Figure B3. Sludge dispersion testing with EERC-2 nozzle.
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APPENDIX C

ECONOMIC ANALYSIS OF SLUDGE-RECEIVING,
STORAGE, AND FEEDING SYSTEM



ECONOMICS OF THE FIGLEAF PROJECT
L FIGLEAF Project — Capital Estimate

A. Basis for the Cost Estimate

Scope

The scope of work associated with the project consists of the equipment, systems, and bulk
materials required to offload, store, forward, and feed sludge cake to the second stage of the
gasifier located at the Wabash River Coal Gasification Repowering Project. The scope of work
associated with the addition of this facility is described in the accompanying conceptual design
documents, including:

* Design criteria document (Table I)

» Process flow diagrams (Figures 1 and 2)

* Equipment list (sized) (Table II)

 Plot plan (marked up) (Figure 3)

* Major equipment quotations (Please refer to EERC descriptions)

Generation of the cost estimate associated with this facility, is described below.

Major Equipment

Sizing and quotations for the major equipment were obtained by EERC from Schwing America
Inc. These included an overall description, basic specification data, and drawings of the
equipment. The remainder of equipment was estimated based on similar equipment in similar
service, using capacity as a scale factor.

Bulk Material Costs

Bulk material pricing was based on a combination of actual unit costs and rates from Wabash
(escalated to current day) and recent industry data for craft labor factors and material costs.

Bulk Material Quantities

. Earthwork — takeoff based on plot plan

. Concrete — manual takeoff based on conceptual design sketches for pads, unloading
structure, etc.

. Steel — assumed a small tonnage for miscellaneous structures, pipe rack modification, and
pipe supports

. Piping — manual takeoff based on the plot plan and PFD

. Instruments — basic count taken from the equipment quotation (installation only) and the
PFDs (supply and installation)

. Electrical — feeder cable and switchgear sized as part of the conceptual design. Costs

associated with cable and conduit were estimated by manual takeoff from the plot plan.
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. Painting and insulation rough estimated based on piping takeoff
. Electrical heat tracing rough estimated based on piping takeoff

Subcontracts

Although representing a relatively small portion of the overall work, the scope and cost
associated with subcontracted work was factored based on similar industry experience at other
sites.

Construction

The direct hire component of the work was estimated based on union labor unit rates typical to
the industry. The union labor rate employed in the estimate is a built up (“all in”) rate, which
includes compensation, fringes, taxes, and construction indirects which include non-manual
staffing, temporary facilities, small tools and consumables, etc. An all-in labor rate of $61/hr
should be representative of the craft mix, at this location, barring any unique market influences
or weather impacts.

Sales Tax

Excluded

Equipment Supplier Field Service

Field service by the major equipment supplier, consisting of 17 days including travel and per
diem, was included as part of the equipment quotes.

Freight
Freight is included as part of the major equipment quotation
Escalation

No escalation has been applied to the estimate, aside from the use of actual historic Wabash data
referenced above. Therefore this estimate is current day.

Spares
No spares have been included.
Interest During Construction

None has been applied; therefore, the estimate assumes “overnight” construction.



Home Office (Eng./Proj. Mgmt./Admin.)

The cost for detailed engineering (including procurement) and design, as well as project
management and administration are included to cover roughly 10,000 staff hours at current
industry rates, plus an allowance for travel and other expenses.

Contingency

A 10% contingency has been added to cover omissions, design changes, and contractor
profit.

B. Total Cost

The total cost was determined to be $9.71MM. The estimate is accurate to within 10%. An item
by item breakdown of the estimate is shown in Table III.
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Table I
FIGLEAF PROJECT DESIGN CRITERIA

Feed Rate: 1000 tpd

Feed Material: Sewage Sludge

Slurry: 23% solids (weight)

Slurry Density: 60 1b/{ft*3

Storage Capacity: 2 days (4 tanks @ 19,000 ft"3/1b per tank)

Trucking Criteria: 30 yd*3 (25 tons)
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II. FIGLEAF Economic Analysis

This economic analysis reviews the impact of addition of biosolids to the gasifier utilizing the

FIGLEAF developed systems. Two plants are analyzed, a petcoke IGCC and a coal IGCC. Both

plants are single train facilities, nominally 300 MW for the coke cases and nominally 250 MW

for the coal cases.

In this review, a cost model based on Department of Energy IGCC Model, Version 3 spreadsheet
was developed for the nominal coke/coal IGCC and a target rate of return (IRR) determined. The

spreadsheet was then run with a second case reflecting the addition of the biosolids fuel to the
second stage and the model was adjusted for the impacts on capital cost, output and heat rate.

The required tipping fee for the biosolids was determined to maintain the same level of economic
performance as measured by the IRR and NPV as the single primary fuel cases.

Major Parameters for Economic Analysis

Petcoke Coal
Fuel Cost, $/ton (coke/coal) $12.00 $23.00
Electrical Power Price, $/MWH $34.00 $42.89
Capital Cost for single fuel plant, $/kW 1300 1350
(escalated)
Additional Cost for FIGLEAF system, 9.71 9.71
MMS$
Availability, % 85 80
Contract Life, Years 20 20
Financing, Debt/Equity/Interest 70/ 30/ 9% 70/ 30/ 9%
Return, IRR% 12 12
NPV, MMS$ @ 10% discount rate 29.7 29.7
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A. Petcoke & Petcoke-Bio-solids Cases:

Petcoke IGCC FIGLEAF
Petcoke, TPD 2292 2095
BioSolids, TPD 0 1042
Net Output, MW 301.4 291.3
Heat Rate, Btu/kWhr HHV 8690 8851

Results:

The Petcoke only plant showed a 12% IRR with a NPV of $29.7MM at a 10% discount rate.

At a power price of $34/MWH, the Petcoke-Bio-solids plant (FIGLEAF) must be able to obtain
biosolids with a tipping fee of $12.40 per ton (i.e. feedstock must have negative value) to obtain

the same economic performance.

The sensitivity of the required cost (or tipping fee) of the bio-solid to the variation in power price

is shown in the following and in Figure 4:

Electrical Power Price $/MWH | Cost of Bio-Solid $/Wet Ton

30 -41.8

32 -27.1

34 -12.4

36 23

40 31.7

B. Coal & Coal-Bio-solids Cases:

Coal IGCC FIGLEAF
Coal, TPD 2710 2459
BioSolids, TPD 0 881
Net Output, MW 268.2 255.7
Heat Rate, Btu/kWhr HHV 8955 9187
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Results:

The Coal-only IGCC plant showed a 12% IRR with a NPV of $29.7MM at a 10% discount rate
(note that this is with a higher power price than the petcoke-only IGCC).

The Coal-Biosolids plant (FIGLEAF) must be able to obtain biosolids with a tipping fee of
$16.70 per ton (i.c. feedstock must have negative value) to obtain the same economic
performance.

The sensitivity of the required cost (or tipping fee) of the bio-solid to the variation in power price
is shown in the following and in Figure 4:

Electrical Power Price Cost of Bio-Solid
$MWH $/Wet Ton
32 -99.8
35 -76.9
40 -38.8
42.9 -16.7
46 7.1
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RECEIVING STATION

EERC MM21091.PCX

- aspEC.L1

Figure C1. Process flow diagram for sludge receiving and storage systems.
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Figure C2. Process flow diagram for sludge high-pressure feeding system.
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Required Cost of Biosolids, $/Wet ton
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Figure C4. Municipal sludge cost vs. power price.
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