 1s assumed to be 507 of the total conversion cost less the cost
of utilities. Utilities are excluded to avoid overcharging energy-
intensive processes. Administrative overhead is assumed to be 10% of
the total labor and supervision cost.

Lifetime Revenue Requirements with Declining Operating Schedule

Annual revenue requirements are estimated using the assumption that
annual operating time for the disposal system is 7000 hr/yr. These
estimates are suitable for comparing processes and measuring the effect
of process variable changes. Also, they represent operating profiles
similar to those during the early years of a plant's life, However,
most power units have a declining load over their life and rarely operate
in later years at the 7000 hr/yr level assumed for the annual revenue
requirement calculations, Since revenue requirement estimates are
needed which reflect the operating profiles of older plants, lifetime
revenue requirement estimates are calculated using the declining
operating schedule previously described. These estimates consider the
variations in capital charges and operating profile with plant age.

Capital charges--The portion of indirect costs that reflects the
cost of capital and taxes is based on nondepreciated capital investment.
A computer program is used to calculate the revenue requirements for
each year over the plant life. Straight-line depreciation is used and
capital charges decrease uniformly over the 1life of the disposal system.

Operating profile--The actual quantities affecting direct costs
(electricity, operating labor and supervision, maintenance, and analyses)
are estimated to calculate annual revenue requirements for each disposal
system based on a 7000 hr/yr annual operating time. As the plant's
remaining life decreases, the operating profile of the plant and these
quantities also decrease., The projected costs for these items are
modified to show the effect of decreased operating load on revenue
requirements. The annual quantities of each item are scaled propor-
tionally to the annual operating hours for the plant. Annual quantities
for operating labor and supervision and overhead charges are scaled
proportionally to the annual operating hours raised to the 0.5 power.

The direct charges for maintenance are scaled proportionally to the
annual operating hours raised to the 0.6 power. These adjustments to
annual revenue requirements to yield lifetime revenue requirements
provide information for more accurately estimating revenue requirements
for later years of the disposal system life.
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In this study estimates are included to show lifetime revenue
requirements for a declining operating schedule over a 30-year life as
discussed in the design premises. Estimates are made for 200-, 500-,
and 1500-MW plants for each sludge disposal process.

Lifetime Revenue Requirements with Constant Operating Schedule

The capacity of a power plant is sometimes held constant or altered
with time by adding new generating units as the capacity of older units
is reduced by age. When this occurs, the capacity of the disposal
system must be sized on the basis of the larger power plant waste dis-
posal requirements as compared to a declining operating schedule.

The annual values with a constant operating schedule are based on
average capital charges over a 30-year plant life and a revised capital
investment using an adjusted landfill area as compared to a declining
profile-type operation. The lifetime values are based on declining
capital charges and the same revised capital investment.

In this study estimates are included to show the annual and 1ife-
time revenue requirements for plants with a constant annual operating
load of 7000 hours over a 30-year 1ife. Estimates are made for 200-,
500-, and 1500-MW plants for each sludge disposal process.
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SYSTEMS ESTIMATED

The conceptual designs for the processes are developed from material
balances, major equipment lists, and flow and layout diagrams, using the
design premises as sgpecifications. From these, estimates of field
equipment such as piping, electrical equipment, instrumentation, struc-
tures, site preparation, buildings, services, land requirements, and
mobile equipment requirements are made.

With two exceptions the designs are limited to the dewatering and
disposal requirements for the processes. The sludge - flyash blending
process requires dry flyash which must be collected separately rather
than in the scrubber. 1In this process ESP unit installation and
operation are included in the waste disposal system. In the gypsum
process the air-oxidation equipment installation and operation are in-
cluded in the waste disposal system.

The economic estimates are based on the conceptual design and the
economic premises. For each case a capital cost estimate and a first-
year annual revenue requirement estimate were made. In addition,
lifetime revenue requirements were estimated for the base case and the
two plant-size case variations for each process using both constant and
declining operating schedules,

The lifetime economic results are given for each process as both
cumulative actual and cumulative discounted costs (discounted at 11.6%
cost of money to the initial year). The results are also given as the
lifetime average increase and the levelized increase in unit revenue
requirement expressed as $/ton coal burned, mills/kWh, $/MBtu heat
input, and $/ton sulfur removed. As the name implies, the lifetime
average increase in unit revenue requirement is simply an average unit
revenue requirement obtained by dividing the lifetime revenue requirement
by the lifetime number of units, such as tons of coal burned. Levelized
unit revenue requirements are obtained by dividing the discounted process
costs over the life of the power unit by the discounted number of units.
They are the more significant costs because they include the effect of
time on both money and units of measure.

SLUDGE - FLYASH BLENDING

The scrubber system 15% solids effluent is pumped to an agitated
thickener feed tank. From this tank the slurry is pumped to a thickener
where the slurry is increased to 35% solids. Thickener underflow is fed
to vacuum filters for additional dewatering to 60% solids. Excess water
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from the dewatering steps is returned to the scrubber system. Flyash is
collected by ESP units, whose costs are also given, and pneumatically
conveyed to storage bins near the sludge—treatment facilities, The dry
flyash and dewatered sludge are blended using a blade-type mixer for all
but the layering case variation. Belt conveyors are used to feed the
filter cake to the mixer and to convey the blended product to a small
pile near the dewatering system for transportation to the disposal site.
The transportation and disposal system is basically the same for each
process and is discussed following the description of the gypsum process.

Field Equipment

The equipment items other than process equipment are piping, elec-—
trical, instrumentation, excavation and site preparation, buildings,
roads, earthmoving equipment, and services. The method for estimating
the cost of each of these is described below.

Piping—-

Carbon steel pipe and gate valves are used for all waterlines.
Slurry lines are stainless steel pipe for lines under 3 inches in diameter
and are rubber-lined carbon steel for larger lines. Strainers are
stainless steel for pipes under 4 inches in diameter and rubber-lined
carbon steel for pipes over 4 inches in diameter.

Foundations and Structural--

Concrete foundations for each equipment item are estimated according
to equipment sizes. Structural costs are estimated based on the size
and weight of the structure.

Electrical--

The electrical cost is divided into four sections: (1) cost of
feeder cables from the power plant transformer yard to the sludge dis-
posal facilities, (2) transformer costs for each area, (3) costs of
power supply from area field modules to individual motors, and (4) motor
control costs between remote control center, field equipment location,
and individual motors. Total connected motor horsepower is used to
establish costs for the feeder cables and transformers. Costs for power
supply and motor controls are based on individual motor sizes and the
number of connected motors. A typical layout is assumed for the disposal
system in reference to the power plant transformer yard, remote control
center, and other areas.

Instrumentation--

Ingtrumentation costs are based on fixed costs for instruments
which do not change in size and cost with equipment size variations and
variable costs for instruments which increase in size and cost as equip-
ment and pipe sizes increase. Each of these costs may be dependent upon
the number of equipment items, such as pumps, feeders, mixers, conveyors,
filters, and thickeners. Costs are included for control valves, graphic

boards and panelboards, annunciators, air dryers and Piping, and instru-~
ment cable and wiring systems,

22



Excavation and Site Preparation--

The excavation and site preparation requirements depend upon the
number of items and the type and size of equipment. Estimates are based
on the number of cubic yards of material that i1s moved in each case.

Buildings--

A control-room building and an equipment building are required for
all cases. The same size control-room building (40 ft wide by 40 ft
long by 12 ft high) is used for all cases. The equipment building is SO
feet wide by 75 feet long by 40 feet high for 200- and 500-MW plants,
and 75 feet wide by 100 feet long by 40 feet high for the 1500-MW plants.

Services--

The cost of services for each case was estimated to be 1-1/2% of
direct investment costs, This cost includes vehicles, maintenance and
instrument shop equipment, laboratories, lockers, offices, restrooms,
storage area, parking area, walkways, landscaping, fencing, and security
allocated to the disposal system area by the power plant.

Roads--

All cases are estimated to require 6600 feet of hard-surface roadway
for access to the disposal area and process equipment. Roads are required
for the truck transport of waste to the landfill located 1 mile from the
scrubber facilities.

A flow diagram and material balance for the base case is shown in
Figure 1. The control diagram and layout drawings for this process are
shown in Figures 2 and 3. All major equipment items for the sludge -
flyash blending base case are included in Table 8.

GYPSUM PROCESS

Additional oxidation in the scrubber system to provide a 95% oxida-
tion to gypsum is included in this system. This consists of addition of
air-sparging tanks and equipment in the scrubber liquid loop. Additional
costs for the installation and operation of the forced-air oxidation are
given for inclusion in the disposal system costs for this process.

The dewatering system for the gypsum process is similar to the
sludge dewatering process., An 8~hour-capacity hold tank receives
scrubber effluent and feeds thickeners and rotary drum vacuum filters
which successively dewater the 15% solids sludge to 35% and 80% solids
waste. The recovered water is returned to the scrubber system. The
size of the thickeners and filters is adjusted for the higher settling
rate and improved filtration characteristics of the sludge relative to
high-sulfite sludges. The filter cake is transported by belt conveyor
to a waste pile for transportation to the disposal site, as described in
the following section.
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TABLE 8.

SLUDGE - FLYASH BLENDING

BASE-CASE EQUIPMENT LIST

Item

No.

Description

Pneumatic conveying system,
flyash

Storage silo, flyash

Feeder, discharge

Vibrator, flyash storage silo

Feed bin, flyash

Feeder, bin discharge
Vibrator, flyash feed bin
Weigh feeder, flyash

Tank, thickener feed

Agitator, thickener feed tank
Pump, thickener feed

Thickener

Tank, thickener overflow

Pump, thickener overflow recycle

Pump, thickener underflow to
filter

Sump pump, thickener tunnel

Rotary drem filter

Pump, filtrate recycle
Conveyor, horizontal belt
Conveyor, sloping belt

Mixer
Conveyor, sloping belt

Complete system with blower, cyclone
receiver, receiver filter, motor

81,611 ft3. 1,633 tons, field erected,

41 fr diameter, 62 ft high, carbon steel,
with top, 60-degree cone bottom

Rotary afir lock type, 4,633 1lb/hr, 8 in.
diameter, 8 in. long, carbon steel
Electromechanical, rotary vibrators, l-
hp motor

10,881 fe3, 19 ft diameter, 38 ft high,
with top, 60-degree cone bottom, carhon
steel

Rotary air lock type, 8 in. diameter, B
in. long, carbon steel

Electromechanical, rotary vibrators,

1-hp motor

5 ft long, l4-in. belt, 3-hp D.C. motor,
carbon steel

33,525 gal, field erected, 18 fr diameter,
18 fr high, open top, carbon steel,
rubber lined with four 1 ft 6 in. x I8

ft baffles offset 3-1/2 in. from wall

25 hp, 72-in. diameter blade, rubber
coated

745 gpm, 75~ft head, rubber lined, 40-hp
motor

160-ft diameter, stainless steel- or
rubber~lined concrete basin with rake

and motor (1l spare)

8,310 gal, 12 ft diameter, 12 ft high,
carbon steel, rubber lined, with flat
bottom
468 gpm,
hp motor
277 gpm,
hp motor
5 gpm, l0-ft head, carbon steel, 1l/4-
hp motor

500 ft“ surface area, 12 ft diameter,
14~-ft long drum, stainless steel (wetted
parts), vacuum and filtrate pumps
fncluded

146 gpm, 75-ft head, rubber lined, 15-hp
motor

52 tons/hr,
100 ft/min,

75-ft head, rubber lined, 20-

75-ft head, rubber lined, 15-

16 ft long, 18-in. belt,
1/2-hp motor
52 tons/hr, 30 ft long, 18-in. belt,
100 ft/min, 1/2-hp motor
Carbon steel, 30-hp motor
79 tons/hr, 30 fr long, 24-in. belt,
100 ft/min, 1/2-hp motor
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Field Equipment

With the exception of buildings, the descriptiom of field equipment
for the sludge - flyash blending process also pertainms to this process.
For this process two builindgs are required. The control-room building
is 30 feet wide by 30 feet long by 12 feet high. The equipment building
is 40 feet wide by 50 feet long by 30 feet high for the 200- and 500-MW
plants. For the 1500-MW plants it is 40 feet wide by 100 feet long by
30 feet high,

A flow diagram and material balance is shown in Figure 4. Figures
5 and 6 show the control diagram and layout. Major process equipment
items are listed in Table 9.

WASTE MATERIAL AND DISPOSAL

Each estimate is directly affected by the quantity of material that
must be handled. Table 10 lists the cases considered in this study and
the quantity of material for disposal. The final solids content of the
sludge - flyash blending process varies with the fuel composition and
stoichiometry used. The base-case waste is 747 solids. The solids for
fuel and stoichiometry case variations range from 71% to 82%. No bulk
density adjustments were made for these relatively minor changes.

The waste in the disposal pile is loaded onto dump trucks with a
wheeled front-end loader, hauled to the disposal site over hard-surfaced
roadways, and dumped on a prepared section of the site cleared, stripped
of topsoil, and suitably contoured. The dumped waste is shaped and
compacted to form a 30-foot waste depth using graders, dozers, and
rollers. The site is filled in successive sections prepared as required.
A 2-foot-thick layer of compacted and contoured soil obtained from the
site 1s placed over the waste when it is emplaced to the full depth.

In addition to waste emplacement, the equipment and personnel are used
to maintain the site during use of the site for disposal. A watering
truck is provided to control dusting.

The size of the site is based on the volume of waste generated
during the life of the power plant. For the base-case conditions the
following equipment is required:

Sludge -
flyash blending Gypsum
Mobile equipment No. Size No. Size

Wheeled front-end loader 1 + 1 spare 2,75 yd3 1+ 1 spare 2.75 yd3
Trucks 2 + 1 spare 10 yd3 2+ 1 gpare 8 yd3
Grader 1 - 1 -

Dozer 1 - 1 -
Compactor 1 - 1 -

Pickup truck 1 - - -

Water tanker 1 - 1l 6,000 gal
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Flow diagram and material balance.
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TABLE 9. GYPSUM - BASE-CASE EQUIPMENT LIST
Item No. Description

Tank, thickener feed 1 62,000 gal, field erected, 22 ft diameter,
22 ft high, open top, carbon steel, rubber
lined with four 22 in. x 22 ft baffles off~
set 3-1/2 in. from wall

Agitator, thickener feed tank 1 30 hp, 84 in. diameter, rubber coated

Pump, thickener feed 2 1374 gpm, 75-ft head, rubber lined, 60-hp
motor

Thickener 1 82 ft diameter, stainless steel- or rubber-
lined concrete basin with rake and motor
(1 spare)

Tank, thickener overflow 1 25,920 gal, 21 ft diameter, 10 ft high,
carbon steel, rubber lined with flat bottom

Pump, thickener overflow recycle 2 864 gpm, 75-ft head, rubber lined, 30-hp
motor

Pump, thickener underflow to 2 510 gpm, 75-ft head, rubber lined, 25-hp

filter motor

Sump pump, thickener tunnel 1 5 gpm, 10-ft head, carbon steel, 1/4-hp motor

Rotary drum filcter 3 500 £t2 surface area, 12 ft diameter, 14-ft-
long drum, stainless steel (wetted parts),
vacuum and receiver pumps included

Pump, filtrate recycle 1 364 gpm, 75-ft head, rubber lined, 15-hp motor

Conveyor, horizontal belt 3 71 tons/hr, 16 ft long, 16-in. belt, 100

Conveyor, sloping belt

ft/min, 1/2-hp motor
71 tons/hr, 30 ft long, 30-in. belt, 100
ft/min, 1/2-hp motor
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TABLE 10. QUANTITIES OF SLUDGE FOR DISPOSAL - ALL CASE VARIATIONS

Amount of waste

for disposal, 1b/hr

Sludge -
Case flyash blending? Gypsum®
Base caseS 156,777% 141,728°
Variation from base case

200 MW 64,107 57,953
1500 MW 470,328 425,195
Existing, 25-yr remaining life 160,264 144,879
Existing, 20~yr remaining life 160,264 144,879
Existing, 15-yr remaining life 160,264 144,879
2% S in coal 98,615 99,296
52 S in coal 214,433 179,945
127 ash in coal 133,832 116,758
20% ash in coal 182,494 169,715
Lime scrubbing process 131,767 136,628
5 mi to disposal 156,777 141,728
10 mi to disposal 156,777 141,728
7000 hr/yr operating profile 156,777 141,728
200 MW, 7000 hr/yr operating profile 64,107 57,953
1500 MW, 7000 hr/yr operating profile 470,328 425,195

Sludge - flyash layering 156,777 -

1.3 limestone stoichiometry 145,632 -

Landfill disposal of blended 60% solids sludge and dry ESP-
collected flyash at a bulk density of 97 1b/ft3.
Landfill disposal of 80% solids gypsum at 121 1b/ft3; flyash
collected in scrubber and disposed of with gypsum.
New SO00-MW plant; 30-year life; coal analysis (by wt) - 3.5% S

(dry), 16% ash; limestone scrubbing process; declining operating

profile (first year) 7,000 hours.

Waste is 27% sulfur salts, 12% limestone solids, 35% flyash,

26% water.

Waste is 38% sulfur salts, 3% limestone solids, 392 flyash,

20% water.
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RESULTS

Capital investment and annual revenue requirement estimates for the
base cases and each case variation are shown in Appendix A. A summary
of the capital investment for each case of the sludge - flyash blending
process is shown in Table 11. Annual revenue requirements for the
process are summarized in Table 12. Capital investment for each case of
the gypsum process is summarized in Table 13. Annual revenue require-
ments for each case of the process are summarized in Table 14.

The estimates shown in Appendix A and tables in the text do not
include costs associated with ESP collection of flyash or scrubber
modifications for air oxidation to gypsum. Additional capital invest-
ment for base-case ESP collection of flyash is $9,614,000 and annual
revenue requirements are $1,975,000. Additional capital investment for
base-case air oxidation is $2,303,000 and annual revenue requirements
are $1,005,000 for the base-case gypsum process. These costs can be
included with the disposal system costs in making comparisons with
systems which do not have separate flyash removal or air-oxidation
equipment. For determination of overall scrubbing and disposal costs a
base-case limestone scrubber capital investment of $36,368,000 and
annual revenue requirements of $11,842,000 (22) can be combined with the
appropriate flyash-collection or air-oxidation and disposal costs.

BASE CASE

Capital investment for the base-case sludge - flyash blending
process is $8,605,000, equivalent to 17.2 $/kW. Including flyash
collection the capital investment is $18,219,000, or 36.4 $/kW. Direct
investment, excluding flyash collection and waste transportation and
disposal,is 39% of the total. Mobile equipment costs, consisting of
trucks, loaders, and earthmoving equipment, is 7% and land purchase is
6% of the total.

Capital investment for the base-case gypsum process is $5,411,000,
or 10.8 $/kW. Including scrubber modifications for air oxidation the
capital investment is $7,714,000, or 15.4 $/kW. Direct investment,
excluding air-oxidation scrubber modifications and waste transportation
and disposal, is 35% of the total capital investment. Mobile equipment
cost is 9% and land is 7% of the total.

Annual revenue requirements for the base-case conditions are
$3,772,600, or 1.08 mills/kW, for the sludge - flyash blending process
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TABLE 1l1. TOTAL CAPITAL INVESTMENT SUMMARY - SLUDGE - FLYASH BLENDING

Total capital

Case investment, k$ $/kW
Base case 8,605 17.2
Variation from base case

200 MW 6,126 30.6
1500 MW 18,282 12,2
Existing, 25-yr remaining life 8,528 17.1
Existing, 20-yr remaining life 8,381 16.8
Existing, 15-yr remaining life 8,276 16.6
2% S in coal 7,356 14.7
5% $ in coal 10,073 20.1
127 ash in coal 7,917 15.8
20% ash in coal 9,309 18.6
Lime scrubbing process 8,178 16.4

5 mi to disposal 8,969 17.9
10 mi to disposal 9,334 18.7
7000 hr/yr operating profile 8,955 17.9
200 MW, 7000 hr/yr operating profile 6,268 31.3
1500 MW, 7000 hr/yr operating profile 19,321 12.9
Sludge - flyash layering 8,743 17.5
1.3 stoichiometry 8,160 16.3

Basis: Midwest plant location; average basis for cost scaling, mid-1979.
S0, and flyash removed to meet NSPS.

Base case: New 500-MW plant with 30-yr life; landfill disposal of dewatered
sulfite sludge and dry flyash blends 1 mi from the scrubber facilities.
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TABLE 12. SUMMARY OF REVENUE REQUIREMENTS -

SLUDGE - FLYASH BLENDING

Unit revenue requirement

Total annual $/ton $/ton
Case amount, k$ Mills/kWh dry sludge wet sludge
Base case 3,773 1.08 9.29 6.87
Variation from base case

200 MW 2,779 1.99 16.73 12.39
1500 MW 6,922 0.66 5.69 4.20
Existing, 25-yr remaining life 3,852 1.10 9.28 6.87
Existing, 20-yr remaining life 3,876 1.10 9.34 6.91
Existing, 15-yr remaining life 3,982 1.14 9.59 7.10
2% S in coal 3,224 0.92 11.40 9.34
52 S in coal 4,282 1.22 8.03 5.71
12% ash in coal 3,617 1.03 10.88 7.72
207 ash in coal 3,965 1.13 8.17 6.21
Lime scrubbing process 3,650 1.04 10.28 7.91
5 mi to disposal 4,425 1.26 10.90 8.07
10 mi to disposal 4,891 1.40 12.05 8.92
7000 hr/yr operating profile 3,801 1.09 9.76 6.93
200 MW, 7000 hr/yr operating profile 2,791 2.00 16.80 12.44
1500 MW, 7000 hr/yr operating profile 7,012 0.67 5.76 4.25
Sludge - flyash layering 3,866 1.10 9.54 7.05
1.3 stoichiometry 3,673 1.04 9.73 7.19

Basis: Midwest plant location, mid-1980 costs; 7000 hr/yr on-stream time, SO, and flyash
removed to meet NSPS.

Base case: New 500-MW plant with 30-yr life; landfill disposal of 75% solids, sludge and
flyash blending; 1 mi to disposal site from scrubber facilities; transport by truck to
disposal area.
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TABLE 13, TOTAL CAPITAL INVESTMENT SUMMARY - GYPSUM

Total capital

Case investment, k$ $/kW
Base case 5,411 10.8
Variation from base case
200 MW 3,964 19.8
1500 MW 9,826 6.6
Existing, 25-yr remaining life 5,174 10.3
Existing, 20-yr remaining life 5,115 10.2
Existing, 15-yr remaining life 5,076 10.2
2% S in coal 4,782 9.6
5% S in coal 5,884 11.8
12% ash in coal 5,042 10.1
20% ash in coal 5,707 11.4
Lime scrubbing process 5,315 10.6
5 mi to disposal 5,750 11.5
10 mi to disposal 6,005 12.0
7000 hr/yr operating profile 5,672 11.3
200 MW, 7000 hr/yr operating profile 4,093 20.5
1500 MW, 7000 hr/yr operating profile 10,603 7.1

Basis: Midwest plant location; average basis for cost
scaling, mid-1979. SO2 and flyash removed to meet NSPS.
Base case: New 500-MW plant with 30-yr life; landfill
disposal of dewatered (80% solids) gypsum 1 mi from
scrubber facilities.
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TABLE 14. SUMMARY OF REVENUE REQUIREMENTS - GYPSUM

Unit revenue requirement

Total annual $/ton §/ton
Case amount, k$ Mills/kWh dry sludge wet sludge
Base case 3,118 0.89 7.86 6.28
Variation from base case
200 MW 2,327 1.66 14.31 11.44
1500 MW 4,961 0.47 4.17 3.33
Existing, 25-yr remaining life 3,143 0.89 7.74 6.20
Existing, 20-yr remaining life 3,160 0.90 7.79 6.24
Existing, 15-yr remaining life 3,227 0.92 7.96 6.37
2% S in coal 2,707 0.77 9.74 7.79
54 S in coal 3,252 0.93 6.45 5.16
12% ash in coal 3,018 0.86 9.23 7.39
20%Z ash in coal 3,206 0.92 6.75 5.40
Lime scrubbing process 3,104 0.89 8.11 6.49
5 mi to disposal 3,694 1.05 9.31 7.45
10 mi to disposal 4,286 1.22 10.80 8.64
7000 hr/yr operating profile 3,146 0.90 7.93 6.34
200 MW, 7000 hr/yr operating profile 2,401 1.72 14.75 11.79
1500 MW, 7000 hr/yr operating profile 5,028 0.48 4.23 3.37

Basis: Midwest plant location; mid-1980 costs; 7000 hr/yr on-stream time, S0y and

removed to meet NSPS.

Base case: New plant with 30-yr life; landfill disposal of 80% solids material; 1
disposal site from scrubber facilities; transport by truck to the disposal area.

flyash

mi to



and $3,117,500, or 0.89 mill/kWh, for the gypsum process. Including the
additional annual costs of $1,975,000, for separate flyash removal, the
annual revenue requirements for the sludge - flyash blending process are
$5,747,000, or 1.64 mills/kWh. Including the additional annual costs of
$1,005,000 for air oxidation, the annual revenue requirements for the
gypsum process are $4,122,500, or 1.18 mills/kWh.

In terms of quantity of waste, the sludge - flyash blending process
revenue requirements are 6.9 $/ton of wet waste and 9.3 $/ton of dry
solids. Including ESP operation the costs are 10.5 $/ton of wet waste
and 14.2 $/ton of dry solids. The gypsum process annual revenue require-
ments are 6.3 $/ton of wet waste and 7.9 $/ton of dry solids without air-
oxidation costs and 8.3 $/ton of wet waste and 10.4 $/ton of dry solids
with air-oxidation costs included.

Operating labor and supervision is the major direct cost of both
processes. Plant labor and supervision cost is 12% and landfill labor
and supervision cost is 20% of the annual revenue requirements of the
sludge - flyash blending process and 14% and 24% of the requirements of
the gypsum process. Landfill costs for land preparation, fuel, and
maintenance are $129,000, or 0.04 mill/kWh, for the sludge - flyash
blending process and $116,000, or 0.03 mill/kWh, for the gypsum process,
a minor portion of the annual revenue requirements in both cases.

Energy costs are also a minor part of the annual revenue requirements of
both processes.

Tables 15 through 18 show the capital investments and annual
revenue requirements in modular form. They are calculated by processing
or handling area using the same procedures used for the overall economics.
In each area all costs are assigned on the basis of equipment function,
building and land requirements, electrical use, and labor requirements.

The modularized results further illustrate the effects of process
requirements on costs. The relatively high costs of separate flyash
collection and handling account for almost two-thirds of the sludge -
flyash blending capital investment costs. In comparison air-oxidation
modifications are only one-fourth of the gypsum process capital investment.
Other than flyash collection and handling and air-oxidation modifications,
thickening costs are the major capital investment cost. Filtration and
disposal costs are also significant elements in capital investment
costs. Mixing contributes relatively little to capital investment
costs,

Flyash collection and handling is also the largest element of the
sludge - flyash blending process annual revenue requirements, contributing
about 45% of the total. Air-oxidation costs are about 25% of the gypsum
pProcess annual revenue requirements. In contrast to the relatively low
capital investment, disposal costs are a large part of annual revenue
requirements for both processes. Dewatering and mixing annual revenue
requirements are significant but not major cost elements.
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TABLE 15. UMODULAR CAPITAL INVESTMENT - BASE~CASE SLUDGE - FLYASH BLENDING

Costs by area, k$

Flyash

ESP costs handling Thickening Filtration Mixing Disposal Total

Process equipment 495 1,101 333 56 1,985
Piping and insulation 53 47 24 15 139
Foundation and structural 92 82 41 27 242
Excavation and site preparation 20 18 9 6 53
Electrical 159 59 79 48 345
Instrumentation 21 19 10 6 56
Buildings 192 171 86 _55 504
Subtotal 1,032 1,497 582 213 3,324
Services and miscellaneous 19 17 9 _3 30
Subtotal 1,051 1,514 591 218 3,374
Mobile equipment . 581 581
Subtotal direct investment 1,051 1,514 591 218 581 3,955
Engineering design and supervision 104 150 59 21 334
Architect and engineering 26 38 14 5 83
Construction expense 214 308 120 44 686
Contractor fees 85 122 48 _18 273
SuBtotal 1,480 2,132 832 306 581 5,331
Contingency 283 408 159 59 157 1,066
Subtotal fixed investment 1,763 2,540 991 365 738 6,397
Allowance for startup 182 261 102 37 582
Interest during construction 205 294 114 _42 113 768
Subtotal capital investment 2,150 3,095 1,207 (YA 851 7,747
Land 5 5 2 2 522 536
Working capital 86 123 48 _18 47 322
Total capital investment 9,614 2,241 3,223 1,257 464 1,420 18,219
$/kW 19.2 4.5 6.5 2.5 0.9 2.8 36.4
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TABLE 16. MODULAR ANNUAL REVENUE REQUIREMENTS - BASE-CASE SLUDGE - FLYASH BLENDING

Direct Costs

Conversion costs
Operating labor
Plant
Solids disposal
Process maintenance
Landfill operation
Land preparation
Trucks
Earthmoving equipment
Electricity
Analyses

Subtotal direct costs

Indirect Costs

Capital charges
Depreciation, interim replacement,
and insurance
Cost of capital and taxes
Plant overhead
Administrative overhead

Subtotal indirect costs

Total annual revenue requirements

Mills/kWh

Costs by area, k$

Flyash
ESP costs handling Thickening Filtration Mixing Disposal Total

166 149 75 48 438

745 745

60 54 27 17 158

9 9

33 33

88 88

35 13 18 10 77

6 6 3 2 17

267 222 123 77 875 1,564

168 242 95 35 67 607

193 277 108 40 122 740

116 104 52 34 437 744

17 15 7 5 75 118

494 638 262 114 701 2,209

1,975 761 860 385 191 1,576 5,748
0.56 0.22 0.25 0.11 0.05 0.45 1.64




TABLE 17.

MODULAR CAPITAL INVESTMENT - BASE-CASE GYPSUM

Process equipment

Piping and insulation
Foundation and structural
Excavation and site preparation
Electrical

Instrumentation

Buildings

Subtotal

Services and miscellaneous
Subtotal

Mobile equipment

Subtotal direct investment

Engineering design and supervision

Architect and engineering
Construction expense
Contractor fees

Subtotal
Contingency

Subtotal fixed investment

Allowance for startup
Interest during construction

Suhtotal capital investment

Land
Working capital

Total capital investment

$/kw

Costs by area, k$

Scrubber

modifications Thickening Filtration Disposal Total

686 493 1,179
117 57 174
17 8 25

28 14 42
147 73 220
35 17 52
117 57 174
1,147 719 1,866
18 9 27
1,165 728 1,893
498 498

1,165 728 498 2,391
131 64 195
32 16 48
285 140 425
125 61 186
1,738 1,009 498 3,245
348 202 99 649
2,086 1,211 597 3,89
228 112 340
250 145 72 467
2,564 1,468 669 4,701
8 4 391 403

150 93 64 307
2,303 2,722 1,565 1,126 7,716
4.6 5.4 3.1 2.3 15.4
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TABLE 18. MODULAR

ANNUAL REVENUE REQUIREMENTS - BASE-CASE GYPSUM

Direct Costs

Conversion costs
Operating labor
Plant
Solids disposal
Process maintenance
Landfill operation
Land preparation
Trucks
Earthmoving equipment
Electricity
Analyses

Subtotal direct costs

Indirect Costs

Capital charges

Depreciation, interim replacement,

and insurance

Cost of capital and taxes
Plant overhead
Administrative overhead

Subtotal indirect costs

Total annual revenue requirements

Mills/kWh

Costs by area, k$

Air oxidation
modifications Thickening Filtration Disposal Total

294 144 438

745 745

64 32 96

7 7

30 30

79 79

20 28 48

11 6 17

389 210 861 1,460

201 115 52 368

234 135 96 465

185 9] 430 706

29 14 75 118

649 355 653 1,657

1,005 1,033 565 1,514 4,122
0.29 0.30 0.16 0.43 1.18




CASE VARIATIONS

Case variations for both processes were calculated to define cost
sensitivities to power plant size using both the declining-load and
constant-load operating schedules, power plant age, coal sulfur content,
coal ash content, distance to disposal site, and lime instead of lime-
stone scrubbing. The sludge - flyash blending process was also evalu-
ated using two additional case variations of limestone stoichiometry and
disposal of dewatered sludge and flyash in unblended alternate layers.

In addition to first-year annual revenue requirements, lifetime
revenue requirements were determined for both processes using three
power plant sizes and both the declining-load and constant-load
schedules.

Power Plant Size and Operating Schedule

Declining-Load Operating Schedule--

In addition to the 500-MW base-case condition, estimates were made
for 200- and 1500-MW power plants using the same conditions as were used
for the base case. Capital investments and annual revenue requirements
for the sludge - flyash blending processes are shown in Tables 19 and
20, and for the gypsum processes in Tables 21 and 22. The same data are
summarized graphically in Figures 7-12, illustrating the decrease in
disposal costs with increase in plant size. Capital investment for the
sludge - flyash blending process increases only 40% from the 200-MW to
the 500-MW plant sizes and 158% from the 200-MW to the 1500-MW plant
sizes, compared to power output increases of 150% and 650%. For the
gypsum process the capital investment increases only 37% and 1487 for
the same power output increases. Most of the differences in capital
cost between the power plant sizes are a result of lower process equip-
ment costs and mobile equipment costs relative to units of power output.
Land costs, which are directly related to the quantity of waste produced,
increase in proportion to power plant size.

Annual revenue requirements show the same disproportionately
smaller increases in relation to power plant size. In this case the
cause is smaller increases in operating labor and supervision for both
plant and disposal equipment, relative to power plant size. Landfill
costs, which are directly related to quantity of waste, increase in
proportion to power plant size.

Constant-Load Operating Schedule--

Estimates were also made for the three power plant sizes using a
constant-load operating schedule of 7000 hr/yr for the 30~-year l1life of
the power plant. The effect of this variation, resulting in a total
operating lifetime of 210,000 hours instead of the 127,500 hours of the
base~case declining-load operating schedule, is to increase land require-
ments for waste disposal, resulting in the increases in capital invest-
ment. Similarly, the only change in first-year annual revenue require-
ments 1s to increase the costs of capital and taxes which are based on
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TABLE 19. CAPITAL INVESTMENT ANALYSIS - SLUDGE - FLYASH BLEUDING

Capital investmenta

200 MW 500 MW 1500 MW
Percent Percent Percent
k$ of total k$ of total k$ of total
Process equipment 1,211 19.8 1,985 23.1 4,152 22.7
piping and insulation 117 1.9 139 1.6 214 1.
Foundation and structural 122 2.0 242 2.8 1,264 6.9
Excavation, site preparation,
roads and railroads 44 0.8 53 0.6 85 0.5
Electrical 284 4.6 345 4.0 54Q 3.0
Instrumentation 52 0.8 56 0.7 80 0.4
Buildings 504 8.2 504 5.8 954 5.2
Subtotal 2,334 38.1 3,324 38.6 7,289 39.9
Services and miscellaneous 35 0.6 50 0.6 109 0.6
Subtotal excluding trucks
and earthmoving equipment 2,369 38.7 3,374 39.2 7,398 40.5
Trucks and earthmoving equipment 451 7.3 581 6.8 1,307 7.1
Subtotal direct investment 2,820 46.0 3,955 46.0 8,705 47.6
Engineering design and supervision 288 4.7 334 3.9 472 2.6
Architect-engineering contractor
expense 72 1.2 83 0.9 118 0.7
Construction expense 511 8.4 686 8.0 1,316 7.2
Contractor fees 211 3.4 273 3.2 497 2.7
Subtotal 3,902 63.7 5,331 62.0 11,108 60.8
Contingency 780 12.7 1,066 i2.3 2,222 12.1
Subtotal fixed investment 4,682 76.4 6,397 74.3 13,330 72.9
Allowance for startup and
modification 423 6.9 582 6.8 1,202 6.6
Interest during construction 562 9.2 768 8.9 1,600 8.7
Subtotal capital investment 5,667 92.5 7,747 90.0 16.132 88.2
Land 221 3.6 536 6.3 1,607 8.8
Working capital 238 3.9 322 3.7 543 3.0
Total capital investment 6,126 100.0 8,605 100.0 18,282 100.0

4. Basis
New plant (30-year life), Midwest plant location, mid-1979 costs.
Coal analysis (by wt): 3.5% sulfur (dry basis), 16Z ash.
Fly ash and SO7 removed to meet NSPS.
Limestone process with 1.5 stoichiometry based on SO2 removed.
Landfill disposal 1 mile from scrubber facilities, trucks used for transport of treated
material to disposal site.
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TABLE 20. ANNUAL REVENUE REQUIREMENTS - SLUDGE - FLYASH BLENDING

Direct Costs

Conversion costs
Operating labor and supervision
Plant
Solids disposal equipment

Maintenance--plant labor and supervision,

47 of direct investment
Landfill operation
Land preparation
Trucks (fuel and maintenance)
Earthmoving equipment (fuel and
maintenance)
Electricity
Analyses

Subtotal conversion costs

Total direct costs

Indirect Costs

Capital charges
Depreciation, interim replacement,
and insurance at 7.837% of total
capital investment less land and
working capital
Average cost of capital and taxes
at 8.6% of total capital investment
Overhead
Plant, 50% of conversion costs less
utilities
Administrative, 10% of operating labor

Subtotal indirect costs
Total annual revenue requirement
Equivalent unit revenue requirements
Mills/kWh

$/wet ton
$/dry ton

Annual revenue requirecments, $d

T200 MW 500 MW 1500 MW
328,500 438,000 547,500
595,700 744,600 1,191,400
112,800 158,200 348,200

3,600 8,700 26,000
13,500 32,900 98,800
15,900 87,800 263,400
55,400 76,900 161,900
17,000 17,000 25,500

1,162,400 1,564,109 2,662,700

1,162,400 1,564,100 2,662,700
443,700 606,600 1,263,100
526,800 740,000 1,572,300
553, 500 743,600 1,250,400

92,400 118,300 173,900
1,616,400 2,208,500 4,259,700
2,778,800 3,772,600 6,922,400

1.99 1.08 0.66
12.39 6.87 4.20
16.73 9.29 5.69

a. Basis

New plant (30-year life), Midwest plant location, mid-1980 costs.

Coal analysis (by wt): 3.5% sulfur (dry basis), 16% ash.

Fly ash and SO removed to meet NSPS.

Limestone process with 1.5 stoichiometry based on SO2 removed.
Landfill disposal 1 mile from scrubber facilities, trucks used for transport of treated

material to disposal site.



TABLE 21.

CAPITAL INVESTMENT ANALYSIS - GYPSUM

Process equipment

piping and insulation
Foundation and structural
Excavation, site preparation,
roads and railroads
Electrical

Instrumentation

Buildings

Subtotal
Services and miscellaneous

Subtotal excluding trucks
and earthmoving equipment

Trucks and earthmoving equipment
Subtotal-direct investment
Engineering design and supervision
Architect-engineering contractor
expense
Construction expense
Contractor fees
Subtotal
Contingency
Subtotal fixed investment
Allowance for startup and
modification

Interest during construction

Subtotal capital investment

Land
Working capital

Total capital investment

Capital investment

200 MW 500 MW 1500 Mw

Percent Percent Percent

k$ of total _ k$ of total k$ of total
794 20.1 1,179 21.7 2,215 22.4
124 3.1 174 3.2 290 3.0
17 0.4 25 0.5 47 0.5
38 1.0 42 0.8 59 0.6
180 4.5 220 4.1 374 3.8
44 1.1 52 1.0 55 0.6
174 4.4 174 3.2 294 3.0
1,371 34.6 1,866 34.5 3,334 33.9
20 0.5 27 0.5 50 0.5
1,391 35.1 1,893 35.0 3,384 34.4
381 9.6 498 9.2 942 9.5
1,772 44.7 2,391 44.2 4,326 43.9
172 4.3 195 3.6 264 2.7
43 1.1 48 0.9 66 0.7
329 8.4 425 7.9 688 7.0
148 3.7 186 3.4 292 3.0
2,464 62.2 3,245 60.0 5,636 57.3
493 12.4 649 12.0 1,127 11.5
2,957 74.6 3,894 72.0 6,763 68.8
258 6.5 340 6.3 582 5.9
355 9.0 467 8.6 812 8.3
3,570 90.1 4,701 86.9 8,157 83.0
165 4.2 403 7.5 1,201 12.2
229 5.7 307 5.6 468 4.8
3,964 100.0 5,411 100.0 9,826 100.0

3. Basis

New plant (30-year life); Midwest plant location, mid-1979 costs.
Coal analysis (by wt): 3.5% sulfur (dry basis), 162 ash.

Fly ash removed with SO2 to meet NSPS.

Limestone process with 1.1 stoichiometry based on S03 removed.
Landfill disposal of 80% solids material 1 mile from scrubber facilities. trucks
used for transport of treated material to disposal site.
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TABLE 22. ANNUAL REVENUE REQUIREMENTS - GYPSUM

Annual revenue requirements, $§2

200-MW 500-MW 1500-MW
Direct Costs
Conversion costs
Operating labor and supervision 328, 500 438,000 547,500
Plant 744,600 1,042,400
Solids disposal equipment 595,700 ! e
Maintenance—plant labor and supervision,
4X of direct investment 70,900 95,600 173,000
Landfill operation
Land preparation 2,700 6,600 19,400
Trucks (fuel and maintenance) 12,200 29,800 89,300
Earthmoving equipment (fuel and
maintenance) 32,500 79,400 238,100
Electricity 22,500 49,300 116,300
Analyses 17,000 17,000 25,500
Subtotal conversion costs 1,082,000 1,460,300 2,251,500
Total direct costs 1,082,000 1,460,300 2,251,500
Indirect Costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 279,500 368,100 638,700
Average cost of capital and taxes
at 8.6% of total capital investment 343,000 465,300 845,000
Overhead
Plant, 50% of conversion costs less
utilities 529,800 705,500 1,067,400
Administrative, 10% of operating labor 92,400 118,300 159,000
Subtotal indirect costs 1,244,700 1,657,200 2,710,100
Total annual revenue requirements 2,326,700 3,117,500 4,961,600
Equivalent unit revenue requirements
Mills/kWh 1.66 0.89 0.47
$/wet ton 11.44 6.28 3.33
$/dry ton 14.31 7.86 4.17

a. Basis
New plant (30-year life), Midwest plant location, mid-1980 costs.
Coal analysis (by wt); 3.5% sulfur (dry basis), 162 ash.
Fly ash and SO2 removed to meet  NSPS,
Limestone process with 1.5 stoichiometry based on S02 removed.

Landfill disposal 1 mile from scrubber facilities, trucks used for tranmsport
of treated material to disposal site.
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Figure 7. Effect of power plant size on capital investment. New plant.
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capital investment. In both cases the increase in costs is slight, as
shown in Table 23 and graphically in Figures 13 and 14, as compared to
Figures 7 and 8,

TABLE 23. CAPITAL INVESTMENT AND ANNUAL REVENUE REQUIREMENTS

FOR DECLINING- AND CONSTANT~LOAD CONDITIONS, k5

200 Mw 500 MW 1,500 W

Load schedule Declining Constant Declining Constant Declining Constant
Sludge flyash blending
Capital investment 6.126 6,268 8,605 8,955 18,282 19,321
Annual revenue requirements 2,779 2,791 3,773 3,801 6,922 7,012
Gypsum
Capital investment 3,964 4,093 5,411 5,672 9,826 10,603

Annual revenue requirements 2,327 2,401 3,118 3.146 4,962 5,028

Total Lifetime Revenue Requirements--

In addition to first-year annual revenue requirements, lifetime
revenue requirements were calculated for the three power plant sizes for
both 30-year declining-load operating schedule and 30-year constant-load
operating schedule. The declining-load schedule uses the load schedule
described in the premises with a 127,500-hour operating lifetime. The
constant-load schedule consists of a 7,000 hr/yr, 210,000-hour operating
lifetime.

The yearly and cumulative detailed results of the declining-load
schedule are shown in Appendix B and are summarized in Table 24 and
Figure 15. The results are given as both actual cost and as costs
discounted at 11.6%Z to the initial year as described in the premises.
The same detailed results for the comstant-load schedule are shown in
Appendix C and are summarized in Table 25 and Figure i6.

Power Plant Remaining Life

Power plants with remaining lives of 25, 20, and 15 years, operating
at 7000 hr/yr at the same conditions as the base case, were evaluated.
Compared to the base cases, both processes have small decreases in
capital investment as shown below and in Figure 17.

Remaining life, years 30 (base case) 25 20 15
k$  $/ku kS  S/kW k$ S/l kS  $/kW
S8ludge - flyash blending
Process equipment 1,985 4.0 2,026 4.1 2,026 4.1 2,026 4.1
Land 536 1.1 389 0.8 242 0.5 137 0.3
Total capital investment 8,605 17.2 8,528 17.1 8,381 16.8 8,276 16.6
Gypsum
Process equipment 1,179 2.3 1,183 2.4 1,183 2.4 1,183 2.4
Land 403 0.8 154 0.3 95 0.2 56 0.1
Total capital investment 5,411 10.8 5,174 10.3 5,115 10.2 5,076 10.2
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TABLE 24. SUMMARY OF LIFETIME REVENUE REQUIREMENTS FOR SYSTEMS OPERATING ON

A DECLINING-LOAD SCHEDULE OVER THE 30-YEAR LIFE OF THE POWER PLANT®

Lifetime average Cumulative Levelized unit
Cumulative actual unit rvevenue requirements present worth revenue requirements
L lifetime revenue S/ton S/ton lifetime revenue $/ton $/con
Case requirements, $ M{lls/kWh dry solids wet solids requitements, $ Mills/kWh dry solids wet solids
Sludge - flyash blending
200 MW 70,341,600 2.76 22,95 17.21 23,903,700 2,40 7.80 5.85
500 MW 96,526,800 1.51 12.88 9.66 32,801,900 1.32 4,38 3.28
1500 MW 181,405,400 0.95 8.07 6.05 61,730,100 0.83 2.75 2.06
Gypsum
200 MW 62,063,000 2.43 21.00 16.80 21,047,100 2.12 7.12 5.70
500 MW 78,072,400 1.22 10.80 8.64 26,513,400 1.07 3.67 2.93
1500 Mw 126,375,500 0.66 4.66 5.83 42,998,600 0.56 1.98 1.59

b.
c.

d.

Basis: 3J0-yr life - 7000 hr for 10 yr, 5000 hr for 5 yr, 3500 hr for 5 yr; 1500 hr for 10 yr; Midwest plant location, mid-1980 revenue
requirements; constant labor cost assumed over the life of the project.

New plants, coal analysis (wt %): 3.5% S (dry), 16% ash, flyash and SOz removed to mect NSPS.

Discounted at 11.6% rto initial vear.

Equivalent to discounted process cost over life of power plant.
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Levelized unit revenue requirements, mills/kWh

3.0

2.4

1.8

1.2

0.6

i | | | | 1
0 Sludge - flyash
blending
\ X Gypsum
— o
X
o
0
X
Q=
pu— x—
| | | 1 1 L
0 250 500 750 1000 1250 1500
Power plant size, MW
Figure 15. Effect of power plant size on levelized unit revenue requirements. New

plant operating with declining annual operating load over 30-yr life.
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TABLE 25. SUMMARY OF LIFETIME REVENUE REQUIREMENT FOR SYSTEMS OPERATING

AT CONSTANT LOAD OF 7000 HR/YR DURING 30-YEAR LIFE OF THE POWER PLANT?

Lifetime average Levelized unit
Cumulative actual unit revenue requirements Cumulative present revenue requirements
b lifetime $/ton $/ton worth lifetime c $/ton $/ton
Case revenue requirements, $ Mills/kWh dry solids wet solids revenue requirements, S Mills/kWh dry solids wet solids

Sludge blending

200 Mw 85,472,400 2.04 17.16 12.70 25,546,100 2.20 5.14 3.80

500 MW 118,395,300 1.13 9.72 7.19 35,351,400 1.22 2.91 2.15

1500 MW 222,596,600 0.71 6.09 4.51 66,989,700 0.77 1.84 1.36
Gypsun

200 MW 77,691,300 1.85 15.96 12.77 22,691,000 1.95 4,66 3.73

500 Mw 98,403,500 0.94 8.26 6.61 28,800,400 0.99 2.43 1.94

1500 Mw 161,159,500 0.51 4.51 3.6!1 47,321,000 0.54 1.33 1.06
a. Bagig: Midwest plant location; 1980 revenue requirements; 30-yr life; 7,000 hr/yr operation; 210,000 hr total operating time.

b.
c.

New plant; coal analysis (wt X): 3.5% S (dry), 16X ash; flyash and S0, removed to meet NSPS.
Discounted at 11.6% to initial year.
Equivalent to digcounted process cost over life of power plant.
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Levelized unit revenue requirements, mills/kWh
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Figure 16. Effect of power plant size on levelized unit revenue requirements. New
plant operating at constant 7000 hr/yr throughout 30-yr life.
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Capital investment, M$

10

- ——
+
+ x (V)
-
Sludge - flyash
S o blending

X Gypsum

| I | | |

15 20 25
Remaining plant life, yr

Figure 17. Effect of remaining plant life on capital investment.
500-MW plant.



Process equipment and land costs produce the differences in capital
investment shown. The difference in process equipment costs is a
result of using a 9000 Btu/kWh heat rate for new plants and 9200 Btu/kWh
for existing plants. Land costs are based on the area needed to dispose
of the waste produced during the remaining life of the plant.

Annual revenue requirements, shown below and in Figure 18, increase
primarily as a result of increased capital charges. The increase in
capital charges is due to accelerated depreciation charges, partially

offset by a lower interim replacement allowance, as discussed in the
premises.

Remaining life, years 30 (base case) 25 20 15

k$ Mills/kWh k$ Mills/kWh k$ Mills/kWh k$ Mills/kWh
Sludge flyash blending 3,773 1.08 3,852 1.10 3,876 1.10 3,982 1.14
Gypsum 3,116 0.89 3,143 0.89 3,160 0.90 3,227 0.92

Sulfur in Coal

The sulfur content of coal was evaluated at 2% and 5% in additiom
to the base case 3.5%. The primary effects on capital investment are on

process equipment size, mobile equipment required, and land requirements
as shown below and in Figure 19.

Sulfur in coal, wt % dry 2.0 3.5 (base case) 5.0
k$ $/kH k$ $/kW k$ $/kW
Sludge — flyash blending
Process equipment 1,532 3.1 1,985 4.0 2,465 4.9
Mobile equipment 517 1.0 581 1.2 698 1.4
Land 340 0.7 536 1.1 735 1.5
Total capital investment 7,356 14.7 8,605 17.2 10,073 20.1
Gypsum
Process equipment 1,031 2.1 1,179 2.3 1,290 2.6
Mobile equipment 435 0.9 498 1.0 575 1.2
Land 284 0.6 403 0.8 511 1.0
Total capital investment 4,782 9.6 5,411 10.8 5,884 11.8

Annual revenue requirements are shown below and in Figure 20. The
differences are largely a result of differences in conversion costs,
pParticularly those related to transportation and landfill operatioms,
resulting from the different quantities of waste handled.

Sulfur in coal, wt % dry 2.0 3.5 (base case) 5.0

k$ Mills/kWh k$ Mills/kWh k$ Mills/kWh
Sludge - flyash blending 3,224 0.92 3,773 1.08 4,282 1.22
Gypsum 2,707 0.77 3,118 0.89 3,252 0.95

63



%9

Annual revenue requirements, M$

| l I |
- - X X _
— —
Slud -
[ o) b‘ieﬁgingflyaSh —
X Gypsum
I | | | I
0 15 20 25

Remaining plant life, yr

Figure 18. Effect of remaining plant life on annual revenue requirements.
500-MW plant.
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Figure 19. Effect of sulfur content of coal on capital investment.
New 500-MW plant.
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Figure 20. Effect of sulfur content of coal on annual revenue require-
ments. New 500-MW plant.



Ash in Coal

The ash content of the coal was evaluated at 12% and 20% in addition
to the base case 16%Z. As in the case of sulfur in coal, ash content
affects capital investment primarily in the size of process equipment,

mobile equipment, and land requirements, as shown below and in
Figure 21.

Ash in coal, wt % 12 16 (base case) 20
k$ $/kW k$ $/kW k$ $/kW

Sludge - flyash blending

Process equipment 1,788 3.6 1,985 4.0 2,173 4.3

Mobile equipment 581 1.2 581 1.2 665 1.3

Land 459 0.9 536 1.1 627 1.3

Total capital investment 7,917 15.8 8,605 17.2 9,309 18.6
Gypsum '

Process equipment 1,109 2.2 1,179 2.4 1,271 2.5

Mobile equipment 435 0.9 498 1.0 498 1.0

Land 329 0.7 403 0.8 480 1.0

Total capital investment 5,042 10.1 5,411 10.8 5.707 11.4

Annual revenue requirements, as shown below and in Figure 22, were
affected by conversion costs, particularly transportation and landfill
operations.
Ash in coal, wt 7% 12 16 (base case) 20
k$ Mills/kWh k$ Mills/kWh k$ Mills/kWh

Sludge - flyash blending 3,617 1.03 3,773 1.08 3,965 1.13
Gypsum 3,018 0.86 3,118 0.89 3,206 0.92

Lime Versus Limestone

The use of lime instead of limestone as the scrubber absorbent was
evaluated for both the sludge - flyash blending process and the gypsum
process. From a disposal standpoint the main process differences were
a 10% solids slurry from the scrubbers instead of 15% and a 1.0:1.0
absorbent to sulfur-removed stoichiometry for both cases instead of
1.5:1.0 for the sludge - flyash blending process and 1.1:1.0 for the
gypsum process when using limestone.

The main effects on capital investment are a reduction in process
equipment costs and land requirements because of the absence of unreacted
absorbent in the waste slurry. For the gypsum process the differences
are small because of the small differences in stoichiometry between the
lime and limestone processes.
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Figure 21. Effect of ash in coal on capital investment. New 500-MW plant.
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Sludge - flyash blending Gypsum

Base case Lime Base case Lime

k$ $/kW k$ S$/kW  k$ $/kW k$ $/kW
Process equipment 1,985 4.0 1,838 3.7 1,179 2.4 1,167 2.3
Mobile equipment 581 1.2 581 1.2 498 1.0 455 0.9
Land 536 1.1 452 0.9 403 0.8 389 0.8
Total capital investment 8,605 17.2 8,178 16.4 5,411 10.8 5,315 10.6

Annual revenue requirements, as shown below, are affected by lower
transportaion and landfill operation costs. The effects are slight in
the gypsum process because of the small stoichiometry differences.

Sludge - flyash blending Gypsum
Base case Lime Base case Lime
k$ Mills/kWh kS Mills/kWh k$ Mills/kWh k$ Mills/ky
3,773 1.08 3,650 1.04 3,118 0.89 3,104 0.89

Distance to Disposal Site

Distances of 5 and 10 miles to the disposal site were compared to
the base-case distance of 1 mile for both processes. In these case
variations the only capital-~investment direct cost significantly
affected is mobile equipment as shown below and in Figure 23.

Distance to disposal site 1 mile (base case) 5 miles 10 miles
k$ $/kW k$ $/kwW k$ $/kN
Sludge - flyash blending
Mobile equipment 581 1.2 777 1.6 992 2.0
Total capital investment 8,605 17.2 8,969 17.9 9,334 18.7
Gypsum
Mobile equipment 498 1.0 712 1.4 849 1.7
Total capital investment 5,411 10.8 5,750 11.5 6,005 12.0

Annual revenue requirements were increased by costs related to
transportation--particularly disposal labor and supervision and truck
fuel and maintenance--as shown below and in Figure 24.
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Distance to disposal site 1 mile (bage case) 5 miles 10 miles

k$ Mills/kWh k$ Mills/kWh k$ Mills/kWh
sfudge ~ flyash blending
Disposal labor 745 0.21 1,042 0.30 1,191 0.34
Trucks 33 0.01 110 0.03 214 0.06
Total annual revenue
requirements 3,773 1.08 4,425 1.26 4,891 1.40
Gypsum
Disposal ldbor 745 0.21 1,042 0.30 1,192 0.34
Trucks 30 0.01 99 0.03 194 0.06
Total annual revenue
requirements 3,118 0.89 3,694 1.05 4,286 1.22

Sludge — Flyash Blending Stoichiometry

A case variation for the sludge - flyash blending process was made
using a 1.3:1.0 calcium carbonate to sulfur-removed stoichiometry instead
of the base~-case 1,5:1.0 stoichiometry. The main effects are a reduc-
tion in process equipment costs and land requirements. Process equip-
ment cost is 1,771 k$, or 3.5 $/kW, and land cost is 497 k$, or 1.0
$/XW, compared to the base-case process equipment cost of 1,985 k$, or
4.0 $/kW, and land cost of 536 k$, or 1.1 $/kW. Total capital invest-
ment is 8,160 k$, or 16.3 $/kW, for the 1.3:1.0 stoichiometry process as
compared to 8,605 k$, or 17.2 $/kW, for the base case.

Annual revenue requirements are affected by slight reductions in
land preparation and transportation costs, and by costs related to
capital investment. Annual revenue requirements for the 1.3:1.0
stoichiometry process are 3,673 k$, or 1.04 mills/kWh, as compared to
3,773 k$, or 1.08 mills/kWh, for the base case.

Sludge - Flyash Lavering

For the sludge - flyash blending process a case variation was
determined for separate transportation of dewatered sludge and flyash to
the disposal site where they were dumped in alternate layers. The major
differences between the layering disposal method and the base case are
mobile equipment costs resulting from the more complex landfill operations
in which two materials are deposited simultaneously. Mobile equipment
cost is 751 k$, or 1.5 $/kW, for the layering method, compared to 581
k$, or 1.2 $/kW, for the base case. Total capital investment for the
layering method is 8,743 k$, or 17.5 $/kW, compared to 8,605 k$, or 17.2
$/kW, for the base case.

Annual revenue requirements increase slightly in the layering case
by additional equipment operating and maintenance costs, offset by
slightly lower electrical costs. Annual revenue requirements for the
layering case are 3,866 k$, or 1.10 mills/kWh, compared to 3,773 k$, or
1.08 mills/kWh, for the base case.
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Waste Production Rate

The rate of waste production differs for most cases. In several
cases the waste rate is the most significant variable for the case. The
annual revenue requirements were calculated as unit revenue requirements
based on dollars per ton on the basis of wet waste and of dry solids
produced. These unit revenue requirements for a range of waste produc-
tion rates are shown in Figures 25 and 26.

Land Requirements

Land requirements are almost completely a function of disposal
requirements, based on the premise conditions for percent solids, bulk
density, and landfill depth. The land requirements in acres and as a
percentage of total capital investment are shown in Table 26. The land
requirements range from 756 acres for the 1500-MW plant, sludge - flyash
blending process with a constant 7000 hr/yr operating schedule to 16
acres in the 15-year-old 500-MW plant with the gypsum process. For the
base cases, the sludge - flyash blending process requires 153 acres and
the gypsum process requires 115 acres. In contrast to the large acreage
requirements, land costs range from 1% to 20% of the total capital
investment and for most cases are less than 10%.

Comparison with Other Waste Disposal Processes

The sludge - flyash blending process and the gypsum process can
also be compared with untreated-sludge ponding and the chemical-
treatment processes previously evaluated (3). Table 27 shows summarized
capital investments and annual revenue requirements for untreated ponding,
the three chemical-treatment processes previously evaluated, and the
sludge - flyash blending and gypsum processes. Areas in which the major
cost differences occur are shown separately. In the untreated-sludge
ponding process the 15% solids sludge is pumped directly to an earthen-
diked pond. 1In the Dravo ponding process it 1is dewatered to 35% solids,
treated with additives, and pumped to a pond where it settles and hardens.
The similar Dravo landfill process uses the same process but the hardened
waste 1s removed and discarded as landfill, thus reducing land require-
ments. Both the IUCS and Chemfix processes treat 607% solids dewatered
sludge with chemical additives and discard it as landfill.

The capital investments of the seven processes are ranked below.

Disposal only Scrubbers + disposal

k$ $/kW k$ $/kW
Gypsum + air oxidation 7,714 15.4 44,082 88.2
IUCS 10,717 21.4 47,085 94,2
Dravo landfill 12,670 25.3 49,038 98.1
Chemfix 13,531 27.1 49,849 99.7
Untreated ponding 17,211  34.4 53,579 107.2
Sludge - flyash
blending + ESP units 18,219 36.4 54,587 109.2
Dravo ponding 24,114 48.2 60,482 121.0
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TABLE 26. LAND REQUIREMENTS AND COSTS

Sludge - flyash blending Gypsum
a % capital % capital
Case Acres investment Acres investment
Base case 153 6 115 8
Variation from base case
200 MW 63 4 47 4
1500 MW 459 9 343 12
Existing, 25-year remaining life 111 5 44 3
Existing, 20-year remaining life 69 3 27 2
Existing, l5-year remaining life 39 2 16 1
22 sulfur in coal 97 5 81 6
5% sulfur in coal 210 7 146 9
12% ash in coal 131 6 94 7
20% ash in coal 179 7 137 3
Lime scrubbing process 129 6 111 7
5 miles to disposal 153 6 115 7
10 miles to disposal 153 6 115 7
7000 hr/yr operating profile 252 10 188 12
200 MW, 7000 hr/yr operating profile 104 6 77 7
1500 MW, 7000 hr/yr operating profile 756 14 565 19
Sludge flyash layering 153 6 -
1.3 stoichiometry 142 6 -

a., The unit cost of land for all cases is $3500/acre.
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TABLE 27.

BASE~CASE COST COMPARISON OF

SEVEN DISPOSAL ALTERNATIVES

Capital investment
Pond construction
Mobile equipment
Other direct investment

Total direct investment
Land
Other capital investment
Total
Total with ESP or oxidation
Total with scrubbers®
Annual revenue requirements
Raw materials
Conversion
Total direct costs
Indrect costs
Total
Total with ESP or oxidation
Total with scrubbers
Lifetime revenue requirements

Total
Discounted totalf

.

Untreated sludge  Sludge-fly ash Dravo Dravo
ponding blending Gypsum ponding landfill IUCS Chemfix
kS z kS % k$ % kS 7 kK X k§ T k§ %
7,251 42 7,410 31
581 7 498 9 739 6 581 6 442 3
1,914 1 3,374 _39 1,893 _35 4,943 20 4,83 38 4,301 _40 5,775 _43
9,165 53 3,955 46 2,391 44 12,353 51 5,573 44 4,882 46 6,217 46
1,423 8 536 6 403 8 1,450 6 1,007 8 676 6 693 5
6,623 39 4,114 48 2,617 48 10,311 43 6,090 48 5,159 48 6,621 49
17,211 100 8,605 100 5,411 100 24,114 100 12,670 100 10,717 100 531
18,219P 7,714¢ ’ ! 13,331 100
53,579 54,587 44,082¢ 60,482 49,038 47,085 49,849
1,840 27 1,840 28 859 16 2,177 31
577 _18 1,564 41 1,460 47 979 _15 1,835 _28 1,791 34 1,758 25
577 18 1,564 41 1,460 47 2,819 42 3,676 56 2,650 50 3,935 56
2,703 82 2,209 59 1,657 53 3,882 58 2,944 44 2,661 50 3,053 44
3,280 100 3,773 100 3,117 100 6,701 100 6,620 100 5,291 100 6,988 100
5,7484 4,122¢
15,122 l7.590d 15,964% 18,543 18,462 17,133 18,830
97,758 96,527 78,072 175,765 131,224 167,942
33,612 32,802 26,513 62,053 45,382 59,099

a. Basic limestone scrubber capital investment is 36,368 k$; annual revenue requirements are 11,842 h$ (22).
b. Includes 9,614 k$ for ESP units.
e. Includes 2,303 k§ for air-oxidation scrubber modifications.
d. Includes 1,975 k$ for ESP units.
e. Includes 1,005 k§ for air-oxidation scrubber operationm.
f. Discounted at 11.6% to initial year.



Important elements in the relative capital cost ranking are pond
construction and the amount of equipment required to dewater and blend
the wastes and additives. In the sludge - flyash blending and gypsum
processes additional equipment is also required to produce dry flyash or
highly oxidized sludge. Land costs, at the $3500/acre used, and mobile
equipment costs are important but not major capital cost elements and
are also partially counteracting.

Pond construction cost is considerably greater than the offsetting
equipment simplification and is largely responsible for the low ranking
of the untreated-sludge ponding alternative. The Dravo ponding option
combines both additional equipment requirements and ponding. Use of a
small pond and landfill disposal considerably improves the Dravo land-
fill alternative ranking, making it similar in capital cost to the other
chemical-fixation processes,

The low ranking of the sludge - flyash blending process, which
combines low equipment costs with low land requirements, is largely a
result of the ESP units, which account for over half of the total capital
costs, excluding scrubbing.

The gypsum process combines several favorable elements. Excluding
air-oxidation costs it has the lowest direct investment, primarily
because of improved dewatering and waste density characteristics and
lack of blending requirements. In addition, the additional capital
costs for air oxidation are only $2,303,000, much less than pond con-
struction.

Annual revenue requirements, based on first-year, 7000-hour
operation, are shown below.

Disposal only Scrubbers + disposal

k$ Mills/kWh k$ Mills/kWh

Untreated ponding 3,280 0.94 15,122 4.32
Gypsum + air oxidation 4,122 1.18 15,964 4.56
IUCS 5,291 1.51 17,133 4.90
Sludge -~ flyash

blending + ESP units 5,748 1.64 17,590 5.03
Dravo landfill 6,620 1.89 18,462 5.27
Dravo ponding 6,701 1.91 18,543 5.30
Chemfix 6,988 2.00 18,830 5.38

The ranking based on annual revenue requirements illustrates the
effects of conversion and raw material costs. Untreated-sludge ponding,
with low conversion costs and no raw material costs, becomes the least-
expensive process to operate. Raw material costs composing over half of
the direct costs, combined with relatively high conversion costs, result
in low ranking for the Dravo and Chemfix processes. The IUCS process,
with lower raw material costs, is less affected.
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The sludge - flyash blending process compares more favorably with
the chemical-treatment processes. ESP costs are approximately a third
of the annual revenue requirements for this process but conversion costs
are similar to the chemical-treatment processes and it requires no raw
materials.

The economic advantages of the gypsum process compared to the other
sludge-treatment processes are again evident. Conversion costs are the
lowest of the nonponding processes and the additional costs for air
oxidation are 0.29 mill/kWh compared to 0.56 mill/kWh for ESP operation
and 0.53 and 0.62 mill/kWh for raw materials in the Dravo and Chemfix
processes. Combined with low indirect costs resulting from its
relatively low capital investment, the gypsum process has the smallest
annual revenue requirements of all the alternatives evaluated except
ponding.
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CONCLUSIONS

The gypsum process has a large advantage over the sludge - flyash
blending process in capital investment and a smaller advantage in annual
revenue requirements. This is true for the base-case conditions and, to
only slightly greater or lesser degree, for all of the case variations
studied. The advantage is, in general, a result of the process chemistry,
the additional processing steps required for the sludge - flyash blending
process, and the superior dewatering and bulk density characteristics of
the gypsum waste. The advantage of the gypsum process is enhanced when
costs for ESP units and air oxidation are included in the waste disposal
process costs.

The sludge - flyash blending process requires equipment for storing
and metering the flyash and for mixing it with the dewatered sludge
which is not required for the gypsum process. Equipment size is smaller
for the sludge - flyash blending process in some respects because flyash
does not enter the dewatering process, but this is counteracted by its
poorer dewatering characteristics. In addition, the stoichiometry of
the basic limestone scrubbing system results in larger amounts of
unreacted limestone in the waste compared to the air-oxidation process.
The overall result is a 50 to 90% larger major-equipment cost (depending
on the case variation) for the sludge - flyash blending process. These
higher equipment costs are a major element in the capital investment and
annual revenue requirement cost differences between the two processes.

The gypsum process has a further advantage in the smaller weight
and volume of waste generated. Although 25 weight percent more sulfur-
salt waste is generated in the gypsum process, because of the additional
oxidation and hydrated water, this is more than compensated for at base-
case stoichiometry conditions by lower quantities of unreacted limestone
and water in the waste. Consequently the total weight of waste produced
is slightly reduced and the total volume substantially reduced. This
has a direct effect on land requirements. It has a less proportional
effect on disposal costs; mobile equipment and labor requirements cannot
vary continuously with waste quantities because of the incremental
nature of the costing units. In general, the gypsum process is also
more economical in elements related to the volume of waste generated but
the effects of these costs are less important in the cost relationship
between the two processes than the effects of major-equipment costs.

81



BASE CASE

Capital investment for the sludge - flyash blending process is 17.2
$/kW for the disposal system and 36.4 $/kW for the system with ESP
capital investment included. Capital investment for the gypsum process
is 10.8 $/kW for the disposal system and 15.4 $/kW for the system including
air-oxidation capital investment. Most of the difference, other than
the large difference between ESP and air-oxidation costs, is a result of
major-equipment costs of 4.0 $/kW for the sludge - flyash blending
process and 2.4 $/kW for the gypsum process. Thickener costs, which are
about half of the equipment costs in dewatering, are much greater for
the poorly settling sulfite-rich sludge of the sludge - flyash blending
process, more than counteracting the larger costs for combined flyash -
sulfate sludge dewatering in the gypsum process.

In addition, about a third of the sludge - flyash blending equip-
ment costs are for flyash handling and blending which are not used in the
gypsum process. Overall major process equipment costs are nearly 707%
larger for the sludge - flyash blending process than for the gypsum
process because of larger thickener requirements and flyash handling and
blending requirements.

In comparison, the capital investment cost advantages of the gypsum
process related to its higher bulk density are relatively minor. Equip-
ment costs for mobile equipment are much less than process equipment
costs and the same number of loaders, trucks, and landfill earthmoving
machines is required for both processes. The smaller sizes of the
equipment in the gypsum process result in a relatively minor cost
reduction.

In general, for the base-case conditions, capital investment is
higher for the sludge - flyash blending process because of higher
thickener costs and because flyash handling and mixing equipment, not
required for the gypsum process, is needed. Relatively minor mobile
equipment and land costs contribute to the cost differences. In com-
paring total capital costs, the sludge - flyash blending process is
further handicapped by high ESP costs compared to air-oxidation capital
investment costs.

Annual revenue requirements for the two base cases are 1.08 mills/kWh
for the sludge - flyash blending process and 0.89 mill/kWh for the
gypsum process. Direct costs, consisting entirely of conversion costs,
are primarily for plant and mobile equipment operating labor and super-
vision for both processes. The labor and supervision costs are 32% of
the sludge - flyash blending process annual revenue requirements and 38%
of the gypsum process annual revenue requirements, The actual labor and
supervision costs are $1,183,000 for both processes, the smaller volume
of gypsum process waste providing no advantage at the base-case conditions
because of the incremental nature of operator requirements. Mobile
equipment operation involved in transportation and placement of the
waste constitutes 63% of the total labor and supervision costs for both
processes.
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Other direct costs are relatively minor compared to the labor and
supervision costs. Landfill operation costs, consisting of land prepa-
ration and mobile equipment fuel and maintenance, are 9% of the sludge ~
flyash blending direct costs and 8% of the gypsum process direct costs.
Utility costs, consisting entirely of electricity, are minor for both
processes.

Total direct costs are 0.45 mill/kWh for the sludge - flyash
blending process and 0.42 mill/kWh for the gypsum process. The remaining
difference in annual revenue requirements is indirect costs based on
capital investment.

When annual revenue requirements of 0.56 mill/kWh for ESP operation
and 0.29 mill/kWh for air oxidation are included, the difference between
the annual revenue requirements of the processes is more pronounced,
becoming 1.64 mills/kWh for the sludge - flyash blending process and
1.18 mills/kWh for the gypsum process.

CASE VARIATIONS

In the range of premise changes used in the case variations the
gypsum process remains less costly than the sludge - flyash blending
process in both capital investment and annual revenue requirements.

The gypsum process capital costs are approximately three-fifths as large
as the sludge ~ flyash blending process capital costs and revenue require-
ments are approximately four-fifths as large for all case variations.
Some case variations produce large to moderate changes in disposal costs
for both processes, as shown in Tables 28 and 29. These are those in
which the cost areas affected involve process equipment and operating
labor and supervision, such as plant size, fuel composition, and distance
to the disposal site. Case variations producing large changes in land
and mobile equipment costs have less effect on overall costs because of
the relatively small portion of the overall costs that these elements
represent.

Power Plant Size

Power plant size in the 200-MW to 1500-MW range evaluated has the
largest effect on both capital investment and annual revenue require-
ments. The differences, particularly large in capital investment, are
the result of economics of scale, both in equipment and manpower require-
ments. The differences in capital investment are primarily a result of
lower increases in both process and mobile equipment costs relative to
power output increases. Similarly, annual revenue requirement differences
are primarily a result of lower increases in both process and solids
disposal labor and supervision, relative to power output increases.

Most significantly, the cost relationships between the two processes
are not affected by the disposal-cost variations with size. The gypsum
process remains a considerably less costly process at all three power
plant sizes. Capital investment for the gypsum process increases about
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TABLE 2&. EFFECT OF CASE VARIATIONS ON TOTAL CAPITAL INVESTMENT

AND ANNUAL REVENUE REQUIREMENTS - SLUDGE - FLYASH BLENDING

Percent change from base case

Capital Revenue
Variation from base case’ investment requirements
200 MW -29 -27
1500 Mw 112 84
Existing, 25-yr remaining life -1 2
Existing, 20-yr remaining life -3 3
Existing, 15-yr remaining life -4 6
2% S in coal -15 -15
5% S in coal 17 12
12% ash in coal -8 =4
20% ash in coal 8 4
Lime scrubbing process -5 -3
5 mi to disposal 4 18
10 mi to disposal 8 30
7000 hr/yr operating profile 4 1
200 MW, 7000 hr/yr operating profile =27 ~26
1500 MW, 7000 hr/vr operating profile 125 86
Sludge - flyash layering 2 2
1.3 stoichiometry -5 -3

a. Base case: 500-MW new plant with 30-yr life.
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TABLE 29. EFFECT OF CASE VARIATIONS ON TOTAL CAPITAL INVESTMENT

AND ANNUAL REVENUE REQUIREMENTS - GYPSUM

Percent change from base case

Capital Revenue
Variation from base case? investment requirements
200 MW -26 -20
1500 Mw 82 59
Existing, 25-yr remaining life -4 1
Existing, 20-yr remaining life -5 1
Existing, 15-yr remaining life -6 4
2% S in coal -12 -13
52 S in coal 9 4
12% ash in coal -7 -3
20% ash in coal 5 3
Lime scrubbing process =2 0
5 mi to disposal 6 19
10 mi to disposal 11 37
7000 hr/yr operating profile 5 1
200 MW, 7000 hr/yr operating profile =24 -23
1500 MW, 7000 hr/yr operating profile 96 61

a. Base case: S5S00-MW new plant with 30-yr life.
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two and one-half times with power plant size increase from 200-MW to
1500-MW, while the sludge - flyash blending process increase is about
three times. Revenue requirements increase about two times for the
gypsum process and about two and one-half times for the sludge - flyash
blending process. Overall, khowever, the gypsum process retains its cost
advantage at all power plant sizes evaluated.

The same three power plant sizes were also evaluated using a constant-
load operating schedule of 7,000 hr/yr over the power plant life, result-
ing in a 210,000-hour lifetime operating schedule instead of 127,500
hours. The result is to proportionally increase land requirements,
based on the additional amount of waste produced, with minor increases
in capital costs, insignificant increases in first-year annual revenue
requirements, and no change in the relative cost relationships of the
two processes,

Lifetime revenue requirements also show the gypsum process to the
same advantage over the sludge — flyash blending process. The first-
year annual revenue requirements of the gypsum process are 83% of the
first-year annual revenue requirements of the sludge - flyash blending
process. For the lifetime revenue requirements they are 807 of the
sludge - flyash blending process lifetime revenue requirements.

Remaining Life

Remaining power plant lives of 25, 20, and 15 years were compared
to the base-case 30-year remaining life. Land requirements are the only
large capital investment changes and these have little effect on the
total capital investment, which decreases 4% and 6%, reapectively, for
the sludge - flyash blending and gypsum processes as the plant remaining
life decreases from 30 to 15 years., First-year annual revenue require-
ments are marginally increased by indirect costs related to the acceler-
ated depreciation rate.

Sulfur in Coal

Coal sulfur contents of 2% and 5%, compared to the base-case 3.5%,
have a considerable effect on both capital investment and annual revenue
requirements of both processes. Coal sulfur increase from 2% to 5%
increases capital investment for the sludge - flyash blending process by
37% and increases capital investment for the gypsum process by 23%. The
capital investment cost differences are a result of changes in process
equipment size, with lesser effects from changes in mobile equipment and
land costs. Annual revenue requirements increase 33% in the sludge -
flyash blending process and 20% in the gypsum process for the same coal
sulfur increases, primarily because of conversion cost increases, particu-
larly disposal labor and supervision costs.

Ash in Coal

Ash content of coal has an effect on both capital investment and
revenue requirements similar to the effect of sulfur, and for the same
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reasons. The sludge -~ flyash blending process, with a larger proportion
of the process equipment involved in flyash processing, has a propor-
tionally larger increase in capital costs with increasing ash content
than the gypsum process. Revenue requirements for the two processes
increase moderately, by about 9% for the sludge - flyash blending process
ang 6% for the gypsum process as coal ash content increases from 12% to
20%.

Lime Versus Limestone

The use of lime instead of limestone as the absorbent has a much
larger effect on the sludge - flyash blending process than it had on the
gypsum process because of the larger improvement in stoichiometry for
the sludge ~ flyash blending process. Both process equipment and land
costs were reduced for this process while there was no significant
corresponding decrease for the gypsum process. The result is a 5%
decrease in capital investment for the sludge - flyash blending process
and only a 2% decrease for the gypsum process. The magnitude of these
improvements, however, does not greatly effect the cost relationships of
the two processes. Changes in annual revenue requirements were also
larger for the sludge - flyash blending process and insignificant for
the gypsum process, again with marginal effect on the cost relationships
of the two processes.

Distance to Disposal Site

Distance to disposal site was evaluated at distances of 5 and 10
miles compared to 1 mile for the base case. This case variation
essentially evaluates trucking costs, the only cost affected, in relation
to total disposal costs. The increase in capital investment, consisting
of additional trucks, is slight, 4% at 5 miles and 8% at 10 miles for
the sludge - flyash blending process, and 6% at 5 miles and 11% at 10
miles for the gypsum process with a larger proportion of its equipment
in mobile equipment.

Annual revenue requirements, conversely, have the largest increases
of all case variations studied except power plant size. The sludge -
flyash blending process has increases of 17% and 30% at 5 and 10 miles,
respectively, and the gypsum process has increases of 19% and 37%. The
differences are a result of greatly increased landfill labor and super-
vision costs, which increase 40% and 60% at 5 and 10 miles for each
process, and mobile equipment fuel and maintenance costs which increase
230% and 550%Z at 5 and 10 miles for both processes.

The results indicate that transportation costs, 1f conducted by
trucking, are a major consideration in waste disposal if the distances

are more than nominal.

Sludge - Flyash Layering

Separate transportation of flyash and dewatered sludge to the
disposal site is 2% higher in both capital investment and annual revenue
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requirements. Process equipment costs are reduced only 2% by elimination
of the blending process while mobile equipment costs are increased 30%,
pProducing the 2% increase in capital investment. Landfill operations,
primarily mobile equipment fuel and maintenance, account for most of the
annual revenue requirement_ increase.

Sludge - Flyash Blending 1.3 Stoichiometry

This case variation, which has the effect of reducing the quantity
of sludge by eliminating about 6700 1b/hr of unreacted limestone from
the waste stream, reduces capital investment by 5% because of smaller
process equipment size. Annual revenue requirements are reduced 3%
because of reduced mobile equipment operating costs. Neither mobile
equipment capital investment nor process and landfill labor and super—
vision costs are reduced.
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RECOMMENDATIONS

The results of the two waste disposal economic studies completed by
TVA provide a basis of comparison for several disposal alternatives and
establish factors having major influences on cost relationships of the
processes. Many of these factors are continually changing, however.
The two processes evaluated in this report are still in a development
stage; chemical-treatment processes are still evolving. Refinements in
process technology and changes in raw material requirements could
significantly alter the cost relationship of the processes. In additionm,
regulations affecting disposal procedures could change the overall costs
of landfill and ponding operations as well as promote process-specific
waste characteristics such as permeability to greater cost significance.

These factors create a need for periodic updating of economic
information on waste disposal methods, Current experimental and operating
data, particularly on air-oxidation and dewatering technology, should be
incorporated into future studies. Vendor modifications to chemical-
treatment processes should also be included. The effects of anticipated
solid waste disposal regulations should be included in disposal costs
and related to process-specific waste characteristics.
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APPENDIX A
TOTAL CAPITAL INVESTMENT AND ANNUAL REVENUE REQUIREMENT TABLES -

ALL PROCESSES AND CASE VARIATIONS
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TABLE A-1. SLUDGE BLENDING?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Base case)

Percent of Percent of
direct total capity
Total, k§ investment investmgﬂi
Process equipment 1,985 50.2 23.1
Piping and insulation 139 3.5 1.6
Foundation and structural 242 6.1 2.8
Excavation, site preparation, roads
and railroads 53 1.3 0.6
Electrical 345 8.7 4.0
Instrumentation 56 1.5 0.7
Buildings 504 12.7 5.8
Subtotal 3,324 84.0 38.6
Services and miscellaneous 50 1.3 0.6
Subtotal excluding trucks and
equipment 3,374 85.3 39.2
Trucks and earthmoving equipment 581 14.7 6.8
Subtotal direct investment 3,955 100.0 46.0
Engineering design and supervision 334 8.8 3.9
Architect and engineering contractor 83 2.1 0.9
Construction expense 686 17.2 8.0
Contractor fees 273 6.9 3.2
Subtotal 5,331 135.0 62.0
Contingency 1,066 27.0 12.3
Subtotal fixed investment 6,397 162.0 74.3
Allowance for startup and modifications 582 14.6 6.8
Interest during construction 768 19.4 8.9
Subtotal capital investment 7,747 196.0 90.0
Land 536 13.9 6.3
Working capital 322 8.1 3.7
Total capital investment 8,605 218.0 100.0
a. Basis
New 500-MW plant (30-yr life); 409 klb/hr (15% solids) sludge, 54 k1b/hf
dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5%Z S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone procesS
with 1.5 stoichiometry based on S02 removed. Landfill disposal, 153 acré
1 mi from scrubber facilities, 74% solids.
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TABLE A-2. SLUDGE - FLYASH BLENDING?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Base case)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $§ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 438,000 11.6
Solids disposal equipment 43,800 man-hr 17.00/man~hr 744,600 19.7
Maintenance--plant labor and super-
vigsion, 4% of direct investment 158,200 4,2
Landfill operation
Land preparation 8,700 0.2
Trucks (fuel and maintenance) 548,720 tons 0.06/ton 32,900 0.9
Earthmoving equipment (fuel and
maintenance) 548,720 tons 0.16/ton 87.800 2.3
Electricity 2,652,800 kWh 0.029/kth 76,900 2.0
Analyses 1,000 hr 17.00/hr _.17.000 0.5
Subtotal conversion costs 1,564,100 41.4
Subtotal direct costs 1,564,100 41.4
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance ar 7.832 of total
capital investment less land and
working capital 606,600 16.0
Average cost of capital and taxes
at 8.6% of total capital investment 740,000 19.6
Overhead
Plant, 50% of conversion costs less
utilities 743,600 19.7
Administrative, 10% of operating labor 118,300 33
Subtotal indirect costs 2,208,500 58.6
Total annual revenue requirements 3,772,600 100.0
$/dry ton  $/wet ton  mills/kWh
Equivalent unit revenue requirements 9.29 6.87 1.08
a. Basgis

Remaining plant 1ife, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $8,605,000.

Midwest plant location, mid-1980 operating costs.



TABLE A-3. SLUDGE BLENDING?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

200 MW)

Percent of

Percent of

direct total capita)
Total, k$ investment investment

1,211 42.9 19.8
117 4.1 1.9
122 4.3 2.0
44 1.6 0.8
284 10.1 4.6
52 1.9 0.8
504 17.9 8.2
2,334 82.8 38.1
35 1.2 0.6
2,369 84.0 38.7
451 16.0 7.3
2,820 100.0 46.0
288 10.2 4.7
72 2.6 1.2
511 18.1 8.4
211 7.5 3.4
3,902 138.4 63.7
780 27.6 12.7
4,682 166.0 76.4
423 15.1 6.9
562 19.9 9.2
5,667 201.0 92.5
221 7.8 3.6
238 8.4 3.9
6,126 217.2 100.0

a. Basis

New 200-MW plant (30-yr life); 167 klb/hr (15% solids) sludge, 22 klb/hr

dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5%Z S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS.

with 1.5 stoichiometry based on S07 removed.
1 mi from scrubber facilities, 74% solids.
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TABLE A-4. SLUDGE - FLYASH BLENDING?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 200 MW)

Percent of

S/dry ton $/wet ton mills/kWh

Equivalent unit revenue requirements 16.73 12.39 1.99

Total total annual
Annual Unitc annual revenue revenue
quantity cost, § requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 26,280 man-hr  12.50/man-hr 328,500 1.8
Solids disposal equipment 35,040 man-hr  17.00/man-hr 595, 700 V4
Maintenance--plant labor and super-
vision, 42 of direct investment 112,800 4.1
Landfill operation
Land preparation 3,600 0.1
Trucks (fuel and maintenance) 224,375 tons 0.06/ton 13,500 0.5
Earthmoving equipment (fuel and
maintenance) 224,375 tons 0.16/ton 35,900 1.3
Electricity 1,788,500 kWh 0.031/kwh 55,400 2.0
Analyses 1,000 hr 17.00/hr 17,000 0.6
Subtotal conversion costs 1,162,400 1.8
Subtotal direct costs 1,162,400 41.8
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capical 443,700 16.0
Average cost of capital and taxes
at B.6Z of total capital investment 526,800 19.0
Overhead
Plant, 50% of conversion costs less
utilities 553,500 19.9
Administrative, 10Z of operating labor 92,400 3.3
Subtotal indirect costs 1,616,400 58.2
Total annual revenue requirements 2,778,800 100.0

a. Basis
Remaining plant life, 30 yr.
Coal burned, 175 klb/hr, 9,200 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.
Total capital inveatment, $6,126,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-5. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 1500 MW)

Percent of Percent of
direct total capitg]
Total, k$§ investment investment
Process equipment 4,152 47.7 22.7
Piping and insulation 214 2.4 1.2
Foundation and structural 1,264 14.5 6.9
Excavation, site preparation, roads
and railroads 85 1.0 0.5
Electrical 540 6.2 3.0
Instrumentation 80 0.9 0.4
Buildings 954 11.0 5.2
Subtotal 7,289 83.7 39.9
Services and miscellaneous 109 3 0.6
Subtotal excluding trucks and
equipment 7,398 85.0 40,5
Trucks and earthmoving equipment 1,307 15.0 7.1
Subtotal direct investment 8,705 100.0 47.6
Engineering design and supervision 472 5.4 2.6
Architect and engineering contractor 118 1.4 0.7
Construction expense 1,316 15.1 7.2
Contractor fees 497 5.7 2.7
Subtotal 11,108 127.6 60.8
Contingency 2,222 25.5 12.1
Subtotal fixed investment 13,330 153.1 72.9
Allowance for startup and modifications 1,202 13.8 6.6
Interest during construction 1,600 18.4 8.7
Subtotal capital investment 16,132 185.3 88.2
Land 1,607 18.5 8.8
Working capital 543 6.2 3.0
Total capital investment 18,282 210.0 100.0
a, Basis

New 1500-MW plant (30-yr life); 1,228 klb/hr (15% solids) sludge, 163 k1b/M
dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with ESP, Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on SO, removed. Landfill disposal, 459 acres
1 mi from scrubber facilities, 74% solids.
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TABLE A-6., SLUDGE - FLYASH BLENDING2

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 1500 MW)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, § requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 43,800 man~hr  12.50/man-hr 547,500 8.0
Solids disposal equipment 70,080 man-hr 17.00/man-hr 1,191,400 17.2
Maintenance--plant labor and super-
vision, 4% of direct investment 348,200 5.0
Landfill operation
Land preparation 26,000 0.4
Trucks (fuel and maintenance) 1,646,148 tons 0.06/ton 98,800 1.4
Earthmoving equipment (fuel and
maintenance) 1,646,148 tons 0.16/ton 263,400 3.8
Eleccricity 5,994,900 kWh 0.027/kwh 161,900 2.3
Analyses 1,500 hr 17.00/hr 25,500 0.4
Subtotal conversion costs 2,662,700 38.5
Subtotal direct costs 2,662,700 38.5
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 1,263,100 18.2
Average cost of capital and taxes
at 8,6% of total capital investment 1,572,300 22.7
Overhead
Plant, 50% of conversion costs less
utilities 1,250,400 18.1
Administrative, 10X of operating labor _173,%00 _2.5
Subtotal indirect costs 4,259,700 61.5
Total annual revenue requirements 6,922,400 100.0
$/dry ton  §/wer ton__ mills/kWh
Equivalent unit revenue requirements 5.69 4.20 0.66
a. Basis

Remaining plant life, 30 yr.

Coal burned, 1,286 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment. $18,282.000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-7. SLUDGE BLENDING?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 500 MW, 25-yr remaining life)
Percent of Percent of
direct total capita]
Total, k§ investment investment
Process equipment 2,026 50.7 23.8
Piping and insulation 140 3.5 1.6
Foundation and structural 239 6.0 2.8
Excavation, site preparation, roads
and railroads 53 1.3 0.6
Electrical 345 8.7 4.0
Instrumentation 56 1.4 0.7
Buildings 504 12.6 5.9
Subtotal 3,363 84.2 39.4
Services and miscellaneous 50 1.2 0.6
Subtotal excluding trucks and
equipment 3,413 85.4 40.0
Trucks and earthmoving equipment 581 14.6 6.8
Subtotal direct investment 3,994 100.0 46.8
Engineering design and supervision 334 8.4 3.9
Architect and engineering contractor 83 2.1 1.0
Construction expense 693 17.3 8.1
Contractor fees 275 6.9 3.3
Subtotal 5,379 134.7 63.1
Contingency 1,076 26.9 12.6
Subtotal fixed investment 6,455 161.6 75.7
Allowance for startup and modifications 587 14.7 6.9
Interest during construction 775 19.4 9.1
Subtotal capital investment 7,817 195.7 91.7
Land 389 9.7 4.5
Working capital 322 8.1 3.8
Total capital investment 8,528 213.5 100.0

a. Basis
Existing 500-MW plant (25-yr life); 419 klb/hr (15% solids) sludge,
56 klb/hr dry flyash.
Midwest plant location; average basis for scaling, mid-1979.
Coal analysis (by wt): 3.5% S (dry basis), 16% ash.
Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on SOy removed. Landfill disposal, 111 acres
1 mi from scrubber facilities, 74% solids.
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TABLE A-8. SLUDGE - FLYASH BLENDING?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY SCONOMICS

(Variation from base case: 500 MW, 25-yr remaining life)

Total

Percent of
total annual

Annual Unit annual revenue revenue
quantity cost, $ requirements, $ requirements
Direct costs
Conversion costs !
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 433,000 L1.4
Solids disposal equipment 43,800 man-hr  17.00/man-hr 744,600 19.3
Maintenance--plant labor and super-
vision, 4% of direct investment 159,800 4.2
Landfill operation
Land preparation 7.7¢C0 0.2
Trucks (fuel and maintenance) 560,924 tons 0.06/ton 33,700 0.9
Earthmoving equipment (fuel and
maintenance) 560,924 tons 0.16/con 89.700 2.3
Electricity 2,652,800 kWh 0.029/kWh 76,900 2.0
Analyses 1,000 hr 17.00/hr 17,000 0.4
Subtotal conversion costs 7,567,500 40.7
Subtotal direct costs 1,567,400 407
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 8.8% of total
capital investment less land and
working capital 687,900 17.9
Average cost of capital and taxes
at 8.6% of total capital investment 733,400 19.0
Oyerhead
Plant, 50% of conversion costs less
utiliries 745. 300 19.3
Administrative, 10% of operating labor 118,300 3.1
Subtotal indirect costs 2,284,900 9.3
Total annual revenue requirements 3,852,300 100.0
$/dry ton  $/wet ton mills/kWh
Equivalent unit revenue requirements 9.28 6.87 L.10
a. Basis

Remaining plant life, 25 yr.

Coal burned, 438 klb/hr, $,200 Bru/kWh, 10,500 Btu/1b.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $8,528,000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-9. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

500 MW, 20-yr remaining life)

Percent of Percent of
direct total capital
Total, k$§ investment investment _

2,026 50.7 24,2
140 3.5 1.7
239 6.0 2.8
53 1.3 0.6
345 8.7 4.1
56 1.4 0.7
504 12.6 6.0
3,363 84.2 40.1
50 1.2 0.6
3,413 85.4 40.7
581 14.6 7.0
3,994 100.0 47.7
334 8.4 4.0
33 2.1 1.0
693 17.3 8.2
275 6.9 3.3
5,379 134.7 64,2
1,076 26.9 12.8
6,455 161.6 77.0
587 14.7 7.0
775 19.4 9.3
7,817 195.7 93.3
242 6.1 2.9
322 8.0 3.8
8,381 209.8 100.0

a. Basis

Existing 500-MW plant (20-yr life); 419 klb/hr (15% solids) sludge,

56 klb/hr dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on 50y removed.
1 mi from scrubber facilities, 74%Z solids.

102

Landfill disposal, 69 acres,



TABLE A-10. SLUDGE - FLYASH BLENDING?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECOMOMICS

(Variation from base case: 500 MW, 20-yr remaining life)

Percent of

Total total anoual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man~-hr 12.50/man-hr 438,000 11.3
Solids disposal equipment 43,800 man-hr  17.00/man-hr 744,600 19.2
Maintenance--plant labor and super-
vision, 4% of direct investment 159,800 4.1
Landfill operation
Land preparation 6,000 0.2
Trucks (fuel and maintenance) 560,924 tons 0.06/ton 33,700 0.9
Earthmoving equipment (fuel and
maintenance) 560,924 tons 0.16/ton 89,700 2.3
Electricity 2,652,800 kwh 0.029/kWh 76,900 2.0
Analyses 1,000 hr 17.00/hr __ 17,000 0.4
Subtotal conversion costs 1,565,700 40.4
Subtotal direct costs 1,565,700 40.4
Indirect casts
Capital charges
Depreciation, interim replacement,
and insurance at 9.3Z of total
capital investment less land and
working capital 727,000 18.7
Average cost of capital and taxes
at B.6% of total capital investment 720.800 18.6
Overhead
Plant, 50% of conversion costs less
utilities 744,400 19.2
Administrative, 10% of operating labor 118,300 _3.1
Subtatal indirect costs 2,310,500 59.6
Total annual revenue requirements 3,876,200 100.0
$/dry ton _$/wet ton mills/kWh
Equivalent unit revenue requirements 9.34 6.91 1.10
a, Basis

Remaining plant life, 20 yr.

Coal burned, 436 klb/hr, 9,200 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $8,381,000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-11. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 500 MW, 15-yr remaining life)

Percent of Percent of
direct total capita)
Total, k$ investment investment
Process equipment 2,026 50.7 24.4
Piping and insulation 140 3.5 1.7
Foundation and structural 239 6.0 2.9
Excavation, site preparation, roads
and railroads 53 1.3 0.6
Electrical 345 8.7 4.2
Instrumentation 56 1.4 0.7
Buildings 504 12.6 6.1
Subtotal 3,363 84.2 40.6
Services and miscellaneous 50 1,2 0.6
Subtotal excluding trucks and
equipment 3,413 85.4 41.2
Trucks and earthmoving equipment 581 14.6 7.1
Subtotal direct investment 3,994 100.0 48.3
Engineering design and supervision 334 8.4 4.0
Architect and engineering contractor 83 2.1 1.0
Construction expense 693 17.3 8.4
Contractor fees 275 6.9 3.3
Subtotal 5,379 134.7 65.0
Contingency 1,076 26.9 13.0
Subtotal fixed investment 6,455 161.6 78.0
Allowance for startup and modifications 587 14.7 7.1
Interest during construction 775 19.4 9.4
Subtotal capital investment 7,817 195.7 94.5
Land 137 3.5 1.6
Working capital 322 8.0 3.9
Total capital investment 8,276 207.2 100.0
a. Basis

Existing 500-MW plant (15-yr life); 419 klb/hr (15% solids) sludge,

56 klb/hr dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5%Z S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS., Limestone process
with 1.5 stoichiometry based on SO2 removed. Landfill disposal, 39 acres,
1 mi from scrubber facilities, 74% solids.
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TABLE A-12. SLUDGE - FLYASH BLENDING®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 500 MW, 1S-yr remaining life)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, § requirements, § requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 438,000 11.0
Solids disposal equipment 43,800 man-hr 17.00/man-hr 744,600 18.7
Maintenance--plant labor and -super-
vigion, 4% of direct investment 159,800 4.0
Landfill operation
Land preparation 4,400 0.1
Trucks (fuel and maintenance) 560,924 tons 0.06/ton 33,700 0.8
Earthmoving equipment (fuel and
maintenance) 560,924 tons 0.16/ton 89,700 2.3
Electricity 2,652,800 kWh 0.029/kWh 76,900 1.9
Analyses 1,000 hr 17.00/hr 17,000 _0.4
Subtotal conversion costs 1,564,100 39.2
Subtotal direct costs 1,564,100 39.2
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 10.8% of total
capital {nvestment less land and
working capital 844,200 21.2
Average cost of capital and taxes
at 8.6% of total capital investment 711,700 17.9
Overhead
Plant, 50% of conversion costs less
utilities 743,600 18.7
Administrative, 10% of operating labor 118,300 3.0
Subtotal indirect costs 2,617,800 60.8
Total annual revenue requirements 3,981,900 100.0

$/dry ton  $/wet ton_ mills/kbh

Equivalent unit revenue requirements 9.59 7.10 1.14

a, Basis
Remaining plant life, 15 yr.
Coal burned, 438 klb/hr, 9,200 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $8,276,000.
Midwest plant location, mid-1980 operating costs.



TABLE A-13. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

_—

(Variation from

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

base case: 22 S)
Percent of Percent of
direct total capitga]
Total, k§ investment investment

1,532 45.1 20.8
140 4.1 1.9
236 7.0 3.2
44 1.3 0.6
325 9.6 4.4
54 1.6 0.7
504 14.8 6.9
2,835 83.5 38.5
43 1.3 0.6
2,878 84.8 39.1
517 15.2 7.0
3,395 100.0 46.1
322 9.5 4.4
81 2.4 1.1
601 17.7 8.2
243 7.4 3.3
4,642 137.0 63.1
928 27.1 12.6
5,570 164.1 75.7
505 14.9 6.9
668 20.0 9.1
6,743 199.0 91.7
340 10.0 4.6
273 8.0 3.7
7,356 217.0 100.0

a. Basis

New 500-MW plant (30-yr life); 181 klb/hr (15% solids) sludge; 53 klb/hr

dry flyash.

Midwest plant location; average basis for scaling, mid-1979.
Coal analysis (by wt): 2% S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on SO, removed.

1 mi from scrubber facilities, 82% solids.
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TABLE A-14.

SLUDGE - FLYASH BLENDING2

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 2% §)
Percent of
Total total annual
Annual Unit annual revenue revenue
quantity cost, § requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 438,000 13.6
Solids disposal equipment 35,040 man-hr 17.00/man~hr 595,700 18.5
Maintenance~-plant labor and super-
vision, 4% of direct investment 135,800 4.2
Landfill operation
Land preparation 5,400 0.2
Trucks (fuel and maintenance) 345,153 tons 0.06/ton 20,700 0.6
Earthmoving equipment (fuel and
maintenance) 345,153 toms 0.16/ton 55,200 1.7
Electricity 2,015,700 kWh 0.029/kWh 58,500 1.8
Analyses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs 1,326,300 41.1
Subtotal direct costs 1,326,300 41.1
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 528,000 16.4
Average cost of capital and taxes
at B.6% of total capital investment 632,600 19.6
Overhead
Plant, 50 of conversion costs less
utilities 633,900 19.7
Administrative, 10Z of operating labor _ 103,400 3.2
Subtoral indirect costs 1,897,900 58.9
Total annual revenue requirements 3,224,200 100.0
$/dry ton $/wet ton mills/kWh
Bquivalent unit revenue requirements 11.40 0.92

a. Basis
Remaining plant life, 30 yr.

Coal burned, 421 klb/hr, 9,000 Btu/kwh, 10,700 Btu/lb.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $7,356,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-15.

SLUDGE BLENDING>

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

T —
(Variation from base case: 5% S)
Percent of Percent of
direct total capita]
Total, k§ investment investment
Process equipment 2,465 53.3 24.5
Piping and insulation 151 3.3 1.5
Foundation and structural 248 5.4 2.4
Excavation, site preparation, roads
and railroads 62 1.3 0.6
Electrical 380 8.2 3.8
Instrumentation 63 1.3 0.6
Buildings 504 10.9 5.0
Subtotal 3,873 83.7 38.4
Services and miscellaneous 58 1.3 0.6
Subtotal excluding trucks and
equipment 3,931 85.0 39.0
Trucks and earthmoving equipment 698 15.0 6.9
Subtotal direct investment 4,629 100.0 45.9
Engineering design and supervision 369 8.0 3.7
Architect and engineering contractor 92 2.0 0.9
Construction expense 779 16.7 7.7
Contractor fees 308 6.7 3.1
Subtotal 6,177 133.4 61.3
Contingency 1,235 26.7 12.3
Subtotal fixed investment 7,412 160.1 73.6
Allowance for startup and modifications 671 14.5 6.7
Interest during construction 889 19.2 8.8
Subtotal capital investment 8,972 193.8 89.1
Land 735 15.9 7.3
Working capital 366 7.9 3.6
Total capital investment 10,073 217.6 100.0

a. Basis

New 500-MW plant (30-yr life); 638 klb/hr (15% solids) sludge, 55 klb/hr

dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 5% S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on SOy removed.

1 mi from scrubber facilities, 71

% solids.
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TABLE A-~16. SLUDGE - FLYASH BLENDING2

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case:

coal wicth 3% S)

Percent of

Totral total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant ! 35,040 man-hr  12.50/man-hr 438,000 10.2
Solids disposal equipment 52,560 man-hr 17.00/man-hr 893,500 20.9
Maintenance--plant labor and super-
vision, 4% of direct investment 185,200 4.3
Landfill operation
Land preparation 11,900 0.3
Trucks (fuel and maintenance) 750,516 tons 0.06/ton 45,000 1.0
Earthmoving equipment (fuel and
maintenance) 750,516 tons 0.16/ton 120,100 2.8
Electricity 3,519,600 kWh 0.029/kwh 102,100 2.4
Analyses 1,000 hr 17.00/hr __17,000 _5.4
Subtoral conversion costs 1,812,800 2.3
Subtotal direct costs 1,812,800 42.3
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 660,300 15.4
Average cost of capital and taxes .
at 8.6% of total capital investment 819,900 19.2
Overhead
Plant, 50% of conversion costs less
utilities 855,400 20.0
Administrative, l0% of operating labor _133,200 3.1
Subrotal indirect costs 2,468,800 51.7
Total annual revenue requirements 4,281,600 100.0

$/dry ton  $/wet ton _mills/kWh

Equivalent unit revenue requirements 8.03 3.71

1.22

a., Basis
Remaining plant life, 30 yr.

Coal burned, 433 klb/hr, 9,000 Btu/kwh, 10,400 Bru/lb.

Pover plant on-stream time, 7,000 hr/yr.
Total capital investment, $10,073,000.
Midwest plant location, mid-1980 operating costs.



TABLE A-17. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 12% ash)

Percent of Percent of
direct total capigy
Total, k$ investment investment
Process equipment 1,788 49.0 22.6
Piping and insulation 139 3.8 1.8
Foundation and structural 184 5.0 2.3
Excavation, site preparation, roads
and railroads 52 1.4 0.5
Electrical 306 8.4 3.9
Instrumentation 54 1.5 0.7
Buildings 504 13.8 6.4
Subtotal 3,027 82.9 38.2
Services and miscellaneous 45 1.2 0.6
Subtotal excluding trucks and
equipment 3,072 84.1 38.8
Trucks and earthmoving equipment 581 15.9 7.3
Subtotal direct investment 3,653 100.0 46.1
Engineering design and supervision 299 8.2 3.8
Architect and engineering contractor 75 2.1 0.9
Construction expense 635 17.4 8.0
Contractor fees 257 7.0 3.3
Subtotal 4,919 134.7 62.1
Contingency 984 26.9 12.5
Subtotal fixed investment 5,903 161.6 74.6
Allowance for startup and modifications 532 14.5 6.7
Interest during construction 708 19.4 8.9
Subtotal capital investment 7,143 195.5 90.2
Land 459 12.6 5.8
Working capital 315 8.6 4.0
Total capital investment 7,917 216.7 100.0
a. Basis
New 500-MW plant (30-yr life); 381 klb/hr (15% solids) sludge, .38 klb/hr
dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.52 S (dry basis), 12% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on S0, removed. Landfill disposal, 131 acre
1 mi from scrubber facilities, 71% solids.
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TABLE A-18. SLUDGE - FLYASH BLENDING2

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 12% ash)
Percent of
Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requiremedts, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12,50/man-hr 438,000 12.1
Solids disposal equipment 43,800 man-hr 17,00/man-hr 744,600 20.6
Maintenance--plant labor and super-
vision, 4% of direct investment 146,100 4.0
Landfill operation
Land preparation 7,500 0.2
Trucks (fuel and maintenance) 468,412 tons 0.06/ton 28,100 0.8
Earthmoving equipment (fuel and
maintenance) 468,412 tons 0.16/ton 74,900 2.1
Electricity 2,558,800 kWh 0.029/kWh 74,200 2.0
Analyses 1,000 hr 17.00/hx 17,000 0.5
Subtotal convergion costs 1,530,400 42.3
Subtotal direct costs 1,530,400 42.3
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 559,300 15.5
Average cost of capital and taxes
at 8.67 of total capital investment 680,900 18.8
Overhead
Plant, S0Z of conversion costs less
utilities 728,100 20.1
Administrative, 10% of operating labor 118,300 3.3
Subtotal indirect costs 2,086,600 57.7
Total annusl revenue requirements 3,617,000 100.0
$/dry ton  $/wet ton mills/kWh
Equivalent unit revenue requirements 10.88 7.72 1.03
a. Basis

Remaining plant 1life, 30 yr.

Coal burmned, 405 klb/hr, 9,000 Btu/kWh, 11,100 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $7,917,000.

Midwest plant location, mid-1980 operating costs.

111



TABLE A-19. SLUDGE BLENDING?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 20% ash)
Percent of Percent of
direct total capitg]
Total, k$ investment investment
Process equipment 2,173 50.6 23.4
Piping and insulation 140 3.3 1.5
Foundation and structural 311 7.2 3.3
Excavation, site preparation, roads
and railroads 55 1.3 0.6
Electrical 340 7.9 3.6
Instrumentation 56 1.3 0.6
Buildings 504 11.7 5.4
Subtotal 3,579 83.3 38.4
Services and miscellaneous 54 1.3 0.7
Subtotal excluding trucks and
equipment 3,633 84.6 39.1
Trucks and earthmoving equipment 665 15.4 .1
Subtotal direct investment 4,298 100.0 46.2
Engineering design and supervision 345 8.0 3.7
Architect and engineering contractor 86 2.0 0.9
Construction expense 731 17.0 7.9
Contractor fees 291 6.8 3.1
Subtotal 5,751 133.8 61.8
Contingency 1,150 26.8 12.3
Subtotal fixed investment 6,901 160.6 74.1
Allowance for startup and modifications 624 14.5 6.7
Interest during construction 828 19. 8.9
Subtotal capital investment 8,353 194 .4 89.7
Land 627 14.6 6.8
Working capital 329 7.6 3.5
Total capital investment 9,309 216.6 100.0

a. Basis

New 500-MW plant (30-yr life); 441 klb/hr (15% solids) sludge, 72 klb/hr

dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 20% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on S0 removed.
1 mi from scrubber facilities, 767% solids.
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TABLE A-20. SLUDGE - FLYASH BLENDING?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 20% ash)

Percent of

Total total annual
Annual Unic annual revenue revenue
quantity cost, $ requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 438,000 11.0
Solids disposal equipment- 43,800 man-hr 17.00/man-hr 744,600 18.8
Maintenance--plant labor and super-
vision, 4% of direct investment 171,900 4.3
Landfill operation
Land preparation 10,200 0.3
Trucks (fuel and maintenance) 638,729 tons 0.06/ton 38,1300 1.0
Earthmoving equipment (fuel and
maintenance) 638,729 toms 0.16/ton 102,200 2.6
Electricity 3,754,600 kWh 0.029/kWh 108,900 2.7
Analyses 1,000 hr 17.00/hr 17,000 _0.4
Subtotal conversion costs 1,631,100 41.1
Subtotal direct costs 1,631,100 41,1
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurdnce at 7.83% of total
capital investment less land and
working capital 654,000 16.5
Average cost of capital and taxes
at 8.6% of total capital investment 800,600 20.2
Overhead
Plant, 50% of conversion costs less
utilities 761,100 19.2
Administrative, LOZ of operating labor 118,300 30
Subtotal indirect costs 2,334,000 56.9
Total annual revenue requirements 3,965,100 100.0
$/dry ton  $/wet ton mills/kWh
Equivalent unit revenue requirements 8.17 6.21 1.13
a. Basis

Remaining plant life, 30 yr.

Coal burned, 455 klb/hr, 9,000 Btu/kWh, 9,900 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $9,309.000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-21. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

lime process)

Percent of Percent of
direct total capita]
Total, k$ investment investment

1,838 48.8 22.5
127 3.4 1.6
232 6.1 2.8
49 1.3 0.6
334 8.9 4.1
56 1.5 0.7
504 13.4 6.2
3,140 83.3 38.4
47 1.2 0.6
3,187 84.6 39.0
581 15.4 7.1
3,768 100.0 46.1
334 8.9 4.1
83 2.2 1.0
654 17.4 8.0
263 7.0 3.2
5,102 135.4 62.4
1,020 27.1 12.5
6,122 162.5 74.9
554 14.7 6.8
735 19.5 9.0
7,411 196.7 90.6
452 12.0 5.5
315 8.3 3.9
8,178 217.0 100.0

a. Basis

New 500-MW plant (30-yr life); 309 klb/hr (10% solids) sludge, 54 klb/hr

dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5Z S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Lime process
with 1.1 stoichiometry based on S0 removed.
1 mi from scrubber facilities, 77% solids.
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TABLE A-22.

SLUDGE ~ FLYASH BLENDING?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: lime process)

Direct costs

Conversion costs
Operating labor and supervision
Plant
Solids disposal equipment
Maintenance--plant labor and super-
vision, 4% of direct investment
Landfill operation
Land preparation
Trucks (fuel and maintenance)
Earthroving equipment (fuel and
maintenance)
Electricity
Analyses
Subtotal conversion costs

Subtotal direct costs

Indirect costs

Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital
Average cost of capital and taxes
at 8.6% of total capital investment
Overhead
Plant, 50% of conversion costs less
ucilicies

Administrative, 10% of operating labor

Subtotal indirect costs

Total annual revenue requirements

Equivalent unit revenue requirements

Percent of

Total total annual
Annual Unit annual revenue revenue
guantity cost, $ requirements, $ requirements
35,040 man~hr 12.50/man-hr 438,000 12.0
43,800 man-hr  17.00/man-hr 744,600 20.4
150,700 4.1
7,300 0.2
461,185 tons 0.06/ton 27,700 0.8
461,185 tons 0.16/ton 73,800 2.0
2,055,200 kWh 0.029/kih 59,600 1.6
1,000 hr 17.00/hr 17,000 _0.5
1,518,700 41.6
1,518,700 41.6
580,300 15.9
703,300 9.3
729,600 20.0
118,300 3.2
2,131,500 58.4
3,650,200 100.0

$/dry ton  S/wet ton mills/kWh

10.28 7.91 1.04

a. Basis
Remaining plant 1life, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Bru/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $8,178,000.

Midwest plant location. mid-1980 operating costs.
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TABLE A-23. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 5 mi to disposal)

Percent of Percent of
direct total capity
Total, k$ investment investment
Process equipment 1,985 47.8 22.1
Piping and insulation 140 3.4 1.6
Foundation and structural 242 5.8 2.7
Excavation, site preparation, roads
and railroads 53 1.3 0.6
Electrical 345 8.3 3.9
Instrumentation 56 1.4 0.6
Buildings 504 12,1 5.6
Subtotal 3,325 80.1 37.1
Services and miscellaneous 50 1.2 0.5
Subtotal excluding trucks and
equipment 3,375 81.3 37.6
Trucks and earthmoving equipment 777 18.7 8.7
Subtotal direct investment 4,152 100.0 46.3
Engineering design and supervision 334 8.1 3.7
Architect and engineering contractor 83 2.0 0.9
Construction expense 686 16.5 0.2
Contractor fees 283 6.8 3.2
Subtotal 5,538 133.4 61.7
Contingency 1,108 26.7 12.3
Subtotal fixed investment 6,646 160.1 74.1
Allowance for startup and modifications 587 14.1 6.5
Interest during construction 798 19.2 8.9
Subtotal capital investment 8,031 193.4 89.5
Land 536 12.9 6.0
Working capital 402 9.7 4.5
Total capital investment 8,969 216.0 100.0
a. Basis

New 500-MW plant (30-yr life); 409 klb/hr (15% solids) sludge, 54 klb/hr
dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5%Z S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on SO removed. Landfill disposal, 153 acre
5 mi from scrubber facilities, 74% solids.

116



TABLE A-24.

SLUDGE - FLYASH BLEMDING?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case:

Direct costs

Conversion costs
Operating labor and supervision
Plant
Solids disposal equipment
Maintenance--plant labor and super-
vision, 4% of direct investment
Landfill operation
Land preparation
Trucks (fuel and maintenance)
Earthmoving equipment (fuel and
maintenance)
Electricity
Analyses
Subtotal conversion costs

Subtotal direct costs

Indirect costs

Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital
Average cost of capital and taxes
at 8.6% of total capital investment
Overhead
Plant, 50% of conversion costs less
utilities

Administrative, 10% of operating labor

Subtotal indirect costs

Total annual revenue requirements

Equivalent unit revenue requirements

5 mi to disposal)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cogt, § requirements, § requirements
35,040 man-hr 12.50/man-hr 438,000 9.9
61,320 man-hr 17.00/man-hr 1,042,400 23,5
166,100 3.8
8,700 0.2
548,720 tons 0.20/ton 109,700 2.5
548,720 tons 0.16/ton 87,800 2.0
2,584,900 kih 0.029/kWh 75,000 1.7
1,000 hr 17.00/hr 17,000 _ 0.4
1,944,700 44.0
1,944,700 44.0
628,800 14.2
771,300 17.4
934,900 21.1
145,000 3.
2,480,000 56.0
4,424,700 100.0

§/dry ton  $/wet ton mills/kWh

10.90 8.07

1.26

a. Basis
Remaining plant life, 30 yr.

Coal burned, 429 kib/hr, 9,000 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $8,969,000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-25. SLUDGE BLENDING?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 10 mi to disposal)

Percent of Percent of
direct total capita)
Total, k$§ investment investment
Process equipment 1,985 45.5 21.3
Piping and insulation 140 3.2 1.5
Foundation and structural 242 5.5 2.6
Excavation, site preparation, roads
and railroads 53 1.2 0.6
Electrical 345 7.9 3.7
Instrumentation 56 1.3 0.6
Buildings 504 11.5 5.3
Subtotal 3,325 76.1 35.6
Services and miscellaneous 50 1.2 0.5
Subtotal excluding trucks and
equipment 3,375 77.3 36.2
Trucks and earthmoving equipment 992 22.7 10.6
Subtotal direct investment 4,367 100.0 46.8
Engineering design and supervision 334 7.6 3.6
Architect and engineering contractor 83 1.9 0.9
Construction expense 686 15.7 7.3
Contractor fees 294 6.7 3.1
Subtotal 5,764 131.9 61.8
Contingency 1,153 26.4 12 .4
Subtotal fixed investment 6,917 158.3 74 .1
Allowance for startup and modifications 593 13.6 6.4
Interest during construction 830 _19.0 8.9
Subtotal capital investment 8,340 190.9 89.4
Land 536 12.3 5.8
Working capital 458 10.5 4.9
Total capital investment 9,334 213.7 100.0

a. Basis
New 500-MW plant (30-yr life); 409 klb/hr (15% solids) sludge; 54 klb/hr
dry flyash.
Midwest plant location; average basis for scaling, mid-1979.
Coal analysis (by wt): 3.5% S (dry basis), 16% ash.
Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on SO; removed. Landfill disposal, 153 acres
10 mi from scrubber facilities, 74% solids.
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TABLE A-26.

TOTAL ANNUAL REVENUE REQUIREMENTS

SLUDGE - FLYASH BLENDINGZ

~ REGULATED UTILITY ECCMOMICS

(Variation from base case:

10 mi to disposal)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $ requirements
Direct costs
Convergion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 438,000 9.0
Solids disposal equipment 70,080 man~hr 17.00/man-hr 1,191,400 24.3
Maintenance--plant labor and super-
vision, 4% of direct investment 174,700 3.6
Landfill operation
Land preparation 8,700 0.2
Trucks (fuel and maintenance) 548,720 tons 0.39/ton 214,000 4.4
Earthmoving equipment (fuel and
maintenance) 548,720 tons 0.16/ton 87.800 1.8
Electricity 2,584,900 kWh 0.029/k%h 75,000 1.5
Analyses 1,000 hr 17.00/hr 17,000 0.3
Subtotal conversion costs 2,206,600 45.1
Subtotal direct costs 2,206,600 45.1
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and .
working capital 653,000 13.4
Average cost of capital and taxes ,
at 8.6% of total capital investment 802,700 16.4
Overhead
Plant, 50% of conversion costs less
utilities 1,065,800 21.8
Administrative, 10% of operating labor __162,900 _3%;5
Subtotal indirect costs 2,684,400 .
Total annual revenue requirements 4,891,000 160.0
$/dry ton  S/wet ton  mills/kWh
Equivalent unit revenue requirements 12.05 8.92 1.40

Basis
Remaining plant 1life, 30 yr.

d.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/1b.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $9,334,000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-27. SLUDGE BLENDING?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

500 MW, 7,000 hr/yr)

Percent of Percent of
direct total capita]
Total, k§ dinvestment investment
1,985 50.2 22.2
139 3.5 1.6
242 6.1 2.7
53 1.3 0.6
345 8.7 3.8
56 1.4 0.6
504 12.8 5.6
3,324 84.0 37.1
50 1.3 0.6
3,374 85.3 37.7
581 14.7 6.5
3,955 100.0 44,2
334 8.4 3.7
83 2.0 0.9
686 17.3 7.7
273 6.9 3.0
5,331 134.6 59.5
1,066 27.0 11.9
6,397 161.6 71.4
582 14. 6.5
768 19.4 8.6
7,747 195.7 86.5
886 22.4 9.9
322 8.1 3.6
8,955 226.2 100.0

a. Basis

New 500-MW plant (30-yr life); 409 klb/hr (15% solids), 54 klb/hr dry

flyash.

Midwest plant location; average basis for scaling, mid-1979.
Coal analysis (by wt): 3.5%2 S (dry basis), 16% ash.
Flyash removed by ESP. Both removed to meet NSPS. Limestone process with

1.5 stoichiometry based on S0, removed. Landfill disposal, 252 acres,
1 mi from scrubber facilities, 74% solids.
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TABLE A-28.

SLUDGE - FLYASH BLENDING>

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONCMICS

(Variation from base case:

Direct costs

Conversion costs
Operating labor and supervision
Plant
Solids édsposal equipment
Maintenance--plant labor and super-
vision, 4% of direct investment
Landfill operation
Land preparation
Trucks (fuel and maintenance)
Earthmoving equipmept (fuel and
maintenance)
Electricity
Analyses
Subtotal conversion costs

Subtotal direct costs

Indirect costs

Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital
Average cost of capital and taxes
at 8.6% of total capital investment
Overhead
Plant, 50% of conversion costs less
utilities

Administrative, 10X of operating labor

Subtotal indirect costs

Total annual revenue requirements

Equivalent unit revenue requirements

500 MW, 7,000-hr/yr operating profile)

Percent of

$/dry ton

Total total annual
Annual Unit annual reveanue revenue
quantity cost, $ requirements, $ requirements
35,040 man-hr 12.50/man-hr 438,000 11.5
43,800 man-hr 17.00/man-hr 744,600 .6
158,200 4.2
8,700 0.2
548,720 tons 0.06/ton 32,900 0.9
548,720 tons 0.16/ton 87,800 2.3
2,584,900 kWh 0.029/kWh 75,000 2.0
1,000 hr 17.00/hr 17,000 0.4
1,562,200 41.1
1,562,200 41.1
606,600 15.9
770,100 20.3
743,600 19.6
_ 118,300 3.1
2,238,600 58.9
3,800,800 100.0

$/wet ton  mills/kWh

9.76 6.93

1.09

a. Basis
Remaining plant 1ife, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kwh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investmert, $8,955,000.

Midwest plant location, mid-1980 operating costs.

121



TABLE A-29.

SLUDGE BLENDING?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working cadpital

Total capital investment

layering)
Percent of Percent of
direct total capity
Total, k§ investment investment

1,947 47.7 22.3
140 3. 1.6
238 5.8 .7
53 1.3 0.6
345 8.5 3.9
56 1.4 0.6
504 12.3 5.8
3,283 80.4 37.5
49 1.2 0.6
3,332 81.6 38.1
751 18.3 8.6
4,083 100.0 46.7
311 7.6 3.6
78 1.9 0.9
679 16.6 7.8
280 6.9 3.2
5,431 133.0 62.2
1,086 26.6 12.4
6,517 159.6 74.6
578 14,2 6.6
782 19,2 8.9
7,877 193.0 90.1
536 13.1 6.1
330 8.1 3.8
8,743 214.2 100.0

i -

a. Basis

New 500-MW plant (30-yr life); 409 klb/hr (15% solids) sludge, 54 klb/hr

dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with ESP., Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on 503 removed.

1 mi from scrubber facilities, 74

% solids.
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TABLE A-30. SLUDGE - FLYASH BLENDING®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECOWCMICS

(Variation from base case: layering)
Percent of
Total total annual
Annual Unit annual revenue revenue
quantity cost, 3 requirements, $ _ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr 12.50/man-hr 438,000 1.3
Solids disposal equipment 43,800 man-hr 17.00/man-hr 744,600 3
Maintenance--plant labor and super-
vision, 4% of direct investment 163,300 4.0
Landfill operation .
Land preparation 8,700 0.2
Trucks (fuel and maintenance) 548,720 tons 0.06/ton 32,900 0.4
Earthmoving equipment (fuel and
maintenance) 548,720 tons 0.24/ton 131,700 3.4
Electricity 2,584,900 kWh 0,029/kih 75,000 1.9
Analyses 1,000 hr 17.00/hr 17,000 0.
Subtotal conversiom costs 1,611,200 [
Subtotal direct costs 1,011,200 41.7
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7,.83% of total
capital investment less land and
working capital 616,800 16,0
Average cost of capital and taxes
at 8.6% of total capital investment 751,900 19.4
Overhead
Plant, 50% of conversion costs less
utilicies 768,100 19.9
Administrative, 10% of operating labor 118,300 _3.0
Subtotal indirect costs 2,255,100 58.3
Total annual revenue requirements 3,866,100 100.0
$/dry ton _S/wet ton mills/kWh
Equivalent unit revenue requirements 9.54 7.05 1.10
a. Basis

Remaining plant life, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $8,743,000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-31. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

—

(Variation from base case: 1.3 limestone stoichiometry)

Percent of Percent of
direct total capita)]
Total, k§ investment investment
Process equipment 1,771 47.5 21.7
Piping and insulation 139 3.7 1.7
Foundation and structural 238 6.4 2.9
Excavation, site preparation, roads
and railroads 51 1.4 0.6
Electrical 344 9.2 4.2
Instrumentation 56 1.5 0.7
Buildings 504 13.5 6.2
Subtotal 3,103 83.2 38.0
Services and miscellaneous 47 1.2 0.6
Subtotal excluding trucks and
equipment 3,150 84.4 38.6
Trucks and earthmoving equipment 581 15.6 7.1
Subtotal direct investment 3,731 100.0 45.7
Engineering design and supervision 334 9.0 4.1
Architect and engineering contractor 83 2.2 1.0
Construction expense 648 17.4 8.0
Contractor fees 261 7.0 3.2
Subtotal 5,057 135.6 62.0
Contingency 1,011 27.1 12.4
Subtotal fixed investment 6,068 162.6 74.4
Allowance for startup and modifications 549 14.7 6.7
Interest during construction 728 19.5 8.9
Subtotal capital investment 7,345 196.9 90.0
Land 497 13.3 6.1
Working capital 318 8.5 3.9
Total capital investment 8,160 218.7 100.0
a, Basis
New 500-MW plant (30-yr life); 365 klb/hr (15% solids) sludge, 54 klb/hr
dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5%Z S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.3 stoichiometry based on S0, removed. Landfill disposal, 142 acre$
1 mi from scrubber facilities, 74% solids.
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TABLE A-32. SLUDGE - FLYASH BLENDING?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case:

1.3 limestone stoichiometry)

Percent of
Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 438,000 11.9
Solids disposal equipment 43,800 man-hr 17.00/man-hr 744,600 20.3
Maintenance--plant labor and super-
vision, 4% of direct investment 149,200 4.1
Landfill operation
Land preparation 8,000 0.2
Trucks (fuel and maintenance) 509,712 tons 0.06/ton 30,600 0.8
Earthmoving equipment (fuel and
maintenance) 509,712 tons 0.16/ton 81,600 2.1
Electricity 2,572,500 kWh 0.029/kwh 74,600 2.0
Analyses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs 1,543,600 42.0
Subtotal direct costs 1,543,600 42.0
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 575,100 15.7
Average cost of capital and taxes
ac 8.6% of toral capital investment 701,800 19.1
Overhead
Plant, 50% of conversion costs less )
utitlties 734,500 1.0
Administrative, 10% of operating labor 118,300 32
Subtotal indirect costs 2,129,700 58.0
Total annual revenue requirements 3,673,300 100.0
$/dry ron  $/wet ton mills/kWh
Equivalent unit revenue requirements 9.73 7.19 1.04
a. Basis

Remaining plant 1life, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $8,160,000.

Midwest plant location, mid-1980 operating costs.



TABLE A-33. SLUDGE BLENDING®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 200 MW, 7,000-hr/yr constant load)

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction

Subtotal capital investment

Land
Working capital

Total capital investment

Percent of Percent of
direct total capitaj
Total, k8§ investment investment

1,211 42.9 19.3
117 4.2 1.9
122 4.3 1.9
44 1.6 0.7
284 10.1 4.5
52 1.8 0.8
504 17.9 8.0
2,334 82.8 37.2
35 1.2 0.6
2,369 84.0 37.8
451 16.0 7.2
2,820 100.0 45.0
288 10.2 4.6
72 2.6 1.1
511 18.1 8.2
211 7.5 3.4
3,902 138.4 62.3
780 27.6 12.4
4,682 166.0 74.7
423 15.0 6.7
562 20.0 9.0
5,667 201.0 90.4
363 12.9 5.8
238 8.4 3.8
6,268 222.3 100.0

a. Basis

New 200-MW plant (30-yr life); 167 klb/hr (15% solids) sludge, 64 klb/hr

dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on S0 removed.
1 mi from scrubber facilities, 74% solids.
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TABLE A-34. SLUDGE ~ FLYASH BLENDING®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 200 MW, 7,000-hr/yr constant load)

Percent of

Total total annual
Annual Unic annual revenue revenue
quantity cost, § requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 26,280 man-hr 12.50/man~hr 328,500 1.8
Solids disposal equipment 35,040 man-hr 17.00/man-hr 595,700 21.4
Maintenance--plant labor and super-
vision, 4% of direct investment 112,800 4.0
Landfill operation
Land preparation 3,600 0.1
Trucks (fuel and maintenance) 224,375 tons 0.06/ton 13,500 0.5
Earthmoving equipment (fuel and
maintenance) 224,375 tons 0.16/ton 35,900 1.3
Electricity 1,788,500 kwWh 0.031/kih 55,400 2.0
Analyses 1,000 hr 17.00/hr 17,000 0.6
Subtotal conversion costs 1,162,400 41.7
Subtotal direct costs 1,162,400 41.7
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 443,700 15.9
Average cost of capital and taxes
at 8.6% of total capital investment 539,000 19.3
Overhead
Plant, 50% of conversion costs less
utilities 553,500 19.8
Administrative, 10% of aoperating labor 92,400 3.3
Subtotal indirect costs 1,628,600 58.3
Total annual revenue requirements 2,791,000 100.0
$/dry ton _S$/wet ton mills/kWh
Equivalent unit revenue requirements 16.80 12.44 2.00

Basis
Remaining plant life, 30 yr.
Coal burned, 175 klb/hr, 9,200 Btu/kWh, 10,500 Bru/lb.
Power plant on-stream time, 7,000 hr/yr.
Tocal capital investment, $6,268,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-35. SLUDGE BLENDING?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 1,500 MW, 7,000-hr/yr constant load)

Percent of Percent of
direct total capitg]
Total, k§ investment investment
Process equipment 4,152 47.7 21.5
Piping and insulation 214 2.5 1.1
Foundation and structural 1,264 14.5 6.5
Excavation, site preparation, roads
and railroads 85 1.0 0.4
Electrical 540 6.2 2.8
Instrumentation 80 0.9 0.4
Buildings 954 11.0 4.9
Subtotal 7,289 83.7 37.7
Services and miscellaneous 109 1.3 0.6
Subtotal excluding trucks and
equipment 7,398 85.0 38.3
Trucks and earthmoving equipment 1,307 15.0 6.8
Subtotal direct investment 8,705 100.0 45.1
Engineering design and supervision 472 5.4 2.4
Architect and engineering contractor 118 1.4 0.6
Construction expense 1,316 15.1 6.8
Contractor fees 497 5.7 2.6
Subtotal 11,108 127.6 57.5
Contingency 2,222 25.5 11.5
Subtotal fixed investment 13,330 153.1 69.0
Allowance for startup and modifications 1,202 13.8 6.2
Interest during construction 1,600 18.4 8.3
Subtotal capital investment 16,132 185.3 83.5
Land 2,646 30.4 13.7
Working capital 543 6.2 2.8
Total capital investment 19,321 221.9 100.0
a. Basis
New 1500-MW plant (30-yr life); 1,228 klb/hr (15% solids) sludge, 470 K1/
dry flyash.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with ESP. Both removed to meet NSPS. Limestone process
with 1.5 stoichiometry based on S0; removed. Landfill disposal, 756 acres
1 mi from scrubber facilities, 74% solids.
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TABLE A-36.

SLUDGE - FLYASH BLENDING®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case:

1,500 MW, 7,000-hr/yr constant load)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, § requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 43,800 man~hr  12.50/man-hr 547,500 7.8
Solids disposal equipment 70,080 man-hr 17.00/man~hr 1,191,400 17.0
Maintenance-~plant labor and super-
vision, 4% of direct investment 348,200 5.0
Landfill operation
Land preparation 26,000 0.4
Trucks (fuel and maintenance) 1,646,148 tons 0.06/ton 98,800 1.6
Earthmoving equipment (fuel and
maintenance) 1,646,148 tons 0.16/ton 263,400 3.7
Electricity 5,944,900 kwh 0.027/kwh 161,900 2.3
Analyses 1,500 hr 17.00/hr 25,500 _D0.4
Subtotal conversion costs 2,662,700 0.0
Subtotal direct costs 2,662,700 40.0
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 1,263,100 18.0
Average cost of capital and taxes
at 8.6% of total capital investment 1,661,600 23.7
Overhead
Plant, 50% of conversion costs less
utilities 1,250,400 17.8
Adminigtrative, 10% of operating labor 173,900 _2.3
Subtotal indirect costs 4,349,000 62.0
Total annual revenue requirements 7,011,700 100.0
$/dry ton  S/wet ton_ mills/kWh
Equivalent unit revenue requirements 5.76 6.25 0.67

a. Basis
Remaining plant life, 30 yr.
Coal burned, 1,286 klb/hr, $,000 Btu/kwh, 10,500 Btu/lb.
Pover plant on-stream time, 7,000 hr/yr.
Total capital investment, $19,321,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-37. GYPSUM®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Base case)
Percent of Percent of
direct total capita]
Total, k§ investment investment
Process equipment 1,179 49.3 21.7
Piping and insulation 174 7.3 3.2
Foundation and structural 25 1.0 0.5
Excavation, site preparation, roads
and railroads 42 1.8 0.8
Electrical 220 9.2 4.1
Instrumentation 52 2.2 1.0
Buildings 174 7.3 3.2
Subtotal 1,866 78.1 34.5
Services and miscellaneous 27 1.1 0.5
Subtotal excluding trucks and
equipment 1,893 79.2 35.0
Trucks and earthmoving equipment 498 20.8 9.2
Subtotal direct investment 2,391 100.0 44.2
Engineering design and supervision 195 8.2 3.6
Architect and engineering contractor 48 2.0 0.9
Construction expense 425 17.8 7.9
Contractor fees 186 7.8 3.4
Subtotal 3,245 135.8 60.0
Contingency 649 27.1 12.0
Subtotal fixed investment 3,894 162.9 72.0
Allowance for startup and modifications 340 14.2 6.3
Interest during construction 467 19.5 8.6
Subtotal capital investment 4,701 196.6 86.9
Land 403 16.9 7.5
Working capital 307 12.8 5.6
Total capital investment 5,411 226.3 100.0

a. Basis

New 500-MW plant (30-yr life); 756 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with S0j. Both removed to meet NSPS. Forced-oxidation
limestone process with 1.1 stoichiometry based on SO removed. Landfill
disposal, 115 acres, 1 mi from scrubber facilities, 807 solids gypsum.
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TABLE A-33,

GYPSU1: 2

TOTAL ANNUAL REVENUE REQUIRRENENTS - REGULATED UTILITY ECONOICS

(Base case)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, § requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr 12.50/man-hr 438,000 14.0
Solids disposal equipment 43,800 man~hr 17.00/man-hr 744,600 23.9
Maintenance--plant labor and super-
vision, 4% of direct investment 95,600 3.1
Landfill operation
Land preparation 6,600 0.2
Trucks (fuel and maintenance) 496,048 tons 0.06/ton 29,800 1.0
Barthmoving equipment (fuel and )
maintenance) 496,048 tons 0.16/ton 79,400 2.5
Electricity 1,699,761 kWh 0.029/kWh 49,300 1.6
Analyses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs 1,460,300 46.8
Subtotal direct costs 1,460,300 46.8
Indirect costs
Bapital charges
Depreciation, interim replacement,
. and insurance at 7.83% of total
capital investment less land and
working capital 368,100 11.8
Average cost of capital and taxes
at 8,6% of total capital investment 465,300 14.9
Overhead
Plant, 50% of conversion costs less
utilities 705,500 22.7
Administrative, 10% of operating labor _ 118,300 3.8
Subtotal indirect costs 1,657,200 53.2
Total annual revenue requirements 3,117,500 100.0
$/dry ton  $/wet ton mills/kWh
Bquivalent unit revenue requirements 7.86 6.28 0.89

4. Basis
Remaining plant life, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $5,411,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-39.

GYPSUM®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

T
T m—
(Variation from base case: 200 MW)
Percent of Percent of
direct total capity)
Total, k§ investment investment
Process equipment 794 44.8 20.1
Piping and insulation 124 7.0 3.1
Foundation and structural 17 1.0 0.4
Excavation, site preparation, roads
and railroads 38 2.1 1.0
Electrical 180 10.2 4.5
Instrumentation 44 2.5 1.1
Buildings 174 9.8 4.4
Subtotal 1,371 77.4 34.6
Services and miscellaneous 20 1.1 0.5
Subtotal excluding trucks and
equipment 1,391 78.5 35.1
Trucks and earthmoving equipment 381 21.5 9.6
Subtotal direct investment 1,772 100.0 44.7
Engineering design and supervision 172 9.7 4.3
Architect and engineering contractor 43 2.4 1.1
Construction expense 329 18.6 8.4
Contractor fees 148 8.4 3.7
Subtotal 2,464 139.1 62.2
Contingency 493 27.8 12.4
Subtotal fixed investment 2,957 166.9 74.6
Allowance for startup and modifications 258 14.6 6.5
Interest during construction 355 20.0 _9.0
Subtotal capital investment 3,570 201.5 90,1
Land 165 9.3 4.2
Working capital 2239 12.9 5.7
Total capital investment 3,964 223.7 100.0

a. Basis

New 200-MW plant (30-yr life); 309 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with S03. Both removed to meet NSPS. Forced-oxidation
limestone process with 1.1 stoichiometry based on SO; removed. Landfill
disposal, 47 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-40. GYPSUM®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 200 MW)

Percent of

Total total annual
Annual Unit annvual revenue revenue
quantity cost, § requirements, $§ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 26,280 man-hr  12,50/man-hr 328,500 14.1
Solids disposal equipment 35,040 man-hr  17.00/man-hr 595,700 25,7
Maintenance--plant labor and super-
vision, 4% of direct investment 70,900 3.0
Landfill operation
Land preparation 2,700 0.1
Trucks (fuel and maintenance) 202,836 tons 0.06/ton 12,200 0.5
Earthmoving equipment (fuel and
maintenance) 202,836 tons 0.16/ton 32,500 1.4
Electricity 725,858 kWh 0.031/kuWh 22,500 1.0
Analyses 1,000 hr 17.00/hr 17,000 0.7
Subtotal conversion costs 1,082,000 46.5
Subtotal direct costs 1,082,000 46.5
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 279,500 12.9
Average cost of capital and taxes
at 8.6% of total capital investment 343,000 14 .7
Overhead
Plant, 50% of conversion costs less
utilities 529,800 22.3
Administrative, 102 of operating labor 92,400 _4.0
Subtotal indirect costs 1,244,700 53 .4
Total annual revenue requirements 2,326,700 100.0

$/dry ton _ $/wet ton _mills/kiWh

Equivalent unit revenue requirements 14,31 11,44 1.66

a, Basis
Remaining plant life, 30 yr.
Coal burned, 175 klb/hr, 9,200 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $3,988,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-41. GYPSUM?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 1500 MW)

Percent of Percent of
direct total capita]
Total, k$ investment investment
Process equipment 2,215 51.1 22.4
Piping and insulation 290 6.7 3.0
Foundation and structural 47 I.1 0.5
Excavation, site preparation, roads
and railroads 59 1.4 0.6
Electrical 374 8.7 3.8
Instrumentation 55 1.3 0.6
Buildings 294 6.8 3.0
Subtotal 3,334 77.1 33.9
Services and miscellaneous 50 1.1 0.5
Subtotal excluding trucks and
equipment 3,384 78.2 34.4
Trucks and earthmoving equipment 942 21.8 9.5
Subtotal direct investment 4,326 100.0 43.9
Engineering design and supervision 264 6.1 2.7
Architect and engineering contractor 66 1.5 0.7
Construction expense 683 15.9 7.0
Contractor fees 292 6.8 3.0
Subtotal 5,636 130.3 57.3
Contingency 1,127 26.0 11.5
Subtotal fixed investment 6,763 156.3 68.8
Allowance for startup and modifications 582 13.5 5.9
Interest during construction 812 18.8 8.3
Subtotal capital investment 8,157 188.6 83.0
Land 1,201 27.7 12.2
Working capital 468 10.8 4.8
Total capital investment 9,826 227.1 100.0

a, Basis
New 1500-MW plant (30-yr life); 2,268 klb/hr (15% solids) sludge.
Midwest plant location; average basis for scaling, mid-1979.
Coal analysis (by wt): 3.5% S (dry basis), 16% ash.
Flyash removed with SO5. Both removed to meet NSPS. Forced-oxidation
limestone process with 1.1 stoichiometry based on S0, removed. Landfill
disposal, 343 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-42. GYPSUL®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOICS

(Variation from base case: 1500 MW)
Percent of
Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $§ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 43,800 man-hr  12.50/man-hr 547,500 11.1
Solids disposal equipment 61,320 man-hr  17.00/man-hr 1,042,400 21.0
Maintenance--plant labor and super-
vision, 4% of direct investment 173,000 3.5
Landfill operation
Land preparation 19,400 0.4
Trucks (fuel and maintenance) 1,488,183 tons 0.06/ton 89,300 1.8
Earthmoving equipment (fuel and
maintenance) 1,488,183 tons 0.16/ton 238,100 4.8
Electricity 4,308,150 kWh 0.027/kWh 116,300 2.3
Analyses 1,500 hr 17.00/hr 25,500 0.5
Subtotal conversion costs 2,251,500 45.4
Subtotal direct costs 2,251,500 45.4
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 638,700 12.9
Average cost of capital and taxes
at 8.6% of total capital investment 845,000 17.0
Overhead
Plant, 50% of conversion costs less
utilities 1,067,400 21.5
Administrative, 10% of operating labor 159,000 3.2
Subtotal indirect costs 2,710,100 54.6
Total annual revenue requirements 4,961,600 100.0
$/dry ton _ $/wet ton  mills/kWh
Equivalent unit revenue requirements 4.17 3.33 0.47
a. Basis

Remaining plant life, 30 yr.

Coal burned, 1,286 klb/hr, 9,000 Btu/kWh, 10,500 Btu/1b.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $9,826,000.

Midwest plant location, mid-1980 operating costs.



TABLE A-43. GYPSUM®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

T —

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

—

500 MW, 25-yr remaining life)

Percent of

Percent of

direct total capita)
Total, k§ investment investment

1,183 49.3 22.9
174 7.3 3.4
26 1.1 0.5

42 1.7 0.8
220 9.2 4.2
52 2.2 1.0
174 7.3 3.4
1,871 78.1 36.2
28 1.1 0.5
1,899 79.2 36.7
498 20.8 9.7
2,397 100.0 46.4
195 8.1 3.8
48 2.0 0.9
426 17.8 8.2
187 7.8 3.6
3,253 135.7 62.9
651 27.2 12.6
3,904 162.9 75.5
341 14.2 6.6
468 19.5 9.0
4,713 196.6 91.1
154 6.4 3.0
307 12.8 5.9
5,174 215.8 100.0

a. Basis

Existing 500-MW plant (25-yr 1ife); 773 klb/hr (15% solids) sludge.

Midwest plant location; average basia for scaling, mid-1979.

Coal analysis (by wt): 3.5%Z S (dry basis), 16%Z ash.

Flyash removed with S03. Both removed to meet NSPS.

Forced-oxidation

limestone process with 1.1 stoichiometry based on S0 removed. Landfill
disposal, 44 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-44. GYPSUM®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 500 MW, 25-yr remaining life)

Percent of

$/dry ton  S/wet ton _mills/kWh

Equivalent unit revenue requirements 7.74 6.20

0.89

Total total annual
Annual Unit annual revenue revenue
_quantity cost, § requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant, 35,040 man-hr  12.50/man~hr 438,000 13.9
Solids disposal equipment 43,800 man-hr  17.00/man-hr 744,600 23.7
Maintenance--plant labor and super-
vision, 4% of direct investment 95900 3.0
Landf1ll operation ’
Land preparation 3,100 0.1
Trucks (fuel and maintenance) 507,077 tons 0.06/ton 30,400 1.0
Earthmoving equipment (fuel and
maintenance) 507,077 tons 0.16/ton 81,100 2.6
Elecericity 1,712,816 kWh 0.029/kWh 49,700 1.6
Analyses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs 1,459,800 8.4
Subtotal direct costs 1,459,800 46,4
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at g,g% of total
capital investment less land and
working capital 414,700 13.2
Average cost of capital and taxes
at 8.6% of total capital investment 445,000 14,2
Overhead
Plant, 50% of conversion costs less
utilities 705,100 22.4
Administrative, 10X of operating labor 118,300 3.8
Subtotal indirect costs 1,673,100 53.6
Total annual revenue requirements 3,142,900 100.0

a. Basis
Remaining plant life, 25 yr.

Coal burned, 438 klb/hr, 9,200 Bru/kWh, 10,500 Bru/lb.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $5,174,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-45. GYPSUM™

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

——

(Variation from base case:

direct total capitg]
Total, k$§ investment investment
Process equipment 1,183 49.3 23.2
Piping and insulation 174 7.3 3.4
Foundation and structural 26 1.1 0.5
Excavation, site preparation, roads
and railroads 42 1.7 0.8
Electrical 220 9.2 4.3
Instrumentation 52 2.2 1.0
Buildings 174 7.2 3.4
Subtotal 1,871 78.0 36.6
Services and miscellaneous 28 1.2 0.5
Subtotal excluding trucks and
equipment 1,899 79.2 37.1
Trucks and earthmoving equipment 498 20.8 9.8
Subtotal direct investment 2,397 100.0 46.9
Engineering design and supervision 195 8.1 3.8
Architect and engineering contractor 48 2.0 0.9
Construction expense 426 17.8 8.3
Contractor fees 187 7.8 3.7
Subtotal 3,253 135.7 63.6
Contingency 651 27.2 12.7
Subtotal fixed investment 3,904 162.9 76.3
Allowance for startup and modifications 341 14, 6.7
Interest during construction 468 19.5 9.1
Subtotal capital investment 4,713 196.6 92,1
Land 95 4.0 1.9
Working capital 307 12.8 6.0
Total capital investment 5,115 213.4 100.0

——

500 MW, 20-yr remaining life)

Percent of

Percent of

a. Basis

Existing 500-MW plant (20-yr life); 773 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with S02. Both removed to meet NSPS.

Forced-oxidation

limestone process with 1.1 stoichiometry, based on S0 removed. Landfill
disposal, 27 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-46.

cypsu?

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case:

500 MW, 20-yr remaining life)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $§ requirements
Direct costs
Conversiou costs
Operating labor and supervision
Plant
35,040 man~hr 12.50/man-hr 438,000 13.9
Solids disposal equipment 43.800 h 17 R ’
Malntenance--plant labor and super- ’ man-hr -00/man~hr 744,600 B-5
vision, 4% of direct investment
Landfill operation 95,900 3.0
Land preparation 2,400 0.1
Trucks (fuel and maintenance) 507,077 tons 0.06/ton 30,400 1.0
Earthmoving equipment (fuel and *
maintenance) 507,077 tons 0.16/ton 81,100 2.6
Eleitl‘icity 1,712,816 kWh 0.029/kWh 49,700 1.6
na.yses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs T459.100 % 2
Subtotal direct costs 1,459,100 %6 .2
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 9,3% of total
capital investment less land and
working capital 438,300 13.9
Average cost of capital and taxes
at 8.6% of total capital investment 439.900 13.9
Overhead
Plant, S50% of comversion costs less
utilicies 704,700 22.3
Administrative, 10% of operating labor 118,300 _ 3.7
Subtotal indirect costs 1,701,200 53.8
Total annual revenue requirements 3,160,300 100.0
$/dry ton _ §$/wet ton mills/kWh
Equivalent unit revenue requirements 7.79 6.24 0.90

a. Basis
Remaining plant life, 20 yr.
Coal burned, 438 klb/hr, 9,200 Bru/kWh,
Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $5,115,000.
Midwest plant location, mid-1980 operating costs.

139

10,500 Beru/lb.



TABLE A-47. GYPSUM®

TOTAL CAPITAL INVESTMENT ~ PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 500 MW, 15-yr remaining life)

Percent of Percent of
direct total capitg]
Total, k§ investment investment
Process equipment 1,183 49.3 23.5
Piping and insulation 174 7.3 3.4
Foundation and structural 26 1.1 0.5
Excavation, site preparation, roads
and railroads 42 1.7 0.8
Electrical 220 9.2 4.3
Instrumentation 52 2.2 1.0
Buildings 174 7.2 3.4
Subtotal 1,871 78.0 36.9
Services and miscellaneous 28 1.2 0.5
Subtotal excluding trucks and
equipment 1,899 79.2 37.4
Trucks and earthmoving equipment 498 20.8 9.8
Subtotal direct investment 2,397 100.0 47.2
Engineering design and supervision 195 8.1 3.9
Architect and engineering contractor 48 2.0 0.9
Construction expense 426 17.8 8.4
Contractor fees 187 7.8 3.7
Subtotal 3,253 135.7 64.1
Contingency 651 27.2 12.8
Subtotal fixed investment 3,904 162.9 76.9
Allowance for startup and modifications 341 14.2 6.7
Interest during construction 468 19.5 9.2
Subtotal capital investment 4,713 196.6 92.8
Land 56 2.3 1.1
Working capital 307 12.9 6.1
Total capital investment 5,076 211.8 100.0
a. Basis

Existing 500-MW plant (15-yr 1life); 773 klb/hr (15% solids) sludge.
Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with 80,. Both removed to meet NSPS. Forced-oxidation
limestone process with 1.1 stoichiometry based on S0y removed. Landfill
disposal, 16 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-48., GY

PSUM>

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ZCONOMICS

(Variation from base case: 500 MW, 15-yr remaining life)

Percent of

Total total annual
Annual Unit annual revenue revenue
__quantity cost, § requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 438,000 13.6
Solids disposal equipment 43,800 man~hr  17.00/man-hr 744,600 23.1
Maintenance--plant labor and super-
vision, 4% of direct investment 95,900 3.0
Landfill operation
Land preparation 1,900 0.1
Trucks (fuel and maintenance) 507,077 tons 0.06/ton 30,400 0.9
Earthmoving equipment (fuel and
maintenance) 507,077 tons 0.16/ton 81,100 2.5
Electricity 1,712,816 kWh 0.029/kWh 49,700 1.5
Analyses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs 1,458,600 45,2
Subtotal direct costs 1,458,600 45.2
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 10,.8% of total
capital investment less land and
working capital 509,000 15.8
Average cost of capital and taxes
at 8.62 of total capital investment 436,500 13.5
Overhead
Plant, 50% of conversion costs less
utilicies 704,500 21.8
Administrative, 10% of operating labor __ 118,300 3.7
Subtotal indirect costs 1,768,300 54.8
Total annual revenue requirements 3,226,900 100.0

$/dry ton $/wet ton wmills/kWh

Equivalent unit revenue requirements 7.96 6.37

0.92

a.

Basis
Remaining plant life, 15 yr.
Coal burned, 438 klb/hr, 9,200 Bru/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $5,076,000.
Midwest plant location, mid-1980 operating costs.



TABLE A-49. GYPSuM®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 27 S)

Percent of Percent of
direct total capital
Total, k$ investment investment
Process equipment 1,031 48.5 21.6
Piping and insulation 140 6.6 2.9
Foundation and structural 21 1.0 0.4
Excavation, site preparation, roads
and railroads 42 2.0 0.9
Electrical 205 9.7 4.3
Instrumentation 51 2.4 1.1
Buildings 174 8.2 3.6
Subtotal 1,664 78.4 34.8
Services and miscellaneous 24 1.1 0.5
Subtotal excluding trucks and
equipment 1,688 79.5 35.3
Trucks and earthmoving equipment 435 20.5 9.1
Subtotal direct investment 2,123 100.0 44.4
Engineering design and supervision 195 9.1 4.1
Architect and engineering contractor 48 2.3 1.0
Construction expense 386 18.2 8.1
Contractor fees 170 8.0 3.5
Subtotal 2,922 137.6 61.1
Contingency 584 27.5 12.2
Subtotal fixed investment 3,506 165.1 73.3
Allowance for startup and modifications 307 14.5 6.5
Interest during construction 421 19.8 8.8
Subtotal capital investment 4,234 199.4 88.5
Land 284 13.4 5.9
Working capital 264 12.4 5.6
Total capital investment 4,782 225.2 100.0

a. Basis
New 500-MW plant (30-yr 1life); 530 klb/hr (15% solids) sludge.
Midwest plant location; average basis for scaling, mid-1979.
Coal analysis (by wt): 2% S (dry basis), 16% ash.
Flyash removed with SO3. Both removed to meet NSPS. Forced-oxidation
limestone process with 1.1 stoichiometry based on 802 removed. Landfill
disposal, 81 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-50. GYPSU:©®

TOTAL ANNUAL REVENUZ REQUIRE{ENTS - REGULATED UTILITY ECONOMICS

Remaining plant life, 30 yr.

Coal burned, 421 klb/hr, 9,000 Btu/kwh, 10,700 Btu/1b.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $4,782,000.

Midwest plant location, mid-1980 operating costs.
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(Variation from base case: 2% S)
Percent of
Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, § requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr 12.50/man-hr 438,000 16.2
Solids disposal equipment 35,040 wan-hr  17.00/man-hr 595,700 22.0
Maintenance--plant labor and super-
vision, 4% of direct investment 84,900 3.1
Landfill operation
Land preparation 4,600 0.2
Trucks (fuel and maintenance) 347,536 tons 0.06/ton 20,900 0.8
Earthmoving equipment (fuel and
maintenance) 347,536 tons 0.16/ton 55,600 2.1
Electricity 1,221,948 kWh 0.029/kWh 35,400 1.3
Analyses 1,000 hr 17.00/hr 17,000 0.6
Subtotal conversion costs 1,252,100 46.3
Subtotal direct costs 1,252,100 46.3
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 331,500 12.2
Average cost of capital and taxes
at 8.6% of total capital investment 411,300 15.2
Overhead
Plant, 50% of conversion costs less
utilities 608,400 22.5
Administrative, 10% of operating labor __ 103,400 _ 3.8
Subtotal indirect costs 1,454,600 53.7
Total annual revenue requirements 2,706,700 100.0
$/dcy ton  $/wet ton mills/kWh
Equivalent unit revenue requirements 9.74 7.79 0.77
a. Basis



TABLE A-51.

cYPSUM?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

5% S)

Percent of

Percent of

direct total capita)
Total, k§ investment investment

1,290 49.6 21.9
181 7.0 3.0
27 1.0 0.5

47 1.8 0.8
227 8.7 3.9
52 2.0 0.9
174 6.7 3.0
1,998 76.8 34.0
29 1.1 0.5
2,027 77.9 34.5
575 22.1 9.7
2,602 100.0 44.2
195 7.5 3.3
48 1.8 0.8
449 17.3 7.6
199 7.6 3.5
3,493 134.2 59.4
699 26.9 11.8
4,192 161.1 71.2
362 13.9 6.2
503 19.3 8.5
5,057 194.3 85.9
511 19.7 8.7
316 12.1 5.4
5,884 226.1 100.0

a. Basis

New 500-MW plant (30-yr life); 960 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 5% S (dry basis), 16% ash.

Flyash removed with S02. Both removed to meet NSPS.

Forced-oxidation

limestone process with 1.1 stoichiometry based on S0 removed. Landfill
disposal, 146 acres, |1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-52. GYpPSuM®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 5% S)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr 12,50/man-hr 438,000 13,5
Solids disposal equipment 43,800 man-hr  17.00/man-hr 744,600 22,9
Maintenance--plant labor and super-
vision, 4% of direct investment 104,100 3.2
Landfill operation b
Land preparation 8,300 Q.3
Trucks (fuel and maintenance) 629,808 tons 0.06/ton 37,800 1.1
Earthmoving equipment (fuel and
maintenance) 629,808 tons 0.16/ton 100,800 3,1
Electricity 1,906,030 kWh 0.029/kWh 55,300 1.7
Analyses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs 1,505,900 %6.3
Subtotal direct costs 1,505,900 46,3
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 396,000 12.2
Average cost of capital and taxes
at B.6% of total capital investment 506,000 15.6
Overhead
Plant, 50X of conversion costs less
utilities 725,300 22.3
Administrative, 10% of operating labor 118,300 3.6
Subtoral indirect costs 1,745,600 53.7
Total annual revenue requirements 3,251,500 100.0
$/dry ton $/wet ton  mills/kWh
Equivalent unit revenue requirements 6.45 5.16 0.93
a. Basis

Remaining plant life, 30 yr.

Coal burned, 433 klb/hr, 9,000 Btu/kWh, 10,400 Btu/lb.
Povwer plant on-stream time, 7,000 hr/yr.

Total capital investment, $5,884,000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-53.

Gypsum?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

—

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

12% ash)

Percent of

Percent of

direct total capity]
Total, k$ investment investment

1,109 50.0 22.0
148 6.7 3.0
21 0.9 0.4

41 1.9 0.8
212 9.6 4.2
52 2.3 1.0
174 7.8 3.5
1,757 79.2 34.9
26 1.2 0.5
1,783 80.4 35.4
435 19.6 8.6
2,218 100.0 44 .0
196 8.9 3.9
49 2.2 1.0
404 18.2 8.0
176 7.9 3.5
3,043 137.2 60.4
609 27.5 12.0
3,652 164.7 72.4
322 14.5 6.4
__438 19.7 8.7
4,412 198.9 87.5
329 14.8 6.5
301 13.6 _6.0
5,042 227.3 100.0

a. Basis

New 500-MW plant (30-yr life); 623 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 12% ash.

Flyash removed with SO3. Both removed to meet NSPS.

Forced-oxidation

limestone process with 1.1 stoichiometry based on S0, removed. Landfill
disposal, 94 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-54. GYPSUL®

TOTAL ANNUAL REVENUE REQUIREMEWTS - REGULATED UTILITY ZCONO!ICS

(Variarion from base case: 12% ash)

$/dry ton _ $/wet ton mills/kWh

Equivalent unit revenue requirements 9.23 7.39

0.86

Percent of
Total total annual
Annual Unit annual revenue Tevenue
quantity cost, $§ requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-h
> . n-=hr 438,000 14.5
Solids disposal equipment 43,800 man-hr  17.00/man~hr 74&:600 2.7
Maintenance--plant labor and super-
vision, 4% of direct investment
Landfill operation 88,700 2.9
Land preparation 5,400 0.2
Trucks (fuel and maintenance) 408,653 tons 0.06/t 24.500 -
Earthmoving equipment (fuel and ’ " /eon ’ 0.8
maintenance) 408,653 tons 0.16/ton 65,400 2.2
irll:;“icity 1,566,600 kWh 0.029/kWh 45,400 1.5
yses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs ’ ! 1723§f655 %7.3
Subtotal direct costs 1,429,000 47.3
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of toral
capital investment less land and
working capital 345,500 11.5
Average cost of capital and taxes
at 8.6% of total capital investment 433,600 14.4
Overhead
Plant, 50% of conversion costs less
utilicies 691,800 22.9
Administrative, 10X of operating labor __ 118,300 _3.9
Subtotal indirect costs 1,589,200 52,7
Total annual revenue requirements 3,018,200 100.0

a. Basis
Remaining plant life, 30 yr.

Coal burned, 405 klb/hr, 9,000 Btu/kWh, 11,100 Btu/1b.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $5,042,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-55.

cypsim®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

20% ash)

Percent of

Percent of

direct total capital
Total, k$§ investment investment

1,271 50.7 22.3
182 7.3 3.2
26 1.0 0.4

46 1.8 0.8
227 9.1 4.0
52 2.1 0.9
174 6.9 3.1
1,978 78.9 34.7
30 1.2 0.5
2,008 80.1 35.2
498 19.9 8.7
2,506 100.0 %43.9
196 7.8 3.4
49 2.0 0.9
446 17.8 7.8
193 7.7 3.4
3,390 135.3 59.4
678 27.0 11.9
4,068 162.3 71.3
357 14.3 6.3
488 19.5 8.5
4,913 196.1 86.1
480 19.1 8.4
314 12.5 5.5
5,707 227.7 100.0

a. Basis

New 500-MW plant (30-yr life); 905 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5Z S (dry basis), 20% ash.

Flyash removed with SO7. Both removed to meet NSPS.

Forced-oxidation

limestone process with 1.1 stoichiometry based on 809 removed. Landfill
disposal, 137 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-56. GYPSUII®

TOTAL ANNUAL REVENUE REQUIREIENTS - REGULATED UTILITY ECONO:ICS

(Variation from base case: 20% ash)

Percent of

Remaining plant life, 30 yr.

Coal burmed, 455 klb/hr, 9,000 Btu/kWh, 9,900 Btu/lb.

Power plant on-stream time, 7,000 hx/yr.
Total capital investment, $5,707,000.
Midwest plant location, mid-1980 operating costs.

i49

Total total annual
Annual Unit annual revenue revenue
quantity cost, $ requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr 12.50/man-hr 438,000 13,7
Solids disposal equipment 43,800 man~-hr 17.00/man-hr 744,600 23.2
Maintenance--plant labor and super-
vision, 4% of direct investment 100,200 1.1
Landfill operation : -
Land preparation 7,800 0.2
Trucks (fuel and maintenance) 594,003 tons 0.06/ton 35,600 1.1
Earthmoving equipment (fuel and
maintenance) 594,003 tons 0.16/ton 95,000 3.0
EiiitriCitY 1,906,030 kWh 0.029/kwh 55,300 1.7
yses 1,000 hr 17.00/hr 17,000 0.6
Subtotal conversion costs ’ 1,493,500 ~%6.6
Subtotal direct costs 1,493,500 46.6
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 384,700 12.0
Average cost of capital and taxes
at 8.6% of total capital investment 490,800 15.3
Overhead
Plant, 50% of conversion costs less
utilities 719,100 22.4
Administrative, 10% of operating labor 118,300 3.7
Subtotal indirect costs 1,712,900 53.4
Total annual revenue requirements 3,206,400 100.0
$/dry ton S$/wet ton mills/kWh
Equivalent unit revenue requirements 6.75 5.40 0.92
a, Basis



TABLE A-57.

cyPsuM?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

——

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

1.0 lime stoichiometry)

Percent of

Percent of

direct total capita}
Total, k§ investment investment
1,167 50.0 22.0
173 7.4 3.2
24 1.0 0.4
42 1.8 0.8
220 9.4 4.1
52 2.2 1.0
174 7.5 3.3
1,852 79.3 34.8
28 1.2 0.6
1,880 80.5 35.4
455 19.5 8.5
2,335 100.0 43.9
196 8.4 3.7
49 2.1 0.9
422 18.1 7.9
183 7.8 3.4
3,185 136.4 59.9
637 27.3 12.0
3,822 163.7 71.
337 14.4 6.3
459 19.7 8.7
4,618 197.8 86.9
389 16.7 7.3
308 13.1 5.8
5,315 227.6 100.0

a. Basis

New 500-MW plant (30-yr life); 729 klb/hr (10% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with SOj. Both removed to meet NSPS.

Forced-oxidation

limestone process with 1.0 stoichiometry based on S0, removed. Landfill
disposal, 111 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TLBLE A-53. GYPSU®

TOTAL ANNUAL rEVZYUEX NEQUIREMENTS - REGULATED UTILITY ZCOWO:MICS

(Variation from base case:

Direct costs

Conversion costs
Operating labor and supervision
Plant
Solids disposal equipment
Maintenance--plant labor and super-
vision, 4% of direct investment
Landfill operation
Land preparation
Trucks (fuel and maintenance)
Earthmoving equipment (fuel and
maintenance)
Electricity
Analyses
Subtotal conversion costs

Subtotal direct costs

Indirect costs

Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital
Average cost of capital and taxes
at 8.6Z of total capital investment
Overhead
Plant, 50% of conversion costs less
utilities

Administrative, 1l0% of operating labor

Subtotal indirect costs

Total annual revenue requirements

Equivalent unit revenue requirements

1.0 lime stoichiometry)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, $§ requirements, $§ requirements
35,040 man~-hr 12.50/man-hr 438,000 14.1
43,800 man-hr 17.00/man-hr 744,600 24.0
100,200 3.2
6,300 0.2
478,198 tons 0.06/ton 28,700 0.9
478,198 tons 0.16/ton 76,500 2,5
1,712,816 kWh 0.029/kWh 49,700 1.6
1,000 hr 17.00/hr 17,000 0.6
1,461,000 47.1
1,461,000 47.1
361,600 11.7
457,100 14.7
705,700 22.7
118,300 3.8
1,642,700 52.9
3,103,700 100.0

$/dry ton  $/wet ton _ mills/kWh

8.11 6.49 0.89

a. Basis
Remaining plant life, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $5,315,000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-59.

cYPsuM®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

S mi to disposal)

Percent of

Percent of

direct total capital
Total, k§ investment investment
1,179 45.8 20.6
174 6.7 3.0
25 1.0 0.4
42 1.6 0.7
191 7.4 3.3
52 2.0 0.9
174 6.8 3.0
1,837 71.3 31.9
27 1.1 0.5
1,864 72.4 32.4
712 27.6 12.4
2,576 100.0 44.8
196 7.6 3.4
49 1.9 0.9
419 16.3 7.3
197 7.6 3.4
3,437 133.4 59.8
687 26.7 11.9
4,124 160.1 71.
341 13.3 5.9
495 19.2 8.7
4,960 192.6 86.3
403 15.6 7.0
387 15.0 6.7
5,750 223.2 100.0

a. Basis

New 500-MW plant (30-yr life); 756 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16%Z ash.

Flyash removed with S0,. Both removed to meet NSPS.

Forced-oxidation

limestone process with 1.1 stoichiometry based on SO, removed. Landfill
disposal, 115 acres, 5 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-60. GYPSUM®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 5 mi to disposal)

Percent of

Total annual revenue requirements

$/dry ton _ §/wet ton _mills/kWh

Equivalent unit revenue requirements 9.31 7.45

1.05

Total total annual
Annual Unitc annual revenue revenue
quantity cost, § requirements, $ requirements
Direct casts
Conversion costs
Operating labor and supervision
Plant 35,040 man~hr  12.50/man~hr 438,000 11.9
Solids disposal equipment 61,320 man-hr 17.00/man-hr 1,042,400 28.2
Maintenance-~plant labor and super-
vision, 4% of direct investment 103,000 2.8
Landfill operation
Land preparation 6,600 0.2
Trucks (fuel and maintenance) 496,048 tons 0.20/con 99,200 2.7
Earthmoving equipment (fuel and
mailntenance) 496,048 tons 0.16/ton 79,400 2.1
Electricity 1,699,761 kWh 0.029/kWh 49,300 1.3
Analyses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs 1,834,900 49.7
Subtotal direct costs 1,834,900 49.7
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 361,600 9.7
Average cost of capital and taxes
at 8.6% of total capital investment 457,100 12.4
Overhead
Plant, 50% of conversion costs less
utilities 892,800 24,2
Administrative, 10X of operating labor 148,000 Sg.g
Subtotal indirect costs 1,859,500 .
3,694,400 100.0

a. Basis
Remaining plant 1life, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $5,750,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-61.

cypsuM®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case:

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

10 mi to disposal)

Percent of Percent of
direct total capital
Total, k§ investment investment

1,179 43.4 19.6
174 6.4 2.9
25 0.9 0.4

42 1.6 0.7
191 7.0 3.2
52 1.9 0.9
174 6.4 2,9
1,837 67.7 30.6
28 1.0 0.5
1,865 68.7 31.1
849 31.3 145.1
2,714 100.0 45,2
196 7.2 3.3
49 1.8 0.8
419 15.4 7.0
205 7.6 3.4
3,583 132.0 59.7
716 26.4 11.9
4,299 158.4 71.6
345 12.7 5.7
516 19.0 8.6
5,160 190.1 85.9
403 14.9 6.7
442 16.3 7.4
6,005 221.3 100.0

a. Basis

New 500-MW plant (30-yr life); 756 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with SO2. Both removed to meet NSPS. Forced-oxidation
limestone process with 1.1 stoichiometry based on S0, removed. Landfill
disposal, 115 acres, 10 mi from scrubber facilities, 80% solids gypsum.

154



THEBLE A-G62. GYPSU.i®

TOTAL ANHUAL REVEWUE REQUIRELEUTS - REGULATED UTILITY ECOHO.ICS

(Variation from base case: 10 mi to disposal)

Percent of

Total total annual
Annual Unit annual revenue revenue
_quantity cost, § requirements, $ requirements
Diyect costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr  12.50/man-hr 438,000 10.2
Solids disposal equipment 70,080 man-hr 17.00/man~hr 1,192,400 27.8
Maintenance--plant labor and super=-
vision, 4% of direct investment 119,700 2.8
Landfill operation :
Land preparation 6,600 0.2
Trucks (fuel and maintenance) 496,048 tons 0.39/ton 193,500 4.5
Earthmoving equipment (fuel and
maintenance) 496,048 tons 0.16/ton 79,400 1.8
zieitricity 1,699,761 kwh 0.029/kvWh 49,300 1.2
alyses 1,000 hr 17.00/hr 17,000 0.4
Subtotal conversion costs ’ 2,095,900 48.9
Subtotal direct costs 2,095,900 48.9
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83Z of total
capital investment less land and
working capital 443,900 10.3
Average cost of capital and taxes
at 8.6% of total capital investment 560,200 13.1
Overhead
Plant, 50% of conversion costs less
utilities 1,023,300 23.9
Administrative, 10Z of operating labor __163,000 3.8
Subtotal indirect costs 2,190,400 51.1
Total annual revenue requirements 4,286,300 100.0
$/dry ton $/wet ton  mills/kWh
Equivalent unit revenue requirements 10.80 8.64 1.22
a. Basis

Remaining plant life, 30 yr.

Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb,
Power plant on-stream time, 7,000 hr/yr.

Total capital investment, $6,005,000.

Midwest plant location, mid-1980 operating costs.
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TABLE A-63. GYPSUM™

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 500 MW, 7,000-hr/yr operation)

Percent of Percent of
direct total capital
Total, k$§ investment investment
Process equipment 1,179 49.3 20.8
Piping and insulation 174 7.3 3.1
Foundation and structural 25 0.9 0.4
Excavation, site preparation, roads
and railroads 42 1.8 0.7
Electrical 220 9.2 3.9
Instrumentation 52 2.2 0.9
Buildings 174 7.3 3.1
Subtotal 1,866 78.0 32.9
Services and miscellaneous 28 1.2 0.5
Subtotal excluding trucks and
equipment 1,894 79.2 33.4
Trucks and earthmoving equipment 498 20.8 8.8
Subtotal direct investment 2,392 100.0 42,2
Engineering design and supervision 196 8.2 3.5
Architect and engineering contractor %9 2.0 0.8
Construction expense 425 17.8 7.5
Contractor fees 186 7.8 3.3
Subtotal 3,248 135.8 57.3
Contingency 650 27.2 11.5
Subtotal fixed investment 3,898 163.0 68.7
Allowance for startup and modifications 340 14,2 6.0
Interest during construction 468 19.5 8.3
Subtotal capital investment 4,706 196.7 83.0
Land 658 27.5 11.6
Working capital 308 12.9 5.4
Total capital investment 5,672 237.1 100.0
a. Basis

New 500-MW plant (30-yr life); 756 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.54 S (dry basis), 16% ash.

Flyash removed with SO;. Both removed to meet NSPS. Forced-oxidation
limestone process with 1.1 stoichiometry based on S0, removed. Landfill
disposal, 188 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-64. GYPSUIL®

TOTAL ANNUAL REVENUE REQUIREHENTS - REGULATED UTILITY ECONOIIICS

(Variation from base case: 500 MW, 7,000-hr/yr operating profile)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, § requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 35,040 man-hr 12.50/man~hr 438,000 13.9
Solids disposal equipment 43,800 man-hr 17.00/man-hr 744,600 23.7
Maintenance-—-plant labor and super-
vision, 4% of direct investment 95,700 3.0
Landfill aoperation
Land preparation 10,700 0.3
Trucks (fuel and maintenance) 496,048 tons 0.06/ton 29,800 1.0
Earthmoving equipment (fuel and
maintenance) 496,048 tons 0.16/ton 79,400 2.5
Electricity 1,699,761 kWh 0.029/kwWh 49,300 1.6
Analyses 1,000 hr 17.00/hr 17,000 0.5
Subtotal conversion costs 1,464,500 46.5
Subtotal direct costs 1,464,500 46.5
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 368,500 11.7
Average cost of capital and taxes
at 8.6% of total capital investment 487,400 15.5
Overhead
Plant, 50% of conversion costs less
utilities 707,600 22.5
Administrative, 10X of operating labor 118,300 _3.8
Subtotal indirect costs 1,681,800 53.5
3,146,300 100.0

Total annual revenue requirements

$/dry ton  $/wet ton _ mills/kWh
0.30

Equivalent unit revenue requirements 7.93 6.34

a. Basis
Remaining plant life, 30 yr.
Coal burned, 429 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $5,672,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-65.

cYPsuM®

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 200 MW, 7,000-hr/yr constant onstream)

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction

Subtotal capital investment

Land
Working capital

Total capital investment

Percent of Percent of
direct total capital
Total, k$§ investment investment

794 44.8 19.4
124 7.0 3.0
17 1.0 0.4

38 2.0 0.9
180 10.2 4.4
44 2.5 1.1
174 9.8 4.3
1,371 77.4 33.5
20 1.1 0.5
1,391 78.5 34.0
381 21.5 9.3
1,772 100.0 43.3
172 9.7 4.2
43 2.4 1.1
329 18.6 8.0
148 8.3 3.6
2,464 139.0 60.2
493 27.8 12.0
2,957 166.9 72.2
258 14.6 6.3
355 20.0 8.7
3,570 201.5 87.2
270 15.2 6.6
253 14.3 6.2
4,093 231.0 190.0

a. Basis

New 200-MW plant (30-yr life); 309 klb/hr (15% solids) sludge.

Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5% S (dry basis), 16% ash.

Flyash removed with S07. Both removed to meet NSPS. Forced-oxidation
limestone process with 1.1 stoichiometry based on SOy removed. Landfill
disposal, 77 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-66. GYPSUM®

TOTAL ANNUAL REVENUE REQUIREMENTS - REGULATED UTILITY ECONOMICS

(Variation from base case: 200 MW, 7,000-hr/yr constant onstream)

Percent of

Total annual revenue requirements

$/dry ton  $/wet ton mills/kWh

Equivalent unit revenue requirements 14,75 11.79

1.72

Total total annual
Annual Unit annual revenue revenue
quantity cost, § requirements, $ requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 26,280 man~hr 12.50/man-hr 328,500 13.7
Solids disposal equipment 35,040 man-hr 17.00/man-hr 595,700 24.8
Maintenance-—plant labor and super-
vision, 4Z of direct investment 70,900 3.0
Landfill operation
Land preparation 2,700 0.1
Trucks (fuel and maintenance) 202,836 tous 0.06/ton 12,200 0.5
Earthmoving equipment (fuel and
maintenance) 202,836 tons 0.16/ton 32,500 1.4
Electricity 725,858 kwh 0.031/k¥Wh 22,500 0.9
Analyses 1,000 hr 17.00/hr 17,000 0.7
Subtotal conversion costs 1,082,000 45.1
Subtotal direct costs 1,082,000 45.1
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 279,500 11.6
Average cost of capital aand taxes
at 8.6% of total capital investment 352,000 14.7
Overhead
Plant, 50%Z of coanversion costs less
utilities 584,500 24.3
Administrative, 10X of operating labor _103,400 4.3
Subtotal indirect costs 1,319,400 54.9
2,401,400 100.0

a. Basis
Remaining plant life, 30 yr.

Coal burned, 175 klb/hr, 9,000 Btu/kWh, 10,500 Btu/lb.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $4,093,000.
Midwest plant location, mid-1980 operating costs.
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TABLE A-67.

cYPSuM?

TOTAL CAPITAL INVESTMENT - PROCESS EQUIPMENT AND INSTALLATION ANALYSIS

(Variation from base case: 1,500 MW, 7,000-hr/yr constant onstream)

Process equipment
Piping and insulation
Foundation and structural
Excavation, site preparation, roads
and railroads
Electrical
Instrumentation
Buildings
Subtotal

Services and miscellaneous
Subtotal excluding trucks and
equipment

Trucks and earthmoving equipment
Subtotal direct investment

Engineering design and supervision
Architect and engineering contractor
Construction expense
Contractor fees

Subtotal

Contingency
Subtotal fixed investment

Allowance for startup and modifications
Interest during construction
Subtotal capital investment

Land
Working capital

Total capital investment

Percent of Percent of
direct total capita)l

Total, k§ investment investment
2,215 51.2 20.9
290 6.7 2.7
47 1.1 0.4
59 1.4 0.6
374 8.6 3.5
55 1.3 0.5
294 6.8 2.8
3,334 77.1 31.4
50 1.1 0.5
3,384 78.2 31.9
942 21.8 8.9
4,326 100.0 40.8
264 6.1 2.5
66 1.5 0.6
688 15.9 6.5
292 6.8 2.8
5,636 130.3 53.2
1,127 26.0 10.6
6,763 156.3 63.8
582 13.5 5.5
812 18.8 7.7
8,157 188.6 77.0
1,978 45.7 18.6
468 10.8 4.4
10,603 245.1 100.0

a. Basis

New 1500-MW plant (30-yr life); 2,268 klb/hr (15% solids) sludge.
Midwest plant location; average basis for scaling, mid-1979.

Coal analysis (by wt): 3.5%Z S (dry basis), 16% ash.
Flyash removed with SO2. Both removed to meet NSPS.
limestone process with 1.1 stoichiometry based on S0, removed. Landfill
disposal, 565 acres, 1 mi from scrubber facilities, 80% solids gypsum.
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TABLE A-53. GYPSU#

TOTAL AUNUAL REVENUE REQUIREIENTS - REGULATED UTILITY ECOWO:iICS

(Variation from base case: 1,500 MW, 7,000-hr/yr constant onstream)

Percent of

Total total annual
Annual Unit annual revenue revenue
quantity cost, § requirements, § requirements
Direct costs
Conversion costs
Operating labor and supervision
Plant 43,800 man-hr  12.50/man-hr 547,500 10.9
Solids disposal equipment 61,320 man-hr 17.00/man-hr 1,042,400 20.7
Maintenance--~plant labor and super-
vision, 4% of direct investment 173,000 3.4
Landfill operation
Land preparation 19,400 0.4
Trucks (fuel and maintenance) 1,488,183 tons 0.06/ton 89,300 1.8
Earthmoving equipment (fuel and
maintenance) 1,488,183 tons 0.16/ton 238,100 4.7
Electricity 4,308,150 kWh 0.029/kWh 116,300 2.3
Analyses 1,500 hr 17.00/hr 25,000 0.5
Subtotal conversion costs 2,251,000 44.8
Subtotal direct costs 2,251,000 44.8
Indirect costs
Capital charges
Depreciation, interim replacement,
and insurance at 7.83% of total
capital investment less land and
working capital 638,700 12.7
Average cost of capital and taxes
at 8.6% of total capital investment 911,900 18.1
Overhead
Plant, 50X of conversion costs less
utilities 1,067,400 21.2
Administrative, 10X of operating labor 159,000 3.2
Subtotal indirect costs 2,777,000 55.2
Total annual revenue requirements 5,028,000 100.0

$/dry ton $/wet ton mills/kWh

Equivalent unit revenue requirements 4,23 3.37

0.48

a. Basis
Remaining plant 1ife, 30 yr.

Coal burned, 1,286 klb/hr, 9,000 Btu/kWh, 10,500 Btu/1b.

Power plant on-stream time, 7,000 hr/yr.
Total capital investment, $10,603,000.
Midwest plant location, mid-1980 operating costs.
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TABLE B-1

LIME/LIMESTONE SLUDGE DISPOSAL - SLUDGE BLENDING PROCESS 200 MW NEW UNIT: 3.5% S IN FUELs 16% ASH IN COALs REGULATED CO. ECONDMICS

FIXED INVESTMENT: § 6126000
TOTAL
SULFUR AY=PRODUCT OoP, COST
REMOVED RATE» INCLUDING NET ANNUAL CUMULATIVE
YEARS ANNUAL POWER UNIT POWER UNIT RY EGUIVALENT NET REVENUE, REGULATED TOTAL INCREASE NET INCREASE
AFTER OPERA~- HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE) (DECREASE)
POWER TION» REQUIHEMENT« CONSUMPT]ONe CONTROL POWER SALES IN COST OF IN COST OF
UNIT KW=HR/ MILLION ARTU TONS COAL PROCESS WASTE WASTE COMPANY, REVENUE » POWER S POWER
START, KW . .. /YEAR /YEAR TONS/YEAR SOLIDS SOLIDS $/YEAR $/YEAR s s
1 7000 12680000 6513300 16600 224400 0.0 3289200 0 3289200 3289200
2 7000 12880000 613300 14600 224400 0.0 3256700 [} 3256700 6565900
3 7000 12880000 613300 14600 224400 0.0 3224200 )] 3224200 9770100
) T000 . 12880000 613300 14600 224400 0.0 . 3191700 .0 3191700 12961800
BT 7000 . 712880000 _ __ 613300 ________18600 _ 2244800 0.0 3189200 ___ "0 ___ 3159200 ____lel2lgqo
6 7000 12380000 613300 14600 224400 0,0 3126700 0 3126700 19247700
7 7000 12880000 613300 16600 224400 0.0 3094200 0 3094200 22341500
8 7000 12880000 613300 164600 224400 0.0 3061700 0 3061700 256403600
9 7000 | 128R0000 613300 14600 224400 0.0 . 302%200 0 3029200 26432800
-xh---..‘znnn_---_xaaannnn _____ 613300, 14600 __ 224400 0.0 _aezaann__.__-_n___.zamnn.._._auasuo
5000 9200000 438100 10400 160300 0s0 2668100 2668100 34097700
12 5000 9200000 438100 10400 160300 0.0 2635600 o 2635600 36733300
13 5000 9200000 438100 10400 160300 0.0 2603100 0 2603100 39336400
14 5000 _ ... 9200000 438100 10400 160300 0.0 . 2570600 0 2570600 41907000
-1&-__.5nnn..----2znnnnn_-_ 438100 10400 _ 160300 . __ 0alo e _"2538100 _ ___~ "D ___ 2538100 ___ 34445100
16 3500 6440000 306700 7300 112200 0.0 2248000 0 2248000 46693100
17 3500 6440000 306700 7300 112200 0.0 2215500 0 2215500 48908600
18 3500 6440000 30A700 7300 112200 0.0 2183000 0 2183000 51091600
19 3500 . . 6440000 306700 7300 112200 0.0 2150500 0 2150500 53242100
~b._"3800 . " -nasnnnn_-_..-anaznn.-_..._..-1;um ........ 112200 ____ n‘n___-___-axmnnn____-_n..._.auanan..--.ssaumo
21 1500 2760000 31800 3100 48100 0,0 1644400 0 1644400 §7004500
22 1500 2760000 131‘00 3100 48100 0.0 1611900 0 1611900 58616400
23 1500 2760000 13100 3100 48100 060 1579400 0 1579400 60195800
26 1500 _ . 2760000 131400 3100 48100 0.0 . 1546900 .0 1546900 .61742700
-eb___1500 .. _ 2760000 " __ ___131400 _________3100__ 48100 --n.n_...--_ “1514400 —_ 1514400~ 63257100
26 1500 2760000 131400 3100 48100 1481900 0 1481900 64739000
27 1500 2760000 131400 3100 48100 0 o 1649400 0 1449400 66188400
2R 1500 2760000 131400 3100 4R100 0.0 1416900 0 1416900 67605300
29 . ;500 .. 2750000 131400 3100 4B100 0.0 _1384‘00 0 1384400 68989700
23071500 _CC__ 2760000 - __.___ 131400 ____.____3100__ 48100 __0a0 1251900 0_._.1351900_____T@3sleQo
TOT 127500 234600000 11171000 265500 4087500 70341600 0 70341600
LIFETIME AVERAGE INCREASE (DECREASE) IN UNIT OPERATING COST
OOLLARS PER TON OF COAL RUANED 6+30 0.0 6.30
MILLS PER KILOWATT=nOUR 276 0.0 2.76
CENTS PER MILLION BTU HFAT INPUT 29.98 0.0 29,98
DOLLARS PEwn TON OF SULFUR REMOVED 264,94 0.0 264,96
PROCESS COST NISCOUNTED AT 11.6% TO INITIAL YEARs DOLLARS 23903700 [1] 23903700
LEVELIZED INCREASE (NECREASE) IN UNIT OPERATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
DOLLARS PER TOM OF COAL BURNED 5.49 0.0 5049
MILLS PER KILOWATT=HOUR 2at0 0.0 2.40
CENTS PER MILLION ATU HFAT INPUT 26.14 0.0 26.14
NOLLARS PER TON OF SULFUR REMOVED 230.73 0.0 230.73
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TABLE B-2

LIME/LIMESTONE SLUDGE DISPOSAL - SLUDGE BLENDING PROCESS S00 MW NEW UNITs 3.5% S IN FUELs 16% ASH IN COALs REGULATED CO., ECONOMICS

FINED INVESTMENT: S 8605000

TOTAL
SULFUR AY=PRODUCT OP. COST
REMOVEOD RATE, INCLUDING NET ANNUAL  CUMULATIVE
YEARS ANNUAL POWER UNIT POWER UNIT ey EQUIVALENT NET REVENUEs REGULATED TOTAL INCREASE  NET INCREASE
AFTER OPERA- HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE)  (DECREASE)
PONER TIONs REQUIREMENTs CONSUMPTION CONTROL POWER SALES IN COST OF IN COST OF
UNIT KW=HR/ MILLION BTU  TONS COAL PROCESS WASTE WASTE COMPANY, REVENUEs  POWERe POWER»
STARY KW /YEaR /YEAR TONS/YEAR SOL10S SOL1DS S/YEAR $/YEAR s s
1 7000 31500000 1500000 35600 548700 0.0 4514000 0 4514000 4514000
2 7000 31500000 1500000 35600 548700 0.0 4469500 (! 4469500 6983500
3 7000 31500000 1500000 35600 548700 0.0 4425100 0 4425100 13408600
s 7000 31500000 1500000 35600 548700 9,0 +380700 ] 4380700 17789300
_.5____7000_____31500000___ __1500000 _ 35600 548700 0.0 4336300 ] £336300 ___ 20125400
6 7000 31500000 1500000 35600 548700 0.0 4291900 0 4291900 26417500
7 7000 31500000 1500000 35600 S48700 0.0 4247500 0 4247500 30665000
8 7000 31590000 1500000 35600 548700 0.0 4203100 0 4203100 34868100
9 7000 31500000 1500000 35600 548700 0.0 4158700 0 4158700 39026800
m--.._mln-----aunnnnn_-_..xsnnnno_-_.___asann._ 946700 —-0a0 4114300 Q4114300 ____ 40141100
5000 22500000 1071400 25400 392000 0.0 3657400 0 3657400 46798500
12 5000 22500000 1071400 25400 392000 0.0 3612900 0 3612900 50411400
13 5000 22500000 1071400 25400 392000 0.0 3568500 0 3568500 53979900
14 000 22500000 1071400 25400 392000 0.0 3524100 0 3524100 57504000
AE____So000 ____22500000 . 1071400 ____ ___ 25600 322000 sl ___2419700_ _ Q 3472100 602837100
16 3500 15750000 750000 17800 274400 0.0 3080000 0 3080000 64063700
17 3500 15750000 750000 17800 274400 0.0 3035600 0 3035600 67099300
18 aso00 15750000 750000 17800 274400 0.0 2991200 0 2991200 70090500
19 3500 15750000 750000 17800 274400 0.0 2946R00 0 2946800 73037300
_ZQ--_.35110-----ISISMM.._...ISMQL-_...-..llﬂnﬂ..- 2I4400 Qa0 29202409 ] 2202404 183322490
6750000 321400 7600 117600 0.0 2258600 0 2258600 78198300
zz 1500 6750000 321400 7600 117600 0.0 2214100 0 2214100 80412400
23 1500 6750000 321400 7600 117600 0.0 2169700 0 2169700 82582100
2 1500 6750000 321400 7600 117600 0.0 2125300 0 2125300 84707400
&5 ___1500 _____ 6150000 321400 7600 oo 111600 0.0 ___ 2080900 _______ 0_____ 2080900 ___@8&788300
26 1500 6750000 321400 7600 117600 0.0 2036500 0 2036500 88824800
27 1500 6750000 321400 7600 117600 0.0 1992100 0 1992100 90816900
28 1500 6750000 321400 7600 117600 0.0 1947700 0 1947700 92764600
29 1500 6750000 321400 7600 117600 0.0 1903300 ] 1903300 94667900
20,1500 L 6150000 321400 1600 o _.__Ll11600 . _____. 0.0 oo 1898900 ______ __Q____.18%589900 ___9@526800
T0T 127500 573750000 27321000 648000 9995000 96526800 0 96526800
LIFETIME AVERAGE INCREASE (DECREASE) IN UNIT OPERATING COST
DOLLARS PER TON OF COAL BURNED 3,53 0.0 3.53
MILLS PER KILOWATT=HOUR 1,51 0.0 1.51
CENTS PER MILLION 8TU HEAT INPUT 16.82 040 16,82
DOLLARS PER TON OF SULFUR REMOVED 148,96 0.0 168,96
PROCESS COST OISCOUNTED AT 11.6% TO INITIAL YEARs DOLLARS 32801900 0 32801900
LEVELIZED INCREASE (DECREASE) IN UNIT OPERATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
NOLLARS PER TON OF COAL BURNED 3,08 0.0 3.08
MILLS PER KILOWATT=rOUR 1.32 0.0 1.32
CENTS PER MILLION BTU HEAT INPUT 16,67 0.0 14,67
DOLLARS PER TON OF SULFUR REMOVED 129,81 0.0 129.81
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TABLE B-3

LIME/LIMESTONE SLUDGF DISPOSAL - SLUDGE ALENDING PROCESS 1500 MW NEW UNITe 3,5% S IN FUELs 16% ASHs REGULATED CO. ECONOMICS
FIXED INVESTMENT: ¢ 18282000
TOTAL
SULFUR 8Y=-PRODUCT oP. COST
REMOVED RATE INCLUDING NET ANNUAL CUMULATIVE
YEARS ANNUAL POWER UNIT POWER UNIT Ay EQUIVALENT NET REVENUEe REGULATED TOTAL INCREASE NET INCREASE
AFTER OPERA~ HEAT FUEL POLLUTION TONS/YEAR S/TON ROI FOR NET (DECREASE) (DECREASE)
POWER TIONs REAUIREMENTs CONSUMPTION CONTRUL POWER SALES IN COST OF IN COST OF
UNIT KW=HR/ MILLION 8TU  TONS COAL PROCESS. WASTE WASTE COMPANY, REVENUEsy POWER, POWER
STQPT KW /YEAR /YEAR TONS/YEAR SOLIDS SOLIODS S/YEAR $S/YEAR s s
7000 94500000 4500000 106800 1646100 0.0 8534900 0 8534900 8534900
2 7000 94500000 4500000 106800 1646100 0.0 BAM2400 0 8442400 16977300
3 7000 94500000 4500000 106800 1646100 0.0 8349900 0 8349900 25327200
4 ]999 94500000 4500000 106600 1646100 0.0 8257500 0 8257500 33584700
8. 7000 ___ 94500000 _____4500000_ 106800 1626100 --0a0 8165000 Q. 8165000 43749700
6 7000 94500000 4500000 106800 1646100 0.0 8072500 0 8072500 49822200
7 7000 94500000 4500000 106800 1646100 0.0 7980000 0 7980000 57802200
8 7000 94500000 4500000 106800 1646100 0.0 7887500 1} 7887500 65689700
9 7000 94500000 4500000 106400 1646100 0.0 7795000 0 7795000 73484700
_10____r000 ___. 94500000 ___ 4500000 _._____106800 _ 1646100 ..a.n_ ..... 1102500 Q7102500 __ 88187200
11 5000 67500000 3214300 76300 1175800 6870900 0 6870900 88058100
12 5000 67500000 3214300 76300 1175800 0.0 6778400 0 6778400 94836500
13 5000 67500000 3214300 76300 1175800 0.0 6685900 0 6685900 101522400
14 5000 67500000 3214300 76300 1175800 0.0 6593400 0 6593400 108)15800
xs-..-snnn ..... ©7500000______ 3214300 ---16a00 1115800 D+0 -.-6500900 __.____ Q6500900 ____ll66l6700
3500 47250000 2250000 53400 823100 0.0 5783800 [} 5783800 120400500
17 3500 47250000 2250000 53400 R23100 0.0 5691400 0 5691400 126091900
18 3500 47250000 2250000 53400 A23100 0.0 5598900 0 5598900 131690800
19 3500 47250000 2250000 53400 823100 0.0 5506400 (] 5506400 137197200
2l ;sno .-41250000 --2250000 ________53400 ________823100__________ 0a0 ________5413900 ________Q_____5413900____l426l1100
21 1500 20250000 964300 22900 352700 0.0 4295600 0 4295600 146906700
22 1500 20250000 964300 272900 352700 0.0 4203100 0 4203100 151109800
23 1500 20250000 964300 22900 352700 0.0 4110600 0 4110600 155220400
24 1500 20250000 964300 22900 352700 0.0 4018200 0 4018200 159238600
25 . 1500 ___.20250000 ______564300 22200 352700 _-hn__-_-__aaaim Qe Q_____3925700____163164300
26 1500 20250000 964300 22900 352700 3833200 3833200 166997500
27 1500 20250000 964300 22900 352700 o o 3740700 0 3740700 170738200
28 1500 20250000 964300 22900 352700 0.0 364K200 0 3648200 174386400
29 1500 20250000 964300 22900 352700 0.0 3555700 0 3555700 177942100
J30....1500.___.20250000 . ____964300 ________22900 _ 352100 Qa0 3463300 ] 3463300 180405400
TOT 127500 1721250000 R1964500 1945500 29982500 181405400 0 181405400
LIFETIME AVERAGE INCREASE (DECRFASE) IN UNIT OPERATING COST
DOLLARS PER TON OF COAL BURNED 2.21 0.0 2.21
MILLS PER KILOWATT=HOUR 0,95 0e0 0495
CENTS PER MILLION BRTU HEAT INPUT 10.54 0.0 1054
NDOLLARS PER TON OF SULFUR REMOVED 93,24 0.0 93.24
PROCESS COST NISCOUNTED AT 11.,6% TO INITIAL YEARe DOLLARS 61730100 0 61730100
LEVELIZED INCREASE (DECREASE) IN UNIT OPERATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
NOLLARS PER TON OF COAL BURNED 1.93 0.0 1,93
MILLS PER XILOWATT=HOUR 0.AR3 0.0 0.83
CENTS PER MILLION RTU HEAT INPUT 9.20 0.0 9.20
NOLLARS PER TON OF SULFUR REMOVED Bl.41 0.0 81,41
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TABLE B-4

LIME/LIMESTONE SLUDGE DISPOSAL = GYPSUM PROCESSe 200 MW NEW UNITs 3.5% S IN FUELs 16% ASH IN COAL+ REGULATED CO. ECONOMICS

FIXED INVESTMENT: s 3988000

TOTAL
SULFUR BY=PRODUCT oP, COST
REMOVED RATE s INCLUDING NET ANNUAL  CUMULATIVE
YEARS ANNUAL POWER UNIT PONER UNIT 8y EQUIVALENT NET REVENUEs  REGULATED TOTAL INCREASE  NET INCREASE
AFTER OPERA- HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE)  (DECREASE)
POWER TIONs  REQUIREMENTs CONSUMPTION. CONTROL POWER SALES IN COST OF IN COST OF
UNIT Kw=HR/ MILLION BTU  TONS COAL PROCF.SS WASTE WASTE COMPANY,  REVENUEs  POWER, POWER
START v /YEAR /YEAR TONS/YEAR SOLIDS SOLIDS S/YEAR S/YEAR s s
1 7000 12880000 613300 14100 203000 0,0 2864000 0 2864000 2664000
2 7000 12880000 613300 14100 203000 0.0 2843600 0 2843600 5707600
3 7000 12880000 613300 1al00 203000 0.0 2823100 0 2823100 8530700
4 7000 12880000 613300 14100 203000 0.0 2802600 0 2802600 11333300
--2____J000 ____ 12880000 613300 —18100__ 203000 Qa0 _______ 2182200 _ Q 2182200 12113300
6 7000 12880000 613300 1a100 203000 0.0 2761700 ° 2761700 16877200
7 7000 12880000 613300 14100 203000 040 2741200 o 2741200 19618400
8 7000 12880000 613300 14100 203000 0.0 2720800 o 2720800 22339200
9 7000 12880000 613300 14100 203000 0.0 2700300 o 2700300 25039500
o ___Ip00. 12800000 ___ 813300 ________l%100 _ 202000 .0 ____2679800 ! 2619800 _____ 27112300
11 5000 9200000 43A100 10100 145000 0.0 2344300 0 2348300 30067600
12 5000 9200000 436100 10100 145000 0.0 2327800 0 2327800 32395400
13 5000 9200000 438100 10100 145000 0.0 2307300 0 2307300 34702700
14 5000 9200000 438100 10100 145000 0.0 2286900 0 2286900 36989600
Jl8.__.5000 _____2200000_ _____ 438100 10100 145000 —Qal 2266400 ____ 0 _ _ 2266800 __ 39236000
16 3500 6440000 306700 7100 101500 0.0 1974600 0 1974600 41230600
17 3500 6440000 306700 7100 101500 0.0 1954100 0 1954100 43184700
18 3500 6440000 306700 7100 101500 0.0 1933700 0 1933700 45118400
19 3500 6440000 306700 7100 101500 0.0 1913200 0 1913200 47031600
-e0____3500. _____ 0440000 ____ __ 306700 1100 101590 ——-0al —---legaroo . ___ 0 _ __ 1892700 . 48324300
21 1500 2760000 131400 3000 43500 0.0 1406000 0 1406000 S0330300
22 1500 2760000 131400 3000 43500 0.0 1385500 0 1385500 51715800
23 1500 2760000 131400 3000 43500 040 1365000 0 1365000 53080800
24 1500 2760000 131400 3000 43500 0.0 1344600 0 1344600 54425400
-e3.__.1500. . _ 2160000 ___ __ _ l1a1s00 ________3000__ 3200 Qa0 . __ 1324100 _ 0. ____ 1324100 ____ 55149500
26 1500 2760000 131400 3000 43500 0.0 1303600 0 1303600 57053100
27 1500 2760000 131400 3000 43500 0.0 1283200 0 12683200 58336300
28 1500 2760000 131400 3000 43500 0.0 1262700 0 1262700 59599000
29 1500 2760000 131400 3000 43500 0.0 1242200 0 1242200 60841200
-30___.1500 _____ 2160000 . _____ 131800 ________ 3000 ________ 43500 _ _____ Qa0 ________l22M800_ . _____0_____1221800 ____6R063000
TOT 127500 234600000 11171000 257000 3697500 62063000 0 62063000
LIFETIME AVERAGE INCREASE (DECREASE) IN UNIT QPERATING COST
OOLLARS PER TON OF COAL BURNED 5.56 0.0 5456
MILLS PER KILOWATT=-HOUR 2.43 0.0 2443
CENTS PER MILLION 8TU HFAT INPUT 26,45 0.0 26445
DOLLARS PER TON OF SULFUR REMOVED 261.49 0.0 241.49
PROCESS COST DISCOUNTED AT 11.6% TO INITIAL YEARs DOLLARS 21047100 0 21047100
LEVELIZED INCREASE (DECREASE) IN UNIT UPERATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
NOLLARS PER TON OF COAL BURNED 4.R3 0.0 4,83
MILLS PER KILOWATT-HOUR 2.12 0.0 2.12
CENTS PER MILLION BTU HEAT INPUT 23,02 0.0 23.02
NOLLARS PER TON OF SULFUR REMOVED 210,26 0.0 210.26
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TABLE B-5

LIME/LIMESTONE SLUDGE DISPOSAL =~ GYPSUM PROCESSe 500 MW NEW UNIT, 3.5%

S IN FUELs 16% ASH IN COALs REGULATED CO., ECONOMICS

FIXED INVESTMENT: § 5411000
TOTAL
SULFUR AY=-PRODUCT oP, COST
REMOVED RATE INCLUDING NET ANNUAL CUMULATIVE
YEARS ANNUAL POMER UNIT POWER UNIT \Y EQUIVALENT NETY REVENUE REGULATED TOTAL INCREASE NET INCREASE
AFTER OPERA- HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE) (DECREASE)
POWER TIONs REQUIREMENT« CONSUMPTIONe CONTROL POWER SALES IN COST OF IN COST-OF
UNIT Kw=MR/ MILLION BTU TONS COAL PROCESS» WASTE WASTE COMPANY REVENUE » POWER POWER
START Kw /YEAR /YEAR TONS/YEAR SOLIDS SOLIDS S/YEAR S/YEAR S 3
1 7000 31500000 1500000 35700 496300 0.0 3615300 0 3615300 3615300
2 7000 31500000 1500000 35700 496300 0.0 358AR300 0 3588300 7203600
3 7000 31500000 1500000 35700 496300 0.0 3561400 (1 3561400 10765000
L) J000 . 31500000 1500000 35700 496300 0.0 3534400 0 3534400 14299400
S5 ____7000____-31500000._____1500000 e .. 3500 _ 436300__ 0.0 --3507500 Q 3507500 _____18806900
6 T000 31500000 1500000 35700 496300 0.0 3440500 0 3480500 21287400
7 7000 31500000 1500000 35700 496300 0.0 3453600 (] 3453600 24741000
8 7000 31500000 1500000 35700 496300 0.0 3426600 0 3426600 28167600
? 1000 ...31500000 1500000 35700 496300 0.0 3399700 0 3399700 31567300
_1n---.znnn_----3159nnnn______xsnnnnn_-_...-..aaznn--_---..-saaaoo 0.0 airzroe____ ___ 0 _____3372700._.___34940000
5000 22500000 1071400 25500 354500 0.0 2952700 0 2952700 37892700
12 5000 22500000 1071400 25500 354500 0.0 2925700 0 2925700 40818400
13 5000 22500000 1071400 25500 354500 0.0 2898800 0 2898800 43717200
14 5000 22500000 1071400 25500 354500 0.0 2871800 0 2871800 46589000
A& 5000 [ 1 _2250000D______1071400 ________25%00___ 254500 040 2044900 _ 1] 20844900 $9433900
16 35400 15750000 750000 17900 248200 0,0 2479100 [} 2479100 51913000
17 3500 15750000 750000 17900 248200 0.0 2452200 [} 2452200 54365200
18 3500 15750000 750000 17900 248200 0.0 2625200 0 2425200 567906400
19 3500 ... 15750000 750000 17900 248200 0.0 2398200 0 2398200 59188600
20 . 35pp. __ . ~15750000_______.750000 _ 17200 ---248200 0.0 2311390__._---._ﬁ.__..Zallann.__-_6l552!no
21 1500 6750000 321400 7700 106400 0,0 1772500 1772500 63332400
22 1500 6750000 321400 7700 106400 0.0 1745600 0 1745600 65078000
23 1500 6750000 321400 7700 106400 0.0 1716600 0 1718600 66796600
2s 1500 . 6750000 321400 7700 106400 0.0 1691700 0 1691700 68488300
85----1509----_-6150090--..---321‘90. 2100 _ lﬁﬁhnﬂ....--_.--Q;Q.._.--___lﬁﬁslﬂn-___---..n.....lﬁﬁ&lnﬂ.__._llliilno
1500 6750000 321400 7700 106400 1637800 0 1637800 71790800
27 1500 6750000 321400 7700 106400 o o 1610800 0 1610800 73401600
28 1500 6750000 321400 7700 106400 0.0 1583900 0 1583900 764985500
29 1500 . 6750000 321400 7700 106400 04,0 1556900 0 1556900 76542400
230, .. 1500 .6250000. .. .. 321400 1109 106400 0.0 1830000 _ ______ Q. __ 1530000 ____ 78072490
TOT 127500 5737150000 27321000 651000 S040500 78072400 0 78072400
LIFETIME AVERAGE INCREASE (NECREASE) IN UNIT OPERATING COST
NOLLARS PER TON OF COAL BURNED 2.86 0.0 2.86
MILLS PER KILOWATT=-rOUR l.22 0.0 1.22
CENTS PER MILLION RTU HEAT INPUT 13.61 0.0 13,61
DOLLARS PER TON OF SULFUR REMOVED 119,93 0.0 119,93
PROCESS COST NISCOUNTED AT 11.,6% TO INITIAL YEARe DOLLARS 26513400 0 26513400
LEVELIZED INCREASE (DECREASE) IN UNIT OPERATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
ODOULLARS PER TON OF COAL BURNED 2.49 040 249
MILLS PER KILOWATT=HOUK 1407 0,0 1.07
CENTS PER MILLION BTU HFAT [NPUT 11.86 0.0 11.86
DOLLARS PER TON OF SULFUKR REMOVED 104,59 0.0 104,59
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TABLE B-6

LIME/LIMESTONE SLUDGE DISPOSAL - GYPSUM PROCESSe 1500 MW NEW UNITs 3.5% S IN FUELe 16% ASH IN COALe REGULATED CO. ECONOMICS
F1XED INVESTMENT: § 9826000

TOTAL
SULFUR BY=-PRODUCT OP, COST
REMQVED RATE INCLUDING NET ANNUAL CUMULATIVE
YEARS ANNUAL POWER UNIT POWER UNIT BY EQUIVALENT NET REVENUE, REGULATED TOTAL INCREASE NET INCREASE
AFTER OPERA- HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE) (DECREASE)
POWER TION» REQUIREMENTs CONSUMPT]ION, CONTROL POWER SALES IN COST OF IN COST OF
UNIT KW-HR/ MILLION BTU TONS COAL PROCESS WASTE WASTE COMPANY o REVENUE » POWER POWERS
START_ KW /YEAR /YEAR TONS/YEAR SOLIDS SOLIDS S/YEAR S/YEAR $ ]
T000 94500000 4500000 106800 1488200 0.0 5881800 0 5081800 56681800
2 7000 94500000 4500000 106800 1488200 0.0 5835000 0 5835000 11716800
3 7000 94500000 4500000 106400 1488200 0.0 5788200 0 5788200 17505000
o 7000 .. 94500000 4500000 106800 1488200 0.0 5741500 [] 5741500 23246500
5 __7po00lllll 24500000 _____4300000 _______lO680G ______ 1488200 ___ _____ 0.0 ________ 9694700 Q §694700____ 20941200
6 7000 94500000 4500000 106600 1488200 0.0 5647900 0 5647900 34589100
7 7000 94500000 4500000 106400 1448200 0.0 5601200 0 5601200 40190300
8 7000 94500000 4500000 106800 1488200 0.0 5554400 0 5554400 45744700
9 7000 .. 94500000 4500000 106800 1488200 0.0 5507600 0 5507600 51252300
u--__nnn--__ Z94500000______8500000 _____ _-manm.- 1488200 Qa0 ssus.nn-._--__u._...ssﬁusm_--_suuano
5000 67500000 3214300 76300 1063000 0.0 4TT4400 4774400 61487600
12 5000 67500000 3214300 76300 1063000 0.0 4727600 0 4727600 66215200
13 5000 67500000 3214300 76300 1063000 0.0 4680900 0 4680900 70896100
14 5000 67500000 3214300 76300 1063000 0.0 4634100 0 4634100 75530200
S5 50000777 67500000 _____ 3216300 ________16300 _______1063000____ 0.0 ___4587300________ 0 _____ 4587300 _____8@ll1500
16 3500 47250000 2250000 53400 744100 0.0 4000600 0 40005600 84118100
17 3500 47250000 2250000 53400 744100 0.0 3953800 0 3953800 88071900
18 3500 47250000 2250000 53400 744100 0.0 3907000 0 3907000 91978900
19 3500 . 47250000 2250000 53400 744100 0.0 3860300 0 3860300 95839200
ZQ__..JEDQ _____ 11259909_-.__-ZBSQQQQ._--___..ilaﬂﬂ_ ........ zagxnn_-________n.n__._-__._aaxasnn Q 3&135&2..---2!&52120
21 1500 20250000 964300 229040 318900 2882700 0 2882700 102535400
22 1500 20250000 964300 22900 318900 0.0 2836000 0 2836000 105371400
23 1500 20250000 964300 22900 318900 0.0 2789200 0 2789200 108160600
26 1500 = 20250000 964300 22900 318900 0.0 2742400 1] 2742400 110903000
25 . __ 150077 20250000 __ ___ 204200 ________22900 _ ---_---uasnn.____.--__n.n._-__-__-anz&znn-_..-_- Q.. __26395700.___ 11359281400
26 1500 20250000 964300 22900 318900 2648900 0 2648900 116247600
27 1500 20250000 964300 22900 318900 o.o 2602100 [ 2602100 118849700
28 1500 20250000 964300 22900 318900 0.0 2555400 0 2555400 121605100
29 1500 ... 20250000 964300 22900 318900 0.0 2508600 0 2508600 123913700
30---_15QQ _____ ~20250000_______ 264300 ________22400 _ _______ 318900 ___ 0.0 ________Q24%61800 _ _____ Q.--..Z&ﬁlﬂﬁﬂ_._-laiiliino
TOT 127500 1721250000 81964500 1945500 27106500 126375500 0 126375500
LIFETIME AVERAGE INCREASFE (DFCREASt) IN UNIT OPERATING COST
DOLLARS PER TON OF COAL BURNED 1.54 0,0 1.54
MILLS PFW X JLOWATT=-HOUN 0,66 0.0 0,66
CENTS PER MILLION RTU HEAT INPUT Te36 0.0 Te34
DOLLARS PER TON OF SULFIIR REMUVED 64,96 0.0 64.96
PROCESS COST NISCOUNTFD 4T 11.hA% TO INITIAL YEAWe« DOLLARS 42998600 0 42998600
LEVELIZED INCREASFE (NFCRFASE) IN UNIT OPERATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
NOLLARS PER TON OF (0AL BURNED 1.35 0.0 1.35
MILLS PER KILNWATT=nOUR 0.58 0.0 0,58
CFNTS PFR MILLION ATU HFAT InPUT 6441 6a61

0.0
NOLLARS RER TON OF SULFUR REMUVED 56.70 0.0 56470
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TABLE C-1

LIME/LIMESTONE SLUDGE DISPOSAL =~ SLUDGE BLENDING PROCESSs 200 MW NEW UNITs 3,5% Se 7000 HRS CONSTANT ONSTREAMs REGULATED CO, ECONO

FIXED INVESTMENT! 5268000
TOTAL
SULFUR BY-PRODUCT 0P. COST
REMOVED RATE INCLUDING NET ANNUAL  CUMULATIVE
YEARS ANNUAL POWER UNIT  POWER UNIT By EQUIVALENT NET REVENUEs REGULATED  TOTAL INCREASE  NET INCREASE
AFTER OPERA- HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE)  (DECREASE)
POWER TION» REQUIREMENT, CONSUMPTIONe CONTROL POWER SALES IN COST OF IN COST OF
UNIT KN=HR/ MILLION BTU  TONS COAL PROCESS + WASTE WASTE COMPANY, REVENUEs  POWERs POWERs
START KW /YEAQ ZYEAR TONS/YEAR SOLIDS SOLIDS $S/YEAR  S/YEAR s s
1 7000 12880000 613300 14600 224400 0.0 3320200 0 3320200 3320200
2 7000 12880000 613300 14600 224400 0.0 3287700 0 3287700 6607900
3 1000 12880000 613300 14600 224400 0.0 3255200 0 3255200 9863100
& 7000 12880000 613300 14600 224400 0.0 3222700 0 3222100 13085800
_& ___1000 ____ 12880000 ______613300 _ 14600 _ 224400 0.0 _-31%0200 _ 0 3120200 16216000
6 7000 12880000 613300 14600 224400 0.0 3157700 0 3157700 19433700
7 7000 12880000 613300 14600 224400 0.0 3125300 0 3125300 22559000
8 7000 12880000 613300 14600 224400 040 3092800 0 3092800 25651800
9 7000 12880000 ©13300 14600 224400 0.0 3060300 0 3060300 28712100
10 1000 12880000 ___ ___ 613300 ________14600 _ 224400 Qa0 _____ 3027800 _ ____ 0 ___ 3021800 ____3$139900
7000 12880000 613300 14600 224400 040 2995300 0 2995300 34735200
12 7000 12880000 613300 14600 224400 0.0 2962800 0 2962800 37698000
13 7000 12880000 613300 14600 224400 040 2930300 0 2930300 40628300
14 7000 12880000 613300 14600 224400 0.0 2897800 0 2897800 43526100
18,7000 ____ 12880000 ______613300 _.______ 14600 _ 224400 Qa8 2865200 Q2863300 ___ 46391400
16~ 7000 12880000 613300 14600 224400 040 2832800 0 2832800 49224200
17 7000 12880000 613300 14600 224400 0.0 2800300 0 2800300 52024500
18 7000 12880000 613300 14600 224400 0.0 2767900 0 2767900 54792400
19 7000 12880000 613300 14600 224400 0.0 2735400 0 2735400 57527800
_ZQ--..IQQQ-----lZﬂBnan_._._.-ﬁl33ﬂn.--_..---l$hﬂn.- 224400 a0 ____2102900_ _ _ 2 2102900 q@2340100
7000 12880000 14600 224400 0.0 2670400 0 2670400 62901100
za 7000 12880000 613300 14600 224400 040 2637900 0 2637900 65539000
23 7000 128R0000 613300 14600 224400 0.0 2605400 0 2605400 68144400
24 7000 12880000 613300 14600 224400 040 2572900 0 2572900 70717300
zs_-__lnnn__-__lzﬂennnn ..... 613300 14600 _ 224400 2.0 2540400 '} 2540400 __ 73251700
7000 128530000 613300 14600 224400 0.0 2507900 0 2507900 75765600
27 7000 12880000 613300 14600 224400 0.0 2475400 0 2475400 78241000
28 7000 12880000 613300 14600 224400 040 2442900 0 2442900 80683900
29 7000 12880000 613300 14600 224400 040 2410500 0 2410500 83094400
J30.___7000_____12d80000 ______613300__ 16600 _ 224400 020 .__2318000 _______ 0 __ 2378000 ____@E47240Q0
TOT 210000  3R6400000 18399000 438000 6732000 85472400 0 85472400
LIFETIME AVERAGE INCREASE (DECREASE) IN UNIT OPERATING COST
DOLLARS PER TON OF COAL BURNED 4,65 0.0 4.65
MILLS PER KILOWATT=HOUR 2,04 0.0 2406
CENTS PER MILLION BTU MEAT INPUT 22,12 0.0 22.12
DOLLARS PER TON OF SULFUR REMOVED 195,14 0.0 195.14
PROCESS COST DISCOUNTED aT 11.6% TO INITIAL YEAHs DOLLARS 25546100 0 25566100
LEVELIZED INCREASE (DECREASE) IN UNIT OPERATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
DOLLARS PER TON OF COAL BURNED 5,02 0.0 5.02
MILLS PER KILOWATT=HOUR 2.20 0.0 2.20
CENTS PER MILLION ATU HEAT INPUT 23.90 0.0 23.90
DOLLARS PER TON OF SULFUR REMOVED 210.78 0,0 210.78
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LIME/ZLIMESTONE SLUDGE DISPOSAL - SLUDGE BLENDING PROCESS.

TABLE C-2

500 MW NEW UNITs 3.5% Se¢ 7000 HRS CONSTANT ONSTREAMs REGULATED CO, ECONO

FIXED INVESTMENT: $ 8955000
TOTAL
SULFUR BY=PRODUCT oP. COST
REMOVED RATE INCLUDING NET ANNUAL CUMULATIVE
YEARS ANNUAL POWER UNIT POMER UNIT BY EQUIVALENT NET REVENUE» REGULATED TOTAL INCREASE NET INCREASE
AFTER DPERA~- HEAT FUEL POLLUTION TONS/YEAR $S/TON ROl FOR NET (DECREASE) {DECREASE)
POWER TION. REQUIREMENTs CONSUMPTION» CONTROL POWER SALES IN COST OF IN COST OF
UNIT Kw=HR/ WILLION ATV TONS COAL PROCESS» WASTE WASTE COMPANY REVENUE » POWERY POWER
START (. {] /YEAR /YEAR TONS/YEAR SOL1IDS SOLIDS S/YEAR S/YEAR H S
1 7000 31500000 1500000 35600 496300 0,0 4590500 0 4590500 4590500
2 7000 31500000 1500000 35600 496300 0.0 4546000 0 4546000 9136500
3 7000 31500000 1500000 35600 496300 0.0 4501600 0 4501600 13638100
4 7000 31500000 1500000 35600 496300 0.0 4457200 0 4457200 18095300
--5-__.1an ..... 31590000 _____1500000 ________32600 _ 496300 a0 4412800 _______ 0 4412800 28508100
6 7000 31500000 1500000 35600 496300 0.0 4368400 0 4368400 26876500
7 7000 31500000 1500000 35600 496300 0.0 4324000 0 4324000 31200500
8 7000 31500000 1500000 35600 496300 0.0 4279600 0 4279600 35480100
9 7000 31500000 1500000 35600 496300 0.0 4235200 0 4235200 39715300
1071000 31300090 _____1500000 . _______25600_ _ 496300 [ Y] 4190800 _ _______ 9 ___ 4190800 __ 44906100
11 7000 31500000 1500000 35600 496300 0.0 4146400 0 4146400 48052500
12 7000 31500000 1500000 35600 496300 0.0 4101900 0 4101900 52154400
13 7000 31500000 1500000 35600 496300 0.0 4057500 0 4057500 56211900
16 7000 31500000 1500000 35600 496300 0.0 4013100 0 4013100 60225000
Sle 7000 31500000 _____1500000 ________35600 _ 496300 0.9 3268700 ____ n._.-_aanaznn__---aaxeazno
16 7000 31500000 1500000 35600 496300 0.0 3924300 3924300 68118000
17 7000 31500000 1500000 35600 496300 0,0 3879900 o 3879900 71997900
18 7000 31500000 1500000 35600 496300 0,0 3835500 0 3835500 75833400
19 7000 31500000 1500000 35600 496300 0.0 3791100 0 3791100 79624500
-e0____1000_ ____ 31200000 _____1500000 ___ ____35600 __ 496300 __ 0.0 _--3r46700_ ________ 0 _____ 3746700 ____88&31l200
21 7000 31500000 1500000 35600 496300 0.0 3702300 0 3702300 87073500
22 7000 31500000 1500000 35600 496300 0.0 3657800 0 3657800 90731300
23 7000 31500000 1500000 35600 496300 0.0 3613400 0 3613400 94344700
24 7000 31500000 1500000 350600 496300 0.0 3569000 ] 3569000 97913700
_ZS-___IQQQ ..... 3159nnnn--....xsnnnnn.--._.---as&nn__ 496300 Qa0 ___3%24600__ ____Q____ 3524600 ___101438300
7000 31500000 1500000 35000 496300 0.0 J4R0200 [} 3480200 104918500
21 7000 31500000 1500000 35600 496300 0.0 3435800 0 3435800 108354300
28 7000 31500000 1500000 35600 496300 0.0 3391400 0 3391400 111745700
29 7000 31500000 1500000 35600 496300 0.0 3347000 0 3347000 115092700
0. ___1000 . Jlagea000_ . __ 1500000 ________35600__ 496300 ——-0al —.--3302600 0 3302600 ____118323300
TOT 210000 945000000 45000000 106K000 14889000 118395300 0 118395300
LIFETIME AVERAGE INCREASE (DECREASE) IN UNIT OPERATING COST
DOLLARS PER TON OF COAL BURNED 2.63 0.0 2463
MILLS PEFR KILOWATT=HOUR 1.13 0.0 1.13
CENTS PER MILLION RTU HMEAT [NPUT 12.53 0.0 12.53
DOLLARS PER TON OF SULFUR REMOVED 110,R6 0.0 110,886
PROCESS COST DISCOUNTED AT 11.6% TO INITIAL YEARe DOLLARS 35351400 0 35351400
LEVELIZED INCREASE (DECKFASE) IN UNIT OPERATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
DNLLARS PER TON OF COAL BURNED 2.84 0.0 2,84
MILLS PER KILOWATT=HOUW 1.22 0.0 l.22
CENTS PER MILLION RTU HEAT INPUY 13.52 0.0 13.52
DOLLARS PER TON OF SULFUR REMOVED 119.63 0.0 119,63
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TABLE C-3

LIME/LIMESTONE SLUDGE OISPOSAL - SLUDGE RLENDING PROCESSs 1500 MW NEW UNITs 3,5% Se 7000 HRS CONSTANT ONSTREAMs REGULATED COe. ECON
FIXED INVESTMENT: S 19321000
TOTAL
SULFUR HY=-PRODUCT 0P, COST
PEMOVLD RATE » INCLUDING NET ANNUAL CUNMULATIVE
YEARS ANNUAL POWER UNIT POWER UNIT RY EQUIVALENT NET REVENUE REGULATED TOTAL INCREASE NET INCREASE
AFTER OPERA- HEAT FUEL PALLUTION TONS/YEAR $/TON RO1 FOR NET (DECREASE) (DECREASE)
POWFR TION» REQUINREMENTe CONSUMPTIONS CONTROL PONER SALES IN COST OF IN COST OF
UNIT KW=HR/ MILLION HTU TONS CNAL PROCESS» WASTE WASTE COMPANY, REVENUE » POWER POWERS
START KW /YEAR /YEAR TONS/YEAR SOLIDS SOLIDS $/YEAR $/YEAR s s
7000 94500000 4500000 106800 1646100 0.0 8760900 0 8760900 " 78760900
2 7000 94500000 4500000 106800 1646100 0.0 8668400 0 8668400 17429300
k] 7000 945000Q0 4500000 1064800 1646100 0.0 8575900 0 B575900 26005200
4 7000 _ 94500000 500000 106800 1646100 0.0 B4B3500 0 8483500 34488700
L {11 T 94500000 . ____£500000 _ 108300 1686190 Qa0 ----8321000 Q____.8391000_ ____sRBI12700
6 7000 94500000 4500000 106800 1666100 0.0 8298500 0 8298500 51178200
7 7000 94500000 4500000 106800 1666100 0.0 8206000 0 8206000 593864200
8 7000 Q4500000 4500000 106300 1646100 ¢.0 8113500 0 8113500 67497700
9 7000 94500000 4500000 106800 1666100 0.0 8021000 0 8021000 75518700
-m----znnn ..... 194500000 _____&500000 _______ 106000 ______ 1686100 _______.__ 0a0 .. 1928600 ______.__Q_____1928600 ____83447300
7000 94500000 4500000 106800 1666100 0.0 7836100 0 7836100 91283400
12 7000 94500000 4500000 106800 1666100 0.0 7743600 0 7743600 99027000
13 7000 94500000 4500000 106800 16646100 0.0 7651100 0 7651100 106678100
14 7000 . 94500000 4500000 1u6800 1666100 0.0 7558600 0 7558600 114236700
15-...._11100_-_--E&:QQQQ!!-__...&iQQQQL-___._.lQﬁéﬂL-------lﬁ&ﬁlnn_. Qa0 28661000 _____Q_____ 7466100 ___12:702800
7000 94500000 4500000 106800 1646100 0.0 7373600 0 7373600 129076400
17 7000 9451N000 4500000 106800 1646100 0.0 7281200 0 7281200 136357600
18 7000 4500000 4500000 106800 1646100 0.0 7188700 0 7188700 143546300
19 7000 = 94500000 4500000 106800 1646100 0.0 7096200 0 7096200 150642500
_zn_--_znnn----_stsuninn —e—a=2200000_ _______106400_ _______ 1646100 0.0 -—--2003700 .0 ___.2003700____157646200
7000 94500000 4500000 106800 1646100 0.0 6911200 0 6911200 164557400
22 T000 94500000 4500000 106800 1646100 0.0 681R700 0 6818700 171376100
23 7000 94500000 4500000 106300 1646100 0.0 6724300 0 6726300 178102400
24 7000 94500000 4500000 106800 1646100 0.0 6633R00 0 6633800 184736200
25 ___7p00 T C 4500000 ____ 4500000 _______106800 _______lea6lp0 __ ___ 0.0 _ _____ 6541300 _  ____ D_____6561300 ___191271500
26 7000 94500000 4500000 1061500 1666100 0,0 644HA00 0 6448800 197726300
27 7000 94500000 4500000 106800 1646100 0.0 6356300 0 6356300 204082600
28 7000 94500000 4500000 106800 1646100 0.0 6263R00 0 6263800 210346400
29 T000 . 94500000 4500000 106000 1646100 0e0 6171300 0 6171300 2165])7700
A0____7000.___9as00000_ . ____4500000_ _______ 1060800 _ ______ leseloo_ ________ 0.0 ________607R900 ________ o £078900__ __ 222596600
TOT 210000 28350000000 135000000 3204000 49383000 222596600 0 222596600
LIFETIME AVERAGE INCKRFASE (NECREASE) IN UNIT UPERATING COST
NOLLARS PER TON OF COAL uURNED 1465 0.0 1.65
MILLS PFE& XILOWATT=nNUR 0.71 0.0 0.71
CENTS OER MILLTON uTu REAT INPUT 7.85 0.0 7.85
NNLLARS PER TON OF SULFUR REMOVED 694,47 0.0 69,47
PROCESS COST NISCOUNTED AT 1).~3% TO INITIAL YEARs DOLLARS 66969700 0 66989700
LEVELIZED INCRFASE (DECREASKE) IN UNIT OPFRATING COST EQUIVALENT TO DISCOUNTED PROCESS COST OVER LIFE OF POWER UNIT
NOLLAKRS PER TON OF COAL BURNED 1.79 0.0 1.79
MILLS PEH KILOWATT=niiuw 0.77 0.0 0677
CENTS PFR MILLIUN BTU HFAT [NRUT BS54 0.0 8454
DOLLARS PFR TOM OF SULFUR REMOVED 75.57 0.0 75457
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TABLE C-4

LIME/LIMESTONE SLUDGE DISPOSAL - GYPSUM PWOCESSe 2N0 Mw NEW UNITe 3.5% Se 7000 HRS CONSTANT ONSTREAM, REGULATED CO. ECONOMICS

FIXED INVESTMENT: § 4093000

TOTAL
SULFUR RY~PROOUCT oP, CNST
REMOVED RATE» INCLUDING NET ANNUAL CUMULATIVE
YEARS ANNUAL POWE®R UNIT POWER UNIT RY EQUIVALENT NET REVENUE« REGULATED TOTAL INCREASE NET INCREASE
AFTFR OPERA= HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE) (DECREASE)
POWER TION REQUIREMENT« CONSUMPTIONS CONTROL POWER SALES IN COST OF IN COST OF
UNIT Kw=HR/ ™MILLION RTU TONS COaL PROCESS s WASTE WASTE COMPANY REVENUE » POWER POWER,
START kW /YEAR /YEAR TONS/YEAR SOLIDS SOL1DS S/YEAR S/YEAR s s
1 7000 12HRN00N 613300 14100 203000 0.0 2886500 0 2886500 2886500
2 7000 12880000 613300 14100 203000 0.0 2866000 0 2866000 5752500
3 7000 128R80000 513300 14100 203000 0.0 2845600 0 2845600 8598100
4 7000 12480000 613300 14100 203000 0.0 2825100 0} 2825100 11423200
cea-=1000 129680000 . _.__613300 ________lslO00 ________23030Q00_ _________ Qa0 _____ __2804600 _ . _____0_____2804600 ____l14221800
6 7000 12880000 613300 14100 203000 0.0 2TR4200 0 2784200 17012000
7 7000 128RN00ON 613300 14100 203000 0.0 2763700 0 2763700 19775700
8 7000 128R000N 613300 14100 203000 0.0 2743200 [} 2743200 22518900
9 7000 1240000 613300 18100 203000 0.0 2722800 0 2722800 25241700
-IQ-_-_IQQQ--_--lZQ“QQQQ ...... 613300 ________14100Q ________203000_ _ VY _--aznzaan-_____-__n-----zznaann_____azazanno
7000 1280000 613300 14100 203000 0.0 2681800 0 26818400 30625800
12 7000 12880000 613300 14100 203000 0.0 2661300 0 2661300 33287100
13 7000 12860000 613300 14100 203000 0.0 2660900 0 2640900 35928000
14 7000 _  _124R4000 613300 14100 203000 0.0 2620400 0 2620600 38548400
A8 ___7000.°70° ~12880000____ ___ e13300_________lsl00_________@2034¢00_ _________ Qa0 _____ 2299900 _ oo __Q_____2599900_____&k1482300
16 7000 12380000 613300 14100 203000 0.0 2579500 0 2579500 43727800
17 7000 126810000 613300 14100 203000 0.0 2559000 0 2559000 46286800
18 T000 12880000 613300 14100 203000 0.0 253A500 0 2538500 48825300
19 7000 _ _128R0N0D 613300 14100 203000 0.0 251A100 0 2518100 51343400
zn___-znnn ..... 12880000 ____ SBr3iel o __lel00 o 203000 __ Qa0 . __ 2427600 ________ Qo ___ 2421600 _ ___ 53841000
7000 - 12840000 £13300 164100 203000 0.0 2477100 0 2477100 56318100
22 7000 1?8R00ON0 613300 14100 203000 0.0 2456700 0 2456700 58770800
23 7000 12ARN0N0 613300 14100 203000 0.0 2436200 0 2436200 61211000
24 7000 12840000 613300 l«100 203000 0.0 2415700 0 2415700 63626700
oS ____T000 T _ 1280000 _ ____ 613300 ________ lalo0__ 203000 ——--0a0 ——-03¥300________ 0 __ .- 2395300 ___§6022000
26 7000 17380000 613300 14100 203000 0.0 2374R00 0 2374800 68396800
27 7000 1245”0000 613300 14100 203000 0.0 2354300 0 2354300 70751100
28 7000 124AnONQ 13300 14100 203000 0.0 2333900 0 2333900 73085000
29 7000  12#HN000 h13300 14100 203000 0.0 2313400 0 2313400 75398400
-3n---_znoa-----lzaﬁuonn_-_._--§133un----..---161;9_--_-_-_-anannn _________ 0.0 ______ 2292900 ____ ____D.____.2222900_ ___17691300
TOY 210000 3R660NNNQ 18394000 423000 6090000 7764911300 0 77691300
LIFFTIME AVREWAGE INCHEASE (DECHFASF) IN UNIT ORPERATING COST
NOLLARS PER TON OF (OAL HUNNED 4, ?? 0.0 4,22
MILLS PFR RILUNATT=n0UN 1.R5 0.0 1.85
CFNTS OFR MILLTION STU WFAT 14PUT 20.11 0,0 20.11
NDLLARS PER Tor: UF SULFUK HEMOVED 183.A7 0,0 183.67
PROCESS COST NDISCOUNTEN AT 1l,6% Ty INITIAL YEbws DOLLARS 22691000 0 22691000
LEVELIZED INCRFASF (LFCWFASF) IN UNIT OFFRATING COST EWUIVALENT TO DISCOUNTED PRDCESS COST OVER LIFE OF POWER UNIT
NOLLANYS Pt TON OF COAL nmUKNED 4,46 0.0 4446
MILLS PFR KILOWATT=nou~ 1.95 0.0 lav>
CFNTS PFw MILLILN HTU WFAT INPUT 21.72 0,0 21.22
NOLL ARS PER Tid 0F SULFUR REMOVED 193,94 0.0 193,94
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TABLE C-5

LIME/LIMESTONE SLUDGE DISPOSAL - GYPSUM PRUCESSe S00 MW NEW UNITs 3,5% Ss 7000 HRS CONSTANT ONSTREAMs REGULATED CO., ECONOMICS

FIXED INVESTMENT: § 5667000

TOTAL
SULFUR BY=-PRODUCT 0P, COST
WEMOVED RATE . INCLUDING NET ANNUAL  CUMULATIVE
YEARS ANNUAL POWER UNIT POWER UNIT BY EWUIVALENT NET REVENUEs REGULATED TOTAL INCREASE  NET INCREASE
AFTER OPERA~ HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE) (DECREASE)
POWER TION. REQUIREMENT s CONSUMPTION» CONTRUL POWER SALES IN COST OF IN COST OF
UNIT KWe=HR/ MILLION 8TU  TOMS COAL PROCFSS WASTE WASTE COMPANYs  REVENUEs POWER, POMER,
START KW /YEQR /YEAR TONS/YFaR SOLIDS SOLIDS $/YEAR S/YEAR s s
1 7000 31500000 1500000 “35700 496300 0.0 3670900 0 3670900 3670900
2 7000 31500000 1500000 35700 496300 0.0 3644000 ()] 3644000 _ 7314900
3 7000 31500000 1500000 35700 496300 V.0 3617000 0 3617000 10931900
4 7000 . 31500000 1500000 35700 496300 0.0 3590100 0 3590100 16522000
L 1Y T T, 31500000 _____ 1500000 - _.35200 ________426300_ ._______ 0.0 3563100 2 3563100 __ _._1085100
6 7000 31500000 1500000 35700 496300 0.0 3536200 0 3536200 21621300
7 7000 31500000 1500000 35700 496300 0.0 3509200 0 3509200 25130500
8 7000 31500000 1500000 35700 496300 0.0 3482300 0 3482300 28612800
9 7000 . 31500000 1500000 35700 496300 0.0 3455300 0 3455300 32068100
U DR {1 T D, 3lsoe0e0. ... 1500000 . ____.35700__ 496300 Qa0 3428400 __ ____ 0 3428400 ____38436500
11 7000 31500000 1500000 35700 496300 0.0 3401400 0 3401400 38897900
12 7000 31500000 1500000 35700 496300 0.0 3374400 0 3374400 42272300
13 7000 31500000 1500000 35700 496300 0.0 3347500 0 3347500 45619800
14 7000 ... 31500000 1500000 35700 496300 0.0 3320500 (] 3320500 48940300
S8 ___7000._-._ 150000 ___180Q000 ________ 35700 _ 496300 040 --3223600________ 0. ____32%93600_____5@233900
16 7000 31500000 1500000 36700 496300 0.0 3266600 ] 3266600 55500500
17 7000 31500000 1500000 35700 496300 0.0 3239700 0 3239700 58740200
18 7000 31590000 1500000 35700 496300 0.0 3212700 0 3212700 61952900
19 7000 ___31500n00 1500000 38700 496300 0.0 3185R00 0 3185800 65138700
~eQ....2000.____ 31500000 . __ 1500000 ___. ____35190__ 496300 ——__040 _.-3156800_ ________0___ 3158800 ____66297500
21 7000 31500000 1500000 35700 496300 0.0 3131900 0 3131900 71829400
22 7000 31500000 1500000 35700 496300 0.0 3104900 0 3104900 74534300
23 7000 31500000 1500000 35700 496300 0.0 3078000 0 3078000 77612300
24 7000 . 31500000 1500000 35700 496300 0.0 3051000 0 3051000 80663300
25 .__rhoae.__._ Jlso0000 _____1SQ009Q0 _._______35200_ _ _______496300 _.________0.0__._____ --2024100 Q 3024100 ____B3667400
26 7000 31500000 1500000 35700 496300 0.0 2997100 0 2997100 86684500
27 7000 31500000 1500000 35700 496300 0.0 2970200 0 2970200 89654700
28 7000 31500000 1500000 35700 496300 0.0 2943200 0 2943200 92597900
29 7000 31500000 1500000 35700 496300 0.0 2916300 0 2916300 955)4200
J30.___Yope.l 31500090 ______ 1200000 _____38700 _____.__426300 _________ 0.0 ____ __ __ 2UB9300 g 2862300 ___9@403500
TOT 210000 945000000 45000000 1071000 14889000 98403500 0 98403500
LIFETIME AVERAGE TNCREASE (DECEASE) IN UNIT OPEWATING COST
NOLLARS PE® TOUN OF COAL BURNED 2.19 0.0 2.19
MILLS PER KILOWATT=nnUW 0.94 0.0 0.94
CFNTS PER MILLION BTU HEAT INPUT 10,41 0.0 10.41
NOLLARS PER TON OF SULFIM KFMOVED 91,88 0.0 91.08
PROCESS COST NISCOUNTED AT 11.6% TO INITIAL YFAxe DOLLARS 28800400 (] 28800400
LEVELIZED INCREASE (DECWFASE) IN UNIT OFFRATING COST EQUIVALENT TO DISCOUNTED PROCESS CNST OVER LIFE OF POWER UNIT
DOLLARS PER TON OF CDAL BUNNED 2.31 0.0 2.31
MILLS PER <ILOWATT=nOUR 0.99 040 0,99
CFNTS PFR MILLTON ATU HMEAT INPUT 11,02 040 11.02

nNOLLARS PER TON DF SULFUR REMNVED 97.20 0.0 97.20
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TABLE C-6

LIME/LIMESTONE SLUDGE DISPOSAL - GYPSUM PROCESSe 1500 Mw NEW UNITe 3.5% Se 7000 HRS CONSTANT ONSTREAMe REGULATED CO. ECONOMICS

FIXED INVESTMENT: $ 10603000

TOTAL
SULFUK AY=-PRODUCTY oP. COST
HEMOVED RATE» INCLUDING NET ANNUAL CUMULATIVE
YEARS ANNUAL POWER UNIT POWER UNIT RY EQUIVALENT NET REVENUE» REGULATED TOTAL INCREASE NET INCREASE
AFTFR OPERA=- HEAT FUEL POLLUTION TONS/YEAR $/TON ROI FOR NET (DECREASE) (DECREASE)
POMFR TION REQUIKEMENT ¢ CONSUMPTION CONTROL POWER SALES IN COST OF IN COST OF
UNIT KW=-HR/ MILLION RTU TONS COAL PRUCESS WASTE WASTE COMPANY o REVENUE » POWERS POWERY
START KW /YEAR /YEAR TONS/YEAR SOLIDS SOLIDS S/YEAR $S/YEAR $ s
1 7000 94500000 4500000 106400 1488200 0.0 6050100 0 6050100 6050100
2 7000 94500000 4500000 106800 1488200 0.0 6003300 0 6003300 12053400
3 7000 94500000 4500000 106800 1488200 0.0 5956600 [} 5956600 18010000
4 7000 94500000 4500000 106400 1488200 0.0 5909800 0 5909800 23919800
LS8 1000 94500000 . ____4500000 _______106u00__ 1448200 Qa0 _______S5863000 _______Q0_____S5863000 ____29742680Q0
6 7000 94500000 4500000 106800 1488200 0.0 5816300 0 5816300 35599100
7 7000 94500000 4500000 106800 1488200 0.0 5769500 0 5769500 41368600
8 7000 94500000 4500000 106800 1488200 0.0 5722700 0 5722700 47091300
9 7000 94500000 4500000 106400 1488200 0.0 5676000 0 5676000 52767300
_IQ-_--IMQ-- —--94500000______4500000 _______106800 ____ --ladepo0 Q.0 ____. 5609200 _______ Q_____562%20Q.  __ 50396300
7000 94500000 4500000 105100 1488200 0.0 S5R2400 0 5582400 63978900
12 7000 94500000 4500000 106400 1488200 0.0 5535700 0 5535700 69514600
13 7000 94500000 4500000 106600 1488200 0.0 S54HA900 0 5488900 75003500
14 7000 94500000 4500000 106600 1488200 0.0 5442100 0 5442100 80445600
-15_-_.1000-____9&:19"0!10 ——--8800000________ 106800 ______ --1488200__ 0.0 ---5395600_______0_____5395400_ ___ 88441000
7000 96500000 4500000 106600 1488200 0,0 5344600 0 5348600 91189600
17 7000 94500000 4500000 106600 14R8200 0.0 5301800 0 5301800 96491400
18 7000 94500000 4500000 106400 1488200 0.0 5255100 0 5255100 101746500
19 7000 94500000 4500000 106800 1488200 0.0 5208300 0 5208300 106954800
a0 __7000 ____ 94500000 _____ 500000 _______ 106400 _______ 1480200 ______Q.0_________ S161500 . _____Q_____5161500_ ___l1ll@l16300
21 7000 94500000 4500000 1066800 14R8200 0.0 S114R00 0 5114800 117231100
22 7000 4500000 500000 106800 148R20n 0,0 S068000 0 5068000 122299100
23 7000 94500000 «500000 1060600 1484200 0.0 5021200 0 5021200 127320300
24 7000 94500000 4500000 106800 148R200 0,0 4974500 4] 4974500 132294800
SeS____J000_____94500000_.____ 900000 _______)06a00 _______14H8200_____._____0.0 ________ 4927700 _______ Q_ ____4227100____l13T222500
26 7000 9a500n00 4500000 1064800 1488200 0,0 4RA0900 (1] 4880900 142103400
27 7000 94500000 4500000 106600 14RAR8200 0,0 4834200 0 4834200 146937600
28 T000 94500000 4500000 106800 1488200 0.0 4787400 0 4T87400 151725000
29 7000 94500000 4500000 106800 1444200 0,0 4740600 0 4740600 1564565600
S30____7000_____S%s&900n00 _____ 4220000 ______ 106400 _ ______ 1488200 _ ________ 0.0 . 4693900 ______ Q.. __4633900____1611393500
TOT 210000 28350000000 135000000 3204000 84646000 161159500 0 161159500
LIFETIME AVEWAGE [NCREASF (NECHFASE) IN ONIT OPFRATING COST
NOLLARS PEW TON 0OF COAL HURNED 1.19 0.0 1.19
MILLS PER KILOWATT=n0OUw 0,51 0.0 0.51
CFNTS PER MILLIUN BRTU HFAT [nPUT 5.68 0.0 5.68
NOLLARS PER TON OF SULFUR K sMOVED 50,130 0.0 5030
PROCESS COST NISCOUNTFD AT 11,6% TO INITIAL YEars DOLLARS 47321000 0 47321000
LEVELIZED INCRFASF (DECREASF) IN UNIT UPFRATING COSNT FUUIVALENT TO DISCOUNTED PROCESS COST OVEWR LIFE OF POWER UNIT
DOLLARPS PER TON OF CNAL HURNED 1.27 0.0 1.27
MILLS PFR KILNWATT=HOUKR 0,546 0.0 054
CENTS PER MILLION RTU mFAT INFUT 6,03 0.0 6.03
NOLLARS PEW TON 0OF SULFUN REMOVED 53,38 0.0 53.38
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